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Author Details Abstract
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Prevalence, UTI, Antimicrobial Morganella morganii is one of serious causative agent of
Resistance urinary tract infection (UTI). Antimicrobial resistance (AMR)
Received on 15 May 2026 poses a serious danger to human health and welfare on
Accepted on 14 June 2026 global scale and must be addressed on urgent basis. The
Published on 30 June 2026 objective of the current study is to determine the prevalence
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Email: kaleemullah.siahs@suit.edu.pk antimicrobial resistance genes associated with antimicrobial
resistance by next generation sequencing method and

evaluation of antibiotics susceptibility against Morganella morganii by disc diffusion
method. A descriptive crossectional study was conducted at Khyber Teaching Hospital
Peshawar Pakistan. Male and female patients of all ages who were infected with
Morganella morganii were included and antibiotics prophylaxis patients and patients
who were unwilling to give sample were excluded from the current study. All the
bioinformatics analysis were performed by using different types of Bioinformatic tool
such as Trimmomatic, fastqc toolkit, SPAdes, Prokka, CARD, PATRIC and Geneious.
Total 200 samples (midstream urine) were collected. Out of 200 urine sample 20 cases of
Morganella morganii were identified 6 cases in male and 14 cases in female patients.
Morganella morganii were more prevalent in the females having mean age of 40-60
years and male having mean age of (20-40) years. Morganella morganii were sensetive
to antibiotics included meropenem (100%) and imipenem (100%) and amikacin (95%)
antibiotic while resistant to Co-amoxiclav (100%), cefepime (95%), Ceftazidime (95%),
Chloramphenicol (90%) and ampicillin (70%). Using shotgun sequencing 10 important
antibiotics resistance genes were identified which includes DHA-27, KpnH, fosA8, gyrB,
ArNT, CRP, rsmA, PBP3, qacG and EF-Tu. Phylogenetic analysis of identified strain
revealed closely resembled with Morganella morganii Kt 1124991.3 and Morganella sp.
GLFB 1326758.3 strains while the important identified antimicrobial resistant genes show
similarity with genes identified in Tiawani population. Our study revealed lower
prevalence as compared to other UTI causing bacteria in kp. Moreover, shot sequencing
revealed that presence of different antibiotics resistant genes in single multiple drug
resistant (MDR). This study is conducted in one region and emergence of such MDR
strain of Morganella morganii is important health issue. Therefore, further studies are
required to prevent the spread of antimicrobial resistance genes in Morganella morganii.

of Morganella morganii in KP Pakistan, identification of
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Introduction:

2. Material and Methodes:
This was descriptive crossectional study was conducted at Khyber Teaching Hospital

Peshawar Pakistan. Male and female patients of all ages who were infected with
Morganella morganii were included and antibiotics prophylaxis patients and patients
who were unwilling to give sample were excluded from the current study.Total 200

samples (midstream urine) were collected
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Sample Collection and Culture:

Proper inform consent will be taken from the indoor UTI infected patients to give mid-
stream urine sample in sterile container. This urine sample was processed for culture
within 24 hours at microbiology laboratory. Samples containing bacteria were grown on
Cystine Lactose Electrolyte Deficient Agar (CLED Agar) and incubate it over night after
overnight incubation at 37°C the culture plat will observe for growth. After bacterial
growth these bacterial colonies of Morganella morganii were re-culture on MacConkey
agar for furthered differentiation of gram positive and gram-negative bacteria.

2.4 Biochemical Characterization:

After culturing the Bacteria Morganella morganii species were confirmed by
conventional API20E system (BioMerieux Vitek, Inc.). For this bacterial colonies selected
from pure culture were mixed suspension solution provided with API20 Kit. With the
help of sterile wire loop or needle bacterial suspension were taken and added into each
valve of the API20 Strip fill the well properly. After incubation of 18-20hr at 37 °C
observe the reaction in each well and note the color change compare the change in the
color of each well the chart provided by the manufacture and report the result.

2.5 Culture Preservation:

Bacterial colonies were preserved for DNA extraction in proper preservative media.
1000ml of preservative media was prepared by mixing of 13 g of enrichment agar with
750 ml 70% of Glycerol. 4 ml of preservative was added to each 5ml of eppendorf tube
and single colony was preserved in each tube and stored at -20°C.

2.6 Antibiotic Susceptibility Testing:

For antibiotic susceptibility testing Muller Hinton Agar (MHA) were used identify the
antibiotic resistance profile as shown in figure 3. Accordingly same bacterial colonies
were preserved for DNA extraction proper preservative media. Kirby Baur disc diffusion
method was used to perform antibiotic susceptibility testing on colonies according to
CLSI guidelines. Resistant, intermediate and susceptible strain of Morganella morganii
were determined chart by CLSI shown in table no 3. Different antibiotic discs (Oxoid
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company) were used in this study which Ceftriaxone (CRO), Ceftazidime (CAZ), Cefepime
(FEP), Meropenem (MRP), and Ciprofloxacin (CIP), Amikacin.

2.7 Shotgun Sequencing of Bacterial DNA:
a. DNA Extraction:(Brito et al., 2022)

Extraction of DNA was done manually by using CTab buffer solution.

1. Bacterial colony was picked with the help of sterilized wire loop and mixed with 500
uL lysis buffer (pre-warmed at 60-65°C).

2. 10 pL of Reagent D, 20ul Reagent K & 1.6 pL of MerC Solution was added

3. Sample was incubated at 60-65°C for 1-2 hours for bacterial samples and for tissue
incubate over night

4. 700 pL Chlorine Buffer was added in it.

5. Centrifugation was done at 13000 rpm for 10 mins

6. Aqueous layer was collected in new tube and 950 pl of Wash buffer A was added to
it

7. Again, centrifugation was done at 13000 rpm for 15 mins.

8. 500 pL of Wash buffer B was added to the pellet and Supernatant was discarded.

9. Centrifuge the pellet at 8000 rpm for 5-10 mins.

10. The supernatant was discarded

11. The pallet was air dried

12.40-45 pL of Elusion Buffer was added

13. Incubation was done for 10 — 15 min at 60°C to dissolve the pellet

14. purified extracted sample is stored at -20°C

b. Gel Electrophoresis:

To assess the quality and amount of extracted DNA purified product electrophoresis
were run on 1% Agarose gel. 30mL of 1% gel was prepared by adding 0.3g of Agarose
in 30mL 1x TBE buffer. Solution was boiled for 1 minute in microwave and cooled down
a bit before adding 5 pL ethidium bromide. 2uL PCR purified Samples are then loaded
on the gel. The gel electrophoresis condition was 110V with 100A current and 10 Watts.

c. Shotgun Genome Sequencing:
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Among 20 isolates of Morganella morganii genomic DNA of single MDR strain of
Morganella morganii were proceed for shotgun genome sequencing. The DNA samples
were sheared into 400 to 500 base pair fragments using Covaris M220 Focused
Ultrasonicator according to the protocol provided by manufacturer. NEXTflexTM Rapid
DNA-Seq Kit (Bio Scientific, Austin Tx, United states) were used for the production of
illumina sequencing libraries from fragments. Adopter ligated product were subjected
to PCR to make multiple copies. lllumina HiSeq X Ten machine (Illumina, San Diego, CA
Korea) were used for paired end Illumina Sequencing.

2.7 Bioinformatic Analysis:

The raw reads produce by HiSeq lllumina sequencing were saved as FASTQ file.
Bioinformatic analysis was done by using galaxy platform (Afgan et al., 2018) various
tools were used for the analysis of this raw data as shown in table no 2. First of all the
low-quality DATA were trimmed with trimmomatic tool (Bolger et al., 2014). The quality
of trim data was checked by fastqc toolkit (Cabello-Aguilar et al., 2023). The assembly of
good quality reads were performed through spades (Bankevich et al., 2012). Genome
was annotated by using prokka (Seemann, 2014). Different kind of antimicrobial
resistant determinant were identified in card database (Alcock et al., 2020) . Phylogenetic
analysis of identified AMR genes was done by Geneious (Kearse et al., 2012).

Table 2 List of tools used for bioinformatic analysis

Tools Reference paper
TRIMMOMATIC (Bolger et al., 2014)

fastqgc toolkit (Cabello-Aguilar et al., 2023)
SPAdes (Bankevich et al., 2012)
Prokka (Seemann, 2014)

CARD (Alcock et al., 2020)

PATRIC (Olson et al., 2023)
GENEIOUS (Kearse et al., 2012)

Tools and their reference links used for bioinformatic analysis

3.1 Prevalence of Morganella morganiiin urine:
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Total 200 urine samples were collected from male and female individuals showing
clinical sign and symptoms of urinary tract infection who visits Khyber Teaching Hospital
Peshawar, Pakistan Out of these 200 urine samples 20(10%) samples have positive
growth of Morganella morganii as shown in table 3.

Bacteria Total cases Positive cases | Negative cases | Percentage
Morganella 200 20 180 10%
morganii

Table 3 Total number of Morganella morganii cases
a. Gender wise distribution of Morganella morganir.

Out of total 140 female urine samples 14 (7%) sample show positive growth of
Morganella morganii while out of 60 male urine sample 6 (3%) sample show positive

growth of Morganella morganii. As shown in table no 4.

Gender Total Cases Total positive Total Negative percentage
Cases Cases

Female 140 14 126 7%

Male 60 6 54 3%

Total 200 20 180 10%

Table 4 Total positive and negative cases of Morganella morganiiin male and female

b. Age wise distribution of Morganella morganii

In the current study both male and female patients were divided into four age groups
Group | (1-20 years) Group Il (20-40) Group 111 (40-60 years) and Group IV (60-80
years). The highest frequency of Morganella morganii were shown in Group Il (40-60
years) age groups as mentioned in table no 5.

Group Age Age wise M.M Cases
Group | 1-20 Years 2
Group Il 20-40 Years 4
Group llI 40-60 Years 10
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| Group IV | 60-80 Years | 5
Table 5 Number of Morganella morganii cases in different age groups

3.2 Susceptible and Resistant Antibiotics Against Morganella morganii in Males and
Females:

After confirmation of bacterial growth on MacConkey and cled agar as shown in figure
the bacterial isolate were confirmed by analytical profile index (API) kit as shown in
figure 1.
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Figure 2 All the biochemical test for Morganella morganii on API Kit.

After confirmation of bacterial isolate were subjected for antibiotic susceptibility test on
muller hinton (MHA) agar and standard size of antibiotics disk were apply and report
the result as shown in figure 2.

Sixteen different kinds of Antibiotics were Susceptible and resistant in different number
of males and females as shown in table no 6.

Figure 3 Antibiotics disks on Muller Hinton agar used against Morganella morganii

Table 7 Sensitive and Resistant pattern of Morganella morganiiisolates in males and
females (R=resistant, s=sensetive) (M=male, F= female)

Antibiotic Sensitive Intermediate Resistant
(in mm) (in mm) (in mm)
Amikacin (30pg) > 17 15-16 <14
Sulbactam (10pg) > 21 16-20 <15
Ciprofloxacin (5ug) > 21 15-16 <20
Gentamicin (10uQ) > 15 13-14 <12
Imipenem (10ug) > 16 14-15 <13
Meropenem (10ug) =23 16-22 <15
Nitrofurantoin (15ug) > 15 14-16 <17
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Tigecycline (30uQ) > 19 15-11 <14
Pipracillin+tazobactum(15pg) | > 18 11-17 <17
Ampicillin(10ug) >10 NA <9

Aztreonam (15pg) >18 19-17 <20
Cefepime (10uQ) >18 14-17 <13
Ceftazidime (10ug) > 19 18-20 <16
Chloramphenicol (10ug) > 23 12-22 <11
Co-amoxiclav (5ug) > 15 NA <14
Co-trimoxazole (25uQ) > 16 11-15 <10

Table 6 show List of Antibiotic their disks content and size of zone of inhibition provided

by CLSI
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Antibiotic MM MM M|{M|F|F|F|F|F|F|F|F|F|F|F|F|F|F
Amikacin
(3" generation) S|S|S|S|S|S|S|IR|S|S|S|S|[S|S|S|S|S|S|S]|S
Sulbactam
(3" generation) RIS|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S]|S
Ciprofloxacin
(2" generation) S|IS|S|S|S|S|S|S|S|S|R|[S|S|S|S|S|S|S|S|S
Gentamicin
(2" generation) RIS|S|S|S|S|S|S|S|S|R|[S|[S|S|S|S|S|S|S]|S
Imipenem
(1°t generation) SIS|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S]|S
Meropenem
(2" generation) SIS|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S]|S

Nitrofurantoin
(3" generation)

Tigecycline RIS|S|S|S|S|SIR|S|S|R|[S|[S|S|S|S|S|S|S|S
Pipracillin+tazobact

um RIS|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S]|S
Ampicillin

(1°t generation) RIR|{R|R|R|R|R|R|R|R|R|R|[R|R|R|S|S|S|S|S
Aztreonam

(3" generation) RIR|{R|R|R|R|R|R|R|R|R|R[S|R|R|S|S|S|S|S
Cefepime

(4rt generation) RI{R|R|R|R|[R[R|R|R|R|R|R[S|R|R|R|R|R|R|R
Ceftazidime

(3" generation) RIR|R|/R|{R|R|R|R|IR|R|R|R|[S|[R|R|R|R|R|R|R
Chloramphenicol

(3" generation) RIR|R|IR|{R|R|R|RIR|R|R|R|[S|[R|R|R|R|R|R|R
Co-amoxiclav

(3" generation) RIR|R|/R|{R|R|[R|R|IR|R|R|R|R[R|R|R|R|R|R|R
Co-trimoxazole

(2" generation) RIR|R|/R|{R|R|[R|R|IR|R|S|R|S|[R|R|R|R|R|R|R

3.3 Prevalence of Resistance and Susceptible Antibiotics Against Morganella morganii

Pakistan Journal of Medical & Cardiological Review 0848
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Sixteen different kinds of antibiotics were used against Morganella morganii which
includes amikacin (30pg), Sulbactam (10ug), ciprofloxacin (5ug), gentamicin (10pg),
imipenem (10ug), meropenem (10ug), nitrofurantoin (15ug), tigecycline(30ug),
pipracillin+tazobactum (100/15pg), ampicillin  (10ug), aztreonam (15upg), cefepime
(10ug), Co-trimoxazole (25ug), Co-amoxiclav (5pg), Chloramphenicol (10pg) and
Ceftazidime (10pg). The zone of inhibition of these antibiotics were measured and
compared with guidelines provided by Clinical and laboratory Standard Institute as
shown in table no 6.

Total 20 isolates of Morganella morganii were tested against these antibiotics among
these all isolates of Morganella morganii were at least resistant to one of 16 antibiotics
which were tested as shown in table no 9. The most frequently antibiotics to which M.
morganii were resistant includes Co-amoxiclav (COA) (100%), followed by Cefepime (FEP)
(95%), Ceftazidime (CAZ) (95%), Co-trimoxazole (COT) (90%), Ampicillin (AMP) (75%),
Aztreonam (ATM) (70%), Tigecycline (TIG) (15%). Isolate of Morganella morganii were
more susceptible to Amikacin (AMK) (95%), Ciprofloxacin (95%), Sulbactam (95%),
Pipracillin+tazobactum (95%), Gentamicin (GIN) (90%), Tigecycline (TIG) (90%) as shown
in table no 9. Among these 20 isolates of Morganella morganii no isolate was resistant
to Meropenem and Imipenem. Furthermore, among these 20 isolates of Morganella
morganii 1 isolate were found to be MDR that show resistant to all antibiotics except
Meropenem and Imipenem which were further processed to whole genome shotgun
sequencing as shown in figure 4 and table no 8

AST Profile
Sensetive Resistant
List of Amikacin 5%
Antibiotic 95%
Ampicillin 25% 75%
Aztreonam 30% 70%
Cefepime 5% 95%
Ceftazidime 5% 95%
Chloramphenicol 5% 95%
Co-amoxiclav 0% 100%

Pakistan Journal of Medical & Cardiological Review 0549
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Co-trimoxazole 10% 90%
Sulbactam 95% 5%
Ciprofloxacin 95% 5%
Gentamicin 90% 10%
Imipenem 100% 0%
Meropenem 100% 0%
Nitrofurantoin 90% 10%
Tigecycline 85% 15%
Pipracillin+tazobactum 95% 5%

Table 8 Percentage of Resistant and Sensitive Antibiotics out of total Antibiotic that are

apply against Morganella morganii (R=resistant, s=sensetive)

Title
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Figure 4 number of antibiotics resistant and Sensetive isolates of Morganella morganii

(R=resistant, S=sensetive)
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3.4 Shotgun Genome Sequencing:

Extracted DNA of bacterial isolate conferred by gel electrophoresis as shown in figure 5.

Figure 5 Gel picture of Extracted DNA product

Genomic DNA of single MDR isolate of Morganella morganii was sequenced by using
illumina miSeq platform using paired end orientation which produced 0.88GB of high-
quality data with total 3879337 reads.

a. Trimming:

All the low-quality DATA were trimmed with trimmomatic tool (Bolger et al., 2014). as
shown in figure 6 and 7.

Pakistan Journal of Medical & Cardiological Review e85
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Quality scores across all bases {(Sanger / lllumina 1.9 encodlng}
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Figure 6 Low-quality data before trimming. Yellow Boxplot that falls under area of pink
and purple color area is not good quality sequenced data while the green area is good
quality data.
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Figure 7 Good quality data after trimming. All yellow color boxplot that falls under the

green area is good quality sequence data.

b. Data Assembly:

The assembly of good quality reads were performed through spades (Bankevich et al.,
2012). there was total 21 contigs, with total genome size of 3878839 base pair having
GC content of 51.03%. The L50 count is 3 (which is consider to be the count of smallest
number of contigs sum of length produce half of genome). The N50 length is 682621bp
(which is consider to be the shortest contig that cover half of genome size. The details

of genome assembly are shown in table no 9.
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Table 9 Detail of assemble Genome containing number of contigs, genome size, GC

# contigs 21
Largest contig 814006
Total length 3878839
GC (%) 51.03
N50 682621
N9O0 215167
aul 572067.9
L50 3
L20 7
# N's per 100 kbp 0.00
content.

c. Genome Annotation:

Genome was annotated by using prokka (Seemann, 2014). This genome has 3,857
protein coding sequences (CDS), 73 transfer RNA (tRNA) genes, and 5 ribosomal RNA
(rRNA) genes. The annotated features are summarized in Table 10.

Table 10 Detailed summary of identified Morganella morganii genome including
(CDS/Coding sequences, tRNA, rRNA of).

Annotated genome features

CDS 3,591
tRNA 64
rRNA 9
Partial CDS 0
Miscellaneous RNA 0
Repeat Regions 0

Pakistan Journal of Medical & Cardiological Review e8%
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Circos plot contracted by prokka shows all genes distributed across the genome of
Morganella morganii. From outer to inner rings, it comprises coding sequences on
forward strand and coding sequences on reverse strand, Coding sequencing virulence
factors, CDS with homology to known antimicrobial resistance genes, RNA genes, GC
content and GC skew. The subsystem to which these genes belong is shown by the
colors of the Coding sequences on the forward and backward strands. (Subsystems
mentioned below) shown in figure 8.

Figure 8 Circos plot that showing gene distribution across the genome of Morganella
morganii from outer to inner rings, it comprises coding sequences on forward strand
and coding sequences on reverse strand, Coding sequencing virulence factors, CDS with
homology to known antimicrobial resistance genes, RNA genes, GC content and GC
skew.

d. Subsystem Examination:
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A subsystem is a collection of proteins that work together to carry out a particular
biological process or structural complex. An examination of the subsystems that are
particular to each genome is part of the PATRIC annotation process. Detailed
information on this genome's subsystems provided in figure 9.

Subsystem (Subsystems, Genes)

B METABOLISM (93, 667)
M PROTEIN PROCESSING (45, 238)
B STRESS RESPONSE, DEFENSE, VIRULENCE (36, 142)
® ENERGY (34, 271)
m MEMBRANE TRANSPORT (22, 97)
m DNA PROCESSING (19, 77)
B CELLULAR PROCESSES (15, 124)
B RNA PROCESSING (14, 73)
W MISCELLANEOUS (10, 72)
B CELL ENVELOPE (9, 63)
REGULATION AND CELL SIGNALING (4, 13)

Figure 9 Graphical representation of all the genes mentioned through different colors
responsible for different functions such as metabolism, protein processing, defense,
virulence, RNA processing, regulation and cell signaling

3. 5 Important Functional Genes:

Several of the annotated genes are homologous to drugs targets, virulence factors, and
genes that are resistant to antibiotics and drugs. The quantity of genes and the
particular source database that showed homology were found as shown in table 11.

Specialty Genes
Source Genes
Victors 2
Antibiotic
Resistance GARB 10
Antibiotic
NDARO 2
Resistance
Antibiotic
Bustetance PATRIC 45
Drug Target DrugBank 96
Drug Target TTD 13
Transporter TCDB 20

Virulence Factor PATRIC_VF 38

Virulence Factor VFDB 3 6856

PaKIStan Journal Qf | Virulence Factor Victors 52
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Table 11 List of genes responsible for AMR, Drug target, Transporter, virulence factor and
their source of database such as Card, NDARO, Drug Bank, VFDB

3.6 Phylogenetic Analysis:

Phylogenetic Analysis of identified genome was done in PATRIC (Olson et al., 2023).
Phylogenetic analysis in PATRIC provides Representative and Reference genomes.
Mash/mi Hash identify closest Representative genome and Reference genome.
Phylogenetic location of these genomes was determined by Patric global proteins
families (Pfams) that are selected from the genomes. Muscle was used to aligned the
protein families and nucleotides sequences were mapped for protein alignment. Data
matrix was created from joined nucleotide and amino acid alignments, Matrix was
analyzed by RaxML, support values in the phylogenetic tree was created with

Kosakonia sacchan SP1 12358346
ma

Enterobacter cloacae subsp. dissolvens SP1 12358343

R=

Yokenella regensburgei ATCC 43003 10023683

100 —— E:cherichia coli stram MCTCO001 562.7382

Escherichia hermsnnii NBEC 105704 11155123

Cronobacter malonaticas 681 1208591 3

Erwinia sp. Leaf33 17362253

Tatumella ptyseos ATCC 33301 10058854

b

’-|;'_‘-.{-:rrga'neﬂa morganii sabsp. morgandi KT 1124001 3

Morzanells sp. GLFE 1326758.3

(L= =
Morganells morgamn mm 582,784 582784

bootstrapping as shown in figure 10.

Pakistan Journal of Medical & Cardiological Review o857


https://pakjmcr.com/index.php/1/about

Vol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Ullah, et al - 2026 3007-2387 3007-2379

Figure 10 Phylogenetic tree of different strains of Morganella morganii and the
identified genome (mentioned in red color) is closely resembled to the Morganella
morganii Kt 1124991.3 and Morganella sp. GLFB 1326758.3 strains

3.7 AMR Gene ldentification:

Finally, the antibiotics resistance genes were identified by CARD (McArthur, n.d.) was
used for Antibiotic resistance genes detection as show in table no 12 and figure no 11.
Ten important antibiotic resistance genes were identified in the genome of Morganella
morganii isolate which are shown in table no. The major and more prevalent resistant
gene that were found in the isolate of Morganella morganii DHA-27 that belongs to
DHA beta-lactamase gene family. That gene makes the bacteria resistant to beta lactam
drug class which mainly includes cephalosporin, ampicillin, cephamycin and amoxicillin.
The second most important resistant gene was kpnH which belongs to major facilitator
superfamily (MFS) antibiotic efflux pump gene family. That gene makes the bacteria
resistant to multiple class of drugs such as macrolide antibiotic, fluoroquinolone
antibiotic, aminoglycoside antibiotic, carbapenem, cephalosporin, penams, peptide
antibiotic.

The one of important antibiotic resistance gene rsmA gene and CRP gene which is
responsible for resistance nodulation cell division (RND) antibiotic efflux pump. The RND
efflux pump is mediated by local repressor gene mutations, global regulatory gene
mutations that contribute intrinsic multidrug resistance in Morganella morganii. Thes
genes are responsible for resistance to fluoroquinolone antibiotic, diaminopyrimidine
antibiotic, phenicol antibiotic, macrolide antibiotic, fluoroquinolone antibiotic, penam.
Another gene is PBP3 gene that are responsible for Penicillin-binding protein mutations
conferring resistance to beta-lactam antibiotics such as penam, cephalosporin and
cephamycin. The fluroquinolone class antibiotic family resistant gene was also identified
in the isolate of Morganella morganii which is gryB gene.

The peptide inhibitor antibiotic resistance gene were also identified in the genome of
Morganella morganii that is ArnT resistance gene. The small multidrug resistance (SMR)
antibiotic efflux pump family gacG resistance gene was also found in Morganella
morganii that makes the bacteria resistant to disinfecting agent and antiseptics.
Fosfomycin thiol transferase family fosA8 resistance gene were also identified that
confer resistance to phosphonic acid antibiotic.
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Table 12 Responsible AMR genes, their family and Antibiotics to which these AMR gene
are Resistant

Gene Gene family Antibiotics
DHA-27 DHA beta-lactamase cephalosporin, ampicillin,
cephamycin and amoxicillin.
kpnH major facilitator | macrolide antibiotic,
superfamily (MFS) | fluoroquinolone  antibiotic,
antibiotic efflux pump aminoglycoside  antibiotic,

carbapenem, cephalosporin,
penams, peptide antibiotic

gyrB fluroquinolone class | Fluroquinolone
antibiotic family
rsmA, RND Resistance | fluoroquinolone  antibiotic,
CRP nodulation cell division | diaminopyrimidine antibiotic,
efflux pump phenicol antibiotic, macrolide

antibiotic,  fluoroquinolone
antibiotic, penam

PBP3 Penicillin-binding protein | penam, cephalosporin and
mutations conferring | cephamycin
resistance to beta-lactam

gacG small multidrug | disinfecting agent  and
resistance (SMR) | antiseptics
antibiotic efflux pump
family

ArnT (Pmr) Peptide inhibitors
phosphoethanolamine
transferase

FosA8 Fosfomycin thiol | Phosphoric acid antibiotics
transferase
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Escherichia coli  EF-Tu | elfamycin resistant EF-Tu | elfamycin antibiotic
mutants conferring
resistance to Pulvomycin

)
5
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g
&
&

Figure 11 DHA-27, gacG, Arnt, FosA8, KpnH, rsmA, CRP, EF-Tu, gyrB are identified AMR
genes in the genome of Morganella morganii
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3.8 Phylogenetic Analysis of Important Identified AMR genes:

Upon phylogenetic analysis of important Antibiotic resistance such as (DHA-27) which
are closely resemblance or 100 % similar with MHO67965 Escherichia coli strain 1644443
having origin from Taiwan shown in figure 12.

Morganella morganii-DHA-27-Australia

Morganella morganii-DHA-27-Germeny

mMorganella morganii-DHA-27-Morway

Morganella morganii-DHA-27-China

Morganella morganii-DHA-27-China

mMorganella morganii-DHA-27-Tiawan

Morganella morganii-DHA-27-Pakistan

Morganella morganii-DHA-27-India

Figure 12 Phylogenetic Tree of identified antibiotic resistance genes (DHA-27)

Marganella morganii-gyrb-1taly

Moarganella morganii-gyrb-lndia

Morganella morganii-gyrb-Bangladesh

Morganella morganii-gyrb-Finland

Morganella morganii-gyrb-FPakistan

Morganella morganii-gyrb-Tiawan

Morganella rmorganii-gerb-Jdapan

Morganella morganii-gwrb-CZhina

Morganella morganii-gwrb-China
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Figure 13 gyrB gene in identified Morganella morganii have similarity with Morganella
morganii subsp. morganii MM20190808-1-1 having origin of Taiwan.
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DISCUSSION

Most commonly microbial culture is used to monitor the microbiota. However, this has
some significant drawbacks, most notably the inability to fully characterize the drug-
resistance profile of the contaminating microbiota and the lengthy time period needed
to collect the data. The implementation of environmental surveillance systems utilizing
more efficient techniques is therefore urgently needed. Molecular methods, such as
next-generation sequencing and PCR assays, shotgun metagenomic may be practical
and efficient instruments to track microbial contamination, particularly the expanding
AMR (Cason et al., 2022).

In current study shotgun genome sequencing of single MDR strain reveals different kind
of antibiotics resistance genes that includes DHA-27, KpnH, fosA8, gyrB, ArNT, CRP,
rsmA, PBP3, qacG and EF-Tu that are acquired from other bacteria. Upon phylogenetic
analysis of some of identified genes show similarity with genes identified in tiawani
populations. The selected MDR stain were subjected to multiple 15%, 2", 3@ and 4%
generation of antibiotics. And show resistance to 13 antibiotics in all 16 applied
antibiotics which include the 4™ generation antibiotics. The resistance conferred by that
single MDR Morganella morganii in Kp Pakistan is striking feature. Most of bacteria have
horizontal gene transfer that acquired the genes from other bacterial species. To find
out the bacterial mechanism of transformation of such acquired resistance gene inside
Morganella morganii isolates we need further study needed in order to stop the
transmission of such MDR strains of Morganella morganii. A study conducted by (Xiang
et al, 2021) reported that 300 isolates of Morganella morgani were identified in urine
samples. In these isolates most of isolates of Morganella morganii were identified in
female patient one of main reason of that high prevalence of Morganella morganii in
female patient were due to hospital acquired catheterization. In the current study total
20 isolated of Morganella morganii were identified in which 14 isolates were detected in
females and their history shows no hospital acquire catheter associated infection so
there should be may another reason of high prevalence of Morganella morganii in
females.

Comparative genome analysis based on SNP of different strains of Morganella morganii
from different samples such as stool, urine, rectal swab, blood, sputum, pleural fluid of
different host (human, animal and environment) and the species of Morganella morganii
from different countries China, USA, UK, Japan, Brazil, Russia, south Africa, Malaysia,
South Korea, Canda, Switzerland, India reported by (Guo et al., 2019). And concluded
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that the genome of Morganella morganii distributed widely antibiotics resistance genes
from different isolate of Morganella morganii of different countries. Among these
isolates of Morganella morganii form different host and from different sites have
common beta lactamases antibiotics resistance gene blaDHA. Furthermore, no
replication of plasmid was identified among most of Morganella morganiiisolates. In his
study blaNDM5 positive first Morganella morganii specie was identified and complete
genome was sequenced. The antibiotic resistance gene blaNDM5 was present on INcX3
transmissible plasmid that are transmitted to other species of Enterobacterales including
Morganella morganii. So IncX3 plasmid must be addressed and further research should
need to stop the transmission of blaNDM encoding plasmid IncX3.

According to (Bandy, 2020) due increase antibiotic resistant of Morganella morganii
have significant effect and become new superbug. The unproper utilization of
antibiotics have led to evolution of antibiotics resistance gene inside the bacteria and
producing Extensively drug resistant (XDR) and multi drug resistant (MDR) and pan drug
resistant variants in the public sector. Furthermore, due to the transfer of resistant gene
for species-to-species paly major role in antibiotics resistance and complicating this
problem more and more. According to (Bandy et, al) Morganella morganii have natural
resistant to 1%, 2" and 3™ generation antibiotics such as macrolides, lincosamides and
cephalosporins. Mostly acquired resistance of Morganella morganii is due to mobile
extra genetics elements. According to (Bandy, 2020) globally XDR and MDR cases of
Morganella morganii increases. According to surveillance report Morganella morganii is
42% resistant to carbapenems (imipenem). In south western Nigeria clinically treated
wound infected individuals Morganella morganii has negative effect with resistance of
Ceftazidime, cloxacillin, ampicillin, amoxicillin clavulanate. In a study reported that Egypt
have increase prevalence of antibiotics resistance to carbapenem. Morganella morgani.
Another study reported in Ethiopia also reported the prevalence of Morganella morganii
antibiotics resistance to carbapenem. One of study in literature review revealed that
horizontal transfer of plasmid and sequence are responsible for the resistance of
carbapenem.

In the current total 20 isolates of Morganella morganii were tested against these
antibiotics among these all isolates of Morganella morganii were at least resistant to
one of 16 antibiotics which were tested as shown in table no 9. The most frequently
antibiotics to which M. morganii were resistant includes Co-amoxiclav (COA) (100%),
followed by Cefepime (FEP) (95%), Ceftazidime (CAZ) (95%), Co-trimoxazole (COT) (90%),
Ampicillin (AMP) (75%), Aztreonam (ATM) (70%), Tigecycline (TIG) (15%). Isolate of
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Morganella morganii were more susceptible to Amikacin (AMK) (95%), Ciprofloxacin
(95%), Sulbactam (95%), Pipracillin+tazobactum (95%), Gentamicin (GIN) (90%),
Tigecycline (TIG) (90%) as shown in table no 9. Among these 20 isolates of Morganella
morganii no isolate was resistant to Meropenem and Imipenem. Furthermore, among
these 20 isolates of Morganella morganii 1 isolate were found to be MDR that show
resistant to all antibiotics except Meropenem and Imipenem.

According to (Al-Muhanna et al,, 2016) Morganella morganii is capable of developing
tolerance to broad-spectrum cephalosporins due to chromosomally encoded AmpC
beta-lactamases. The blaCTXM, blaSHV, blaTEM, blaOXA, and blaCMY genes for -
lactamase resistance, as well as the blaSIM, blaSPM, blaGIM, blaVIM, blaKPC, and
blaNDM carbapenemases, were found using PCR, and sequencing was carried out using
consensus primers and amplification conditions that M. morganii tested positive for the
genes blaVIM, blaCTXM, and blaSHV but negative for other genes encoding -lactamases
and carbapenemases (Al-Muhanna et al, 2016). However, because PCR-based
techniques are focused on particular microbes and genes, they are unable to
characterize the entire microbiome and/or resistome. In order to enable timely
monitoring of any potential changes in microbial populations and in their AMR, an
effective monitoring system should give a deep characterization of the environmental
bioburden, delivering rapid and detailed information on the microbial population
(Cason et al, 2022),In the current study shotgun sequencing of single MDR strain of
Morganella morganii also revealed multiple antibiotics resistance genes which is not
detected by any culture or simple PCR technique so shotgun sequence is one of good
approach in detecting antibiotic resistance genes.
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CONCLUSION

In the current study prevalence of Morganella morganii were identified in kp region.
The prevalence of Morganella morganii is lower as compared to other uropathogen
because our result indicates 20 positive cases (10%) of Morganella morganii out of
200 urine samples. Moreover, shotgun genome sequencing of Morganella morganii
revealed presence of different antibiotics resistant genes in single MDR strain. This
study is conducted in one region and emergence of such MDR strain of Morganella
morganii is an important health issue. Therefore, further studies are required to
prevent the spread of AMR genes in Morganella morganii.
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