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Abstract: Background: Worldwide, bacterial resistance to several antibiotic classes is seen as a grave threat.
Bacterial resistance to antibiotics was mostly caused by the abuse and overuse of antibiotics, particularly
penicillins and first-generation cephalosporins, in Egypt’s primary healthcare facilities. Aim of the study: To
investigate the main resistant bacteria to a few chosen penicillins and first-generation cephalosporins, as well
as the characterization of these antibiotics’ resistant genes and their detrimental effects in Egypt’s main medical
facilities. Methodology: Two hundred respiratory and urinary tract infection (RTI and UTI) specimens were
gathered from Egyptian primary medical center patients. The turbidimetric assay at 630 nm wavelength, the
broth dilution technique, and the nanopore sequencing homology approach were used to characterize the
major resistant pathogenic bacteria and their resistant genes to cefadroxil (first generation cephalosporins) and
nafcillin (antipseudomonal penicillin). Moreover, adverse outcomes resulting from antibiotic resistance were
noted. Results: Out of 200 specimens with RTI and UTI, 186 samples showed the proliferation of resistant
bacteria isolates. Enterococcus faecium strain NFC and Staphylococcus aureus strain CDX were among them.
Nanopore sequencing confirmed that the antibiotic-resistant gene in Enterococcus faecium was the NFC gene,
whereas the antibiotic-resistant gene in Staphylococcus aureus was the CDX gene. Penicillin-binding proteins
with modest affinity were encoded by both genes. These bacterial resistance patterns were linked to a low
death rate of 5% and a high morbidity rate of 47%. Conclusion: By expressing low affinity penicillin binding
proteins through resistant NFC and CDX genes, Enterococcus faecium strain NFC and Staphylococcus aureus strain
CDX were found to be the predominant bacterial isolates that cause antibiotic resistance to first-generation
cephalosporins and penicillins.
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Introduction

Worldwide, antibiotics are posing a major threat to several bacterial infectious diseases.! One of
Egypt’s biggest problems is antibiotic resistance.2 The primary cause was found to be the overuse and
abuse of various antibiotics, particularly penicillins and first-generation cephalosporins.? There exist
four principal pathways that facilitate bacterial resistance to the various kinds of antibiotics.*

First, the antibiotic is rendered inactive by deactivating enzymes, such as beta-lactamase
enzymes, which break down the beta-lactam ring to render penicillins and cephalosporins inactive.5

The second approach involves creating new targets that the antibiotics are less effective against.®

The other two primary ways that bacteria become resistant to antibacterials in general are
decreased permeability to the antibiotic’ and the use of multidrug resistant pumps to the various
classes of antibiotics.?

A genetic change in the bacterial pathogen results in major antibiotic resistance.® Either a
plasmid is acquired,* transponson,'! or a genetic mutation causes this.!?

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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When glycoside antibiotics are used often, a mutation in the protein containing the 30S
ribosomal subunit arises, leading to bacterial resistance.'?

In addition, mutations in DNA gyrase result in antibiotic resistance to quinolones.* Conversely,
it was observed that the bacterial multidrug resistant pump led to resistance against tetracyclines and
sulfa medicines.!®

The main factor leading to bacterial resistance to glycopeptide antibiotics was also found to be
the substitution of lactate for alanine in the peptidoglycan of the bacterial cell wall.’6 Using third-
generation high-throughput sequencing techniques like nanopore sequencing, the current study set
out to investigate the bacterial resistant isolates and the genes responsible for their resistance to
penicillins like nafcillin and first-generation cephalosporins like cefadroxil in primary medical
centers in Egypt.

Methodology

Ethical statement:

Priority was given in the current study to all pertinent institutional, national, and international
regulations dealing with the use and care of persons. All study procedures involving human
participants have been approved by Cairo University’s Ethical Committee for Human Handling
(ECHCU), located in the Faculty of Pharmacy (permission number WTG479/2024). The research
aimed to reduce the pain experienced by human subjects. With informed consent, the use of human
subjects or samples in studies was authorized. The World Medical Association’s rule of ethics for
human research, the Declaration of Helsinki, was followed in the conduct of the current investigation.

Type of the study:
Screening experimental study.
Place and date of the study:

The study was completed at Cairo University’s pharmacy faculty in Egypt between January 2024
and August 2024.

Collection of the samples:

Two hundred urine samples from adult male and female patients with urinary tract infections
(30-65 years old, weighing approximately 70 kg) were randomly collected in sterile urine bags.
Additionally, 200 respiratory swabs from patients with respiratory tract infections (20-60 years old,
weighing approximately 70 kg) were randomly collected from adult male and female patients with
respiratory tract infections (RTIs) in primary medical centers in various locations in Egypt (Menofia,
Cairo, Fayoum, and Qalyobia). Before being processed, the obtained samples were kept in sterile
containers at 4°C.

Detection of resistant patterns to the test antibiotics:

A test group consisting of 200 volunteer patients were received the test antibiotics ( cefadroxil
and nafcillin) where each antibiotic was given alone to 100 candidates in a concentration of 500 mg
every 8 hours for one week. A standard antibiotic was administered to a positive control group
consisting of 200 human volunteers where a standard vancomycin antibiotic was given in a
concentration 500 mg every 8 hours for one week to 100 individuals infected with urinary tract
infections. As well as the same standard antibiotic was received to 100 candidates infected with
respiratory tract infections in a concentration of 500 mg every 8 hours for 7 days.

After one week, respiratory and urine samples were withdrawn from all the participants in the
present study.

To help with their identification, the pathogenic bacterial isolates were first screened for growth
on nutrition agar and blood agar plates. Subsequently, Gram staining and biochemical reactions were
conducted.

To ascertain whether bacteria were resistant to the test antibiotics, the broth dilution antibiotic
susceptibility test was used.”
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Utilizing a 190-1100nm Ultraviolet visible spectrophotometer, model UV1600PC, that was
acquired from China, the bacterial count spectrophotometric turbidimetric assay at 630 nm was
performed to confirm the existence of antibiotic resistance.®

ThermoFisher Scientific, USA supplied the GeneJET Genomic DNA Purification Kit, Catalog
number K0721, which was used to extract DNA samples from the resistant bacterial isolates. The
process was completed in compliance with the DNA extraction kit’s manufacturer’s instructions.

Later, using the Ultra-Long DNA Sequencing Kit V14 with Catalog number SQK-UK114 bought
from Oxford Nanopore Technologies, UK, third-generation high throughput sequencing technology
(nanopore sequencing technique) was used to determine the resistant bacterial isolates and their
antibiotic-resistant genes to the test antibiotics. The process was completed in accordance with the
manufacturer’s instructions for the kit.

Detection of impact of antibiotic resistance:

This was noted in order to ascertain the detrimental effect that bacterial resistance had on the
rate of morbidity and mortality.

In Silico analysis of the test antibiotics:
By using bioinformatics and docking studies with the test antibiotics, this was accomplished.

Statistical Analysis

All cultures were conducted in triplets. Their presentation was by means and standard
deviation. One-way analysis of variance (p value< 0.05) was used as means for performing statistical
analysis. The F statistical test was used in the present study.

Results

Only 7% of the test group treated with cefadroxil and nafcillin medicines exhibited traces of
bacterial resistance.

In contrast, 93 percent of test group applicants exhibited various degrees of bacterial resistance.

As demonstrated by broth dilution, spectrophotometric turbidimetric techniques, Gram
staining, biochemical reactions, and nanopore sequencing technique, 51% of the 93% test candidates
were impacted by the resistant strains of Staphylococcus aureus strain CDX, while 42% of the test
human subjects showed resistance from Enterococcus faecium strain NFC to the test antibiotics.

Bacterial resistance to cefadroxil and nafcillin, the test antibiotics, was shown to be caused by
low affinity penicillin binding proteins produced by the NFC gene of Enterococci and the CDX gene
of Staphylococcus aureus, according to the results of the nanopore sequencing homology approach.

The fact that the standard group, which was given vancomycin as a normal antibiotic, did not
develop any antibacterial resistance was fascinating. Utilizing BLASTn software, the results in Table
1 indicated the molecular homology of the antibiotic-resistant bacterial isolates to cefadroxil.

Under a standard light microscope, Figure 1 displayed the Gram staining of Staphylococcus aureus
resistant to the drug cefadroxil.

The molecular docking of nafcillin with PBP utilizing SWISS-MODEL software is shown in
Figure 4.

The biochemical process involving coagulase that Staphylococcus aureus induced in the top tube
is depicted in Figure 6.

The calculation of the resistant bacterial count against various nafcillin concentrations is shown
in Figure 7. P value was found to be at p< 0.05.

Table 4 displays the biochemical reaction profile of the antibiotic-resistant bacterial isolates.

Using the spectrophotometric turbidimetric test at 630 nm, the bacterial counts of the resistant
bacterial isolates to cefadroxil were displayed in Table 3.

Table 2 provided further clarity on the molecular similarity analysis of the antibiotic-resistant
bacterial isolates using BLASTn software.

Figure 2 demonstrated the Gram staining of resistant Enterococcus faecium to nafcillin antibiotic
under the standard light microscope.
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Docking and bioinformatic studies carried out in Silico indicate that shifting cefadroxil to
position three enhanced antibiotic activity by around 17%*2% and decreased bacterial resistance by
more than 25%+1%. Additionally, the docking research results showed that the antibiotic nafcillin
and the aromatic compound lysidicichin together had a synergistic effect with minimal bacterial
resistance.

Figure 3 revealed the 3D structure of Enterococcus faecium NFC, whereas Figure 5 showed the
PBP of Staphylococcus aureus CDX.

Figure 1. shows the Gram staining of resistant Staphyllococcus aureus to cefadroxil antibiotic under the
normal light microscope.
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Figure 2. displays the Gram staining of resistant Enterococcus faecium to nafcillin antibiotic under the
normal light microscope.
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Figure 3. shows 3Dstructure of PBP of Enterococcus faecium NFC.

M

Figure 4. presents the molecular docking of nafcillin with low affinity PBP using SWISS-MODEL
software. Gibbs free energy (AG) =7.3 kcal/mol.
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Figure 5. shows the 3Dstructure of PBP of Staphyllococcus aureus CDX.

Figure 6. demonstrates the coagulase biochemical reaction caused by Staphyllococcus aureus in the
upper tube.
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Estimation of bacterial count of resistant isolate to
nafcillin antibiotic
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Figure 7. demonstrates the resistant bacterial count estimation against different concentrations of
nafcillin. P value was at p< 0.05.

A low mortality rate of 5%+ 1% and a high morbidity rate of 47%z=* 3% were associated with the
bacterial resistance patterns.

Table 1. It demonstrates the molecular homology of the resistant bacterial isolates to cefadroxil
antibiotic using BLASTn software:.

Description Scientific Name
Staphylococcus aureus DNA, complete genome,

Staphylococcus aureus 1188 | 99.69
strain: GN3
Staphylococcus aureus DNA, complete genome,

) Staphylococcus aureus 1188 | 99.69

strain: GN1
Staphylococcus aureus strain SR434 chromosome,

Staphylococcus aureus 1188 | 99.69
complete genome
Staphylococcus aureus strain Sau37 chromosome,

Staphylococcus aureus 1188 | 99.69
complete genome
Staphylococcus aureus strain Sau59 chromosome,

Staphylococcus aureus 1188 | 99.69
complete genome
Staphylococcus aureus strain Sau92 chromosome,

Staphylococcus aureus 1188 | 99.69
complete genome
Staphylococcus  aureus strain UNC_SA56

Staphylococcus aureus 1188 | 99.69
chromosome, complete genome
Staphylococcus aureus subsp. aureus Tager 104 | Staphylococcus aureus 1188 | 99.69
chromosome, complete genome subsp. aureus Tager 104 '
Staphylococcus ~ aureus  strain  16CS0209

Staphylococcus aureus 1188 | 99.69
chromosome, complete genome
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Staphylococcus aureus strain SCAID OTT1-2022

Staphylococcus aureus 1188 | 99.69
(150) chromosome, complete genome
Staphylococcus aureus strain TCD14 chromosome | Staphylococcus aureus 1188 | 99.69
Staphylococcus aureus strain TCD9 chromosome | Staphylococcus aureus 1188 | 99.69
Staphylococcus aureus strain TCD17 chromosome | Staphylococcus aureus 1188 | 99.69
Staphylococcus aureus strain TCD15 chromosome | Staphylococcus aureus 1188 | 99.69

Table 2. It establishes the molecular similarity of the insusceptible bacterial isolates to nafcillin

antibiotic exploiting BLASTn software:.

Total Per.
Description Scientific Name .
Score ident
Enterococcus
Enterococcus faecium strain JE1 . 2116 98.66
faecium
Enterococcus lactis strain J-1-A Enterococcus lactis 2116 98.66
Enterococcus lactis strain J-3-A Enterococcus lactis 2116 98.66
Enterococcus lactis strain J-4-A Enterococcus lactis 2116 98.66
Enterococcus lactis strain IDCC 2105 Enterococcus lactis 2919 98.66
Enterococcus
Enterococcus faecium T110 2116 98.66
faecium T110
Enterococcus lactis strain KCTC 21015 Enterococcus lactis 3218 98.66
Enterococcus
Enterococcus faecium strain TK-P5D 2116 98.66
faecium
Enterococcus
Enterococcus faecium strain 642 . 1584 98.64
faecium
Enterococcus lactis strain DH9003 Enterococcus lactis 3522 98.64
Enterococcus lactis strain HJS001 Enterococcus lactis 1913 98.39
Enterococcus
Enterococcus faecium strain FB-1 1998 96.47
faecium
Enterococcus
Enterococcus faecium strain DB-1 1998 96.47
faecium
Enterococcus faecium strain | Enterococcus
1639 95.3
ww_sludge_ent_V1_zoecandies_230529 faecium
Enterococcus
Enterococcus faecium isolate E4239 ; 1162 95.02
faecium
Enterococcus
Enterococcus faecium isolate E4227 1162 95.02
faecium
Enterococcus
Enterococcus faecium strain T17-1 . 1754 97.07
faecium
Enterococcus
Enterococcus faecium strain AD21B 1053 92.34
faecium
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Table 3. It shows the bacterial counts of the resistant bacterial isolates to cefadroxil using the
spectrophotometric turbidimetric assay 630 nm:.

Bacterial count Antibiotic UV absorbance at
(CFU/ml) concentration (mg/70 | 630 nm wavelength
kg)

4*10° 500 0.21 0.05
3*10¢ 750 0.18 0.01
2*104 900 0.12 0.05
2*10° 1000 0.09 0.02

102 1500 0.05 0.01

Table 4. Biochemical reactions profile of the resistant bacterial isolates to the test antibiotics:.

Characteristic biochemical reactions of Characteristic biochemical reactions of

resistant Enterococcus faecium isolates

resistant Staphyllococcus aureus isolates

Grape-like clusters of Gram-positive cocci
were shown by staphylococcal isolates that
were resistant. Golden-yellow colonies with
remarkable 3-hemolysis were proven to be
produced by S. aureus cultures. A coagulase
positive strain of Staphylococcus aureus was
found. The fermentation of mannitol was
detected in Staphylococcus aureus isolates on

mannitol-salt agar. Agar became yellow as a

Gram-positive streptococci were found in
smears from isolates of resistant enterococci.
When bile was present, these bacterial
isolates were shown to hydrolyze esculin. On
bile-esculin agar, they generated a black
pigment. Furthermore, in a hypertonic 6.5%
NaCl saline solution, it was shown that
bacterial isolates of Enterococcus faecium were

growing.

result of this action, which decreased pH.

Discussion

Finding the antibiotic-resistant genes encoding low-affinity penicillin-binding proteins was the
goal of the current investigation.

Antibiotic resistances to cefadroxil (cephalosporin) and nafcillin (penicillin) were verified during
the antibiotic sensitivity test using the broth dilution technique and the measurement of the bacterial
counts using the spectrophotometric turbidity assay at 630 nm wavelength.

The primary bacterial isolates in this investigation that showed resistance to the test drugs were
Staphylococcus aureus strain CDX and Enterococcus faecium strain NFC, according to Gram staining,
biochemical responses, and nanopore sequencing homology method.

Using a nanopore sequencing approach, the genes NFC and CDX encoding the low affinity
penicillin binding proteins in the strains of Enterococcus faecium NFC and Staphylococcus aureus CDX
were found to be responsible for mediating the bacterial resistance to the test antibiotics.

Since the low affinity of PBPs results in minimal antibiotic resistance, as was mentioned in a
previous study, this pattern of bacterial antibiotic resistance might be overcome by raising the dose
of the test antibiotics.!” A prior investigation also verified that synergism was demonstrated when an
amino-glycoside antibiotic was added to any of the test antibiotics.20

In the present study, low-level bacterial resistance to the test antibiotics was found to be caused
by Staphylococcus aureus strain CDX and Enterococcus faecium strain NFC. In the Cabellos C et al study,
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2022, high-level bacterial resistance to many penicillins and cephalosporins in hospitals was
attributed to pneumococci containing bla gene encoding beta-lactamase.?!

A change of cefadroxil at the third position increased antibiotic activity by around 17%*2%,
while bacterial resistance was lowered by more than 25%%1%, according to docking and
bioinformatic investigations conducted in silico. Furthermore, when the aromatic chemical
lysidicichin was combined with the antibiotic nafcillin, it had a synergistic impact with very little
bacterial resistance, as demonstrated by the docking experiment.

The patterns of bacterial resistance to the test antibiotics were associated with a high morbidity
rate of 47%+ 3% and a low death rate of 5%z 1%.

Conclusion

The present study stated the detection of novel bacterial isolates containing antibiotic
resistance genes encoding low affinity penicillin binding proteins thus it was a promising one. It is
recommended in the future to new sources of antibiotics to aid in overcoming the overwhelming
bacterial resistance challenge in primary medical centers in Egypt.
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