
  
Volume 12, Issue 3 (2024) pp. 218-236         DOI: 10.48309/IJABBR.2024.2017880.1476 

218 | P a g e  

  

Review Article 

 

Emerging Antibiotic Resistance in Gram-Positive Bacteria, 

with Focus on Staphylococcus Aureus, Enterococcus Spp., and 

Streptococcus Pneumoniae 

Olumakinde Charles Omiyale1,* , Favour Onaskohare Okunbi2 , Confidence 

Damian Oparah3 , Victor Nduka Eluwa4 , Rosemary Modupeoluwa Awolade5 , 

Precious Ifechukwuni Ikuni6 , Muhammad Bello Demola7 , Christianah 

Oluwatosin Agboola8 , Temitope Oluwapelumi Babalola9 , Abdul-Hanan Saani 

Inusah10 , Abigail Daniel Agbo11 , Onyekachi Uchenna Uchejuru12 , Benjamen 

Minasu Oke13 , Stanley Augustine Ugbobuaku14  

1Department of Pharmacology, Toxicology and Therapeutics, College of Medicine, 

University of Lagos, 101014, Nigeria  
2Department of Microbiology, Faculty of Biological Sciences, Mountain Top University, 

110106, Nigeria 
3Department of Internal Medicine, National Hospital Abuja, Abuja, 900103, Nigeria 

4Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of 

Portharcourt, 500272, Nigeria 
5Department of Anatomy, Faculty of Basic Medical Science, Ladoke Akintola University 

Ogbomoso, 210274, Nigeria 
6Department of Pharmaceutical Microbiology, Faculty of Pharmacy, Delta State 

University, 330105, Nigeria 
7Department of Biomedical Engineering, School of Engineering, University of University 

of Strathclyde, G1 1XQ, UK 
8Department of Microbiology, Faculty of Sciences, Adekunle Ajasin University, 342111, 

Nigeria 
9Department of Microbiology, Faculty of Life Sciences, University of Ilorin, 1515, Nigeria  

10Department of Medicine, University of Development Studies, NT-0272-1946, Ghana 
11Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of Jos. 

930105, Nigeria 
12Department of Public Health. Faculty of Health Science. Imo State University. 460281, 

Nigeria 
13Department of Microbiology. School of Biological Sciences. Lagos State Polytechnic. 

104233, Nigeria 
14Department of Pharmacy. Niger Delta University. Amassoma. 560103, Nigeria 

*Corresponding Author E-mail: 199096019@live.unilag.edu.ng  

Received: 2023-12-16, Revised: 2024-01-08, Accepted: 2024-02-10 

 

https://orcid.org/0000-0002-4951-3881
https://orcid.org/0009-0004-2950-4699
https://orcid.org/0009-0003-1265-9718
https://orcid.org/0000-0001-9215-9534
https://orcid.org/0009-0008-7457-4687
https://orcid.org/0009-0002-7789-2185
https://orcid.org/0009-0002-5275-0180
https://orcid.org/0009-0007-4744-2235
https://orcid.org/0009-0004-1727-446X
https://orcid.org/0009-0007-4483-2473
https://orcid.org/0009-0000-5244-148X
https://orcid.org/0009-0000-8667-4652
https://orcid.org/0009-0001-9379-6997
https://orcid.org/0009-0006-9048-365X
mailto:199096019@live.unilag.edu.ng


Omiyale et al.                                                                    Int. J. Adv. Biol. Biomed. Res. 2024, 12(3), 218-236 
 

219 | P a g e  

 

Abstract 

Antibiotic resistance is becoming more prevalent, which presents as an urgent risk to 

world-wide well-being, necessitating an urgent exploration of its mechanisms, 

implications, and potential mitigation strategies. This review provides an overview of 

the growing antibiotic resistance phenomenon within the realm of gram-positive 

bacteria, with a specific focus on three major pathogens: Staphylococcus aureus, 

Enterococcus spp., and Streptococcus pneumoniae. These pathogens, once susceptible to 

conventional antibiotics, have displayed remarkable adaptability to develop resistance, 

rendering standard treatment regimens ineffective. This review outlines the objectives 

of understanding the mechanisms underlying the emergence of resistance, deciphering 

the clinical impact of resistance development, and highlighting the potential 

interventions to mitigate the crisis. This review also highlights a comprehensive 

exploration of the interaction between these pathogens and the selective pressure of 

antibiotics, horizontal gene transfer, and genetic mutations are central themes 

elucidated in this study. The clinical implications of these emerging resistance 

mechanisms, including treatment failure, increased morbidity, and mortality, emphasize 

the urgency of addressing this escalating concern.  

Furthermore, this review underscores the importance of alternative strategies, such as 

combination therapies, synergistic approaches, and the revival of older antibiotics, in 

combating gram-positive bacterial resistance. The study aims to provide insights into 

the novel strategies that hold promise for the treatment of gram-positive bacterial 

infections that are resistant to antibiotics. 

The review aims to contribute to the global efforts in curbing the antibiotic resistance 

crisis. 

Keywords: Antibiotic resistance, Antimicrobial drug resistance, Gram-positive bacteria, 

Enterococcus species, Staphylococcus aureus, Streptococcus pneumoniae. 

Introduction  

Resistance to antimicrobials continues 
to be a serious worldwide health issue, 
threatening the efficacy of one of modern 
medicine's greatest achievements- 
antibiotics [1]. The rise of resistance not 
only compromises our ability to treat 
infections effectively, but also heightens 
the risk of healthcare setbacks 
reminiscent of the pre-antibiotic era. The 
particular concern is the increasing 
prevalence of Gram stain test-positive 
bacteria that exhibit antimicrobial 
resistance, a class of microorganisms that 
includes some of the most notorious 
human pathogens [1]. The mechanisms of 
this resistance are shaped by a plethora 

of genetic determinants and biochemical 
processes. This includes changes to 
target locations, overexpression of pump 
genes that facilitate material outflow, and 
decreased permeation of the cell wall of 
microbes, as well as the enzymatic 
breakdown of antibiotics [2]. 

In the case of Staphylococcus aureus, 
the emergence of methicillin-resistant 
strains (MRSA) and their subsequent 
evolution into multidrug-resistant and 
extensively drug-resistant forms 
highlights the adaptability of gram-
positive pathogens in countering 
antibiotic pressure [3].  
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Staphylococcus Aureus 

Staphylococcus aureus, an adaptable 
human disease-causing agent, 
exemplifies the alarming escalation of 
gram-positive bacteria's antibiotic 
resistance. Staphylococcus aureus that is 
methicillin-resistant once dominated 
discussions, but the emergence of multi 
drug resistant (MDR), extreme drug 
resistant (XDR), and methicillin resistant 
staphylococcus aureus (MRSA) strains 
underscores the rapid acquisition and 
dissemination of resistance determinants 

[4]. Horizontal gene transfer's (HGT) 
function in the spread of resistant 
mutations further amplifies the challenge 
of treating S. aureus infections [5]. 

Enterococcus spp. 

Enterococcus spp., including 
Enterococcus faecalis and Enterococcus 
faecium, have emerged as emblematic 
symbols of antibiotic resistance. 
Vancomycin-resistant Enterococcus 
(VRE) prevalence has increased, 
revealing the clinical hurdles posed by 
gram-positive pathogens leading to 
reduced drugs choices in treatment 
options [6]. The concurrent evolution of 
linezolid resistance poses additional 
therapeutic challenges, necessitating an 
understanding of the genetic 
underpinnings driving such resistance 
phenotypes [7]. 

Streptococcus Pneumoniae 

Streptococcus pneumoniae, one of the 
main culprits in bacterial pneumonitis is 
difficult to treat since it comes in various 
drug-resistant forms (MDRSP). The 
phenomenon of serotype replacement 
has complicated vaccine strategies, 
underlining the need for a 
comprehensive approach to combat 
emerging resistance [8]. The intricate 
relationship between genetic diversity, 
serotype distribution, and antibiotic 

resistance further elucidates the 
complexity of the pneumococcal 
landscape. 

Factors Fueling the Rise of Resistance 

The ascent of antimicrobial resistance 
in gram-positive bacteria is intertwined 
with multifaceted factors. Inadequate 
infection control practices, unwarranted 
antibiotic prescription, and nosocomial 
transmission have accelerated resistance 
dissemination. Antimicrobial 
stewardship programs have become 
essential tools for addressing these 
issues and preserving the effectiveness of 
antibiotics [9]. 

Aims 

Within this context, this review aims 
to examine the rising incidence of 
antimicrobial resistance in bacterial 
isolates with gram-positive genes, with a 
particular focus on well-known 
pathogens including Staphylococcus 
aureus, Enterococcus species, and 
Streptococcus pneumoniae. 
Understanding the mechanics of how 
antibiotic resistance is changing and 
developing is crucial for developing 
measures to stop its spread, hence this 
topic must be thoroughly explored. 

The Covered Knowledge Gap  

The primary knowledge gap filled by 
this review lies in its in-depth 
exploration of the interaction between 
gram-positive bacteria and the selective 
pressure of antibiotics. The research 
explores important concepts such as 
horizontal gene transfer (HGT) and 
genetic alterations, which are crucial to 
comprehend the development of 
antibiotic resistance in these bacteria 
using very recent literature (2018-2023). 
(1) Thorough investigation of the 
relationship between gram-positive 
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bacteria and the specific influence of 
antibiotics. 
(2) Explanation of fundamental concepts 
such as horizontal gene transfer (HGT) 
and genetic mutations. 
(3) Thorough examination of the ability 
of gram-positive bacteria to adapt and 
evolve mechanisms to withstand 
antibiotics. 

Novelty 

The originality and novelty of this 
review stems from its focus on alternate 
approaches to address the issue of gram-
positive bacterial resistance. 
Significantly, it emphasizes the 
significance of using combination 
medicines, synergistic methods, and the 
reintroduction of earlier antibiotics as 
viable interventions. The discovery of 
these innovative approaches greatly 
enhances the field, offering valuable 
perspectives on potential paths for 
addressing antibiotic-resistant gram-
positive bacterial infections. 

This review makes a substantial 
contribution to the worldwide efforts to 
address the antibiotic resistance 
dilemma by addressing a critical lack of 
knowledge. Studying newly developing 
mechanisms of resistance and finding 
different approaches helps us 
comprehend the resistance of gram-
positive bacteria better. This knowledge 
serves as a basis for future research and 
interventions in the crucial field of 
antimicrobial resistance. 
(1) Focus on alternative approaches to 
address the issue of resistance in gram-
positive bacteria. 
(2) Emphasizing the significance of 
utilizing combination medicines, 
synergistic methods, and the resurgence 
of previously used antibiotics as viable 
solutions. 
(3) Identification of potential strategies 
for the treatment of antibiotic-resistant 
gram-positive bacterial infections. 

(4) Comprehensive analysis of the 
changing resistance profiles of prominent 
pathogens, such as methicillin-resistant 
Staphylococcus aureus, multidrug-
resistant strains, and Vancomycin-
resistant Enterococcus (VRE). 
(5) This review discusses the difficulties 
caused by the development of resistance 
to linezolid in Enterococcus spp. and the 
complications involved in treating 
different drug-resistant strains of 
Streptococcus pneumoniae. 
(6) Investigation of the contributing 
causes driving the increase in resistance, 
specifically examining substandard 
infection control procedures, 
unnecessary antibiotic prescribing, and 
transmission within healthcare settings. 
(7) The incorporation of antimicrobial 
stewardship programs as vital 
instruments for tackling problems and 
safeguarding the efficacy of antibiotics. 

Methodology 

The methodology adopted for this 
analysis incorporates a thorough 
literature search that focuses on the 
growing issue of gram-positive bacteria 
gaining antimicrobial resistance. To 
guarantee that the most current 
developments in the area are included, 
the study particularly used quality peer-
reviewed paper from a period of less 
than five years; from mid-2018 to mid-
2023. The databases searched for 
relevant articles were PubMed, Scopus, 
Web of science, and Google Scholar for 
articles connected to the topic at hand. 
The keywords were "Antibiotic 
Resistance", "Antibiotic Resistance in 
Gram-Positive Bacteria", "Antibiotic 
Resistance in Staphylococcus aureus", 
"Antibiotic Resistance in Enterococcus 
spp.", and "Antibiotic Resistance in 
Streptococcus pneumoniae". 
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Figure 1 An illustration depicting predicted mortality from antimicrobial resistant infections 
versus today’s common causes of deaths (Adapted from [9]) 

 
Gram-Positive Bacteria: Mechanisms of 
Antimicrobial Resistance 

Typical Resistant Mechanisms 

Gram-positive bacteria have evolved 
an arsenal of processes that mitigate 
bactericidal effects. This encompass 
enzymatic inactivation, target site 
modification, efflux pumps, and 
alterations in cell membrane 
permeability. These mechanisms, while 
shared among various bacterial species, 
reveal the adaptable nature of gram-
positive bacteria in their bid to resist 
antibiotic pressure [2,10]. 

Specific Resistance Mechanisms in 
Prominent Pathogens 

Staphylococcus Aureus 

The resistance mechanisms exhibited 
by Staphylococcus aureus are emblematic 
of the swift evolution gram-positive 
bacteria have been discovered. Species of 
Staphylococcus aureus (MRSA) resilient 
to methicillin, characterized by acquiring 
the mecA gene, elude the activity of β-
lactam antibiotics through altered 
penicillin-binding proteins [11]. The 
emergence of Panton-Valentine 
leukocidin (PVL)-positive MRSA strains 
further exacerbates clinical challenges, 

demanding a multifaceted approach to 
tackle their aggressiveness and resilience 

[12]. 

Enterococcus spp. 

Enterococcus spp. have emerged as 
formidable foes in healthcare settings 
due to their innate and acquired 
resistance traits. Vancomycin-resistant 
Enterococcus (VRE) strains exhibit 
altered target sites through modifications 
in peptidoglycan precursors, impeding 
vancomycin binding [13]. Across 
enterococcal species, the spread of 
vancomycin genes susceptible to 
resistance underscores the complex 
network of horizontal gene transfer 
driving resistance dissemination [7]. 

Streptococcus Pneumoniae 

The primary culprit of infections of the 
respiratory systems, Streptococcus 
pneumoniae, traverses the antibiotic 
blockade via different resistance 
pathways. Lactam antibiotic resistance 
results from changes in penicillin-binding 
proteins, whereas efflux pumps and 
target site gene alterations cause 
resistance to macrolides and 
fluoroquinolones [9]. Serotype-specific 
variation and the emergence of non-
vaccine serotypes further complicate 
pneumococcal resistance patterns [10]. 
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Figure 2 Illustration showing specific resistance mechanisms in prominent pathogens (Adapted 
from [10]) 

Rapid Evolution and Acquisition of 
Resistance Genes 

The genetic plasticity of gram-positive 
bacteria is exemplified by the rapid 
acquisition and dissemination of 
resistance genes. Mobile genetic 
elements (MGE), plasmids, and 
transposons, which promote horizontal 
gene transfer (HGT), help spread 
resistance-related traits quickly [14]. 
This is made more difficult by the joint 
localization of resistant gene loci on 
mobile genetic components, which 
results in a reservoir of flexible 
resistance potential [15]. 

Implications and Future Perspectives 

The gram-positive bacteria's 
convergent antibiotic resistance 
mechanisms have serious clinical 
consequences. The dwindling pool of 
effective antibiotics necessitates 

innovative therapeutic approaches and 
stringent antimicrobial stewardship 
practices. Combination therapies, 
exploiting vulnerabilities in resistance 
pathways, and repurposing existing 
drugs hold promise in mitigating 
resistance-associated morbidity [16]. 

Staphylococcus Aureus 

The clinical importance of the 
adaptive and versatile gram-positive 
bacteria Staphylococcus aureus has long 
been acknowledged. But the advent of 
methicillin-resistant Staphylococcus 
aureus (MRSA) has thrust this disease to 
the forefront of worries about antibiotic 
resistance. The implications of MRSA 
extend beyond its intrinsic β-lactam 
antimicrobial resistance, as it 
underscores the broader challenge of 
antibiotic resistance within the gram-
positive bacterial landscape [3]. 
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Clinical Significance of MRSA: A Global 
Threat 

MRSA has transformed from a niche 
concern to a global threat, manifesting in 
a wide range of healthcare and 
community-associated infections. This 
has brought about unprecedented clinical 
challenge posed by MRSA and its impact 
on patient outcomes, healthcare costs, 
and infection control strategies. Recent 
epidemiological data underscores the 
dynamic nature of MRSA, with varying 
rates of prevalence across different 
regions and healthcare settings [3,17]. 

MRSA Strains Which Are Substantially 
Resistant To Multiple Drugs 

 The evolution of MRSA strains beyond 
methicillin resistance has escalated the 
complexity of antibiotic resistance 
management. Multidrug-resistant (MDR) 
and extensively drug-resistant (XDR) 
MRSA variants have emerged, often 
carrying resistance determinants against 
a spectrum of antibiotics. The recent 
developments in MRSA's resistance 
profile and increasing challenge of 
managing health issues brought on by 
these species cannot be over emphasized 

[17]. A study by Pajojesh et al. (2022) 
examined the correlation between the 
development of biofilm and the ability to 
resist antibiotics in strains of 
Staphylococcus aureus found in untreated 
cow milk in Shahrekord, Iran. The study 
utilized a total of 90 samples and using 
spectrophotometry and PCR techniques 
to detect and measure biofilm formation. 
The findings indicated a modest rate of 
recovery at 38.9%, with a significant 
proportion of isolates (65.7%) 
demonstrating high biofilm production. 
The antibiotic susceptibility tests 

indicated a concerning level of resistance 
to beta-lactam antibiotics, specifically 
penicillin, ampicillin, and oxacillin. The 
antibiotic resistance gene that was most 
frequently found was blaZ, with a 
prevalence of 71.4%. It was followed by 
mecA and Aac-D, which had a prevalence 
of 42.9 [19]. 

Mobile Genetic Elements and Horizontal 
Gene Transfer: Their Functions 

The expansion of MRSA's antibiotic 
resistance repertoire is facilitated by the 
remarkable adaptability conferred by 
horizontal gene transfer (HGT) and 
mobile genetic elements (MGEs). Genetic 
elements like plasmids, transposons, and 
integrons enable the transfer of 
resistance genes between bacterial 
species, contributing to the spread of 
antimicrobial resistance [5]. HGT and 
MGEs have enabled MRSA to acquire 
resistance determinants against a range 
of antibiotics, amplifying the clinical 
impact of this pathogen. 

S. Aureus Acquiring MGEs  

1. Integration of plasmids or plasmid 
components into the DNA of an organism.  

2. Plasmids can exist as autonomous 
circular DNA molecules.  

3. There are plasmids designed 
specifically for inducing suicide in cells.  

4. Transference of a transposon or an 
insertion sequence between plasmid and 
genomic DNA.  

5. The transference of a transposon or 
an insertion sequence from one plasmid 
to another inside the same cell.  

6. The process of transferring a 
transposon or an insertion sequence 
from the genomic DNA to another 
plasmid. 
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Figure 3 Mobile genetic elements (MGEs) are DNA fragments that contain genetic information 
for virulence and resistance traits, as well as enzymes that aid in their transfer and 
incorporation into the DNA of new host organisms. They exhibit intracellular and intercellular 
mobility and are transmitted between cells by lateral or horizontal gene transfer (HGT). 
Mobilizable genetic elements (MGEs) encompass several types of DNA sequences, such as Jubeh 
ion sequences, transposons, phages, plasmids, pathogenicity islands, and chromosome cassettes 
(Adapted from [20])  

 

Figure 4 Illustrating how S. aureus acquire MGEs (Adapted from [20])  
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Emerging Mechanisms and Resistance 
Mechanisms 

In addition to HGT and MGEs, some 
other mechanisms that underlie MRSA's 
multidrug resistance phenotype are the 
role of efflux pumps, alterations in drug 
target sites, and intrinsic mechanisms of 
antibiotic resistance. This forms a 
comprehensive picture of the strategies 
employed by MRSA to neutralize 
antibiotic efficacy [19]. 

Future Prospects and Challenges 

The MRSA epidemic underscores the 
critical need for innovative strategies to 
combat antibiotic resistance. This section 
discusses ongoing research efforts to 
develop novel antibiotics and therapeutic 
approaches targeting MRSA's 
vulnerabilities. The advent of precision 
medicine, phage therapy, and 
combination therapy is explored as 
potential avenues to address the evolving 
challenge posed by MRSA [21]. 

The exploration of Staphylococcus 
aureus's journey from methicillin 
resistance to multidrug resistance 
provides a glimpse into the broader 
challenges of antibiotic resistance in 
gram-positive bacteria. MRSA's 
adaptability and dissemination capacity 
highlight the urgency of a multifaceted 
approach that encompasses surveillance, 
infection control, antimicrobial 
stewardship, and novel therapeutic 
interventions [22]. By addressing the 
complexities of MRSA resistance, we gain 
insights into the overarching battle 
against antibiotic resistance and the 
imperative to preserve the potency of our 
antimicrobial arsenal. 

Enterococcus spp. 

Enterococcus spp., encompassing 
species such as Enterococcus faecalis and 
Enterococcus faecium have surfaced as 
emblematic representatives of the gram-

positive bacteria's antibiotic resistance 
problem. An in-depth exploration of their 
antibiotic resistance patterns unravels 
the complex mechanisms underlying 
their adaptive response to therapeutic 
pressure [23]. 

Vancomycin-Resistant Enterococcus (VRE) 
Prevalence and Evolution 

The escalating prevalence of 
vancomycin-resistant Enterococcus 
(VRE) has garnered significant attention 

[24]. New research has shed light on the 
global dissemination of VRE, 
emphasizing its ability to exploit diverse 
ecological niches, including healthcare 
settings, animal reservoirs, and the 
environment [25]. Investigating the 
genetic determinants driving vancomycin 
resistance, such as the VanA and VanB 
operons, elucidates the resistance 
mechanisms and the evolving selective 
pressures that facilitate the propagation 
of VRE [26].  

Linezolid-Resistant Enterococcus: 
Treatment Implications and Mechanism 

The emergence of linezolid-resistant 
Enterococcus poses a formidable 
challenge to treatment regimens. Delving 
into recent findings provides insight into 
the genetic events driving the 
development of linezolid resistance [27]. 
The cfr gene, responsible for phenotypic 
resistance, often presents on mobile 
genetic elements, facilitating its 
horizontal transfer. This underscores the 
potential for rapid dissemination and 
necessitates vigilant surveillance of this 
emerging resistance trait [28]. 

Biofilm Formation and Genetic Plasticity 
in Antibiotic Resistance 

A comprehensive understanding of 
antibiotic resistance in Enterococcus spp. 
mandates the examination of biofilm 
formation and genetic plasticity. Recent 
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research underscores the critical role of 
biofilms in fostering resistance through 
impeding antibiotic penetration and 
providing a protective niche for persister 
cells. Investigating the genes and 
regulatory networks governing biofilm 
formation, such as fsrB and esp, unravels 
the intertwined connection between 
biofilm-related characteristics and 
antibiotic resistance [29]. A study by Dai 
et al. (2021) studied the analysis of 
antibiotic-induced drug resistance of 

salmonella enteritidis and its biofilm 
formation mechanism. The findings 
indicated a strong correlation between 
the sp, ebpA, ge1E, and fsrB genes and 
the development of salmonella 
enteritensis biofilm. The Qs-fsr system 
can modulate the expression of esp, 
ebpA, and gelE genes, leading to a 
decrease in the expression of esp and 
ebpA, and an increase in the expression 
of gelE [30]. 

 

Figure 5 Comparative analysis of gene expression changes between biofilm and generated 
biofilm in an in vivo setting (Adapted from [30]) 

Moreover, the exploration of genetic 
plasticity mechanisms, including 
horizontal gene transfer, mobile genetic 
elements, and antimicrobial resistance 
islands, provides insights into the rapid 
adaptation and dissemination of 
resistance determinants within 
Enterococcus populations [23]. 

Potential Strategies to Combat 
Enterococcus Spp. Resistance 

Recent advancements in our 
understanding of Enterococcus spp. 
resistance mechanisms offer avenues for 
the development of novel therapeutic 
strategies. Exploring the potential of 
combination therapies that target both 
intrinsic and acquired resistance 
mechanisms may enhance treatment 
efficacy. In addition, elucidating the 
interplay between host-pathogen 

interactions and resistance mechanisms 
paves the way for immunomodulatory 
approaches that complement traditional 
antibiotic treatments [31]. 

Streptococcus Pneumoniae 

 A Gram-positive bacterium called 
Streptococcus pneumoniae causes various 
infections, from minor respiratory 
disorders to fatal invasive diseases. The 
prevalence of pneumococcal infections 
has dramatically decreased due to 
vaccinations that target specific 
serotypes; the relentless evolution of 
antibiotic resistance threatens to 
undermine these gains. Recent findings 
shed light on the escalating prevalence of 
multidrug-resistant Streptococcus 
pneumoniae (MDRSP) strains, marking a 
critical juncture in the fight against 
bacterial infections [8,30]. 
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Genetic Diversity and Serotype 
Distribution 

The genetic diversity of Streptococcus 
pneumoniae plays a pivotal role in its 
adaptability and resistance acquisition. 
High-throughput sequencing 
technologies have revealed the complex 
landscape of genetic variations among 
pneumococcal strains, underpinning their 
ability to evade host immune responses 
and acquire resistance determinants [31]. 

Serotype distribution, driven by capsular 
polysaccharides, has exhibited 
fluctuations in response to vaccination 
campaigns, with non-vaccine serotypes 
rapidly emerging to fill ecological niches 

[32]. 

Antibiotic Resistance Profiles 

The antibiotic resistance profile of 
Streptococcus pneumoniae is 
characterized by the interaction between 
resistance determinants and 
antimicrobial agents. β-lactams, 
macrolides, fluoroquinolones, and other 
classes of antibiotics encounter 
resistance through mechanisms such as 
altered target sites, efflux pumps, and 
horizontal gene transfer. Recent 
investigations have elucidated the 
molecular basis of resistance, uncovering 
novel mutations and genetic elements 
contributing to antibiotic insensitivity 

[33]. 

Emergence of MDRSP Strains 

A serious threat to the public's health 
is posed by the rise of resistance of 
Streptococcus pneumoniae pathogens 
(MDRSP) strain to multiple types of 
antibiotics. Numerous studies from 
various geographical areas have found 
rising prevalence of MDRSP, which 
includes resistance to several different 
antibiotic classes. The modification of 
commensal flora and other 
pneumococcal strains to gain resistance 

genes and transduction has expedited the 
progression toward multidrug resistance 

[34]. 

Serotype Replacement and Vaccine 
Implications 

Vaccination campaigns targeting select 
serotypes have successfully reduced the 
burden of Streptococcus pneumoniae 
infections [35]. However, the 
phenomenon of serotype replacement 
poses a considerable challenge. Non-
vaccine serotypes, equipped with 
resistance determinants, are poised to 
exploit the ecological void left by their 
vaccine-targeted counterparts. The 
complex interplay between serotype 
distribution, genetic diversity, and 
antibiotic resistance necessitates a 
holistic approach to vaccine design and 
implementation [36]. 

Therapeutic Challenges and Future 
Prospects 

The escalation of antibiotic resistance 
in Streptococcus pneumoniae has 
amplified therapeutic challenges. The 
limited arsenal of effective antibiotics, 
coupled with the increasing prevalence 
of MDRSP strains, underscores the 
urgency of innovative approaches. 
Advances in genome editing 
technologies, the repurposing of existing 
drugs, and the creation of innovative 
treatments that tackle the causes of 
resistance offer glimpses of hope in the 
fight against pneumococcal infections 
[37]. 

One Health Approach and Surveillance 

A unified health strategy is essential to 
tackle the increasing strength of 
antimicrobial resistance in Streptococcus 
pneumoniae. incorporating 
environmental concerns, the wellness of 
animals, and human wellness, is crucial 
to mitigate the dissemination of resistant 
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strains. Robust surveillance systems, 
encompassing genomic analysis and 
epidemiological data, are pivotal in 
monitoring resistance trends, guiding 
treatment strategies, and informing 
vaccine development [38]. 

Antibiotic resistance is becoming 
more common, and Streptococcus 
pneumoniae underscores the urgency of 
comprehending and addressing this 
formidable challenge. The interplay 
between genetic diversity, serotype 
distribution, and antibiotic resistance 
underscores the complexity of the 
pneumococcal landscape. With vaccines 
serving as powerful tools and innovative 
therapeutic strategies on the horizon, 
collaborative efforts and research 
endeavors are pivotal to navigate the 
evolving terrain protect the effectiveness 
of antimicrobials in treating these Gram-
positive bacteria in the face of drug 
resistance [39]. 

Factors Contributing To Emerging 
Resistance  

 Resistance to antimicrobial drugs by 
gram-positive bacteria is a complex 
phenomenon that is influenced by a 
number of different factors. These 
elements work together to amplify and 
spread resistance genes, making it more 
difficult to treat infections brought on by 
Staphylococcus aureus, Enterococcus 
species, and Streptococcus pneumoniae 

[9]. It is essential to have a thorough 
grasp of these contributing components 
to develop successful mitigation methods 
for the resistance propagation. 

Inadequate Infection Control Practices 

In healthcare settings, suboptimal 
infection control practices have been 
implicated in the transmission of drug-
resistant pathogens. Recent studies 
underscore the critical role of 
environmental reservoirs and 

contaminated surfaces in facilitating the 
persistence and spread of resistant 
strains. Improved hospital hygiene 
protocols, stringent hand hygiene, and 
the implementation of barrier 
precautions have been identified as 
crucial interventions to curtail the 
dissemination of resistant gram-positive 
bacteria [40]. 

Unwarranted Antibiotic Prescription 

Antibiotic resistance has been 
considerably aided by the excessive and 
harmful use of antimicrobial agents in 
both medical and farming contexts. 
Recent investigations have highlighted 
the excessive prescription of broad-
spectrum antibiotics, even in the absence 
of confirmed bacterial infections. This 
unwarranted usage not only fosters the 
selection of resistant strains, but also 
disrupts the commensal microbiota, 
facilitating the colonization and 
subsequent dissemination of resistant 
pathogens [40]. 

Nosocomial Transmission 

Healthcare-associated infections 
continue to be a predominant source of 
resistant gram-positive bacteria. Recent 
genomic studies have elucidated the 
complex dynamics of nosocomial 
transmission, revealing the part mobile 
genetic elements play in enabling the 
transfer of resistance genes between 
bacterial strains. Enhanced genomic 
surveillance has allowed for the tracing 
of transmission routes and identification 
of high-risk reservoirs within healthcare 
facilities [28]. 

Antimicrobial Pressure in Livestock 

Antibiotic resistance notably that 
found in gram-positive bacteria has been 
linked to the application of antibiotics in 
animal production. The passing down of 
strains of resistance from agriculture-
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related organisms to people via personal 
interaction, ingestion of contaminated 
food items and exposure to 
environmental contaminants is 
highlighted by recent study. The effects 
of this reservoir on public health 
highlight how urgent it is to use 
antibiotics wisely in agriculture and to 
switch to alternate methods of managing 
cattle [18]. 

Immunocompromised Population 

Immunocompromised individuals, 
including those undergoing 
chemotherapy, organ transplantation, or 
suffering from immunosuppressive 
conditions, are particularly vulnerable to 
infections caused by resistant gram-
positive bacteria. Recent studies have 
revealed the heightened risk of treatment 
failure in this population, necessitating 
tailored therapeutic approaches, 
increased vigilance, and the 
implementation of infection control 
measures to safeguard their health [39]. 

Global Travel and Migration 

Modern global travel and migration 
patterns have facilitated the spread of 
antibiotic-resistant strains across 
geographical boundaries. Recent 
molecular epidemiological investigations 
have illuminated the role of international 
travel in disseminating resistant gram-
positive bacteria. The identification of 
these strains in diverse geographic 
locations underscores the necessity of 
international collaboration to curb 
resistance transmission [39]. 

Summary and Implications 

The complex relationship of these 
factors contributes to the alarming rise of 
antibiotic resistance in gram-positive 
bacteria. Recent findings underscore the 
urgency of a multidimensional approach 
that combines infection control 

measures, antimicrobial stewardship, 
innovative therapeutic strategies, and 
international cooperation. Addressing 
these factors comprehensively is 
essential to effectively mitigate the 
further dissemination of resistant gram-
positive pathogens and ensure the 
continued efficacy of antibiotics in 
treating infections caused by these 
formidable adversaries. 

Challenges and Future Directions  

The escalating antibiotic resistance in 
gram-positive bacteria presents a 
formidable challenge that demands a 
multifaceted response. Recent research 
has illuminated the urgency of 
addressing this crisis through a 
comprehensive approach. The following 
section discusses the complexity of the 
challenges faced and potential future 
directions: 

Evolving Resistance Mechanisms 

The relentless pace at which antibiotic 
resistance mechanisms evolve poses a 
pressing challenge [40]. Recent studies 
have unveiled novel mechanisms 
underlying resistance in gram-positive 
bacteria, such as the emergence of 
plasmid-encoded drain pumps that 
confer to resistance to certain class of 
antimicrobial agents [2]. Comprehensive 
genomic studies are shedding light on the 
genetic mutations and horizontal gene 
transfer events that drive resistance. 
Understanding these mechanisms is 
essential to develop targeted 
interventions [18]. 

Clinical Implications 

Resistance to antimicrobial agents and 
drugs in gram-positive microbes has a 
significant and expanding therapeutic 
impact. Infections that are resistant to 
treatment are linked to extended hospital 
admissions, higher medical bills, and 
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higher death rates. Recent 
epidemiological studies underscore the 
rapid dissemination of resistant strains 
within healthcare settings and 
communities. The emergence of 
hypervirulent strains that combine 
antibiotic resistance with enhanced 
virulence further exacerbates the clinical 
challenge [35]. 

Antibiotic Development Dilemma 

A stark reality in combating antibiotic 
resistance is the scarcity of new 
antibiotic agents entering the market. 
While research has identified potential 
drug candidates, challenges in drug 
discovery, development, and regulatory 
approvals have hindered progress. 
Recent advances in exploring non-
traditional antimicrobial approaches, 
such as the repurposing of existing drugs 
and the discovery of novel compounds 
from natural sources, offer hope for 
revitalizing the antibiotic pipeline [40]. 

The role of Genomics and Big Data 

The advent of high-throughput 
genomics and data analytics has 
transformed our ability to comprehend 
how antibiotic resistance is determined 
by the interplay of genes and genetics. 
Recent efforts in whole-genome 
sequencing of resistant strains have 
revealed a treasure trove of information 
on resistance genes, mobile genetic 
elements, and genetic adaptations. 
Integrating these insights with 
computational approaches is aiding the 
prediction of resistance trends, 
contributing to informed clinical 
decision-making [32]. 

One Health Strategy 

Antibiotic resistance affects more than 
only the wellness of people. Therefore, 
the One Health concept has gained 
popularity. Recent multifaceted studies 

have brought attention to the 
relationship between the health of 
people, animals, and the natural 
surroundings and the resistance 
propagation. Surveillance studies have 
uncovered shared resistance genes 
between pathogens of human and animal 
origin, emphasizing the need for 
collaborative efforts [38].  

Antimicrobial Stewardship and Policy 
Implementation 

Antimicrobial stewardship programs, 
designed to optimize antibiotic use, have 
gained prominence as a crucial tool 
against resistance. Recent studies have 
demonstrated the impact of such 
programs in reducing antibiotic 
consumption, curbing resistance rates, 
and improving patient outcomes. The 
implementation of robust policies, 
including guidelines for appropriate 
antibiotic usage and infection prevention 
measures, remains a critical step in 
mitigating resistance emergence [38]. 

Harnessing Technological Innovations 

In the quest to address antibiotic 
resistance, technological innovations 
offer promising avenues. Recent 
breakthroughs in synthetic biology, 
clustered regularly interspaced short 
palindromic repeats (CRISPR)-based 
gene editing, and nanotechnology are 
being harnessed to design innovative 
antimicrobial strategies. Engineered 
bacteriophages, nanoparticles, and gene 
therapy approaches hold potential to 
selectively target resistant pathogens and 
mitigate their impact [18]. 

International Collaboration and 
Surveillance Networks 

Addressing antibiotic resistance 
necessitates global collaboration and 
knowledge sharing. Recent initiatives 
have established international 
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surveillance networks to monitor 
resistance trends and disseminate data. 
Collaborations between research 
institutions, pharmaceutical companies, 
and public health agencies are fostering 
the development of a coordinated 
response to the challenge of gram-
positive antibiotic resistance [32]. 

Precision Medicine 

The fight against resistance to 
medications may be aided by recent 
developments in genetic sequencing and 
tailored therapy. In this age of 
personalized healthcare, it is possible to 
customize treatment plans depending on 
the characteristics of particular patients, 
bacterial gene variants, and resistance 
trends. Recent studies highlight the 
potential of genotypic-guided therapy, 
enabling the selection of the most 
effective antibiotics and minimizing the 
risk of treatment failure [35]. 

Conclusion 

The alarming rise in antibiotic 
resistance among gram-positive bacteria, 
particularly in major pathogens like 
Staphylococcus aureus, Enterococcus spp., 
and Streptococcus pneumoniae, has 
become into a significant issue for world 
health. The multifaceted nature of this 
challenge, as discussed throughout this 
review, highlights the need for 
comprehensive strategies to mitigate the 
impact of emerging resistance. 

Recent research has illuminated the 
evolution of resistance mechanisms, the 
clinical ramifications, and the potential 
for dire consequences if left unchecked. 
The exploration of innovative treatment 
approaches, leveraging genomics, and 
embracing a One Health perspective, 
underscores the complexity of this issue. 
From genomic insights to technological 
innovations, international collaborations 
to public engagement, a concerted effort 

is necessary to combat this formidable 
threat. 

The urgency of this issue is evident as 
we witness the dwindling effectiveness of 
once-potent antibiotics against gram-
positive infections. It is imperative to 
leverage the lessons learned from the 
recent findings to inform policy 
decisions, clinical practices, and future 
research directions. By adopting a 
holistic and proactive approach that 
integrates the efforts of researchers, 
healthcare practitioners, policymakers, 
and the public, we can effectively 
navigate the challenging terrain of 
emerging antibiotic resistance in gram-
positive bacteria. 

ORCID  

Olumakinde Charles Omiyale 
https://orcid.org/0000-0002-4951-3881  
Favour Onaskohare Okunbi 
https://orcid.org/0009-0004-2950-4699  
Confidence Damian Oparah 
https://orcid.org/0009-0003-1265-9718  
Victor Nduka Eluwa 
https://orcid.org/0000-0001-9215-9534  
Rosemary Modupeoluwa Awolade 
https://orcid.org/0000-0001-9215-9534  
Precious Ifechukwuni Ikuni 
https://orcid.org/0009-0002-7789-2185  
Muhammad Bello Demola 
https://orcid.org/0009-0002-5275-0180  
Christianah Oluwatosin Agboola 
https://orcid.org/0009-0007-4744-2235  
Temitope Oluwapelumi Babalola 
https://orcid.org/0009-0004-1727-446X  
Abdul-Hanan Saani Inusah 
https://orcid.org/0009-0007-4483-2473  
Abigail Daniel Agbo 
https://orcid.org/0009-0000-5244-148X  
Onyekachi Uchenna Uchejuru 
https://orcid.org/0009-0000-8667-4652  
Benjamin Minasu Oke 
https://orcid.org/0009-0001-9379-6997  
Stanley Augustine Ugbobuaku 
https://orcid.org/0009-0006-9048-365X  
 

https://orcid.org/0000-0002-4951-3881
https://orcid.org/0009-0004-2950-4699
https://orcid.org/0009-0003-1265-9718
https://orcid.org/0000-0001-9215-9534
https://orcid.org/0000-0001-9215-9534
https://orcid.org/0009-0002-7789-2185
https://orcid.org/0009-0002-5275-0180
https://orcid.org/0009-0007-4744-2235
https://orcid.org/0009-0004-1727-446X
https://orcid.org/0009-0007-4483-2473
https://orcid.org/0009-0000-5244-148X
https://orcid.org/0009-0000-8667-4652
https://orcid.org/0009-0001-9379-6997
https://orcid.org/0009-0006-9048-365X


Omiyale et al.                                                                    Int. J. Adv. Biol. Biomed. Res. 2024, 12(3), 218-236 
 

233 | P a g e  

 

References 

1. WHO, Health World Organization, Fact 
Sheet. 2020. [Cited on 2023 August 26] 
[Publisher] 
2. Kakoullis L, Papachristodoulou E, Chra 
P, Panos G. Mechanisms of antibiotic 
resistance in important gram-positive 
and gram-negative pathogens and novel 
antibiotic solutions. The Journal of 
Antibiotics, 2021 Apr 10;10(4):415. 
[Crossref], [Google Scholar], [Publisher] 
3. Algammal AM, Hetta HF, Elkelish A, 
Alkhalifah DHH, Hozzein WN, Batiha GE, 
El Nahhas N, Mabrok MA, Methicillin-
resistant staphylococcus aureus (mrsa): 
one health perspective approach to the 
bacterium epidemiology, virulence 
factors, antibiotic-resistance, and 
zoonotic impact. Infection and Drug 
Resistance, 2020;13:3255-65 [Crossref], 
[Google Scholar], [Publisher] 
4. Lee AS, De Lencastre H, Garau J, 
Kluytmans J, Malhotra-Kumar S, Peschel 
A, Harbarth S, Methicillin-resistant 
Staphylococcus aureus. Nature Reviews 
Disease Primers, 2018(4):1-23. [Crossref], 
[Google Scholar], [Publisher] 
5. Michaelis C, Grohmann E. Horizontal 
gene transfer of antibiotic resistance 
genes in biofilms. The Journal of 
Antibiotics, 2023 Feb 4;12(2):328. 
[Crossref], [Google Scholar], [Publisher] 
6. Ayobami O, Willrich N, Reuss A, 
Eckmanns T, Markwart R. The ongoing 
challenge of vancomycin-resistant 
Enterococcus faecium and Enterococcus 
faecalis in Europe: an epidemiological 
analysis of bloodstream infections. 
Emerging Microbes & Infections, 2020 Jan 
1;9(1):1180-93. [Crossref], [Google 
Scholar], [Publisher] 
7. Pitcher NJ, Feder A, Bolden N, Zirbes 
CF, Pamatmat AJ, Boyken LD, Hill JJ, 
Thurman A, Reeb V, Porterfield HS, 
Moustafa AM. Parallel evolution of 
linezolid resistant staphylococcus aureus 
in patients with cystic fibrosis. BioRxiv. 

2023. [Crossref], [Google Scholar], 
[Publisher]  
8. Cillóniz C, Garcia-Vidal C, Ceccato A, 
Torres A. Antimicrobial resistance among 
Streptococcus pneumoniae. In 
Antimicrobial Resistance in the 21st 
Century. I. W. Fong, David Shlaes Karl 
Drlica; editors Springer International 
Publishing AG, part of Springer Nature 
2018 2nd ed:13 38. [Crossref], [Google 
Scholar], [Publisher] 
9. McCarthy N, Deaths from drug-
resistant infections set to skyrocket. 
2015. [Google Scholar] 
10. Jubeh B, Breijyeh Z, Karaman R. 
Resistance of gram-positive bacteria to 
current antibacterial agents and 
overcoming approaches. Molecules. 2020 
Jun 23;25(12):2888. [Crossref], [Google 
Scholar], [Publisher] 
11. Miragaia M. Factors contributing to 
the evolution of mecA-mediated β-lactam 
resistance in staphylococci: update and 
new insights from whole genome 
sequencing (WGS). Frontiers in 
Microbiology. 2018 Nov 13;9:2723. 
[Crossref], [Google Scholar], [Publisher] 
12. Turner NA, Sharma-Kuinkel BK, 
Maskarinec SA, Eichenberger EM, Shah 
PP, Carugati M, Holland TL, Fowler Jr VG. 
Methicillin-resistant Staphylococcus 
aureus: an overview of basic and clinical 
research. Nature Reviews Microbiology. 
2019 Apr;17(4):203-18. [Crossref], 
[Google Scholar], [Publisher] 
13. Levitus, Matthew, Ayesan Rewane, 
and Thomas B. Perera. "Vancomycin-
resistant enterococci." StatPearls 
[Internet]. StatPearls Publishing, 2022. 
14. Partridge SR, Kwong SM, Firth N, 
Jensen SO. Mobile genetic elements 
associated with antimicrobial resistance. 
Clinical microbiology Reviews. 2018 
Oct;31(4):10-128. [Crossref], [Google 
Scholar], [Publisher] 
15. da Silva GC, Gonçalves OS, Rosa JN, 
França KC, Bossé JT, Santana MF, 
Langford PR, Bazzolli DM. Mobile genetic 
elements drive antimicrobial resistance 

https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://doi.org/10.3390/antibiotics10040415
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.+Kakoullis+L%2C+Papachristodoulou+E%2C+Chra+P%2C+Panos+G.+Mechanisms+of+antibiotic+resistance+in+important+gram-positive+and+gram-negative+pathogens+and+novel+antibiotic+solutions.+J.+Antibiot.+2021+Apr+10%3B10%284%29%3A415.&btnG=
https://www.mdpi.com/2079-6382/10/4/415
https://doi.org/10.2147/IDR.S272733
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Algammal+AM%2C+Hetta+HF%2C+Elkelish+A%2C+Alkhalifah+DHH%2C+Hozzein+WN%2C+Batiha+GE%2C+et+al.+Methicillin-Resistant+Staphylococcus+aureus+%28MRSA%29%3A+One+Health+Perspective+Approach+to+the+Bacterium+Epidemiology%2C+Virulence+Factors%2C+Antibiotic-Resistance%2C+and+Zoonotic+Impact.+Infect+Drug+Resist+2020%3B13%3A3255-65+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5Ddoi%3A10.2147%2FIDR.S272733&btnG=
https://www.tandfonline.com/doi/full/10.2147/IDR.S272733
https://doi.org/10.1038/nrdp.2018.33
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee%2C+Andie+S.%2C+et+al.+%22Methicillin-resistant+Staphylococcus+aureus.%22+Nature+reviews+Disease+primers+4.1+2018%3A+1-23.&btnG=#d=gs_cit&t=1712397342662&u=%2Fscholar%3Fq%3Dinfo%3AvWcvmIetzfQJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://www.nature.com/articles/nrdp201833
https://doi.org/10.3390/antibiotics12020328
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Michaelis+C%2C+Grohmann+E.+Horizontal+gene+transfer+of+antibiotic+resistance+genes+in+biofilms.+J.+Antibiot.+2023+Feb+4%3B12%282%29%3A328.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.mdpi.com/2079-6382/12/2/328
https://doi.org/10.1080/22221751.2020.1769500
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Ayobami+O%2C+Willrich+N%2C+Reuss+A%2C+Eckmanns+T%2C+Markwart+R.+The+ongoing+challenge+of+vancomycin-resistant+Enterococcus+faecium+and+Enterococcus+faecalis+in+Europe%3A+an+epidemiological+analysis+of+bloodstream+infections.+Emerg+Microbes+Infect.+2020+Jan+1%3B9%281%29%3A1180-93.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Ayobami+O%2C+Willrich+N%2C+Reuss+A%2C+Eckmanns+T%2C+Markwart+R.+The+ongoing+challenge+of+vancomycin-resistant+Enterococcus+faecium+and+Enterococcus+faecalis+in+Europe%3A+an+epidemiological+analysis+of+bloodstream+infections.+Emerg+Microbes+Infect.+2020+Jan+1%3B9%281%29%3A1180-93.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1769500
https://doi.org/10.1101/2023.05.02.539145
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Pitcher+NJ%2C+Feder+A%2C+Bolden+N%2C+Zirbes+CF%2C+Pamatmat+AJ%2C+Boyken+LD%2C+Hill+JJ%2C+Thurman+A%2C+Reeb+V%2C+Porterfield+HS%2C+Moustafa+AM.+Parallel+Evolution+of+Linezolid+Resistant+Staphylococcus+aureus+in+Patients+with+Cystic+Fibrosis.+bioRxiv.+2023%3A2023-05+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D.https%3A%2F%2Fdoi.org%2F10.1101%2F2023.05.02.539145&btnG=
https://www.biorxiv.org/content/10.1101/2023.05.02.539145v1.abstract
https://doi.org/10.1007/978-3-319-78538-7_2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Cill%C3%B3niz+C%2C+Garcia-Vidal+C%2C+Ceccato+A%2C+Torres+A.+Antimicrobial+resistance+among+Streptococcus+pneumoniae.+In+Antimicrobial+Resistance+in+the+21st+Century.+I.+W.+Fong%2C+David+Shlaes+Karl+Drlica%3B+editors+Springer+International+Publishing+AG%2C+part+of+Springer+Nature+2018+2nd+ed%3A13+38.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Cill%C3%B3niz+C%2C+Garcia-Vidal+C%2C+Ceccato+A%2C+Torres+A.+Antimicrobial+resistance+among+Streptococcus+pneumoniae.+In+Antimicrobial+Resistance+in+the+21st+Century.+I.+W.+Fong%2C+David+Shlaes+Karl+Drlica%3B+editors+Springer+International+Publishing+AG%2C+part+of+Springer+Nature+2018+2nd+ed%3A13+38.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-78538-7_2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=McCarthy%2C+N.+%22Deaths+from+drug-resistant+infections+set+to+skyrocket.%22+2015.&btnG=#d=gs_cit&t=1712398192559&u=%2Fscholar%3Fq%3Dinfo%3AFjPQk-gldm4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://doi.org/10.3390/molecules25122888
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Jubeh+B%2C+Breijyeh+Z%2C+Karaman+R.+Resistance+of+gram-positive+bacteria+to+current+antibacterial+agents+and+overcoming+approaches.+Mol.+2020+Jun+23%3B25%2812%29%3A2888.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Jubeh+B%2C+Breijyeh+Z%2C+Karaman+R.+Resistance+of+gram-positive+bacteria+to+current+antibacterial+agents+and+overcoming+approaches.+Mol.+2020+Jun+23%3B25%2812%29%3A2888.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.mdpi.com/1420-3049/25/12/2888
https://doi.org/10.3389/fmicb.2018.02723
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Miragaia%2C+M.+Factors+contributing+to+the+evolution+of+mecA-mediated+%CE%B2-lactam+resistance+in+staphylococci%3A+update+and+new+insights+from+whole+genome+sequencing+%28WGS%29.+Front.+Microbiol.+2018+9%2C+2723.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.frontiersin.org/articles/10.3389/fmicb.2018.02723/full
https://doi.org/10.1038/s41579-018-0147-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Turner%2C+N.+A.%2C+Sharma-Kuinkel%2C+B.+K.%2C+Maskarinec%2C+S.+A.%2C+Eichenberger%2C+E.+M.%2C+Shah%2C+P.+P.%2C+Carugati%2C+M.%2C+...+%26+Fowler+Jr%2C+V.+G.+Methicillin-resistant+Staphylococcus+aureus%3A+an+overview+of+basic+and+clinical+research.+Nat.+Rev.+Microbiol.+2019+17%284%29%2C+203-218.+%5BCrossref&btnG=
https://www.nature.com/articles/s41579-018-0147-4
https://doi.org/10.1128/cmr.00088-17
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Partridge%2C+S.+R.%2C+Kwong%2C+S.+M.%2C+Firth%2C+N.%2C+%26+Jensen%2C+S.+O.+Mobile+genetic+elements+associated+with+antimicrobial+resistance.+Clin.+Microbiol.+Rev.+2018+31%284%29%2C+10-1128.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Partridge%2C+S.+R.%2C+Kwong%2C+S.+M.%2C+Firth%2C+N.%2C+%26+Jensen%2C+S.+O.+Mobile+genetic+elements+associated+with+antimicrobial+resistance.+Clin.+Microbiol.+Rev.+2018+31%284%29%2C+10-1128.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://journals.asm.org/doi/full/10.1128/cmr.00088-17


Omiyale et al.                                                                    Int. J. Adv. Biol. Biomed. Res. 2024, 12(3), 218-236 
 

234 | P a g e  

 

gene spread in pasteurellaceae species. 
Frontiers in Microbiology. 2022 Jan 
6;12:773284. [Crossref], [Google 
Scholar], [Publisher] 
16. Liu Y, Tong Z, Shi J, Li R, Upton M, 
Wang Z. Drug repurposing for next-
generation combination therapies 
against multidrug-resistant bacteria. 
Theranostics. 2021;11(10):4910. 
[Crossref], [Google Scholar], [Publisher] 
17. Di Ruscio F, Guzzetta G, Bjørnholt JV, 
Leegaard TM, Moen AE, Merler S, 
Freiesleben de Blasio B. Quantifying the 
transmission dynamics of MRSA in the 
community and healthcare settings in a 
low-prevalence country. Proceedings of 
the National Academy of Sciences. 2019 
Jul 16;116(29):14599-605. [Crossref], 
[Google Scholar], [Publisher] 
18. Alsolami A, ALGhasab NS, Alharbi MS, 
Bashir AI, Saleem M, Syed Khaja AS, 
Aldakheel DF, Rakha E, Alshammari JA, 
Taha TE, Melibari Z. Community-
acquired methicillin-resistant 
staphylococcus aureus in hospitals: age-
specificity and potential zoonotic–
zooanthroponotic transmission 
dynamics. Diagnostics. 2023 Jun 
16;13(12):2089. [Crossref], [Google 
Scholar], [Publisher] 
19. Pajohesh R, Tajbakhsh E, Momtaz H, 
Rahimi E. Relationship between Biofilm 
Formation and Antibiotic Resistance and 
Adherence Genes in Staphylococcus 
aureus Strains Isolated from Raw Cow 
Milk in Shahrekord, Iran. International 
Journal of Microbiology. 2022 Oct 
25;2022. [Crossref], [Google Scholar], 
[Publisher] 
20. Malachowa N, DeLeo FR. Mobile 
genetic elements of Staphylococcus 
aureus. Cellular and Molecular Life 
Sciences. 2010 Sep;67:3057-71. 
[Crossref], [Google Scholar], [Publisher]  
21. Dashtbani-Roozbehani A, Brown MH. 
Efflux pump mediated antimicrobial 
resistance by staphylococci in health-
related environments: challenges and the 
quest for inhibition. Antibiotics. 2021 Dec 

7;10(12):1502. [Crossref], [Google 
Scholar], [Publisher] 
22. Liu C, Hong Q, Chang RY, Kwok PC, 
Chan HK. Phage–Antibiotic therapy as a 
promising strategy to combat multidrug-
resistant infections and to enhance 
antimicrobial efficiency. Antibiotics. 2022 
Apr 25;11(5):570. [Crossref], [Google 
Scholar], [Publisher] 
23. Ling H, Lou X, Luo Q, He Z, Sun M, Sun 
J. Recent advances in bacteriophage-
based therapeutics: Insight into the post-
antibiotic era. Acta Pharmaceutica Sinica 
B. 2022 Dec 1;12(12):4348-64. 
[Crossref], [Google Scholar], [Publisher] 
24. Ramos S, Silva V, Dapkevicius MD, 
Igrejas G, Poeta P. Enterococci, from 
harmless bacteria to a pathogen. 
Microorganisms. 2020 Jul 25;8(8):1118. 
[Crossref], [Google Scholar], [Publisher] 
25. Wada Y, Harun AB, Yean CY, Zaidah 
AR. Vancomycin-resistant enterococci 
(VRE) in Nigeria: the first systematic 
review and meta-analysis. Antibiotics. 
2020 Sep 1;9(9):565. [Crossref], [Google 
Scholar], [Publisher] 
26. Young S, Nayak B, Sun S, Badgley BD, 
Rohr JR, Harwood VJ. Vancomycin-
resistant enterococci and bacterial 
community structure following a sewage 
spill into an aquatic environment. Applied 
and Environmental Microbiology. 2016 
Sep 15;82(18):5653-60. [Crossref], 
[Google Scholar], [Publisher] 
27. Zarzecka U, Zakrzewski AJ, Chajęcka-
Wierzchowska W, Zadernowska A. 
Linezolid-Resistant Enterococcus spp. 
Isolates from Foods of Animal Origin—
The Genetic Basis of Acquired Resistance. 
Foods. 2022 Mar 28;11(7):975. 
[Crossref], [Google Scholar], [Publisher] 
28. Leão C, Clemente L, Cara d’Anjo M, 
Albuquerque T, Amaro A. Emergence of 
Cfr-Mediated Linezolid Resistance among 
Livestock-Associated Methicillin-
Resistant Staphylococcus aureus (LA-
MRSA) from Healthy Pigs in Portugal. 
Antibiotics. 2022 Oct 19;11(10):1439. 
[Crossref], [Google Scholar], [Publisher] 

https://doi.org/10.3389/fmicb.2021.773284
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+da+Silva%2C+G.+C.%2C+Gon%C3%A7alves%2C+O.+S.%2C+Rosa%2C+J.+N.%2C+Fran%C3%A7a%2C+K.+C.%2C+Boss%C3%A9%2C+J.+T.%2C+Santana%2C+M.+F.%2C+...+%26+Bazzolli%2C+D.+M.+S.+Mobile+genetic+elements+drive+antimicrobial+resistance+gene+spread+in+pasteurellaceae+species.+Front.+Microbiol.+2022+12%2C+773284+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+da+Silva%2C+G.+C.%2C+Gon%C3%A7alves%2C+O.+S.%2C+Rosa%2C+J.+N.%2C+Fran%C3%A7a%2C+K.+C.%2C+Boss%C3%A9%2C+J.+T.%2C+Santana%2C+M.+F.%2C+...+%26+Bazzolli%2C+D.+M.+S.+Mobile+genetic+elements+drive+antimicrobial+resistance+gene+spread+in+pasteurellaceae+species.+Front.+Microbiol.+2022+12%2C+773284+&btnG=
https://www.frontiersin.org/articles/10.3389/fmicb.2021.773284/full
https://doi.org/10.7150%2Fthno.56205
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drug+repurposing+for+next-generation+combination+therapies+against+multidrug-resistant+bacteria&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7978324/
https://doi.org/10.1073/pnas.1900959116
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.+Di+Ruscio%2C+F.%2C+Guzzetta%2C+G.%2C+Bj%C3%B8rnholt%2C+J.+V.%2C+Leegaard%2C+T.+M.%2C+Moen%2C+A.+E.+F.%2C+Merler%2C+S.%2C+%26+Freiesleben+de+Blasio%2C+B.+Quantifying+the+transmission+dynamics+of+MRSA+in+the+community+and+healthcare+settings+in+a+low-prevalence+country.+PNAS+116%2829&btnG=
https://www.pnas.org/doi/abs/10.1073/pnas.1900959116
https://doi.org/10.3390/diagnostics13122089
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Alsolami%2C+A.%2C+ALGhasab%2C+N.+S.%2C+Alharbi%2C+M.+S.%2C+Bashir%2C+A.+I.%2C+Saleem%2C+M.%2C+Syed+Khaja%2C+A.+S.%2C+...+%26+Said%2C+K.+Community-Acquired+Methicillin-Resistant+Staphylococcus+aureus+in+Hospitals%3A+Age-Specificity+and+Potential+Zoonotic-Zooanthroponotic+Transmission+Dynamics.+Diagnostics.+2023+13%2812%29%2C+2089+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Alsolami%2C+A.%2C+ALGhasab%2C+N.+S.%2C+Alharbi%2C+M.+S.%2C+Bashir%2C+A.+I.%2C+Saleem%2C+M.%2C+Syed+Khaja%2C+A.+S.%2C+...+%26+Said%2C+K.+Community-Acquired+Methicillin-Resistant+Staphylococcus+aureus+in+Hospitals%3A+Age-Specificity+and+Potential+Zoonotic-Zooanthroponotic+Transmission+Dynamics.+Diagnostics.+2023+13%2812%29%2C+2089+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://www.mdpi.com/2075-4418/13/12/2089
https://doi.org/10.1155/2022/6435774
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Pajohesh+R%2C+Tajbakhsh+E%2C+Momtaz+H%2C+Rahimi+E.+Relationship+between+Biofilm+Formation+and+Antibiotic+Resistance+and+Adherence+Genes+in+Staphylococcus+aureus+Strains+Isolated+from+Raw+Cow+Milk+in+Shahrekord%2C+IJM+2022.+%5BCrossref&btnG=
https://www.hindawi.com/journals/ijmicro/2022/6435774/
https://doi.org/10.1007/s00018-010-0389-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Malachowa+N%2C+DeLeo+FR.+Mobile+genetic+elements+of+Staphylococcus+aureus.+CMLS+2010+Sep%3B67%3A3057-71.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+&btnG=
https://link.springer.com/article/10.1007/s00018-010-0389-4
https://doi.org/10.3390/antibiotics10121502
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Dashtbani-Roozbehani%2C+A.%2C+%26+Brown%2C+M.+H.+Efflux+pump+mediated+antimicrobial+resistance+by+staphylococci+in+health-related+environments%3A+challenges+and+the+quest+for+inhibition.+Antibiotics.+2021+10%2812%29%2C+1502.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Dashtbani-Roozbehani%2C+A.%2C+%26+Brown%2C+M.+H.+Efflux+pump+mediated+antimicrobial+resistance+by+staphylococci+in+health-related+environments%3A+challenges+and+the+quest+for+inhibition.+Antibiotics.+2021+10%2812%29%2C+1502.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://www.mdpi.com/2079-6382/10/12/1502
https://doi.org/10.3390/antibiotics11050570
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.+Liu%2C+C.%2C+Hong%2C+Q.%2C+Chang%2C+R.+Y.+K.%2C+Kwok%2C+P.+C.+L.%2C+%26+Chan%2C+H.+K.+Phage-Antibiotic+therapy+as+a+promising+strategy+to+combat+multidrug-resistant+infections+and+to+enhance+antimicrobial+efficiency.+Antibiotics.+2022+11%285%29%2C+570&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.+Liu%2C+C.%2C+Hong%2C+Q.%2C+Chang%2C+R.+Y.+K.%2C+Kwok%2C+P.+C.+L.%2C+%26+Chan%2C+H.+K.+Phage-Antibiotic+therapy+as+a+promising+strategy+to+combat+multidrug-resistant+infections+and+to+enhance+antimicrobial+efficiency.+Antibiotics.+2022+11%285%29%2C+570&btnG=
https://www.mdpi.com/2079-6382/11/5/570
https://doi.org/10.1016/j.apsb.2022.05.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.+Ling%2C+H.%2C+Lou%2C+X.%2C+Luo%2C+Q.%2C+He%2C+Z.%2C+Sun%2C+M.%2C+%26+Sun%2C+J.+Recent+advances+in+bacteriophage-based+therapeutics%3A+Insight+into+the+post-antibiotic+era.+Acta+Pharmaceutica+Sinica+B%2C+2022+12%2812%29%2C+4348-4364.+%5BCrossref&btnG=
https://www.sciencedirect.com/science/article/pii/S2211383522002143
https://doi.org/10.3390/microorganisms8081118
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Ramos+S%2C+Silva+V%2C+Dapkevicius+MD%2C+Igrejas+G%2C+Poeta+P.+Enterococci%2C+from+harmless+bacteria+to+a+pathogen.+Microorganisms.+2020+Jul+25%3B8%288%29%3A1118.+%5BCrossref%5D%2C+%5BGoogle+&btnG=
https://www.mdpi.com/2076-2607/8/8/1118
https://doi.org/10.3390/antibiotics9090565
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.+Wada%2C+Y.%2C+Harun%2C+A.+B.%2C+Yean%2C+C.+Y.%2C+%26+Zaidah%2C+A.+R.+Vancomycin-resistant+enterococci+%28VRE%29+in+Nigeria%3A+the+first+systematic+review+and+meta-analysis.+Antibiotics.+2020+9%289%29%2C+565.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.+Wada%2C+Y.%2C+Harun%2C+A.+B.%2C+Yean%2C+C.+Y.%2C+%26+Zaidah%2C+A.+R.+Vancomycin-resistant+enterococci+%28VRE%29+in+Nigeria%3A+the+first+systematic+review+and+meta-analysis.+Antibiotics.+2020+9%289%29%2C+565.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.mdpi.com/2079-6382/9/9/565
https://doi.org/10.1128/AEM.01927-16
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.+Young%2C+S.%2C+Nayak%2C+B.%2C+Sun%2C+S.%2C+Badgley%2C+B.+D.%2C+Rohr%2C+J.+R.%2C+%26+Harwood%2C+V.+J.+Vancomycin-resistant+enterococci+and+bacterial+community+structure+following+a+sewage+spill+into+an+aquatic+environment.+AEM%2C+2016+82%2818%29%2C+5653-5660.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://journals.asm.org/doi/full/10.1128/aem.01927-16
https://doi.org/10.3390/foods11070975
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.+Zarzecka%2C+U.%2C+Zakrzewski%2C+A.+J.%2C+Chaj%C4%99cka-Wierzchowska%2C+W.%2C+%26+Zadernowska%2C+A.+Linezolid-Resistant+Enterococcus+spp.+Isolates+from+Foods+of+Animal+Origin-The+Genetic+Basis+of+Acquired+Resistance.+Foods%2C+2022+11%287%29%2C+975.+%5BCrossref&btnG=
https://www.mdpi.com/2304-8158/11/7/975
https://doi.org/10.3390/antibiotics11101439
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+Le%C3%A3o%2C+C.%2C+Clemente%2C+L.%2C+Cara+d%27Anjo%2C+M.%2C+Albuquerque%2C+T.%2C+%26+Amaro%2C+A.+Emergence+of+Cfr-Mediated+Linezolid+Resistance+among+Livestock-Associated+Methicillin-Resistant+Staphylococcus+aureus+%28LA-MRSA%29+from+Healthy+Pigs+in+Portugal.+Antibiotics%2C+2022+11%2810%29%2C+1439.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://www.mdpi.com/2079-6382/11/10/1439


Omiyale et al.                                                                    Int. J. Adv. Biol. Biomed. Res. 2024, 12(3), 218-236 
 

235 | P a g e  

 

29. Dutt Y, Dhiman R, Singh T, Vibhuti A, 
Gupta A, Pandey RP, Raj VS, Chang CM, 
Priyadarshini A. The association between 
biofilm formation and antimicrobial 
resistance with possible ingenious bio-
remedial approaches. Antibiotics. 2022 
Jul 11;11(7):930. [Crossref], [Google 
Scholar], [Publisher] 
30. Dai W, Zhang Y, Zhang J, Xue C, Yan J, 
Li X, Zheng X, Dong R, Bai J, Su Y, Xie P. 
Analysis of antibiotic-induced drug 
resistance of Salmonella enteritidis and 
its biofilm formation mechanism. 
Bioengineered. 2021 Dec 
20;12(2):10254-63. [Crossref], [Google 
Scholar], [Publisher] 
31. Konwar AN, Hazarika SN, Bharadwaj 
P, Thakur D. Emerging Non-Traditional 
Approaches to Combat Antibiotic 
Resistance. Current Microbiology. 2022 
Nov;79(11):330. [Crossref], [Google 
Scholar], [Publisher] 
32. Weiser JN, Ferreira DM, Paton JC. 
Streptococcus pneumoniae: 
transmission, colonization and invasion. 
Nature Reviews Microbiology. 2018 
Jun;16(6):355-67. [Crossref], [Google 
Scholar], [Publisher] 
33. Ung L, Bispo PJ, Bryan NC, Andre C, 
Chodosh J, Gilmore MS. The best of all 
worlds: Streptococcus pneumoniae 
conjunctivitis through the lens of 
community ecology and microbial 
biogeography. Microorganisms. 2019 Dec 
25;8(1):46. [Crossref], [Google Scholar], 
[Publisher] 
34. Duke JA, Avci FY. Emerging vaccine 
strategies against the incessant 
pneumococcal disease. NPJ Vaccines. 
2023 Aug 17;8(1):122. [Crossref], 
[Google Scholar], [Publisher] 

35. Baran A, Kwiatkowska A, Potocki L. 
Antibiotics and Bacterial Resistance—A 
Short Story of an Endless Arms Race. 
International Journal of Molecular 
Sciences. 2023 Mar 17;24(6):5777. 
[Crossref], [Google Scholar], [Publisher] 
36. Saha M, Sarkar A. Review on multiple 
facets of drug resistance: a rising 
challenge in the 21st century. Journal of 
Xenobiotics. 2021 Dec 13;11(4):197-214. 
[Crossref], [Google Scholar], [Publisher] 
37. Rodgers GL, Whitney CG, Klugman 
KP. Triumph of pneumococcal conjugate 
vaccines: overcoming a common foe. The 
Journal of Infectious Diseases. 2021 Oct 
1;224(Supplement_4):S352-9. [Crossref], 
[Google Scholar], [Publisher] 
38. Kim SH, Chung DR, Song JH, Baek JY, 
Thamlikitkul V, Wang H, Carlos C, Ahmad 
N, Arushothy R, Tan SH, Lye D. Changes 
in serotype distribution and 
antimicrobial resistance of Streptococcus 
pneumoniae isolates from adult patients 
in Asia: emergence of drug-resistant non-
vaccine serotypes. Vaccine. 2020 Aug 
27;38(38):6065-73. [Crossref], [Google 
Scholar], [Publisher] 
39. Cherazard R, Epstein M, Doan TL, 
Salim T, Bharti S, Smith MA. 
Antimicrobial resistant Streptococcus 
pneumoniae: prevalence, mechanisms, 
and clinical implications. American 
journal of Therapeutics. 2017 May 
1;24(3):e361-9. [Crossref], [Google 
Scholar], [Publisher] 
40. Velazquez-Meza ME, Galarde-López 
M, Carrillo-Quiróz B, Alpuche-Aranda CM. 
Antimicrobial resistance: one health 
approach. Veterinary World. 2022 
Mar;15(3):743. [Crossref], [Google 
Scholar], [Publisher] 

 

 

 

 

 

 

 

https://doi.org/10.3390/antibiotics11070930
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Dutt%2C+Y.%2C+Dhiman%2C+R.%2C+Singh%2C+T.%2C+Vibhuti%2C+A.%2C+Gupta%2C+A.%2C+Pandey%2C+R.+P.%2C+...+%26+Priyadarshini%2C+A.+The+association+between+biofilm+formation+and+antimicrobial+resistance+with+possible+ingenious+bio-remedial+approaches.+Antibiotics%2C+2022+11%287%29%2C+930.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Dutt%2C+Y.%2C+Dhiman%2C+R.%2C+Singh%2C+T.%2C+Vibhuti%2C+A.%2C+Gupta%2C+A.%2C+Pandey%2C+R.+P.%2C+...+%26+Priyadarshini%2C+A.+The+association+between+biofilm+formation+and+antimicrobial+resistance+with+possible+ingenious+bio-remedial+approaches.+Antibiotics%2C+2022+11%287%29%2C+930.+&btnG=
https://www.mdpi.com/2079-6382/11/7/930
https://doi.org/10.1080/21655979.2021.1988251
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dai+W%2C+Zhang+Y%2C+Zhang+J%2C+Xue+C%2C+Yan+J%2C+Li+X%2C+Zheng+X%2C+Dong+R%2C+Bai+J%2C+Su+Y%2C+Xie+P.+Analysis+of+antibiotic-induced+drug+resistance+of+Salmonella+enteritidis+and+its+biofilm+formation+mechanism.+Bioengineered.+2021+Dec+20%3B12%282%29%3A10254-63.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dai+W%2C+Zhang+Y%2C+Zhang+J%2C+Xue+C%2C+Yan+J%2C+Li+X%2C+Zheng+X%2C+Dong+R%2C+Bai+J%2C+Su+Y%2C+Xie+P.+Analysis+of+antibiotic-induced+drug+resistance+of+Salmonella+enteritidis+and+its+biofilm+formation+mechanism.+Bioengineered.+2021+Dec+20%3B12%282%29%3A10254-63.+&btnG=
https://www.tandfonline.com/doi/full/10.1080/21655979.2021.1988251
https://doi.org/10.1007/s00284-022-03029-7
https://scholar.google.com/scholar?q=31.+Konwar,+A.+N.,+Hazarika,+S.+N.,+Bharadwaj,+P.,+%26+Thakur,+D.+Emerging+Non-Traditional+Approaches+to+Combat+Antibiotic+Resistance.+Curr.+Microbiol.+2022+79(11),+330.+%5BCrossref&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=31.+Konwar,+A.+N.,+Hazarika,+S.+N.,+Bharadwaj,+P.,+%26+Thakur,+D.+Emerging+Non-Traditional+Approaches+to+Combat+Antibiotic+Resistance.+Curr.+Microbiol.+2022+79(11),+330.+%5BCrossref&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s00284-022-03029-7
https://doi.org/10.1038/s41579-018-0001-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Weiser%2C+J.+N.%2C+Ferreira%2C+D.+M.%2C+%26+Paton%2C+J.+C.+Streptococcus+pneumoniae%3A+transmission%2C+colonization+and+invasion.+Nat.+Rev.+Microbiol.+2018+16%286%29%2C+355-367.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Weiser%2C+J.+N.%2C+Ferreira%2C+D.+M.%2C+%26+Paton%2C+J.+C.+Streptococcus+pneumoniae%3A+transmission%2C+colonization+and+invasion.+Nat.+Rev.+Microbiol.+2018+16%286%29%2C+355-367.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://www.nature.com/articles/s41579-018-0001-8
https://doi.org/10.3390/microorganisms8010046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ung%2C+L.%2C+Bispo%2C+P.+J.%2C+Bryan%2C+N.+C.%2C+Andre%2C+C.%2C+Chodosh%2C+J.%2C+%26+Gilmore%2C+M.+S.+The+best+of+all+worlds%3A+Streptococcus+pneumoniae+conjunctivitis+through+the+lens+of+community+ecology+and+microbial+biogeography.+Microorganisms%2C+2019+8%281%29%2C+46.&btnG=
https://www.mdpi.com/2076-2607/8/1/46
https://doi.org/10.1038/s41541-023-00715-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.+Duke%2C+J.+A.%2C+%26+Avci%2C+F.+Y.+Emerging+vaccine+strategies+against+the+incessant+pneumococcal+disease.+npj+Vaccines%2C+2023+8%281%29%2C+122.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+&btnG=
https://www.nature.com/articles/s41541-023-00715-w
https://doi.org/10.3390/ijms24065777
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.+Baran%2C+A.%2C+Kwiatkowska%2C+A.%2C+%26+Potocki%2C+L.+Antibiotics+and+Bacterial+Resistance-A+Short+Story+of+an+Endless+Arms+Race.+nt.+J.+Mol.+Sci.+2023+24%286%29%2C+5777&btnG=
https://doi.org/10.3390/ijms24065777
https://doi.org/10.3390/jox11040013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.+Saha%2C+M.%2C+%26+Sarkar%2C+A.+Review+on+multiple+facets+of+drug+resistance%3A+a+rising+challenge+in+the+21st+century.+J+Xenobiot%2C+2021+11%284%29%2C+197-214.+&btnG=
https://www.mdpi.com/2039-4713/11/4/13
https://doi.org/10.1093/infdis/jiaa535
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=37.+Rodgers%2C+G.+L.%2C+Whitney%2C+C.+G.%2C+%26+Klugman%2C+K.+P.+Triumph+of+pneumococcal+conjugate+vaccines%3A+overcoming+a+common+foe.+J.+Infect.+Dis.+2021+224+%28Supplement_4%29%2C+S352-S359.+&btnG=
https://academic.oup.com/jid/article/224/Supplement_4/S352/6378090
https://doi.org/10.1016/j.vaccine.2019.09.065
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.+Kim%2C+S.+H.%2C+Chung%2C+D.+R.%2C+Song%2C+J.+H.%2C+Baek%2C+J.+Y.%2C+Thamlikitkul%2C+V.%2C+Wang%2C+H.%2C+%26+Peck%2C+K.+R.+Changes+in+serotype+distribution+and+antimicrobial+resistance+of+Streptococcus+pneumoniae+isolates+from+adult+patients+in+Asia%3A+emergence+of+drug-resistant+non-vaccine+serotypes.+Vaccine%2C+2020+38%2838%29%2C+6065-6073.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.+Kim%2C+S.+H.%2C+Chung%2C+D.+R.%2C+Song%2C+J.+H.%2C+Baek%2C+J.+Y.%2C+Thamlikitkul%2C+V.%2C+Wang%2C+H.%2C+%26+Peck%2C+K.+R.+Changes+in+serotype+distribution+and+antimicrobial+resistance+of+Streptococcus+pneumoniae+isolates+from+adult+patients+in+Asia%3A+emergence+of+drug-resistant+non-vaccine+serotypes.+Vaccine%2C+2020+38%2838%29%2C+6065-6073.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0264410X19312939
https://doi.org/10.1097/MJT.0000000000000551
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39.+Cherazard%2C+R.%2C+Epstein%2C+M.%2C+Doan%2C+T.+L.%2C+Salim%2C+T.%2C+Bharti%2C+S.%2C+%26+Smith%2C+M.+A.+Antimicrobial+resistant+Streptococcus+pneumoniae%3A+prevalence%2C+mechanisms%2C+and+clinical+implications.+Am.+J.+Ther.+2017+24%283%29%2C+e361-e369&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39.+Cherazard%2C+R.%2C+Epstein%2C+M.%2C+Doan%2C+T.+L.%2C+Salim%2C+T.%2C+Bharti%2C+S.%2C+%26+Smith%2C+M.+A.+Antimicrobial+resistant+Streptococcus+pneumoniae%3A+prevalence%2C+mechanisms%2C+and+clinical+implications.+Am.+J.+Ther.+2017+24%283%29%2C+e361-e369&btnG=
https://journals.lww.com/americantherapeutics/abstract/2017/05000/antimicrobial_resistant_streptococcus_pneumoniae_.15.aspx
https://doi.org/10.14202%2Fvetworld.2022.743-749
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=40.+Velazquez-Meza%2C+M.+E.%2C+Galarde-L%C3%B3pez%2C+M.%2C+Carrillo-Quir%C3%B3z%2C+B.%2C+%26+Alpuche-Aranda%2C+C.+M.+Antimicrobial+resistance%3A+one+health+approach.+Vet.+World&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=40.+Velazquez-Meza%2C+M.+E.%2C+Galarde-L%C3%B3pez%2C+M.%2C+Carrillo-Quir%C3%B3z%2C+B.%2C+%26+Alpuche-Aranda%2C+C.+M.+Antimicrobial+resistance%3A+one+health+approach.+Vet.+World&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9047147/


Omiyale et al.                                                                    Int. J. Adv. Biol. Biomed. Res. 2024, 12(3), 218-236 
 

236 | P a g e  

 

How to cite this article:  
Olumakinde Charles Omiyale , Favour Onaskohare Okunbi, Confidence Damian Oparah, 

Victor Nduka Eluwa, Rosemary Modupeoluwa Awolade, Precious Ifechukwuni Ikuni, 
Muhammad Bello Demola, Christianah Oluwatosin Agboola, Temitope Oluwapelumi 
Babalola, Abdul-Hanan Saani Inusah, Abigail Daniel Agbo, Onyekachi Uchenna 
Uchejuru, Benjamin Minasu Oke, Stanley Augustine Ugbobuaku. Emerging Antibiotic 
Resistance in Gram-Positive Bacteria, with Focus on Staphylococcus Aureus, 
Enterococcus Spp., and Streptococcus Pneumoniae. International Journal of Advanced 
Biological and Biomedical Research, 2024, 12(3), 218-236. 
DOI: https://doi.org/10.48309/IJABBR.2024.2017880.1476  
Link: https://www.ijabbr.com/article_712332.html  

 

Copyright © 2024 by authors and SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License (CC BY) license 

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.48309/IJABBR.2024.2017880.1476
https://www.ijabbr.com/article_712332.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

