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A multitude of factors, such as drug misuse, lack of strong regulatory measures,

improper sewage disposal, and low-quality medicine and medications, have been

attributed to the emergence of drug resistant microbes. The emergence and outbreaks

of multidrug resistance to last-line antibiotics has become quite common. This is

further fueled by the slow rate of drug development and the lack of effective resistome

surveillance systems. In this review, we provide insights into the recent advances

made in computational approaches for the surveillance of antibiotic resistomes, as

well as experimental formulation of combinatorial drugs. We explore the multiple roles

of antibiotics in nature and the current status of combinatorial and adjuvant-based

antibiotic treatments with nanoparticles, phytochemical, and other non-antibiotics based

on synergetic effects. Furthermore, advancements in machine learning algorithms

could also be applied to combat the spread of antibiotic resistance. Development of

resistance to new antibiotics is quite rapid. Hence, we review the recent literature on

discoveries of novel antibiotic resistant genes though shotgun and expression-based

metagenomics. To decelerate the spread of antibiotic resistant genes, surveillance of

the resistome is of utmost importance. Therefore, we discuss integrative applications of

whole-genome sequencing and metagenomics together with machine learning models

as a means for state-of-the-art surveillance of the antibiotic resistome. We further

explore the interactions and negative effects between antibiotics and microbiomes upon

drug administration.
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INTRODUCTION

Microorganisms are ubiquitous in nature and play crucial roles in the body’s biochemical functions.
Despite their importance, opportunistic and pathogenic microbes have evolved to bypass the
immune system. Gram-negative bacteria in particular are of clinical importance, as they produce
metabolites, such as endotoxin and lipopolysaccharide, which are major causes of infection
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