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Abstract

Gut microbiota profile is an essential part of the human body physiology and is associated with
the high carriage of ARGs. This review focuses on the intricate relationship between gut
microbiome and antibiotic resistant bacteria with special reference to the several ways that
bacteria get antibiotic resistance genes, such as horizontal gene transfer and mobile genetic
elements. Antibiotics come into bacteria and alter the composition and structure of microbiota
by inducing dysbiosis and creating a persistent resistome that perpetuates the occurrence of
resistance. On these lines, several approaches are proposed to overcome this problem, and they
include the administration of probiotics and prebiotics to rebalance the beneficial micro flora,
the control of antibiotics usage, the application of newer concepts such as phage therapy, FMT
and alterations in the diet pattern. Further, strategies such as innovation of new antibiotics and
additional agents capable of counteracting the resistance mechanisms also holds some possible
solutions. The review underscores a call for heightened collaboration of various branches of
medicine and academia as well as further research to curb the emerging menace of antibiotic
resistance and to maintain the effectiveness of antibiotics in the treatment of bacterial
infections.

Introduction

The gut microbiota refers to the trillions of microorganisms living in the human gastrointestinal
tract whose function include aiding in digestion, synthesis of vitamins and defense against
pathogenic organisms (Guarner & Malagelada, 2003). However, it has also been associated
with extensive spread of antibiotic resistance, which is a major issue of concern in the entire
world. Furthermore, it is also vital to look into the relationship that exists between the gut
microbiota and antibiotic resistance so as to come up with the relevant interventions. Some of
the newer findings about microbiome depict that host, microbiota and antibiotics are not static
elements and hence the problem requires an entrenched solution (Blaser, 2009).

The Role of Gut Microbiota in Antibiotic Resistance

1. Composition and Function of Gut Microbiota

These are bacteria, archaea, viruses and fungi of which bacteria are the most abundant (Sekirov
et al., 2010). Another bacterium category that has a significant number of sequences is
Firmicuttes, Bacteroidetes, Actinobacteria and Proteobacteria. These microorganisms play a
central role in the metabolic activity of the human body including carbohydrate metabolism
where they are involved in the fermentation of non-susceptible carbohydrates, synthesis of
short-chain fatty acids and immune-regulation (Turnbaugh et al., 2007). Metabolic status and
immune function are the typical proof of the necessity of the gut microbiota for the host
organism’s health. Imbalances in this fragile symbiotic relationship results to dysbiosis which
is linked with various diseases such as inflammatory bowel disease, obesity and metabolic
syndrome (Kamada et al., 2013).
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2. Antibiotic resistance in Gut microbiota

The, gut microbiota can thus harbor antibiotic resistance genes (ARGSs) that bacteria use to
neutralise or counteract the action of antibiotics (Van Schaik, 2015). These genes can be
chromosomally integrated or incorporated through horizontal gene transfer (HGT)
procedures including transformation, transduction and conjugation as stated by Smillie et al.,
2011. It is for this reason that microbial load in the gut is high, and therefore the opportunity
to spread resistance genes is high. This process is made worse by the action of antibiotics as
those bacteria with resistance genes have higher chances of survival as compared to those
without the ability to produce these genes (Martinez et al., 2015). Therefore, the gut
microbiota can be considered not only as a source and a vector of the ARG distribution, which
is indeed a very challenging factor for public health (Sommer et al., 2009).

Mechanisms of Resistance Acquisition and Transfer

1. Horizontal Gene Transfer (HGT)
HGT is considered as one of the major mode through which bacteria acquire resistance genes.
Conjugation is the movement of plasmids from one bacterium to another via a physical contact
and this process is usually facilitated by the structure known as pili (Thomas & Nielsen, 2005).
Transformation is the ability of a bacterial bacterium to acquire genes from the surrounding
environment that is free while transduction is the action of bacteriophages transferring genes
among bacteria (Chen et al., 2005). Such processes allow ARGs to be swiftly transferred
between various bacterial species or even between the generi and play a crucial role in the
development of antibiotic resistance. It has been proved in experiments that the gut bacteria can
receive resistance genes from both symbiotic and pathogenic bacteria suggesting that the
microbial communities in the gut are closely intertwined (Forsberg et al., 2012).
2. Mobile Genetic Elements (MGES)
These include the plasmids, the transposons, and the integrons, which were established as
MGEs that affect the distribution of ARGs. It has been identified that plasmids can harbor
more than one resistance gene and can mobilize it across various genera of bacteria (Carattoli,
2013). Transposons are capable of mobilizing genes both within and between DNA molecules
whereas integrons acquire and drive the expression of gene cassettes including those involved
in antibiotic resistance (Stokes & Gillings, 2011). Borrowing from biologists, these entities are
portable in the sense that it makes the dissemination of the resistance genes faster and far
reaching thus making it difficult to slow or contain the spread of antibiotic resistance. The
existence of MGEs in gut bacteria, therefore, raises concerns on the part they play in the spread
of ARGs, and the need to come up with the right measures to curb this issue (Partridge et al.,
2018).
3. Selective Press by use of Antibiotics
In particular, the application of antibiotics puts pressure on microbial communities and as a
result increases the number of resistant strains (Levy & Marshall, 2004). Antibiotics also have
the potential of compromising the natural bacterial flora in the gut; this decreases the ability to
support friendly bacteria and at the same time increases the ability of resistant bacteria to grow
(Dethlefsen et al., 2008). This is explained as the “resistome”, whereby anyone and anything
that can harbor resistance genes is considered within the microbiota (Wright, 2007).
Fortunately, the resistome has functions that play a vital role in maintaining and transferring
ARGs in bacteria, hence the continuity of antibiotic resistance. It therefore is important to
know how the resistome behaves and how it reacts to the influence of antibiotics to inform the
best strategies to counter resistance (Perry & Wright, 2013).
Impact of Antibiotics on Gut Microbiota
1. Disruption of Microbial Communities
Antibiotic treatment has the potential to affect microbiota in the gut in a very profound
manner. Jernberg et al., 2010 have investigated that the common antibiotics such as
amoxicillin and ciprofloxacin decrease microbial richness and allow the growth of resistant
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strains. These alterations may remain stable for an extended period even after discontinue of
antibiotic treatment and subsequently help to maintain the pool of resistance genes (Jakobsson
et al., 2010). The disruption of microbial communities does not only enhances the occurrence
of antibiotic resistant bacteria but also distorts the favorable functions of microbiota making
a detrimental effect to the host health (Modi et al., 2014).

2. Resilience and Recovery

Although, gut microbiota exhibits a great resilience to the assault by antibiotics, the recovery
process from antibiotic disruption is generally insufficient and less than optimal, and some
of these changes perhaps are irrevocable (Dethlefsen & Relman, 2011). Prolonged use of
antibiotics in a person’s lifetime will lead to compounded effects, whereby the ARGs and
resistant bacteria will be amplified in the human body (Sommer & Dantas, 2011). Both
duration of treatment with the antibiotic and type of the antibiotic also play a certain role in
regulating the gut microbiota as well as the diet and lifestyle of the population (Relman,
2012). Knowledge of these factors is crucial if interventions to improve microbiota re-
establishment and thus minimize the effects of antibiotics on resistance are to be
implemented.

3. Long-Term Consequences
The effects of antibiotic induced alterations in microbial associated community are profound
in the long run. For instance, disruption of the microbiota leads to dysbiosis and it is linked
with such problems as IBD, obesity and even mental health disorders (Bercik et al., 2011).
The fact that ARGs reside in gut microbiota also constantly poses a threat to public health as
these genes can be transferred to pathogens and cause hard to treat infections (Penders et al.,
2013). Such alterations can last indefinitely, and therefore large, long-term investigations are
required to assess the effects of antibiotics on microbiota and to design the ways of
minimizing the effect on human health (Blaser & Falkow, 2009).

Mitigation Strategies

1. Probiotics and Prebiotics

While probiotics refer to the living microorganisms that have health benefits or can be
consumed for health benefits, prebiotics refers to the non-digestible food constituents
particularly the dietary fibers that influence the growth of beneficial bacteria (Gibson et al.,
2017). It is supposed that both can positively influence the balance of microbial composition in
the gut and decrease the quantity of the resistant strains. Some of the probiotics which have
been known to prevent the growth of resistant bacteria and also decrease the content of ARGs
in the gut include Lactobacillus, Bifidobacterium among others according to McFarland (2015).
For example, the Lactobacillus and Bifidobacterium can improve gut integrity and inhibit the
pathogenic and resistant bacteria (Veiga et al., 2010). It has also been noted that Dietary Fibre
ingredients like inulin and fructo-oligosaccharides can selectively enhance the growth of such
clients further confirming the ability to restore the right microbiota (Bindels et al., 2015).

2. Antibiotic Stewardship

Antibiotic stewardship programmes are basically geared towards improving the appropriate
utilization of antibiotics in fighting resistance. Some of them are, prescribing antibiotics if they
are necessary, choosing amongst those available, focusing on susceptibility test results and
shortening the course of the treatment (Dellit et al., 2007).

It is indicated that such programs can lower selective pressure and retain effectiveness of the
existing antibiotics. The effectiveness of such programs in healthcare setting has been
demonstrated to reduce. Thus, the rate of antibiotic-resistant infections and the status of the
patient can be reduced, as well as enhance the effectiveness of treatment (Dyar et al., 2017).
Other strategies of antibiotic stewardship include community health promotion and education
as a way of reaching out to the public to ensure that they understand on how to use antibiotics
responsibly (Ventola, 2015).

3. Phage Therapy
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Phage therapy means that bacteriophages are applied to work on the bacteria specifically. The
use of phage as an alternative to traditional antibiotics is that they can be engineered to target
antibiotic-resistant bacteria (Abedon et al., 2011). It has efficiency in decreasing bacterial load
and prevalence of resistance genes in the gut as revealed by Loc-Carrillo and Abedon, (2011).
They are precise, hence, minimizing the chances of having unwanted effects on the useful
bacteria, they can be used together with anti-biots to amplify the therapy potency (Oechslin,
2018). However, there are obstacles such as regulatory,that comprise the ability of phage
therapy to become successful and the problem of patient-to-patient variation (Kutter et al.,
2010).

4. Fecal Microbiota Transplantation (FMT)

FMT is the process of taking fecal matter from a healthy individual and delivering it to a client
with the intention of rectifying the status of his/her gut flora. Fecal microbiota transplantation
has added value in the management of recurrent C. Difficulties infections and sees a promising
way to lower ARGs in the gut (van Nood et al., 2013). It can aid in restoration of balance of
microbiota balance and decrease the number of multidrug resistant varieties (Smits et al.,
2013). Currently, research is still underway in expansion of FMT in handling everyone
regarding the antibiotic resistance and other gut health problems. The quality of FMT, safety,
and complications have been known to be enhanced by strict protocols in the conduct of the
procedure as well as the screening of the source of the stool (Cammarota et al., 2014).

5. Dietary Interventions

The diet is an important determinant of the variety of gut microbes. Some of the strategies,
including change in diet with emphasis on high fiber diets, reduction in intake of processed
foods, and consumption of fermented foods may be useful in enhancing the ratio of the healthy
microbiota and possibly confining the incidence of antibiotic resistant bacteria (Singh et al.,
2017). High fibre diets, especially, were followed by an increase in microbial diversity and the
number of bacteria that could dominate resistant strains (De Filippo et al., 2010). Here, yogurt
and kimchi can be identified as examples of the fermented foods that contain live cultures and
may help to act on the gut and minimize the negative effects of antibiotics on the microbiota
(Marco et al., 2017).

6. Novel Antibiotics and Adjuvants

Continued studies are being conducted on the discovery of new antibiotics and adjuvants that
may overcome or counter the mechanisms of resistance. Those antibiotics can either be of the
same class as the adjuvants or different, and they work by reducing the likelihood of resistance
or by improving the immune response (Brown, 2013). The use of adjuvants together with
antibiotics could hence form a new approach to dealing with resistant infections, and thereby
decreasing the selective favor on the gut microbiome (Laxminarayan et al., 2013). The
emergence of new antibiotics, consisting in identifying the action of novel molecules on
separate bacterial reactions or on special bacterial formations also offers an outlook on the
issue of antibiotic resistance (Bush & Bradford, 2016).

Conclusion
The research also reveals that antibiotics drive the development and extension of a resistant
new gut microbiota. The nature of Resistance acquisition and reclining, the role played by
antibiotic and the interactions on microbial population needs to be understood effectively for
preventing the development of plenty of Resistances. Interventions like, the use of probiotics,
antibiotic stewardship, phage therapy, fecal microbiota transplantation, dietary management,
and introduction of new antibiotics are some of the possible ways of solving the crisis of
antibiotic resistance or at least preserving antibiotic efficacy in the future. Further studies and
solutions must be developed if this multifaceted and rapidly developing issue needs to be
solved. The measures applied towards counteracting the dangers of antibiotic resistance have
to be complex, utilizing the input of researchers, health care providers, policy makers and the
public.
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