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Since their discovery in the 19th century, antibiotics have 

revolutionised healthcare by treating infections and 

making modern day medical procedures possible. 

Antimicrobials are produced naturally by bacteria, 

fungi and actinomycetes as a protective mechanism 

that slows or suspends the growth of pathogenic 

microorganisms.1 Modern medicine harnesses this 

function in antibiotics derived from natural sources, or 

synthetic/semi-synthetic agents. The mechanism of 

action involves inhibiting or disrupting the function of a 

pathogen or reducing permeability of the cell wall. 

However, a key challenge of antibiotic use is the erosion 

of efficacy due to rising anti-microbial resistance 

(AMR).2 Furthermore, increasing evidence shows the 

negative effect antibiotics elicit on the balance and 

function of the gut microbiome (GM).

This article will explore the background and challenges 

of antibiotics, AMR and the impact on the GM, 

considering practical steps that GPs can take to reduce 

the risk of AMR in clinical practice.  

Antibiotics: a double-edged sword

Broad-spectrum versus narrow-spectrum 

Broad-spectrum antibiotics target a wide range of 

bacteria. As a result, AMR can occur to both pathogenic 

and non-pathogenic bacteria.

This broad-ranging action can negatively disrupt the 

balance of the GM. Notably, repeated antibiotic usage 

can increase the risk of long-term alterations in the GM 

and drive disease pathogenesis.3

A key area of interest is therefore the development 

of new narrow-spectrum antibiotics that do not elicit 

AMR in non-targeted pathogens and reduce the impact 

on the GM.3  



Impact of timing of antibiotics on the GM

A one-off course of antibiotics 

is unlikely to have a long-term 

impact on the GM. However, 

this can give rise to a host of 

gastrointestinal side effects 

including nausea, diarrhoea 

and abdominal pain.8

Although alterations in GM occur with antibiotic use, 

the GM has a high level of plasticity and will generally 

return to its baseline composition  a few weeks after 

antibiotic cessation, although this return to baseline 

may take up to six months.9 

However, repeated antibiotic courses and/or long-

term use of broad-spectrum antibiotics do increase 

AMR, resulting in more permanent alterations to the 

GM which can drive pathogenesis of chronic diseases, 

because of the targeted effects that antibiotics have 

on pathogenic and non-pathogenic bacteria.  
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Key factors affecting antibiotic efficacy

In 2015, Public Health England (PHE) produced guidelines to tackle the increase in AMR in the context of prescribing 

practices and usage.4 The table below summarises the current challenges associated with antibiotic prescribing.
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How antibiotics influence the GM   

The GM plays a crucial role in 

the maintenance of human 

health and influences the 

development of chronic 

gastrointestinal, metabolic 

and neurological diseases.5  

Antibiotics have been shown 

to reduce GM diversity and 

alter metabolic output 

(e.g. short chain fatty acids) which may increase 

susceptibility to AMR.6

The balance between different species in the GM can 

be disrupted by antibiotics.7 Various combinations 

of antibiotics induce these changes differently; 

highlighting the importance of appropriate antibiotic 

prescribing.7

A further direct effect of antibiotics is the drive and 

spread of antibiotic-resistant genes throughout 

the GM. These genes spread through the GM via 

conjugation, transduction, and transformation 

mechanisms.7 Antibiotic-resistant genes can spread 

rapidly across bacterial species, therefore AMR can 

quickly disseminate through the whole GM.7  

Prescribing practices 

• Prescribing of broad-spectrum over narrow-spectrum antibiotics

• Inappropriate prescribing (e.g. for self-limiting illness)

• High public prescribing expectation

• Lack of new antibiotics  

Usage  

• Reducing antibiotic efficacy by not completing the full course 

• Sharing ‘leftover’ antibiotics with others 
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Figure 1. Commonly used antibiotics have been shown to effect bacterial strains differently, as based on the 
adapted work of Zimmerman and Curtis.10 
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 Antibiotic classes

Penicillins Cephalosporins

Enterobacteriacese

↑ ↑ ↑ ↓*

Enterobacter spp.

↑ ↑ ↑ ↑ ↑*

Enterococcus spp.

↑ ↑ ↑ ↑ ↓ ↓

Kiebsiella spp.

↑ ↑ ↑ ↑ ↑ ↑*

Bacteroides  
spp. ↑ ↑ ↑ ↓ ↓ ↓**

Bifidobacterium 
spp. ↑ ↓ ↓  ↓ ↓ ↓*

Eubacterium spp.

↑ ↓ ↑ ↓ ↑ ↓

E.Coli

↓* ↑ ↓
↓

↓* ↓ ↓

Clostridium spp.

↓ ↓ ↓ ↓* ↓ ↓*

Lactobacillus spp.

↓ ↓** ↓* ↓

Yeast/ Candida 
spp. ↑ ↑ ↑ ↑  ↑

* Except in 1 study
** Except in 2 studies
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The infant GM

For infants, the mother is the most 

important source of the developing GM, 

which is largely acquired during birth. The 

GM in early childhood develops quickly, 

reaching an adult-like composition by 

2-4 years old. This development is influenced by factors 

including the mode of delivery (vaginal vs. Caesarean 

section) method of feeding (breastfed vs. formula fed), 

as well as gestational age.11

Maternal use of antibiotics both during pregnancy and 

the post-partum period has the potential to influence 

the formation of the infant GM.11  In Western countries, 

35% of women receive antibiotics during pregnancy, 

often prescribed prophylactically during delivery.  

The prevalence of mastitis (inflammation of breast 

tissue) treated with antibiotics in lactating women 

ranges between 16 and 49%.12 

Breastfed infants have been shown to have higher 

levels of beneficial bacteria in the GM (including 

Lactobacillus, Bacteroides and Streptococcus) which 

remains even after weaning.  However, maternal 

antibiotic use can alter breastmilk composition, 

adversely affecting the developing infant GM.11  

Evidence shows that an altered GM in infanthood 

increases the risk of developing chronic diseases in 

childhood and later life.10  

The adult GM

Antibiotic use in adulthood has been 

associated with both short- and long-

term consequences. 

Short-term consequences include 

antibiotic-associated diarrhoea (AAD), 

the prevalence of which ranges  between 2-25%.13 

Approximately 20-30% of AAD cases are due to 

Clostridium difficile (CD) in adults <65 yrs.14 Commonly 

prescribed antibiotics in general practice (e.g. 

cephalosporins, fluoroquinolones and broad-spectrum 

penicillins) are associated with CD.15 Studies have 

found that healthcare professionals do not often factor 

this risk into their decision-making when prescribing 

antibiotics.16 

Longer-term antibiotic use has been linked to colon 

cancer and other chronic diseases (including allergic, 

autoimmune, metabolic, and psychiatric).17 Indeed, 

cross sectional analysis of GM data (from the American 

Gut Project) indicates that antibiotic driven loss of 

microbial diversity may increase the risk for chronic 

disease.18 Longitudinal studies are needed to confirm the 

causative effect of diversity loss on chronic disease risk.19     

Short-term strategies to mitigate the effect  
of antibiotics

With mounting evidence for the negative consequences 

of antibiotic use, driven by an altered GM, strategies 

to mitigate disruption of the GM should be considered 

when prescribing. These may include short-term 

strategies such as the use of adjunct probiotic therapy, 

or longer-term support of the GM through diet and 

lifestyle interventions.

Probiotics 

The symbiotic relationship between 

the GM and immunity is well known. 

Recent evidence shows the important 

role probiotics play in supporting health 

through improved GM composition  

(see diagram 2).20 This makes probiotics both a short-

term and long-term beneficial means of mitigating the 

negative effects of antibiotic use on the GM.

Probiotics support the regulation of the immune 

system, and the GM including maintenance of the 

gut epithelial barrier by stimulating mucus and 

antimicrobial production, and therefore prevent the 

adhesion, growth and colonisation of potentially 

pathogenic bacteria.20

As well as directly affecting the GM, probiotics could 

prompt changes in the GM by stabilising microbial 

communities and increasing bacterial diversity. This 

could offer benefit to overall health particularly during 

antibiotic treatment, given the association between 

GM dysbiosis and the pathogenesis of chronic disease.20
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Consequences of antibiotic use in different life stages 
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The role of probiotics in antibiotic-associated 
diarrhoea (AAD)

The prevalence of AAD in the UK is between 2-25% and 

varies depending on the antibiotic prescribed.13   Research 

is supportive of the role of probiotic supplements in the 

prevention of antibiotic-associated diarrhoea (AAD). 

In Europe, probiotic recommendation is integrated into 

practice with 80% of GPs recommending probiotics 

alongside antibiotics.21 Trials of probiotic supplements 

containing Lactobacillus, Saccharomyces boulardii and 

Bifidobacteria species have shown benefit in preventing 

AAD.22 

How to choose a probiotic:  

Key considerations when advising on probiotic use: 

• Format and formulation: assess suitability of  

format (e.g. liquid-based with swallowing  

difficulties or enterally fed patients), in addition to 

lifestyle choices (e.g. vegetarian, vegan).

• Evidence-base: choose a probiotic that has efficacy  

for the intended outcome. 

• Cost: probiotics are not routinely available on 

prescription; therefore, consider affordability when 

recommending to patients.   

 

Longer-term strategies to mitigate the  
effect of antibiotic use

Plant-based diet 

Plant-based diets are rich in a variety of naturally 

occurring fibres and phytochemicals (plant chemicals). 

These nutrients are non-digestible, reach the large 

intestine and are fermented by the GM.

Plant-based diets are naturally higher in prebiotics.23 

Prebiotics stimulate the growth of beneficial bacteria 

thus promoting GM diversity.7

Foods rich in prebiotics include garlic, onions, leek, 

Jerusalem artichokes, beans, and pulses. Like probiotics, 

prebiotics can also be purchased as a supplement. 

However, those with gut sensitivities (e.g. irritable bowel 

syndrome), should exercise caution when taking these 

supplements as some may exacerbate gut symptoms.24  

Following the landmark study from the American Gut 

Project, the 30-point plant-based challenge has been 

proposed as a way to introduce more variety into the diet. 

The challenge involves eating different plants throughout 

the week to feed gut bacteria to optimise gut health. 

Results showed that those people consuming 30 or more 

different plant-based foods per week had higher levels of 

diversity compared with those consuming 10 or less.25

Lifestyle

The benefit of time spent outdoors in nature is well 

established for increasing activity levels and general 

wellbeing, including mental health. Evidence also suggests 

that time spent outdoors positively influences the GM.  

Children exposed to new microbes through outdoor play 

have been shown to have a more diverse GM, with notable 

increases in Bacteroidetes and Proteobacteria (the 

dominant species of beneficial bacteria in human GM).26

Exercise has been shown to contribute to positive changes 

in the GM, which may support GM through periods of 

disruption as a result of antibiotic therapy.27

Additionally, the quality of our sleep may also play a 

role in GM health. Richer diversity and quantity of 

Bacteroidetes and Firmicutes species in the GM has 

been observed in people who adopt good sleep hygiene 

practices. Poor quality sleep has been associated with 

poorer GM diversity.28
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Diagram 2: The interaction of probiotics with the gut lining.20 
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Conclusion
The GM plays a key role in supporting our overall health. Research continues to highlight the negative impact 

of antibiotics on the GM, often reducing key bacterial species naturally present in a healthy GM.

The impact of antibiotics is a particular concern for those on long-term or repeat courses of medication who 

are often more vulnerable to infection (e.g. infants and the elderly). 

Short-term strategies to mitigate the effects of antibiotics on the gut microbiome typically centre around the 

administration of probiotics alongside antibiotic use. The use of probiotics alongside prophylactic antibiotics 

may also be beneficial to the GM in the longer term. 

Long term lifestyle changes to diet, sleep and physical activity should be factored into decision making when 

prescribing. These changes have the potential to negate some of the short and long-term negative effects of 

antibiotic use.

Practical steps to reduce AMR and protect the GM

Probiotics 
• Consider suggesting a probiotic supplement to be taken alongside an antibiotic.22

• Probiotics should be taken at a different time of day to antibiotics (to protect the delivery of beneficial bacteria). 

Diet 
• Encourage a plant-based diet (rich in naturally-occurring prebiotics).

• Focus on wholegrains, fruit, vegetables, nuts, seeds, pulses, herbs and spices.

• Aim for 30 different plants per week to maximise GM diversity.25

Lifestyle
• Spend outdoors to gain exposure to new microbes and boost GM diversity, to reduce stress,  

and to improve wellbeing. 

• Optimise sleep (e.g. by limiting screen time before bed, ensuring sleep hygiene, avoiding stimulants such as  
caffeine later in the day). 

• Adults should aim for 7-8 hours’ sleep daily; children should ideally get 9-13 hours.29
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