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s u m m a r y 

Objective: Antibiotics change the composition of the intestinal microbiota. The magnitude of the effect of 

antibiotics on the microbiota and whether the effects are short-term or persist long-term remain uncer- 

tain. In this review, we summarise studies that have investigated the effect of antibiotics on the compo- 

sition of the human intestinal microbiota. 

Methods: A systematic search was done to identify original studies that have investigated the effect of 

systemic antibiotics on the intestinal microbiota in humans. 

Results: We identified 129 studies investigating 2076 participants and 301 controls. Many studies re- 

ported a decrease in bacterial diversity with antibiotic treatment. Penicillin only had minor effects 

on the intestinal microbiota. Amoxicillin, amoxcillin/clavulanate, cephalosporins, lipopolyglycopeptides, 

macrolides, ketolides, clindamycin, tigecycline, quinolones and fosfomycin all increased abundance of En- 

terobacteriaea other than E. coli (mainly Citrobacter spp., Enterobacter spp. and Klebsiella spp.). Amoxcillin, 

cephalosporins, macrolides, clindamycin, quinolones and sulphonamides decreased abundance of E. coli , 

while amoxcillin/clavulante, in contrast to other penicillins, increased abundance of E. coli . Amoxicllin, 

piperacillin and ticarcillin, cephalosporins (except fifth generation cephalosporins), carbapenems and li- 

poglycopeptides were associated with increased abundance of Enterococcus spp., while macrolides and 

doxycycline decreased its abundance. Piperacillin and ticarcillin, carbapenems, macrolides, clindamycin 

and quinolones strongly decreased the abundance of anaerobic bacteria. In the studies that investigated 

persistence, the longest duration of changes was reported after treatment with ciprofloxacin (one year), 

clindamycin (two years) and clarithromycin plus metronidazole (four years). Many antibiotics were asso- 

ciated with a decrease in butyrate or butryrate-producing bacteria. 

Conclusion: Antibiotics have profound and sometimes persisting effects on the intestinal microbiota, 

characterised by diminished abundance of beneficial commensals and increased abundance of potentially 

detrimental microorganisms. Understanding these effects will help tailor antibiotic treatment and the use 

of probiotics to minimise this ‘collateral damage’. 

© 2019 Published by Elsevier Ltd on behalf of The British Infection Association. 
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The human intestine is the habitat for a rich and diverse

ommunity of microbes consisting of archaea, bacteria, eukaryota

fungi, helminths, and protozoans) and viruses. So far, more than

0 0 0 bacterial species have been identified, 1 but it has been

uggested that there might be up to 36,0 0 0 different species of

acteria living in the intestine. 2 Even though it was previously
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hought that 80% of the intestinal microbiota cannot be cultured, 3 

he main genera (such as Bacteroides spp., Bifidobacterium spp.,

lostridium spp., Enterobacteriaceae, Enterococcus spp., Lactobacil- 

us spp. and Veillonella spp.) are regularly identified in bacterial

ultures. More recently, novel methods using selective culture

edia have enabled the majority of species within the microbiota

o be cultured. 4 , 5 Metagenomic shotgun sequencing provides a 

ore in-depth analysis of the intestinal microbiota, including

dentification of bacterial species, resistance genes, as well as the

dentification of eukaroytes and viruses. Apart from being involved

n various metabolic functions, the intestinal microbes are also

rucial for the development of the immune system and regulation
. 
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of immune responses. The complex interplay between a ‘healthy’

and ‘dysbiotic’ intestinal microbiota, which influences many health

outcomes, remains incompletely understood. 6–8 

Antibiotics are among the most commonly prescribed drugs.

Despite their benefits, their use has been associated with both

short- and long-term adverse health outcomes, including increased

risk of necrotising enterocolitis, 9 , 10 bronchial hypersensitivity and

asthma, 11 obesity 12 and autoimmune diseases. 13 Antibiotic admin-

istration leads to perturbations in the intestinal microbiota through

which some of these adverse health outcomes are likely medi-

ated. This ‘collateral damage’ to the micobiota includes changes

in abundance of certain taxa, a decrease in ‘colonisation resis-

tance’ (protection against colonisation with potentially pathogenic

(e.g. Enterobacteriaceae ) or opportunistic (e.g. Clostridium difficile,

Candida spp.)) organisms, and the development of antibiotic resis-

tance. 14 The human intestine has the highest density of microbes

of all known environments. Bacteria living in the human intestine

have a 25-fold higher rate of gene transfer than bacteria in other

settings, 15 and antibiotic exposure further increases horizontal

gene transfer. 16–20 

The effect of antibiotics on the intestinal microbiota likely

depends on the spectrum of activity (narrow vs broad spec-

trum), formulation, route of administration, pharmacokinetics and

pharmacodynamics (e.g. biliary secretion), as well as dose and

duration of administration. The extent of the effect of antibiotics

on the composition of microbiota and whether the effects are only

short-term or persist long-term remain uncertain. Additionally,

it is uncertain whether antibiotic-resistant strains persist in the

absence of selective pressure through antibiotics. 

In this review, we summarise studies that have investigated the

effect of antibiotics on the composition of the human intestinal

microbiota. Understanding these effects will help tailor antibiotic

treatment to minimise this ‘collateral damage’. 

Systematic review methods 

In January 2019, MEDLINE (1946 to present) was searched

using the Ovid interface with the following search terms: (anti-

bacterial agents OR anti-infective agents OR anti-microbial agents

OR antibiotics OR antitubercular agents OR penicillins OR amox-

icillin OR carbapenems OR cephalosporins OR macrolides OR

quinolones OR glycopeptides OR aminoglycosides OR tetracyclines

OR tigecycline OR daptomycin OR streptogramin OR linezolid OR

colistin OR trimethoprim OR sulphonamides OR nitrofurantoin

OR fosfomycin) AND (bacteria OR microbio ∗ OR faeces OR faces

OR feces OR fecal OR stool OR intestin 

∗ OR intestinal mucosa OR

gastrointestinal microbiome OR gastrointestinal tract OR gastroin-

testinal disease). All studies in humans investigating the effect of

systemic antibiotic exposure on the composition of the intestinal

microbiota were included. Exclusion criteria comprised studies

in which: results were not reported in English; the antibiotic

regime was not specified; antibiotics were not given systemically;

concurrent probiotics were administered; rectal swabs rather than

stool samples were analysed. Also excluded were studies which

included participants with: C. difficile or other intestinal infections;

underlying malignancies; immunosuppressive therapy; colorectal

surgery. References of retrieved articles were hand-searched for

additional publications. The selection of included studies is sum-

marised in Fig. 1 . The following variables were extracted from the

included studies: year of study, country, study design, number

and characteristics of participants, age of participants, previous

antibiotic treatment, antibiotic treatment (drug, dose, frequency,

route of administration, duration), microbiome analysis method,

timing of stool analysis in relation to start of antibiotic treatment

and key findings (including changes in diversity, abundance of
icrobes, short chain fatty acids (SCFAs) and antibiotic resitance).

he ROBINS-1 tool was used to assess risk of bias. 21 

ystematic review results 

Our search identified 24,718 studies. Of these, 100 fulfilled

he inclusion criteria. Hand-searching references identified 29

urther relevant studies. The 129 studies included in this review

nvestigated 2076 participants and 301 controls. The results of

hese studies are summarised in Table 1 and supplementary

ables 1 and 2. 22–150 All of the studies were done in industrialised

ountries: Belgium 3, Denmark 1, France 8, Germany 12, Greece 1,

celand 3, Italy 3, Japan 5, Poland 1, Spain 2, Switzerland 1, Sweden

0, the Netherlands 14, United Kingdom 7, United States 11 (three

tudies were done in two different countries). The number of

articipants in each study ranged from 1 to 84 (median 12, mean

6). The majority of studies (102) included healthy participants.

he remaining studies included participants with sinusitis 1, lower

espiratory tract infections 2, bronchitis 2, chronic obstructive

ulmonary disease 1, skin, soft tissue or bone infections 3, urinary

ract infections 5, diverse infections 3, liver cirrhosis 3, dyspeptic

isorder 1, maxillo-facial surgery 1, gastric surgery 1 and Heli-

obacter pylori infection 3. In one study, participants’ characteristics

ere not specified. Multiple methods were used to determine the

acterial intestinal microbiota, including bacterial culture 109,

ulsed-field gel electrophoresis (PFGE) 2, terminal restriction

ragment length polymorphism (T-RFLP) 3, temporal temperature

el electrophoresis restriction fragment length polymorphism

TTGE) 3, polymerase chain reaction (PCR) 4, matrix-assisted laser

esorption ionisation-time of flight mass spectrometry (MALDI-

OF-MS) 1, 16S rRNA gene sequencing 15 (Illumina MiSeq 1, Roche

54 GS FLX Titanium 9, Roche 454 GS Junior 1, Roche 454 not

urther specified 2, sequencing machine not specified 2; hyper-

ariable regions V1-V2 1, V1-V3 2, V3-V4 1, V3-V5 1, V3 + V6 1,

4 2, V5-V7 3, V6 1, V6-V8 1, region not specified 2), metage-

omic shotgun sequencing 1 (Illumina MiSeq). Seven studies used

wo different methods and one study three different methods.

acterial diversity was assessed in 8 studies. Concentrations of

CFAs in stool were measured in 7 studies. The risk of bias in the

tudies included in this review is summarised in supplementary

able 3. 

Tables 1 and supplementary Tables 1 and 2, as well as Fig. 2 ,

rovide a summary of the main findings of the 129 studies in-

luded in this review. 

enicillins 

The effect of penicillin on the intestinal microbiota was in-

estigated in four studies that included 38 participants and six

ontrols. 22–25 All four studies used bacterial culture for assessment.

he three studies that measured penicillin in stool did not detect

he antibiotic. 22–24 In two studies, no changes in abundance of

acteria were observed. 23 , 24 One study reported new colonisation

ith Klebsiella spp. and an increase in abundance of Clostridium

pp . and E. coli during treatment 22 and another study an increase

n abundance of Enterococcus spp. 25 In both studies, bacterial

bundance returned to pre-antibiotic levels 14 days after stopping

ntibiotic treatment (AT). 22 , 25 Penicillin was not reported to in-

uence abundance of fungi. No increase in penicillin-resistance

as observed in intestinal bacteria during or after treatment. 23 , 24 

ne study measured concentrations of SCFAs and did not find any

hanges in fecal concentrations during pencillin administration. 24 

The effect of amoxicillin, ampicillin and bacampicillin on the

ntestinal microbiota has been investigated in 13 studies including

94 participants and 41 controls. 23 , 25–34 , 143 , 149 Ten studies used

acterial culture and three studies 16S rRNA sequencing (plus
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Fig. 1. Selection of studies. 
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TGE and metagenomic shotgun sequencing in one study each).

our studies measured amoxicillin concentrations in stool and

ould not detect the antibiotic. 31 , 34 , 143 , 149 Only one study assessed

acterial microbiota diversity and did not find any influence of

moxcillin on bacterial diversity. 26 

Another study measured intra-individual similarity indices and

eported that, three days after the start of amoxcillin treatment,

 dissimilarity of 46% was reached compared to pre-treatment. 28 

imilarity returned to 89% of the pre-treatment state 60 days after

topping AT. 28 

Amoxicillin was associated with decreased abundance of E.

oli 29–32 in 12 of the 13 studies , 27 but an increased abundance of

nterobacteriaea other than E. coli ( Citrobacter spp. , Enterobacter

pp. , Klebsiella spp. , Morganella spp., Pseudomonas spp. and Shigella

pp.). 27 , 29–33 Results in relation to Gram positive aerobic bacteria

ere inconsistent with most studies reporting an increase in

bundance of Enterococcus spp., 25 , 29 , 32 , 33 Staphylococcus spp. 31 

nd Streptococcus spp., 31 , 32 but some studies also reporting no

nfluence on the abundance of these bacteria 30–33 , 149 or a mild

ecrease. 32 

During treatment with amoxicillin, an increase in abun-

ance of Alistipes spp., 26 Bacteroides spp., 26 , 27 , 33 Bifidobacterium

pp., 32 , 33 Eubacterium spp., 31 , 33 Lactobacillus spp., 33 Parabacteroides

pp., 26 Phascolarctobacterium spp . 26 and Rominococcus spp. 28 was
eported. In contrast, the abundance of Anaerostipes spp., 26 Blau-

ia spp., 26 Collinsella spp., 26 Coprococcus spp., 26 Dilaster spp., 26 

usobacerium spp., 34 Lachnospirum spp., 26 Marvinbryantia spp., 26 

scillospira spp., 27 Peptostreptococcus spp., 34 Roseburia spp. , 26 , 27 

nd Veillonella spp. 26 , 29 , 34 decreased. Two studies reported a small

ncrease in Clostridium spp. during or after treatment with amox-

illin, 28 , 29 while another study reported a decrease 28 days after

reatment. 31 New colonisation with C. difficile was reported in only

ne study (in two participants). 33 Five studies reported that bac-

erial abundance returned to pre-antibiotic levels seven to 21 days

fter stopping AT. 25 , 30–32 , 149 However, seven studies, especially

he ones including sequencing techniques for analysis, reported

hat bacterial abundance had not returned to pre-antibiotic levels

2 months after stopping AT. 26–29 , 33 , 34 Four studies reported an

ncrease in yeast ( C. albicans in one study) during treatment with

moxicillin, 29 , 30 , 32 , 33 which persisted 28 to 55 days after stopping

T in three studies. 28 , 29 , 33 Six studies reported an increase in

moxicillin-resistant Enterobactericaeae, Enterococcus spp., E. coli 

r beta-lactamase concentrations in stool. 29–32 , 143 The increase in

moxicillin-resistant Enterobacteriaceae and the increase in beta-

actamase concentrations persisted 21 to 28 days after stopping AT

n all, 29-31 , 33 but one study. 32 

In the one study, which administered omeprazole to con-

rols, Enterobacteriaea and Enterococcus spp. also increased during
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Table 1a 

Changes in the abundance of aerobic bacteria in the intestinal microbiota associated with adminstration of antibiotics (reported on genus level). 

( continued on next page ) 
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Table 1a ( continued ) 
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Table 1a ( continued ) 
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Table 1b 

Changes in the abundance of anaerobic bacteria and fungi in the intestinal microbiota associated with adminstration of antibiotics (on genus level). 

( continued on next page ) 
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Fig. 2. Summary of findings from studies that have investigated the effect of antibiotics on the intestinal microbiota (findings included only for those reported in two or 

more studies). 
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treamtent, but returned to pre-treatment numbers four weeks

after stopping the drug. 29 

The effect of other pencillins (pivmecillinam, 35 mezlocillin, 25 

azlocillin, 36 flucloxacillin, 37 amoxicillin/clavulanate, 37–40 , 147 

piperacillin, 25 ticarcillin, 25 and ticarcillin/clavulanate 41 ) was inves-

tigated in nine studies including 131 participants and 30 controls.

Bacterial culture was used in six studies, 16S rRNA in two studies
nd PCR plus TTGE in one study. Only three studies measured

ntibiotic concenctrations in stool. 35 , 41 , 147 Pivemecillinam was the

nly antibiotic that could be detected (in concentrations of up to

6 mg/kg). 35 

Amoxicillin/clavulante was associated with a decrease in bac-

erial diversity. 38 The results in relation to changes in abundance

f aerobic bacteria were similar to results from studies using
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lder penicllins with an increase in Enterobacteriaceae, 37 , 39 , 40 

ncluding Citrobacter spp., 37 Klebsiella spp. 35-37 and Proteus

pp. 35-37 Amoxicillin/clavulanate, piperacillin, ticarcillin and 

icarcillin/clavulanate were reported to increase the abundance of

nterococcus spp. 25 , 41 , 147 Additionally (and dissimilar to amoxi-

illin), flucloxacillin, amoxicillin/clavulanate and piperacillin were

ssociated with an increased abundance of E. coli. 37–39 , 147 In

ontrast to aerobic bacteria, the abundance of anaerobic bacteria

ecreased with almost all of these antibiotics ( Clostridium spp.

ith mezlocillin; 25 Bacteroides spp., Clostridium spp., Eubacterium

pp. and Lactobacillus spp. with azlocillin, 36 Bifidobacterium spp.,

lostridium spp., Lactobacillus spp. and Roseburia . spp. with amox-

cillin/clavulanate, 38–40 , 147 Bacteroides spp., Bifidobacterium spp., 

lostridium spp., Lachnospirum spp. and Lactobacillus spp. with

iperacillin, ticarcillin and ticeracillin/clavulante 25 , 41 ). The only ex-

eption was an increase in Bacteroides spp. and Parabacteroides spp.

ith amoxicillin/clavulanate treatment. 38 , 40 However, flucloxacillin 

id not change abundance of anaerobic bacteria. 37 No new coloni-

ation with C. difficile was observed in any of the studies. Many

tudies reported bacterial abundance to return to pre-antibiotic

evels 14 to 28 days after stopping AT. 25 , 35 , 36 , 38 , 41 , 147 Neverthe-

ess, in three studies, bacterial abundance had not returned to

re-antibiotic levels seven to 60 days after stopping AT. 38–40 An

ncrease in abundance of yeast or Candida spp. was reported

ith azlocillin, 36 flucloxacillin 

37 and amoxicillin/clavulanate 37 

nd persisted 14 days after stopping AT. 37 As with amoxicillin,

n increase in resistance was reported for Enterobacteriacaea 35 , 36 

nd Enterococcus spp . 147 Follow-up testing was only done in one

tudy after administration of amoxicillin/clavulanate and resistance

ersisted in Enterococcus spp. on last follow-up testing 28 days

fter stopping AT. 147 

ephalosporins 

The effect of cephalosporins on the intestinal microbiota

as studies in 33 studies that included 510 participants and

3 controls. 22 , 23 , 25 , 30 , 31 , 33 , 42-66 , 149 , 150 All studies used bacterial

ulture. Cefadroxil, 22 cefaclor, 42 ceftaroline 64 and ceftobiprole 66 

ere not detected in stool, while the other cephalosporins

ere detected in maximal mean concentrations of 0.4 to

30 mg/kg. 31 , 45 , 48 , 49 , 54 , 56 , 60 , 61 , 64 , 65 , 149 The highest concentrations 

ere observed for ceftriaxone, 54 , 56 cefpodoxime proxetil 31 , 149 and

eftazidime/avibactam. 61 

Most studies using cephalosporins reported a decreased

bundance of Enterobacteriacaea. 23 , 43 , 44 , 46 , 50 , 52 , 61 , 65 , 149 How- 

ver, four studies reported an increase. 33 , 57 , 59 , 60 All, but one

tudy (using ceftazidime/avibactam), 61 reported a decreased

bundance of E. coli. 25 , 31 , 43 , 46 , 49 , 56 , 58-60 , 62-66 , 149 , 150 In con-

rast, the abundance of Citrobacter spp., 43 , 46 , 47 , 64 Klebsiella

pp. 30 , 43 , 46 , 51 , 64 , 65 and Pseudomonas spp. 50 increased. Ente-

ococcus spp. abundance increased in all studies that used

ephalosporins, 23 , 25 , 30 , 31 , 33 , 44 , 45 , 48-51 , 54 , 56–61 , 149 , 150 except the 

nes using ceftaroline/avibactam 

65 or ceftobiprole 66 (for which a

ecreased abundance of Enterococcus spp. was reported). Changes

n the abundance of Staphylococcus spp. and Streptococcus spp.

ere reported in both directions. 22 , 31 , 33 , 43-52 , 56 , 57 , 59 , 60 , 149 

The abundance of Bacteroides spp. increased with first

nd second generation cephalosporins, 25 , 33 , 44 , 149 while it

ecreased with cephamycins 23 , 47 and higher generation

ephalosporins 49 , 51 , 53 , 55-57 , 61 , 66 , 149 , 150 (the only exception be- 

ng cefepime for which the abundance of Bacteroides spp. also

ncreased). 62 Most studies reported a decrease in the abundance

f Clostridium spp., 31 , 43 , 45–47 , 49 , 50 , 58 , 61 , 149 , 150 except studies using 

igh-generation cephalosporins (cefepime, 62 ceftaroline, 64 cef- 

aroline/avibactam 

65 and ceftobiprole), 66 for which an increased

bundance of Clostridium spp. was reported. New colonisation
r an increase in C. difficile was reported in many studies using

ephalosporins. 25 , 30 , 31 , 43 , 45 , 49-51 , 53 , 57 , 59-62 , 64 , 65 , 149 The abun- 

ance of other anaerobic bacteria was either not affected or

for Bifidobacterium spp., 31 , 43 , 45 , 46 , 48-51 , 53 , 55-59 , 61 , 62 , 64 , 65 , 149 , 150 

ubacterium spp., 31 , 48 , 51 , 57 and Lactobacillus spp. 31 , 46 , 47 , 51 , 58 , 59 , 

1 , 64 , 65 , 149 , 150 ) decreased. Some studies reported bacterial abun-

ance returned to pre-antibiotic levels 4 to 14 days after stopping

T. 22 , 23 , 25 , 42 , 44 , 46 , 48-50 , 53 , 55 , 58 , 60 , 65 , 66 , 149 , 150 However, in many 

tudies, bacterial abundance had not ‘normalised’ on last testing

4 to 42 days after stopping AT. 31 , 33 , 43 , 45 , 50 , 54 , 56 , 57 , 59 , 61 , 62 , 64 , 149 

he abundance of yeast (unkown 

30 , 31 , 54 , 57 , 59-61 , 63 , 149 and Candida

pp. 33 , 40 , 43 , 52 , 56 , 58 , 65 , 149 , 150 ) increased in many of the studies. The

ncreased abundance of yeast was reported to persist for a shorter

uration with higher-generation cephalosporins compared to first-

r second-generations cephalosporins. 61 , 63 , 65 

An increase in resistance was reported after treatment with ce-

oxitin ( Bacteroides spp. , 47 Clostridium spp. , 23 Enterococcus spp. , 23 E.

gglomerans, 23 P. aeruginosa 23 ), cefpodoxime proxetil ( E. cloacae, 31 

on-fermentative Gram negative rods 31 ), ceftazidime/avibactam

 Clostridium spp. , 61 Enterococcus spp. , 61 Lactobacillus spp. 61 ) and

eftaroline/avibactam ( Bacteroides spp. 65 ). 

SCFAs in stool were only measured in one study: ceftriaxone

ecreased concentrations of acetic, butyric, i-butyric, i-valeric, n-

aleric, propionic and pyruvic acid and increased the concentration

f lactic acid. 55 

arbapenems and penems 

The effect of carbapenems and penems on the intestinal

icrobiota was investigated in four studies including 37 par-

icipants and 10 controls. 67–69 , 150 All studies used bacterial

ulture. With meropenem treatment, a decrease in the abun-

ance of Enterobacteriacaea was observed. 67 Enterococcus spp.

ncreased in abundance with meropenem 

67 and ertapenem (the

ater was also associated with a decreased abundance of E.

oli). 150 The abundance of Streptococcus spp. decreased with

eropenem and lenapenem. 67 , 68 Carbapenems also decreased

he abundance of anaerobic bacteria ( Bacteroides spp., Clostrid-

um spp. with meropenem 

67 and ertapenem, 150 Bifidobacterium

pp. and Lactobacillus only with ertapenem 

150 and Veillonella

pp. with meropenem 

67 and lenapenem 

68 ). Bacterial abundance

eturned to pre-antibiotic levels within 28 days after stopping

T in all three studies. 67 , 68 , 150 The abundance of Candida spp.

ncreased with meropenem and ertapenem treatment and was

eported to be persistently elevated 14 days after stopping AT in

ne study, but not 28 days after stopping AT in another other

tudy. 67 , 150 

The penem ritipenem acoxil increased the abundance of Bac-

eroides spp., but decreased the abundance of Bifidobacterium

pp. 69 Five participants became newly colonised with C. difficile. 69 

n increase in resistance was observed in Clostridium spp. 69 In this

tudy an increase in total faecal SCFAs and acetic acid concentra-

ions was reported during treatment with ritipenem acoxil, while

oncentrations of i-butyric, i-caproic, i-valeric, n-butyric, n-caproic,

-valeric and propionic acid did not change. 69 

ipopolyglycopeptides 

The influence of lipopolyglycopeptides on the intestinal micro-

iota was investigated in four studies that included 63 participants

nd 10 controls. 46 , 70-72 All studies used bacterial culture, and one

tudy additionally used PFGE. Fecal concentrations of orally admin-

stiered lipopolyglycopeptides were very high (mean concentra-

ions around 500 mg/kg and maximal concentrations greater than

800 mg/kg). 46 , 70 After intravenous administration, mean concen-

rations of dalbavancin in stool varied between 0.8 and 22 mg/kg 72 
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and telavancin could not be detected in stool. 71 Administration

of telavancin and dalbavancin led to an increased abundance

of Enterobacteriacaea 71 , 72 and administration of teicoplanin and

dalbavancin to an increased abundance of Enterococcus spp. 70 , 72 

Additionally, dalbavacin also increased the abundance of Citrobacter

spp. and Klebsiella spp. In contrast, the abundance of Staphylo-

coccus spp. decreased with oral administration of vancomycin

and teicoplanin. 70 Abundance of anaerobic bacteria was reported

to increase with lipopolyglycopeptides treatment ( Clostridium

spp. with telavancin, 71 Lactobacillus spp. with vancomycin and

teicoplanin 

70 and Pepdicoccus spp. with vancomycin 

70 ). One study

reported bacterial abundance had returned to pre-antibiotic lev-

els seven days after stopping oral vancomycin or teicoplanin. 70 

However, in the other studies, bacterial abundance did not re-

turned to pre-antibiotic levels 14 to 28 days after stopping

intravenous administration of telavancin and dalbavanvin. 71 , 72 

The abundance of fungi was not affected by lipopolyglycopep-

tides. 70–72 Administration of vancomycin and teicoplanin led to

an increase in resistant bacteria ( Enterococcus spp., 46 , 70 coagulase-

negative staphylococci 70 and Pedicoccus 46 , 70 ), while no increase

in resistance was observed after administration of telavancin or

dalbavancin. 71 , 72 

Aminoglycocides 

The effect of aminoglycocides on the intestinal microbiota was

investigated in only one study that included five participants and

one control. 73 The study used 16S rRNA sequencing. Paromomycin

given orally decreased bacterial diversity, increased the abun-

dance of Escherichia spp. and Holdermania spp., but decreased

the abundance of Ruminococcaceae, Lachnospiraceae, Bautia spp.,

Coprococcus spp., C. hiranonis and Faecalibacterium prausnitzii. Pre-

treatment diversity was reached six to eight weeks after stopping

AT. 73 Paromomycin concentration in stool was not measured and

resistance was not tested in this study. 73 

Macrolides and ketolides 

The effect of macrolides on the intestinal microbiota was

investigated in 12 studies that included 188 participants and 36

controls. 74–81 , 143-146 All studies used bacterial cultures. In all stud-

ies that measured antibiotic concentrations in stool, macrolides or

ketolides could be detected in high concentrations. Mean concen-

trations of dirithromycin and solithromycin were lower (30 and

48 mg/kg) 79 , 80 than concentrations of other macrolides (146 to

978 mg/kg). 74–77 , 146 

Spiramycin did not have an effect on the abundance of

bacteria or fungi. 74 The other macrolides decreased the abun-

dance of Enterococcus spp. 75–77 , 80 , 146 and E. coli 75 , 76 , 79–81 , 146 

and increased the abundance of Citrobacter spp., 75 , 146 Klebsiella

spp. 75 , 146 and Pseudomonas spp. 146 Changes in abdunance of

Enterobacteriacaea, 76–78 , 80 , 146 Micrococcus spp., 75 , 146 Streptococcus

spp. 75 , 76 , 79 , 146 and Staphylococcus spp. 76 , 77 , 79 , 146 were observed

in both directions. For anaerobic bacteria, macrolides and ke-

tolides decreased the abundance of Bacteroides spp. 76 , 77 , 79 , 146 

Bifidobacterium spp., 75 , 76 , 79 , 80 , 146 Fusobacterium spp., 77 Lactobacil-

lus spp. 75 , 76 , 80 , 146 (except in one study) 79 and Veillonella spp. 76 , 77 

Erthryomycin, clarithromycin and solithromycin decreased the

abundance of Clostridium spp., 75 , 76 , 80 , 146 while dirithromycin and

telithromycin increased it. 75 , 79 The abundance of Eubacterium spp.

was altered in both directions (increased with erythromycin 

76 and

decreased with dirithromycin 

79 ). 

All, but one study, 77 reported abundance of aerobic bacte-

ria had returned to pre-antibiotic levels seven to 28 days after
topping AT. 75 , 76 , 78-81 , 146 In contrast, for anaerobic bacteria, abun-

ance returned to pre-antibiotic levels 16 days after stopping AT

n one study, 79 while in the other studies abundance had not

eturned to pre-antibiotic levels on last testing 11 to 28 days after

topping AT. 75–77 , 80 , 146 An increase in the abundance of Candida

pp. was reported with erythromycin, 76 , 77 clarithromycin 

76 and

olithromycin treatment. 80 Notably, an increase in macrolide-

eistance was observerd in almost all of the studies (aerobic

acteria, 77 Bacteroides spp. , 75 Citrobacter spp. , 79 , 146 Clostridium

pp. , 76 , 77 Enterobacteriaceae, 75 Enterobacter spp., 79 Enterococcus

pp. , 75 Group D streptococci, 74 Klebsiella spp., 79 , 146 Pro-

eus spp., 79 , 146 Pseudomonas spp., 79 , 146 Serratia spp. 79 and

east 77 ). 

Erythromycin led to a large decrease in fecal concentrations

f valeric, isovaleric, 2-methyl-butyric and propionic acids and a

inor decrease in acetic, isobutyric and butyric acids. 77 

incosamides 

The effect of clindamycin on the intestinal microbiota was

nvestigated in 13 studies that included 47 participants and

4 controls. 24 , 26 , 83–90 , 148 Four studies used 16S rRNA sequenc-

ng 26 , 82–84 three studies used PCR, T-RFLP and PFGE, 85 , 86 , 88 one

tudy bacterial culture plus T-RFLP 89 and three studies bacterial

ultures only. 24 , 90 , 148 All studies that measured clindamycin in

tool could detect the antibiotic, the mean concentrations varying

etween 102 and 148 mg/kg. 24 , 82 , 83 , 86 Clindamycin increased the

bundance of Citrobacter spp., 88–90 Enterobacter spp. 88-90 and

lebsiella spp. 88–90 In constrast, the abundance of E. coli and

treptococcus decreased. 88 , 90 Changes in abundance of Enterobac-

eriaceae, 24 , 88 , 90 Enterococcus spp. 24 , 87 , 89 , 90 and Staphylococcus

pp. 24 , 90 were reported in both directions. 

Clindamycin strongly decreased the abundance of anaer-

bic bacteria ( Alistipes spp., 26 Anaerostipes spp., 26 Bacteroides

pp., 24 , 82 , 86 , 89 , 90 Bilophila spp., 26 Bifidobacterium spp., 24 , 82 , 89 , 90 

lautia spp., 26 Clostridium spp., 89 , 90 Coprococcus spp., 26 , 83 Dorea

pp., 26 , 83 Eubacterium spp., 24 , 89 Faecalibacterium spp., 24 Fusobac-

erium spp., 26 Holdemania spp., 26 , 83 Lachnospirium spp., 24 , 82 , 89 , 90 

arvinbryantia spp., 26 Paeudobutyrivibrio spp., 26 Phascolarcto-

acterium spp., 26 Prevotella spp., 26 , 83 Roseburia spp., 26 , 83 and

eillonella spp. 24 Notably, no new colonisation or increased coloni-

ation with C. difficile was reported. The abundance of fungi was

ot influenced. Return to pre-antibiotic levels was reported for

erobic bacteria two months after stopping AT in one study, 83 

hile in all other studies bacterial abundance had not returned to

re-antibiotic levels the time of last testing (14 days, 89 , 90 4, 26 , 82 

2, 83 6, 87 , 88 12 83 and 24 months 86 after stopping AT 87 , 88 ). 

Increased resistance to clindamycin was observered in many

tudies ( Bacteroides spp., 86 Clostridium spp., 24 Enterococcus spp., 87 

. coli, 88 and Enterobacteriaceae other than E. coli 89 ). One study re-

orted that after seven days of clindamycin therapy, the proportion

f clindamycin-resistant strains of Bacteroides spp. increased from

% to 76%. These resistance rates were persistently high 18 months

59%) and 24 months (34%) after stopping AT. 86 Clindamycin

ecreased fecal concentrations of acetic, valeric, isovaleric, butyric,

sobutyric and propionic acids. 24 , 90 

etracyclines 

The effect of tetracyclines was investigated in three studies

hat included 37 participants and 30 controls. 26 , 91 , 92 One study

sed 16S rRNA gene sequencing 26 and the other two studies used

acterial cultures. 91 , 92 Doxycycline was detected in stool at mean

oncentrations of 0.5 to 22 mg/kg. 91 , 92 Doxycycline decreased

he abundance of Enterobacteriaceae, Enterococcus spp., E. coli,
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usobacterium spp. and Streptococcus spp. 91 , 92 Minocycline was

ssociated with a decrease in bacterial diversity and changes in

bundance of many anaerobic bacteria (increased abundance of

listipes spp., Bacteroides spp ., Marvinbryantia spp. and Odoribacter

pp., decreased abundance of Anaerostipes spp ., Bifidoabacterium

pp., Collinsella spp., Coprococcus spp., Dialister spp., Dorea spp.,

aecalibacterium spp., Gardnerella spp, Ratan060301, Roseburia spp.

nd Sutterella spp.) 26 After doxycycline administration, bacterial

bundance was reported to have returned to pre-antibiotic levels

ine to 28 days after stopping AT. 91 , 92 However, the study using

inocycline reported that bacterial abundance did not return to

re-antibiotic levels 12 months after stopping AT. 26 No changes in

ungal abundance was observed with tetracyclines. 

Doxycycline was associated with increased resistance in anaero-

ic cocci, Bacteroides spp., Bifidobacterium spp., Enterobactericaeae,

nterococcus spp., Gram positive rods and Lactobacillus spp. 91 , 92 

oxycycline was associated with a marked decrease in fecal isobu-

yric acid (40%) and slight decrease in butyric, propionic and acetic

cids. 92 

lycylcycline 

The effects of tigecycline on the intestinal microbiota was

nvestigated in two studies that included 79 participants and 24

ontrols. 93 , 94 Both studies used bacterial culture. Mean tigecycline

oncentrations in stool varied between 2 and 112 mg/kg. 93 , 94 

igecycline decreased the total number of Enterobacteriaceae and

. coli , while the abundance of Enterobacteriaceae other than E. coli

 Klebsiella spp. and Enterobacter spp.) increased. 93 , 94 The abun-

ance of Bifidobacterium spp., Enterococcus spp. and Lactobacillus

pp. decreased during AT. 93 , 94 However, 21 days after stopping

T, the abundance of Enterococcus spp. and Lactobacillus spp.

as higher compared to pre-treatment. 94 In one study, bacterial

bundance had returned to pre-antibiotic levels 20 days after

topping AT. 93 However, this was not the case in another study

here changes were still evident 21 days after stopping AT. 94 

ne study reported a decrease in the abundance of yeast with

dministration of tigecycline. 94 Treatment with tigecycline led to

n increase in resistant bacteria ( B. fragilis, B. thetaiotaomicron, B.

ulgaris, E. cloacae, E. coli and K. pneumoniae ) . 93 , 94 

treptogramins 

The effect of quinupristin/dalfopristin on the intestinal micro-

iota was studied in one study that included 20 participants and

our controls. 95 The study used bacterial culture. The mean con-

entration of quinupristin/dalfopristin in stool was 291/42 mg/kg.

bundance of Enterobacteriaceae and Enterococcus spp. increased

uring AT. 95 One participant became newly colonised with C. dif-

cile. 95 The abundance of Enterobacteriaceae had returned to pre-

ntibitoic levels 10 days and the abundance of Enterococcus spp. 30

ays after stopping AT. There was no change in abundance of fungi.

he prevalence of erythromycin and quinupristin/dalfopristin-

esistant anaerobic bacteria and Enterococcus spp increased under

reatment with quinupristin/dalfopristin. 95 

uinolones 

The effect of quinolones was studied in 42 studies that in-

luded 520 participants and 69 controls. 26 , 82–84 , 96–131 , 142 , 146 , 148 

acterial culture was used in 36 studies (plus MALDI-TOF-MS

nd 16S rRNA sequencing in one study each) and 16S rRNA se-

uencing in six studies (plus metagenomic shotgun sequencing

n one study). Quinolones in stool were detected in all stud-

es that measured fecal concentrations. Mean concentrations

anged from 6 to 953 mg/kg and maximal concentrations reached
271 mg/kg. 82 , 83 , 97 , 99 , 100 , 102 , 103 , 105 , 111 , 119 , 120 , 122 , 124-126 , 128–130 , 148 

he highest fecal concentrations were observed with norfloxacin

nd ciprofloxacin. 97 , 99 , 128 

Four studies investigated bacterial diversity with ciprofloxacin

reatment and all four reported decreased diversity. 26 , 82 , 109 , 110 

With quinolones treatment, the abundance of Enterobacteri-

ceae, 96-99 , 101–106 , 111 , 113-116 , 120 , 121 , 125 , 129 , 130 , 142 E. coli 83 , 96 , 104 , 111 , 

12 , 114 , 118 , 120 , 122-126 , 128 , 146 Bacillus spp. 101 , 120 , 121 , 129 , 130 and 

orynebacterium spp. 101 , 120 , 129 decreased. In contrast, abun-

ance of Citrobacter spp., 112 , 118 , 119 , 125 , 126 Enterobacter spp. 103 , 119 , 126 

nd Klebsiella spp. 125 , 126 increased (except in one study in which a

ecrese in abundance was observed for the latter two 112 ). Changes

n the abundance of Enterococcus spp., 83 , 96 , 101 , 104 , 108 , 111–114 , 117 , 

20–127 , 129 , 130 , 146 Pseudomonas spp., 103 , 112 Staphylococcus spp. 101 , 

11-113 , 116 , 117 , 119 , 123 and Streptococcus spp. 102 , 106 , 113 , 117 , 119 , 124 , 126 

ere reported in both directions. 

For anaerobic bacteria, quinolones were almost always

ssociated with decreased abundance. A decrease was re-

orted for Bacteroides spp. 101 , 105 , 113 , 116 , 117 , 120 , 123 , 125 , 126 , 128 , 129 , 151 

the only exception were two studies which used

iprofloxacin and reported an increase), 26 , 107 Bifidobacterium 

pp. 82 , 101 , 107 , 113 , 117 , 118 , 120-122 , 126 , 129 , 130 (except one study which 

sing ciprofloxacin), 83 Clostridium spp. 113 , 116 , 117 , 120-123 , 126 , 129 , 130 , 146 

except one study using clindafloxacin), 126 Lactobacillus

pp., 82 , 101 , 113 , 117 , 121 , 124 , 126 , 129 , 130 Peptostreptococcus spp. 121 , 130 

nd Veillonella spp. 97 , 101 , 105 , 113 , 121 , 130 Ciprofloxacin was associated

ith a decreased abundance of many more anaerobic bacteria

detailed in supplementary Table 1). 26 , 107 , 109 Changes in Eubac-

erium spp. were reported in both directions. 101 , 107 , 117 , 129 , 130 New

olonisation with C. difficile was only observed in two studies (one

ach using norfloxacin 

97 and clindafloxacin). 126 

Several studies reported persistently disturbed bacterial abun-

ance on last testing 6–12 months after stopping AT. 26 , 109 , 110 

he abundance of fungi and yeast increased with the majority of

uinolones. 96-98 , 102–104 , 111 , 112 , 114 , 121 , 126 , 127 , 129 , 130 , 142 An increase 

n resistance was observerd with norfloxacin, ciprofloxacin, lev-

floxacin, gemifloxacin, clinafloxacin, garenoxacin, sitafloxacin and 

rovafloxacin in Acinetobacter spp. , 112 Alcaligenes spp. , 112 Bacteroides

pp., 121 , 126 , 130 Bifidobacterium spp., 82 Candida spp., 97 C. freundii, 112 

. difficile, 97 coagulase-negative staphylococci, 116 Corynebac- 

erium spp., 116 Enterobacteriaceae, 129 Enterococcus spp., 108 , 129 E. 

oli, 112 , 125 , 142 and Xantomonas spp. 112 Increase in resistance was

ot observed with nalidixic acid, 96 olfoxacin, 100 , 102 , 120 enoxacin, 103 

emofloxaxin 

106 and gatifloxacin treatment. 123 

itroimidazoles 

The effect of tinidazole on the intestinal microbiota was in-

estigated in one study that included 10 participants. 77 Tinidazole

as not detectable in stool. There was no change in bacterial

bundance and no increase in resistance. 77 

rimethoprim and sulphonamides 

The effect of trimethoprim and sulphonamides (sulphasomi-

ine, sulphalene) on the intestinal microbiota was investigated

n three studies that included 95 participants and 12 con-

rols. 132 , 133 , 142 All three studies used bacterial cultures. Antibiotic

oncentration in stool was not measured. Two studies used ei-

her trimethoprim or trimethoprim/sulfamethoxazole 132 , 142 and 

ne study sulphasomidine and sulphalene. 133 In both studies, a

educed abundance of coliform bacteria, Enterobacteriaceae or E.

oli was reported. 132 , 133 , 142 Bacterial abundance was reported to

ave returned to pre-antibiotic levels 14 days after stopping AT. 142 

here was an increased in abundance of resistant E. coli, 132 , 133 , 142 

cinetobacter spp. and Pseudomonas spp. 132 
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Polymyxins 

There was only one study involving 6 participants which

investigated the influence of polymyxin E on the intestinal micro-

biota. 134 The study used bacterial culture. Antibiotic concentration

in stool was not measured. Polymycin led to a decrease in the

abundance of Enterobacteriaceae and E. faecalis. The abundance of

fungi was not influenced. 134 Resistance was not tested. 

Antibotics belonging to other classes 

There were three studies which investigated the effect of

nitrofurantoin on the abundance of the intestinal microbiota in

22 participants and 24 controls. 107 , 135 , 142 Nitrofurantoin in stool

was not measured. Two studies used 16S rRNA gene sequencing

and one study bacterial culture. One study reported an increase

in abundance of Actinobacteria and Bifidobacterium spp. and one

study an increase in abundance of Clostridium spp. and a decrease

in the abundance of Faecalibacterium spp. 107 , 135 The third study

did not find any changes in the abundance of microbiota. 135 In

one study bacterial abundance had returned to pre-antibiotic

levels 31 to 43 days after stopping AT, while the other one did not

do follow-up testing. 107 , 135 , 142 Resistance was only tested in one

study, which did not report an increase in resistance. 142 

Two studies involving 16 participants investigated the influence

of fosfomycin on the intestinal microbiota. 136 , 137 Both studies used

bacterial culture. Antibiotic concentrations in stool were not mea-

sured. Fosfomycin led to a decrease in abundance of Enterococcus

spp. and E. coli. However, while the abundance of E. faecalis de-

creased, there was an increase in abundance of E. feacium. 136 There

was also an increase in abundance of Citrobacter spp., Enterobacter

spp., Klebsiella spp. and Pseudomonas spp. 136 , 137 The abundance

of anaerobic bacteria of fungi was not influenced. Bacterial abun-

dance returned to pre-antibiotic levels 12 to 14 days after stopping

AT. 136 , 137 There was no increase in fosfomycin-resistant bacteria. 

There were two studies which investigated the influence of

rifaximin on the intestinal microbiota in 40 participants. 138 , 139 

Both studies used 16S rRNA gene sequencing. The antibiotic con-

centration in stool was not measured. Rifaximin did not decrease

bacterial diversity, but led to a decrase in abundance of Streptococ-

cus spp. and Veillonella spp., while the abundance of Eubacterium

spp. increased. Neither of the studies did resistance testing. 

There was one study which investigated the influence of

MCB3837, a combination of a oxazolidinone and quinolone an-

tibiotic, on the intestinal microbiota of 12 participants. 172 The

mean fecal concentration of MCB3837 varied between 117 and

171 mg/kg. The antibiotic decreased the abundance of Bifidobac-

terium spp., Clostridium spp., Enterococcus spp. and Lactobacillus

spp. Bacterial abundance had returned to pre-antibiotic levels 14

days after stopping AT. There was no increase in resistant bacteria.

Combinations of several antibiotics 

There were 10 studies that included 210 participants and

40 controls that investigated either the effect of a combina-

tion of antibiotcs or successive treatment on the intestinal

microbiota. 46 , 142–150 The results of these studies are detailed in

Table 1 and supplementary Tables 1 and 2. 

Discussion 

This review shows that antibiotics have profound effects on

the intestinal microbiota. Amoxicillin/clavulante, ciprofloxacin,

minocycline, clindamycin, paromomycin and clarithromycin plus

metronidazol were associated with decreased bacterial diver-

sity, 26 , 38 , 73 , 82 , 109 , 110 , 144 while amoxcillin and rifaximin did not
nfluence bacterial diversity. 26 , 138 , 139 Penicillin only had mi-

or effects on the abundance of different taxa in the intestinal

icrobiota and did not increase resistance. 22–24 Amoxicillin,

moxcillin/clavulanate, cephalosporins, lipopolyglycopeptides,

acrolides, ketolides, clindamycin, tigecycline, quinolones and

osfomycin all increased abundance of Enterobacteriaea other than

. coli (mainly Citrobacter spp., Enterobacter spp. and Klebsiella

pp.) . 27 , 29-33 , 37 , 39 , 40 , 71 , 72 , 75 , 88-90 , 93 , 94 , 103 , 112 , 118 , 119 , 125 , 126 , 136 , 137 , 146 

moxcillin, cephalosporins, macrolides, clindamycin, quinolones

nd sulphonamides decreased abundance of E. coli, 25 , 29-32 , 43 , 46 , 

9 , 56 , 58-60 , 62–66 , 75 , 76 , 79-81 , 83 , 96 , 104 , 111 , 112 , 114 , 118 , 120 , 122-126 , 128 , 132 , 133 , 

42 , 146 , 149 , 150 while amoxcillin/clavulante, in contrast to other

enicillins, increased abundance of E. coli. 37-39 , 147 Doxycy-

line influenced aerobic bacteria more than anaerobic bacteria

nd decreased the abundance of Enterobacteriae including E.

oli. 91 , 92 Amoxicllin, piperacillin and ticarcillin, cephalosporins

except fifth generation), carbapenems and lipoglycopeptides

ere associated with increased abundance of Enterococcus

pp., 23 , 25 , 29–33 , 41 , 44 , 45 , 48-51 , 54 , 56-61 , 67 , 70 , 72 , 149 , 150 while macrolides

nd doxycycline decreased its abundance. 75–77 , 80 , 91 , 92 , 146 Amox-

cillin, amoxicillin/clavulanate, cephalosporins, lipopolygly-

opeptides and macrolides had varying effects on anaerobic

acteria, 26 , 27 , 33 , 34 , 38–40 , 70 , 71 , 76 , 77 , 79 , 146 , 147 while piperacillin

nd ticarcillin, carbapenems, macrolides, clindamycin and

uinolones strongly decreased the abundance of anaerobic bacte-

ia. 24–26 , 41 , 67 , 75–77 , 79 , 80 , 82 , 86 , 89 , 90 , 101 , 105 , 113 , 116 , 117 , 120 , 125 , 126 , 128 , 129 , 

46 , 150 , 151 New or increased colonisisation with C. difficile was

bserved with amoxcillin, 33 cephalosporins, 25 , 30 , 31 , 43 , 45 , 49–51 , 53 , 57 , 

9 , 61 , 62 , 64 , 65 , 149 ritipenem acoxil, 69 quinupristin/dalfopristin, 95 nor-

oxacin 

97 and clindafloxacin. 126 Amoxcillin, amoxcillin/clavulanate,

ephalosporins, carbapenems and macrolides increased abundance

f yeast. 29–33 , 37 , 43 , 52 , 54 , 56–61 , 63 , 65 , 67 , 76 , 77 , 80 , 149 , 150 Changes in the

ntestinal microbiota were observed within 24 h after the start

f antibiotic administration and were reported to persist longest

fter treatment with ciprofloxacin (one year), 26 clindamycin

two years) 86 and clarithromycin plus metronidazole plus (four

ears). 144 However, these results are of course strongly influenced

y the timing of follow-up samples. 

Even though the effect of different classes of antibiotics on the

bundance of microbial taxa was consistent across multiple stud-

es, the effect of antibiotics on the intestinal microbiota, is likely

odified/shaped many factors. For example, cephalosporins typ-

cally first decreases the abundance of Enterobacteriacae, mainly

. coli and then increases the abundance of Enterobactericae other

han E. coli, such as Citrobacter spp., Enterobacter spp. , Klebsiella

pp. and Pseudomonas spp., 59 This shows that the duration of

ntibiotic treatment has both a quantitative and qualitative influ-

nce on the instinal microbiota. Furthermore, some studies report

emporal variations in the direction of changes in the abundance

f certain bacteria. For example, with cefoxitin treatment, the

bundance of Enterococcus spp. increased during the first few days

nd then decreased, while, conversely, the abundance of Enter-

bacteriaeae first decreased and then increased. 23 Similarly, with

eftriaxone treatment, the abundance of Enterococcus spp., 54 with

moxicillin treatment the abundance of Streptococcus spp. 32 and

ith ceftaroline/avibactam treatment the abundance of Clostridium

pp. 65 first decreased, but ceasing AT increased compared to

re-treatment numbers. Hence, the timing of stool sampling will

trongly influence results: testing stool samples taken only at

ne time point might distort findings. A further important point,

hich has to date only been investigated in animal studies, is

hat changes in the intestinal microbiota induced antibiotics might

ary according to the pre-treatment composition of the micro-

iota. 152 Moreover, several studies have shown that the effect of

ntibiotics on the intestinal microbiota is dose dependent, with

tronger changes occurring with higher doses of antibiotics. 129 , 132 
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t  
ikewise, pharmacodynamics of the drug also influence the ef-

ect of the antibiotic on the intestinal microbiota. For example,

he effect of ceftriaxone on the instintal microbiota is positively

ssociated with its biliary clearance. 56 , 57 The influence of antibi-

tics might also depend on the forumulation of the drug. For

xample, one study included in this review, showed that changes

n bacterial abundance only occurred in participants who were

iven bacampicillin as a syrup and not in these who were given

ablets. 34 

Importantly, the clinical consequences of changes in the in-

estinal microbiota with antibiotic treatment is largely unknown.

any studies show that antibiotics increase the abundance of

nterobacteriaceae. These Gram negative bacteria are often resis-

ant to beta-lactam and other antibiotics, meaning an increased

bundance might render the host more susceptible to infections

ith antibiotic-resistant bacteria. This phenomenon has been

bserved in infants in neonatal intensive care units, who are more

ften clonised with Klebsiella spp. , Enterobacter spp. and Citrobacter

pp., when treated with antibiotics. 153 

Blautia spp., Coprococcus spp. and Faecalibacterium spp. have

een associated with anti-inflammatory qualities. 73 , 154 , 155 There-

ore, a decreased abundance of these bacteria might change the

ntestinal milieu to a more pro-inflammatory state. Consistent

ith this, a decreased abundance of Blautia spp. and Faecal-

bacterium spp. has been associated with colorectal cancer, 156 a

ecreased abundance of Faecalibacterium spp. with chronic in-

ammatory bowel diseases 154 , 155 and a decreased abundance of

oprococcus spp. with irritable bowel syndrome. 157 A decrease in

lautia spp. has been reported with amoxcillin, 26 paromycin 

73 and

lindamycin 

24 , 82 , 89 , 90 treatment; a decrease in Coprococcus spp.

ith amoxcillin, 26 minocycline 26 and clarithromycin plus metron-

dazole 144 treatment; and a decrease in Faecalibacterium spp. 

ith amoxcillin, 27 paromycin 

73 clindamycin 

26 and minocycline

reatment. 26 

Antibiotic-associated diarrhoea (AAD) is defined as diarrhoea

ssociated with administration of antibiotics and no other ob-

ious cause. AAD is the most common adverse event related to

ntibiotic use and affects up to 34% of patients receiving an-

ibiotics. 158 Bacteria in the colon, especially anaerobic bacteria,

etabolise undigested carbohydrates into lactic acid and SCFAs. 159 

he loss of these bacteria can lead to osmotic diarrhoea. 160 Bu-

yrate is an important source of energy for the mucosa and a

ack of this SCFA can disrupt the integrity of colonic epithelial

ells, function of the mucosa and the regulation of T cells. 161-163 

 decrease in butyrate-producting bacteria has been linked to

iabetes type 2, 164 obesity 165 and cardiovascular disease. 166 In

ontrast, butyrate has been reported to be protective against colon

ancer 167 and improve insulin sensitivity in animal studies. 168 , 169 

he relative abundance of butyrate-producting bacteria is strongly

ffected by antibiotics (particularly a decrease in the families

achnospiraceae, Porphyromonadaceae and Ruminococcaceae, and 

he genera Alistipes, Faecalibacterium spp. , Sutterella spp. and

halassospira spp.) . 26 , 27 , 73 , 82 , 83 , 107 , 109 , 110 Most of the butyrate-

roducting bacteria have been identified in the Clostridum clusters

V and XIVa, 170 , 171 which are reduced during AT. 40 , 73 These bac-

eria are also involved in the lipid metabolism, as they have bile

cid activity. 172 A decrease of butyrate in stool was found with

eftriaxone, 55 erythromycin, 77 clindamycin 

24 , 90 and doxycline 

reatment, 92 but not with phenoxymethylpenicillin, 24 ritipenem

coxil 69 or norfloxacin. 97 

A further important issue with antibiotic treatment

s increased antibiotic resistance. This was observered

ith almost all antibiotics, except penicillin, 23 , 24 some

ephalosporins, 30 , 42 , 43 , 45 , 48 , 54 , 60 , 63 , 64 , 66 , 149 meropenem, 67 tela- 

ancin 

71 and dalbavancin. 72 A broad variety of bacteria with

ncreased resistance was observed with macrolide, 74–81 , 143–146 clin-
amycin, 24 , 86–89 doxycycline, 91 , 92 tigecycline 93 , 94 and ciprofloxacin 

reatment 82 , 108 , 112 , 116 , 119 Several studies have shown that in- 

reased resistance can still be evident two to four years after treat-

ent. 85-87 , 144 , 173 , 174 For example, after treatment with clindamycin

or seven days, increased numbers of clindamycin-resistant B.

hetaiotaomicron persisted two years after treatment. 85 , 86 Sim-

larly, after treatment with clarithromycin, metronidazole and

meprazole for H. pylori eradication, clarithromycin-resistant

acteroides spp., Enterococcus spp. (carrying the erm(B) gene),

taphylococcus spp. and Streptococcus spp. persisted for up to

hree years. 173 , 174 After treatment with clindamycin, increased

bundance of macrolide-resistant Enterococcus spp. (carrying the

rm(A), erm(B) and mef(A) gene) was still found two years after

reatment. 87 Importantly, antibiotics do not only increase specific

esistance to the antibiotic being used for treatment, but also

ncrease resistance to other classes of antibiotics. This has been

bserved for amoxcillin, 26 clindamycin, 26 , 86 , 87 ciprofloxacin 

26 and

uinupristin/dalfopristin. 95 The risk of inducing resistance is an

mportant consideration when choosing antibiotics, especially for

ong-term administration. For example, low-dose prophylaxtic

reatment with nitrofurantoin led to resistant E. coli in only

% of samples analysed, while trimethoprim/sulfamethoxazole

TMP/SMX) led to resistant E. coli in 8%. 175 Treatment with

MP/SMX led to a smaller increase in sulphonamide-resistant E.

oli than treatment with trimethoprim alone. 132 , 176 

Only one study has investigated the effect of antibiotics on the

bundance of viruses in the intestinal microbiota. 177 This study

as not included in our review, because the antibiotic regime

as not specified. In this study, antibiotics did not change the

verall viral diversity in fecael viromes. However, there was an

xpansion of the of viral genes putatively involved in resistance

o numerous classes of antibiotics, suggesting that viruses play an

mportant role in the resilience of human microbial communities

o antibiotic disturbances. 

The strengths of our review are the comprehensive literature

earch and the clearly definded inclusion criteria. The main limi-

ation is that many of the included studies were limited by small

ample sizes and short follow-up, which limits assertions about

he presistance of changes induced by antibiotics. It was notable

hat a large number of studies were done by the same research

roup in Sweden. Also, many of the studies used only a short time

nterval from previous antibiotics as an exclusion criteria. None

f the studies corrected for potential confounding factors, such

s geographic location, previous antibiotic use, age, diet, hospi-

alisation. Additionally, different techniques were uses to analyse

tool samples and many studies use cultivation-based rather

han molecular-based methods. Stool samples were analysed at

ifferent taxonomic levels (phyla, family, genus, species) and only

acterial (and not archaeal, viral or eukaryotal abundance) was

nvestigated. Even though some studies, used 16s RNA sequencing,

t only allows for determination on genus levels and also does not

dentify antibiotic resistance genes. 

Because of this heterogenicity in study design a meta-analysis

as not feasible. Also, since the combinations and durations of

ntibiotic administration varied widely between studies, it was not

ossible to compare the effect of combination therapy vs single

ntibiotic treatment on the intestinal microbiota. 

In the future, advanced sequencing techniques will provide a

ore in-depth analysis of the microbiota and allow for analysis of

he bacterial microbiota down to a species-level, as well as identi-

cation of eukoaryotes (fungi and parasites), viruses and resistance

enes. The relative abundance of certain species, or specific micro-

ial signatures might be more important for health outcomes than

hanges on class or family level, which were reported in many of

he studies included in this review. Further research is necessary

o find out what the optimal microbes and especially combination
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of microbes are for humans, before evidence-based interventions

to prevent adverse outcomes in situations where antibiotics

cannot be avoided, including modifying the intestinal micro-

biota with directed pre- and probiotics or bacteriophages can be

developed. 

In summary, antibiotics have profound effects on the intestinal

microbiota by diminishing the abundance of beneficial commen-

sals and increasing the abundance of detrimental pathogens or

commensals. Understanding these effects will help tailor antibiotic

treatment for different clinical situations and to minimise ‘col-

lateral damage’. Further research should focus on the impact of

potential confounding factors, including the influence of the pre-

treatment composition of the intestinal microbiota, co-morbidities,

age and diet. Also, further studies are needed that investigate

antibiotic-induced changes of arachea, eukaryote and virues, have

long-term follow-up over several years, and correlate changes in

the intestinal microbiota with clinical outcomes. 
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