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Abstract---Clostridioides difficile (C. difficile) generally colonizes in the 

colon of hospitalized patients who receive antibiotics for a long time. 

C. difficile expresses its virulence factors which are associated with 

pathogenesis. Naturally, the expression of these virulence factors may 

be influenced by antibiotics. The effect of antibiotics at the sub-
minimum inhibitory concentration (MIC) on virulence factors has been 

investigated and it is varied and depends on the type of antibiotic and 

C. difficile isolate. Some of the antibiotics at sub-MIC upregulate 

virulence factors, while others downregulate. Meanwhile, some 

antibiotics have no detectable effects on the regulation of virulence 

factors. Nearly, all investigations have surveyed a few numbers of C. 
difficile isolates in terms the expression of virulence factors at sub-

MIC. Most of the antibiotics at sub-MICs regulate gene expression of 

virulence factors, toxin production, spore formation, and germination 

by several mechanisms especially the SOS response system. However, 

to achieve a clear understanding of the effect of antibiotics at sub-MIC 

on the expression of genes of virulence factors, which are related to 
the pathogenesis of C. difficile, further and wider investigations are 

needed, especially on the issue of the numbers of isolates that have 

been discussed in the present review article. 

 

Keywords---virulence factors, sub-MIC, clostridioides difficile, 

antibiotics, gene expression. 
 
 

Introduction  

 
Clostridioides difficile (C. difficile)  is an anaerobic, spore-forming, bacterium 

isolated from the stools of healthy infants at 1935 years as a member of 
microbiota (1). In 1978, it was isolated from the stools of patients treated with 

clindamycin and hence the disease was known as clindamycin colitis (2). The 

early works showed that C. difficile produces at least two toxins and in the next 

years, it became the most antibiotic-associated- diarrhea (AAD) worldwide (3). 

Nowadays, Sixty-six percent of AAD is healthcare-associated and the incidence of 
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C. difficile AAD reaches 453000 cases in the USA hospitalized patients, annually 

(3).  

 

Among the factors associated with C. difficile infection (CDI), antibiotics are the 

most important agents. Nearly, all antibiotics are associated with CDI and among 
them, aminoglycosides, macrolides, quinolones, clindamycin, penicillin, and 

sulfonamides/trimethoprim are very important (4,5). Induction of AAD takes 

place in the presence of antibiotics in the gut environment. Therefore the effect of 

C. difficile has been considered in the presence of antibiotics in sub-minimum 

inhibitory concentration (sub-MIC). The effect of antibiotics on some virulence 

factors such as toxins genes expression, toxin production, spore formation, and 
colonization factor genes expression has been investigated. In the present review, 

the effect of antibiotics at sub-MIC on their genes expressions, toxin production, 

and spore formation will be discussed. 

 

Virulence genes expression in sub-MIC of Antibiotics 
 

The environmental condition, nutritional factors, and antibiotics in sub-MIC 

influence the expression of C. difficile virulence factors (6). In 1982, for the first 

time, the effect of antibiotics was investigated at sub-MIC on toxin production in 

the toxigenic and nontoxigenic isolates of C. difficile. From 62 toxigenic isolates, 

only six isolates produced more toxins in the ranges of 16-64 folds at ½ × MIC to 

1/32 × MIC of antibiotics. The minimum toxin production was observed when 
antibiotics were added to the media before inoculation of toxigenic C. difficile 

isolates (7). 

 

Decreasing or increasing the virulence genes expression have performed in the 

sub-MIC in other bacteria such as Salmonella enterica, Pseudomonas aeroginosa, 
and Escherichia coli (8). Polymyxin B down-regulates flagellar genes which are 

associated with invasion and up-regulate the exopolysaccharide in Salmonella 
enterica serovar Typhimurium (9,10). Pseudomonas aeroginosa enhanced the 
beta-lactamase, alginate, and peptidoglycan biosynthesis genes at sub-MIC of 

imipenem while it suppresses flagellum and pilus genes (11). Regardless of their 

effects on CDI, different antimicrobial agents have been used to investigate their 

roles in toxin production, spore formation and germination as follows. 

 
Vancomycin 

 

Vancomycin (VAN) is one of the best choices for treatment or prevention of CDI 

and other gram-positive related infections in ICU and hospitalized patients 

(12,13). Therefore, the effect of sub-MIC of VAN has been evaluated on toxins 

genes expression and production. Several investigations have shown that VAN 
had no detectable effect on toxin production at sub-MIC of VAN (14-20). VAN at 

½, 1/8, and 1/16 MIC, except ¼ MIC, had no effect on toxin A and B genes 

expression in hypervirulent, NAP1/027, ATCC 5325 strain (21). However, some 

investigators have reported that VAN at sub-MIC increased the level of the 

produced toxin and gene expression. The level of toxin A and B genes expression 
and toxin production has been variable depends on the types of strain (21-23). 

For example, Aldape and colleagues reported that the level of toxin and genes 

expression was increased in the historically strain ATCC 9689 at ¼ to 1/16 MIC 
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but not in hyper virulent strain ATCC 5325 at ½, 1/8, and 1/16 MIC (21). Few 

studies showed that the level of produced toxin and gene expression was 

decreased at sub- and supra- MIC (19,24).  
 

The sporulation of C. difficile takes place in the presence of some antibiotics. 

However, few studies have addressed this issue. Based on many studies, VAN at 

sub-MIC levels had no detectable effects on spore production (25,26). In one 

research, the VAN reduced the number of produced spores in the NAP1 strain and 

without any reduction or increase in the historical strain C. difficile ATCC 9689 

(21). 
 

Metronidazole and related agents 

 

Metronidazole (MTR) with a similar effect to vancomycin has been used for the 

treatment of CDI for a long time (27). Studies, although fewer than vancomycin, 
shows that upregulation or downregulation of toxin A and B genes induced by 

MTR is similar to the pattern of  VAN and depends on the type of strain (16, 22). 

For example, in one study, the copies of toxins mRNA achieved to 106 fold in 

comparison to the free antibiotic medium. However, the level of mRNA copies was 

reduced within 48 hours although, it was still high compared to the control 

medium (22). There is another study showing that C. difficile did not enhance the 
level of produced toxin at ½ MIC and supra-MIC (8 and 80 MIC) in comparison to 

the VAN (19). Also,  Aldape et, al. reported that MTR had a paradoxical effect on 

toxin A and B genes expression in two strains at sub-MIC. While toxin gene 

expression was increased in C. difficile ATCC 9689, hypervirulent NAP1/027 and 

ATCC 5325 showed a converse response (21).This inconsistency effect was 

reported for sporulation as well. At least two studies are evincing that MTR had 

not had a tangible effect on spore production (25,26). However, Aldape and 
colleagues reported that spore production was suppressed in the ATCC 9689 

strain and it was enhanced in two of the three studies, have performed on the 

sporulation of C. difficile in the sub-MIC (25,26). But in one study MTR have 

suppressed the spore production in the ATCC 9689 strain and enhanced it in the 

NAP1/027 ATCC 5325 strain at  ¼-1/16 MIC (21). 

 
Protein inhibitors 

 

Among protein synthesis inhibitors, clindamycin (CLI ) markedly has reduced the 

level of toxins in the supernatant of culture (7). Studies are indicating that CLI did 

not affect toxin A and B gene expression and toxin production in comparison to 
antibiotic-free medium (15,20,22). However, Baines and coworkers demonstrated 

that CLI at sub-MIC had a positive effect on toxin A and B genes expression and 

toxin production (28). Fidaxomicin (FDX) is an antibiotic that belongs to the 

transcription inhibitors antimicrobial agents and it's now approved by FDA for 

treating C. difficile AAD. FDX has no systemic absorption and is superior to VAN 

for the treatment of CDI (29). Also, FDX has markedly reduced the risk of 
recurrence of CDI (30). FDX and its analog, OP-1118 compound, can reduce toxin 

A and B genes expression approximately 80% in two strains, NAP1/027 UK-14 

and ATCC 43255, in comparison to the control medium. C. difficile  UK-14 and 

ATCC 43255 with 10 and 24 hours delay have achieved to stationary phase (17). 

The effect of tigecycline at ¼ MIC to 1/16MIC on the two strains was different. 

file:///F:/ARTIKEL%20BLM%20OKE/S10/New%20folder/IJHS-13883.docx%23_ENREF_27
file:///F:/ARTIKEL%20BLM%20OKE/S10/New%20folder/IJHS-13883.docx%23_ENREF_16
file:///F:/ARTIKEL%20BLM%20OKE/S10/New%20folder/IJHS-13883.docx%23_ENREF_22
file:///F:/ARTIKEL%20BLM%20OKE/S10/New%20folder/IJHS-13883.docx%23_ENREF_19
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Toxin gene expression and production in the ATCC 9689 strain was enhanced at 

all sub-MIC (1/4, 1/8, and 1/16) concentration. However, a negative effect has 

been observed in NAP1/027 strain at 1/8 and 1/16 but not in 1/4MIC. Therefore 

both strains were able to increase the level of toxins at 1/4MIC and the maximum 
increase was seen in the ATCC 9689 (2.3 fold in the tcdA gene) (21).  

 

Cephalosporins and other cell wall inhibitors  

 

Cephalosporins as a relatively large family and with an extended-spectrum 

activity against bacterial infections (31,32). The third generation of cephalosporins 
is now one of the most important antibiotics which are associated with CDI in 

hospitalized patients (33).  The effect of ceftriaxone, cefotaxime, and ceftazidime 

are investigated on toxin A and B genes expression and production (24,34). 

Freeman and colleagues have shown that ceftriaxone and its derivative form, des 

acetyl ceftriaxone, increased the level of toxin in the triple-stage chemostat gut 
model. These antibiotics were added to the systems at a high dosage (20 mg/L) for 

a week. The amount of produced toxins was more in one chemostat system and 

moderate in two others. However, cefotaxime, as a member of third-generation 

cephalosporins had no detectable effect on toxin production in C. difficile (34). 

Notably, ceftazidime alone and even in combination with vancomycin and 

clindamycin increased the level produced toxin at ½×MIC and ½× FIC (24). 
Drummond and associates reported that cefoxitin as a selective agent for isolation 

of C. difficile from clinical samples can inhibit the toxin production at ½ and ¼ 

MIC. It has caused a 24-hour delay in the achieving of the C. difficile in culture 

into stationary growth phase (15). Penicillin in the sub-MIC has increased 100 

folds the level of toxin in comparison to the control medium, without reduction or 

variation in the viable cell density (23). 

 
Other antibiotics 

 

Although it has been reported that there are many antibiotics involved in the CDI 

(5), their effects on the toxin production or virulence factors genes expression 

have not yet been fully investigated. Ridinilazole, an unabsorbed antimicrobial 
agent with narrow-spectrum inhibitory properties against C. difficile, at sub-MIC 

ranges from the ½ MIC to 40 × MIC, has decreased the amount of produced toxin 

A and B from 75% t0 100%. The maximum reduction was seen at ½ MIC which 

was 91% for toxin A and 100% for toxin B (18). Surotomycin is another antibiotic 

with a lipopeptide structure that disrupts the normal function of the cell 

membrane. This antibiotic has suppressed the toxin production in the C. difficile 
about 77% (toxin A) and 68% (toxin B) at supra-MIC (4,40 and 80 fold) (16,19). 

Quinolones including ciprofloxacin are now important antibiotics for induction of 

CDI (35). Ciprofloxacin has enhanced toxin A and B genes at ¼ MIC about 40 

folds in NAP1/027 strain. It has upregulated the tcdA and tcdB after 6 hours of 

inoculation. Notably, two couriers have observed the level of expression of the 

toxin B gene at 6 and 24 hours after exposing the NAP1/027 strain to the sub-
MIC of ciprofloxacin. Contrary to the NAP1/027 strain ciprofloxacin have 

suppressed the expression of toxins in the hypervirulent strain ATCC 5325 at  

0.0625-0.25 × MIC (36). 
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Mechanism of Action 

 

The effects of antibiotics of different classes on the virulence factors of C. difficile 

at sub-MIC were investigated in several studies. Tigecycline as a protein inhibitor 
agent down-regulates mRNA transcription and finally the level of toxin (21). 

Babakhani and colleagues believed that the main cause of the reduction in spore 

formation is the reduction in mRNA transcription since the mRNA copies are 

accumulated in the cytoplasm of C. difficile cells. They show that FDX as protein 

inhibitors at sub-MIC did not alter the viability of cells, however, the number of 

spores has declined in the medium at sub-MIC of FDX (25). Some investigators 
mentioned that the reason for the enhancement of the level of toxin at sub-MIC of 

antibiotics is associated with the releasing of toxin caused by disrupting of the 

cell by cell wall inhibitors agents, especially in stationary phase (15,16).  

 

Several factors have been introduced as the real role of antibiotics on decreasing 
or increasing of virulence factors genes expression at sub-MIC of antibiotics. 

These factors include growth, nutrition, amino acids, and oxidation-reduction 

potential, glucose concentration, and temperature (22,37). Most investigations 

insist on destroying of microbiota by antibiotics (which permit C. difficile to 

colonize in the colon) and SOS response is a regulatory system that permits C. 
difficile to manage the expression of their genes depending on their requirements 

(15,16,21,22,36). VAN and FDX inhibit the germination of spore to vegetative 
form. Because the interstitial form or outgrowth form is not a fully vegetative 

form, it is more sensitive to VAN, FDX, and oritavancin compare to the fully 

vegetative cell (38).  

 

Discussion 
 

Among nosocomial pathogens, C. difficile is of paramount clinical importance, 

since it causes antibiotic-related diarrhea mostly in hospitalized patients (39). 

Some antibiotics disturb normal flora facilitating spore germination and as a 

result, virulence factors of the bacteria are expressed and produced leading to 

colitis and diarrhea by destructive effects on epithelial cells of the large intestine 
(40). These antibiotics not only have a dose-related detrimental effect on gut 

microbiota but also C. difficile per se can be affected by them and based on their 

requirements, bacteria may down- or up-regulate their virulence factors. To date, 

most antibiotic-related studies have been conducted in vitro and in vivo, or even 

animal-model investigations are of limited numbers. In vitro studies are commonly 

focused on the effects of sub-MIC concentrations of some antibiotics on the gene 

expression of toxins, adhesins, sporulation, and germination in certain strains of 
the bacteria including ribotype 027, ATCC 9686, ATCC 5325, ATCC 43255, UK-

14, and more rarely on few clinical strains (17,20,21,23,34,41). 

 

While some antibiotics such as metronidazole, clindamycin, tigecycline, 

ceftazidime, penicillin, ampicillin, ciprofloxacin, and moxifloxacin induce 
expression of virulence-related genes such as toxin production, surface proteins 

A, CWP66, FBP, CWP84 at sub-MIC concentrations (14,15,19-22,34,36,41-43). 

other antibiotics including vancomycin, metronidazole, clindamycin, fidaxomicin, 

tigecycline, ciprofloxacin, cefoxitin, surotomycin, and ridinilazole reduce 

expression of similar genes such as tcdA, tcdB, toxin production, and sporulation 
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(7,15-17,25,26,36,41). The more interesting issue is that some antibiotics 

including metronidazole, ciprofloxacin, clindamycin, and tigecycline had a 

contradictory effect on the expression of some virulence-related genes involved in 

the production of toxins A or  B (7,17,19,21,22,42). Also, some studies revealed 
that vancomycin, metronidazole, clindamycin, cefotaxime, 

piperacillin/tazobactam, norfloxacin, and ofloxacin had no effects on these genes 

(14,15,19-22,25,26,28,34). Although limited isolates were investigated in these 

studies, it may be concluded that based on the type of antibiotic and even of 

isolate there is a variation in expression of virulence-related genes in C. difficile 

(21,36). However, several studies indicated that vancomycin and in some degree 
fidaxomicin had no effect or may reduce the expression of these genes. Therefore, 

it can be concluded that vancomycin is prioritized over metronidazole for the 

treatment of C. difficile-related infections. 
 

Many of these studies have not yet presented any convincible reasons for these 

paradoxical effects although, factors such as type of antibiotic, nutritional status, 
oxidation/reduction potential, and also SOS response affected by antibiotic stress 

are responsible for variable expression of some virulence-related genes 

particularly toxins (15,16,19,21,22,25,37,38). Furthermore, some studies 

reported that protein-inhibitor antibiotics reduce gene expression (28), However, 

Aldape and associates reported that cell wall synthesis-inhibitor antibiotics 

induce the afore-mentioned genes (21). Some studies stated that intracellular 
accumulation of toxins secreted at the stationary growth phase is a reason for the 

enhancement of toxin production. Since the CodY protein is involved in toxins, 

secretion is produced in this phase and after bacterial and or endospore death or 

by the effect of antibiotics, more toxins are produced (44). While some studies 

claiming that the presence of antibiotics is necessary for C. difficile-related 

infections (19,28), more studies are reporting that gut microbiota has a more 
significant role in pathogenesis and gene expression than antibiotics (15,16). 

 

Based on these considerations, and since C. difficile is a fastidious and strictly 

anaerobic bacterium few strains are investigated so it is difficult to present a clear 

outline regarding the role of antibiotics in genes expression. For shedding more 
light on this field, the following issues are noteworthy; More in vitro investigations 

on clinical isolates using cell culture or animal models are warranted although 

there is an essential difference between human and animal models in terms of 

number and pattern of the microbiota. In vivo studies on humans are also 

important although hindered by the lack of enough volunteers or clinical samples. 

Certainly, more molecular investigations are required to understand the accurate 
mechanisms of virulence gene expression in the presence of antibiotics in C. 
difficile.  

 

Conclusion 

 

There is an interaction between antibiotics and C.difficile for gene expression. 

While the presence of particular antibiotics in the gastrointestinal tract is effective 
in C.difficile-related infections, C.difficile per se can regulate expression of their 

virulence-related genes using a different mechanism including SOS response. 

Although gene expression is affected by the type of antibiotic and isolate, limited 

studies on a few isolates have reported that vancomycin has the most conformity 
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in terms of its effect on gene expression and even on sporulation, accordingly, it is 

the best choice for treatment of C.difficile-related infections and has priority over 

metronidazole. Further in vitro and preferably in vivo studies are warranted to 

develop a better understanding of the exact mechanism involved in the antibiotic 
effects on virulence-related genes.   
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