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Prophylaxis and treatment of antibiotic-associated diarrhea: 
is there evidence for using probiotics?

Natalie Kashefi MD, Kokila Kakarala MD

Case

         A 66-year-old woman with a history of liver cirrho-
sis and alcohol abuse presented with hematemesis 
and black tarry stools secondary to a variceal bleed. 
The patient was started on ceftriaxone for prophylaxis 
of spontaneous bacterial peritonitis and subsequently 
developed Clostridium difficile negative antibiotic-
associated diarrhea (AAD). Are probiotics an appro-
priate adjunct to therapeutic regimens for AAD and 
could prophylactic use of probiotics have prevented 
this complication?

Discussion

         The use of probiotics in both therapeutic and pro-
phylactic treatment has become increasingly frequent 
in recent years. Probiotics are defined as live micro-
organisms which when administered in adequate 
amounts confer a health benefit on the host.1 Synbi-
otics are preparations combining probiotic organisms 
and prebiotics (nondigestable food ingredients that 
can benefit the host by selectively stimulating bacte-
ria in the colon).2 Probiotics have been used in sev-
eral disorders in populations ranging from infants to 
the elderly. Studies have shown probiotics are help-
ful in several diseases, including AAD2, the induction 
and maintenance of inflammatory bowel disease re-
mission3, vaginal health4, necrotizing enterocolitis5, 
and nonalcoholic fatty liver disease.6 However, a re-
cent systematic review suggests that most probiotic 
strains may not prevent AAD in elderly patients.7 

	 When considering the role of probiotics with 
AAD, it is essential to have a standard definition for 
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diarrhea. Various definitions currently exist, and this 
can make it difficult for health care organizations to 
establish explicit protocols for probiotic use. Diarrhea 
is objectively defined as passing a stool weight or vol-
ume greater than 200 g or 200 mL per 24 hours.8 For 
our patient, we will utilize the definition employed in 
numerous AAD studies, namely a bowel movement 
consistency on the Stool Consistency Continuum 
of 1, 2, or 3 for ≥ two consecutive days. The Stool 
Consistency Continuum is a tool consisting of eight 
line drawings depicting stools varying from watery to 
hard.9 

	 Antibiotic-associated diarrhea occurs in 5%-
39% of patients, depending on patient demographics 
and the type of antibiotic. AAD is more prevalent in 
patients over 65 years, due to underlying medical di-
agnoses, changes in microbiota of the gut, and poly-
pharmacy in addition to the frequent use of broad-
spectrum antibiotics. The increased risks for patients 
with AAD include the development of nosocomial in-
fections, increased hospital stays, increased medical 
care costs, and the need for diagnostic procedures. 
Therefore, the evaluation of therapeutic and prophy-
lactic treatment options for AAD becomes important.10 

Mechanism of action
      
              Probiotics are used to maintain or restore gut 
metabolism and microflora during and after antibiotic 
treatment through:

•	 receptor competition2

•	 competition for nutrients2

•	 inhibition of epithelial/mucosal adherence of 
pathogens2

•	 decreased colonic pH favoring the growth of 
nonpathogenic species2 
•	 defense against bacteriophages3

•	 reduction of acute immune responses3
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•	 modulation of intestinal microbiota5

•	 strengthening intestinal wall and decreasing 
permeability5 

        Furthermore,  Lactobacillus acidophilus can 
counteract colitis-induced decreases in DNA, mRNA, 
and SLC26A3, also known as DRA (downregulated 
in adenoma). DRA is a membrane protein that medi-
ates chloride and bicarbonate exchange in the intes-
tine, and its decreased expression is associated with 
various diarrheal disorders. The probiotic’s ability to 
maintain DRA levels contributes to its therapeutic po-
tential in inflammatory disease.10

Efficacy of probiotics 
       The relative risk (RR) has been reported for 
probiotic administration in the reduction of AAD. In a 
systematic review involving 63 randomized controlled 
trials, probiotic use reduced the risk of AAD compared 
with the control group not using probiotics (pooled 

RR, 0.58; 95% CI, 0.50 to 0.68; P< .001).2 The treat-
ment effect equated to a number needed to treat of 
13. In a study in which patients were randomized into 
three study groups, high dose, lose dose, and pla-
cebo, a dose response effect on the incidence of AAD 
was observed. ADD occurred in 12.5%, 19.6%, and 
24.6%, respectively, of the patients in this study. The 
number of daily liquid stools and average duration of 
diarrhea also decreased with the higher dose.11

	 In rare cases, probiotics have been associ-
ated with serious adverse effects, such as fungemia 
and bacterial sepsis.12,13 Potential adverse effects of 
probiotics must be considered and reviewed carefully 
with efficacy data, since little research has focused 
on adverse effects of probiotics. Determining which 
populations benefit the most from adjunct probiotic 
therapy continues to be a challenge, especially since 
AAD tends to be self-limiting.  Premature, low-birth-
weight neonates who are vulnerable to necrotizing 
enterocolitis might be a high priority group for pro-

Table 1: Comparison of risk ratios for developing AAD between probiotic use and a 
control in an unspecified populations and patients over the age of 65
Bacteria RR in unspeci-

fied popula-
tion2

95% Confi-
dence Inter-
val

RR in patients 
over 657

95% Confi-
dence Inter-
val 

Lactobacillus 0.64 0.47-0.86 Lactobacillus 
acidophilus 

0.46

0.16-1.38

Lactobacillus 
casei 

1.40

0.40-4.87

Saccharomyces 0.48 0.35-0.65 1.53 0.54-4.35

Streptococcus 0.51 0.38-0.68 No Value for 
Streptococcus 

Bacillus lichenifor-
mis

No Value for 
Bacillus

0.50 0.29-0.86

RR: Risk Ratio; AAD: antibiotic-associated diarrhea
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biotic usage as reduced microbial diversity may be 
associated with reduced competitive defense against 
pathogens and less environmental stimulation of the 
developing the immune and digestive systems.14 For 
patients between the ages of 65-103, one random-
ized open-label trial (n=247) compared the incidence 
of AAD in a control group to patients using Bacillus 
licheniformis (1.5x109 cfu/d) for 14 days. As illustrated 
in Table 1, Bacillus licheniformis was effective in pre-
venting AAD, whereas other studies utilizing different 
strains of probiotics did not have the same efficacy 
in patients over the age of 65.7 However, in studies 
of unspecified populations, numerous strains demon-
strated prophylactic value.2

Case conclusion

          Our 66-year old patient has Clostridium difficile 
negative AAD secondary to ceftriaxone therapy. Due 
to the patient’s age over 65, the most efficacious pro-
biotic for prophylactic use prior to the onset of AAD 
would have been Bacillus licheniformis.7 Severity of 
AAD can range from uncomplicated diarrhea to pseu-
domembranous colitis and dictates the type of ther-
apy initiated.15 In mild cases fluid and electrolyte re-
placement is appropriate; more severe cases require 
the discontinuation or change of antibiotics and diag-
nostic tests to rule out pseudomembranous colitis or 
segmental hemorrhagic colitis.16 Any probiotic strain 
as an adjunct therapy would also be beneficial in this 
patient, as studies have reported no significant differ-
ence among the different types of probiotics used.2

Key points

      1. Probiotics are defined as live microorganisms 
which when administered in adequate amounts con-
fer a health benefit on the host. Synbiotics are prepa-
rations combining probiotic organisms and prebiotics 
(nondigestable food ingredients that can benefit the 
host by selectively stimulating bacteria in the colon).
     2. Probiotics are used to maintain or restore gut 
metabolism and microflora during and after antibiotic 
treatment.
     3. For individuals over the age of 65, limited evi-
dence suggests that Bacillus licheniformis is the only 
strain that provides prophylaxis against AAD.
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