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Clinical Indications for Probiotics: An Overview
B. R. Goldin and S. L. Gorbach
Tufts University School of Medicine, Boston, Massachusetts

Probiotics have been defined as “live microorganisms
which when administered in adequate amounts confer
a health benefit on the host” [1]. Probiotics have been
used to treat a wide range of diseases, ailments, and
conditions that affect humans and animals. Additional
medical applications have been proposed for potential
future uses, depending on the outcomes of future experimental studies. The clinical uses of probiotics are
broad; however, the clinical indications based on evidence-based studies are much narrower and are open
to continuing evaluation. Table 1 contains a partial list
of human diseases and conditions that probiotics have
been used to prevent and/or treat.
DOCUMENTATION OF THE HEALTH
EFFECTS OF PROBIOTICS FOR HUMAN
DISEASES AND DISORDERS
Lactose malabsorption. A large number of people, as
they age, experience a decline in the level of lactase (bgalactosidase) in the intestinal brush border mucosa.
This decline causes lactose to be incompletely absorbed,
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resulting in flatus, bloating, abdominal cramps, and
moderate-to-severe (watery) diarrhea. This results in a
severe limitation in consumption of dairy products
among the elderly population. There have been several
studies that have demonstrated that, during the fermentative process involved in the production of yogurt,
lactase is produced, which can exert its influence in the
intestinal tract [2–5]. The organisms commonly used
for the production of yogurt are Lactobacillus bulgaricus
and Streptococcus salivarius subsp. thermophilus. Kim
and Gilliland [4] found that feeding lactose-intolerant
individuals yogurt caused a significant reduction in the
level of breath hydrogen compared with that in subjects
who were fed milk. The level of hydrogen in the breath
is an indication of the extent of lactose metabolism in
the large bowel. Kolars et al. [5] observed that the ingestion of 18 g of lactose in yogurt caused the production of 67% less hydrogen in the breath compared
with that produced by a similar dose of lactose delivered
in milk. Analysis of aspirates obtained from the duodenum 1 h after the consumption of yogurt showed
significant levels of lactase [5]. These studies indicate
that the delivery of lactase to the intestine via the consumption of lactase-producing probiotics is a practical
approach for treatment of lactose malabsorption.
Acute diarrhea. There are at least 12 studies that
have reported the use of probiotics to either treat or
prevent acute diarrhea [6–17]. The majority of these
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Probiotic bacteria are used to treat or prevent a broad range of human diseases, conditions, and syndromes.
In addition, there are areas of medical use that have been proposed for future probiotic applications. Randomized double-blind studies have provided evidence of probiotic effectiveness for the treatment and prevention of acute diarrhea and antibiotic-induced diarrhea, as well as for the prevention of cow milk–induced
food allergy in infants and young children. Research studies have also provided evidence of effectiveness for
the prevention of traveler’s diarrhea, relapsing Clostridium difficile–induced colitis, and urinary tract infections.
There are also studies indicating that probiotics may be useful for prevention of respiratory infections in
children, dental caries, irritable bowel syndrome, and inflammatory bowel disease. Areas of future interest
for the application of probiotics include colon and bladder cancers, diabetes, and rheumatoid arthritis. The
probiotics with the greatest number of proven benefits are Lactobacillus rhamnosus strain GG and Saccharomyces boulardii.

Table 1.

Medical applications in humans for different classes of probiotics.

Medical condition
Lactose maldigestion
Gastroenteritis
Acute diarrhea
Antibiotic-associated diarrhea
Traveler’s diarrhea

Class(es) of probiotic

Reference(s)

LAB and Streptococcus salivarius
subsp. thermophilus

[2–5]

LAB, Bifidobacterium species,
or Saccharomyces boulardii

[6–17]

LAB or S. boulardii
LAB

[18–24]
[25, 26]

Allergies
Clostridium difficile–induced colitis
Dental caries
Intestinal inflammation in children
with cystic fibrosis

LAB
LAB
LAB
LAB

[27–31]
[32–34]
[35]
[36]

Respiratory infection in children
Nasal colonization with pathogens

LAB
LAB

[37]
[38]

Inflammatory bowel disease or
irritable bowel syndrome

LAB and Bifidobacterium species, S. boulardii
and drug, S. boulardii alone, or LAB alone

[39–43]

studies were done with infants or children, the etiologic agent
was either rotavirus or unknown, and the probiotic used was
Lactobacillus rhamnosus strain GG (Lactobacillus GG) (ATCC
53103) [7–14]. Other probiotics that have shown positive results
for the treatment of acute gastroenteritis include Lactobacillus
reuteri and Saccharomyces boulardii [15–17]. The European Society for Pediatric Gastroenterology, Hepatology, and Nutrition
conducted the most extensive trial using Lactobacillus GG for the
treatment of moderate-to-severe diarrhea in children [7]. The
study included 287 children aged 1–36 months from 10 countries.
The patients were randomized to be given either placebo or
Lactobacillus GG along with the standard treatment, oral rehydration solution. Patients who received Lactobacillus GG had
decreased severity and shorter duration of illness and a shorter
hospital stay and were found to have a decreased likelihood of
persistent diarrheal illness [7]. A similar study was conducted
with 137 children aged 1–36 months who were admitted to the
hospital with diarrhea and were randomized to receive placebo
or Lactobacillus GG plus oral rehydration solution. Children given
Lactobacillus GG had a significantly shorter duration of illness
[8]. A study of 26 children in Thailand with watery diarrhea
showed a significantly shorter duration of symptoms for those
who received treatment with Lactobacillus GG [9]. A similar investigation involving 40 children that was conducted in Pakistan
found that those who received treatment with Lactobacillus GG
were less likely to have persistent diarrhea and had fewer episodes
of vomiting, compared with the placebo group [10]. In a preventive study of 81 children aged 1–36 months who were
hospitalized for illnesses other than diarrhea, symptoms of hospital-acquired rotavirus gastroenteritis were prevented by administration of Lactobacillus GG [12]. In another prevention
study conducted in Peru, 204 children aged 6–24 months who

were undernourished were randomized to receive placebo or
Lactobacillus GG. There was a significant decrease in the rate of
incidence of diarrhea among the children who received Lactobacillus GG who were not being breast-fed [14]. In one study,
Lactobacillus reuteri was shown to shorten the duration of diarrhea in children [15]. In a clinical trial involving 130 children,
S. boulardii was found to be effective for the treatment of acute
diarrhea in children [16], and, in another study of 92 adults, a
similar finding was reported [17].
Antibiotic-associated diarrhea. There have been a number
of studies of the ability of probiotics to reduce the frequently
observed intestinal adverse effects and diarrhea associated with
the clinical use of antibiotics [18–24]. In a study of 119 children
who received antibiotics for respiratory infections, during the
first 2 weeks after antibiotic treatment began, the group receiving
Lactobacillus GG had an ∼70% reduction in diarrheal symptoms,
compared with the group receiving placebo [18]. In another
study, in which 202 children receiving oral antibiotics were followed, 8% of the children who received Lactobacillus GG concurrently with antibiotics experienced diarrheal symptoms, compared with 26% of the placebo group [19]. In 2 studies involving
60 and 120 adult patients who received antibiotic treatment to
eliminate Helicobacter pylori, a significantly lower number of patients experienced nausea and diarrhea when they simultaneously
received Lactobacillus GG versus placebo [20, 22]. There have
been a number of studies that used other bacterial probiotics to
treat antibiotic-associated diarrhea in which the treatment was
not successful [24]. There are, however, at least 3 published studies that demonstrate the ability of S. boulardii to reduce antibiotic-associated diarrhea [24].
Traveler’s diarrhea. People traveling to warmer climates
and less-developed countries experience a high incidence of
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tients who received Lactobacillus GG experienced a relapse, and,
after a second course of Lactobacillus GG, there was a 94%
overall cure rate [33, 34].
Prevention of dental caries. Children in a day care center
who were given Lactobacillus GG for 7 months were examined
for dental caries, and the children in the 3–4-year-old age group
had significantly lower rates of dental caries and a reduced oral
count of Streptococcus mutans compared with before the treatment [35].
Elimination of nasal pathogens. In a study of 209 healthy
subjects, the consumption of a fermented milk product containing probiotics resulted in a significantly higher proportion
of subjects with pathogenic bacteria eliminated from the nasal
cavity, compared with consumption of a yogurt drink in the
placebo group [38]. The pathogens removed included Staphylococcus aureus, Streptococcus pneumoniae, and b-hemolytic
streptococci.
Treatment and prevention of relapses of inflammatory
bowel disease. One of the major potential applications of
probiotics is for the treatment and prevention of relapses of
Crohn disease, ulcerative colitis, and irritable bowel syndrome.
There have been reports of beneficial effects for inflammatory
bowel disease that resulted from the administration of Lactobacillus salivarius [39], Escherichia coli strain Nissle [40], S.
boulardii [41], and VSL#3 (VSL Pharmaceuticals), a mixture
of probiotics [42]. These studies found fewer relapses and reduced steroid use among patients who received these probiotics.
However, the studies were small, and the results were equivocal.
There has been a report that VSL#3 reduced symptoms in
patients with irritable bowel syndrome [43].
POTENTIAL MEDICAL INDICATIONS
FOR PROBIOTICS IN THE FUTURE
Several diseases and conditions have been proposed to be treatable with probiotics on the basis of animal studies, preliminary
human studies, uncontrolled studies, anecdotal observations,
or simply speculation. These uses can be classified as potential
applications of probiotics in the future or that require ongoing
research. There have been animal studies and one small human
trial that indicate that Lactobacillus GG may be useful for alleviating joint symptoms among patients with rheumatoid arthritis [44, 45]. There are several animal studies that show that
probiotics inhibit initiation or progression of colon and bladder
cancers [46, 47]. In vitro, cell culture, and animal studies have
indicated that probiotics bind and prevent the absorption of
aflotoxins, which have been implicated in the etiology of liver
cancer in humans [48, 49]. A rat model of ethanol-induced
liver damage has been used to demonstrate the protective effects
of probiotics [50]. An animal model of diabetes showed that
Lactobacillus GG could lower levels of blood hemoglobin A1c
and could improve glucose tolerance [51]. Probiotics studied
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diarrhea, often in the 50% range. A published study that tracked
Finnish travelers to Turkey found that, at 1 of 2 resorts, oral
ingestion of Lactobacillus GG conferred a significant protection
rate, of 39.5% and 27.9%, in weeks 1 and 2 of the study,
respectively. In the other resort area, no protection from consumption of Lactobacillus GG was noted [25]. A possible explanation for the discrepancy between the 2 resort sites is the
availability of adequate refrigeration facilities, which is particularly relevant for probiotic preparations in warm climate situations. Also studied were 245 travelers from New York who
went to various developing countries for periods of 1–3 weeks
[26]. The travelers were provided Lactobacillus GG or a placebo,
and Lactobacillus GG afforded a protection rate of 47%.
Prevention and treatment of allergic reactions. The most
extensive studies of the modification of allergic reactions have
been reported for atopic eczema with Lactobacillus GG as the
probiotic [27–31]. There has also been a study that reported
the use of Bifidobacterium animalis Bb12 to reduce the severity
of atopic dermatitis [30]. In one study, 159 pregnant women
with a family history of atopic disease were given either Lactobacillus GG capsules or a placebo for 2–4 weeks before their
expected delivery date [27]. Mothers who chose to breast-feed
their newborns continued to receive Lactobacillus GG or placebo for 6 months, and women who did not breast-feed gave
the Lactobacillus GG or placebo to their infants. There was a
50% reduction in the frequency of atopic eczema in the first
2 years of the children’s lives for the group given Lactobacillus
GG. The breast milk of the mothers in the Lactobacillus GG
group had higher levels of transforming growth factor b2. In a
follow-up study [28], the group that received Lactobacillus GG
still had a significantly lower percentage of atopic eczema 4
years after birth, compared with the placebo group. In another
study, 27 infants with atopic eczema were randomized into 3
groups, given Lactobacillus GG, Bifidobacterium lactis Bb12, or
placebo. After 2 months, the SCORAD score, reflecting the
extent and severity of atopic eczema, indicated a significant
improvement in the skin condition of patients given probioticsupplemented formulas (P p .002 ) [30]. A similar study involving 31 infants with atopic eczema who were removed from
exposure to cow milk and were given either Lactobacillus GG
or a placebo showed that treatment with Lactobacillus GG resulted in a significant improvement in their conditions that was
not observed in the placebo group [31].
Treatment of relapsing gastoenteritis induced by Clostridium difficile toxin. Secondary to antibiotic treatment, disturbance of the intestinal flora can result in C. difficile growth
and toxin production in the intestinal tract [32]. There have
been several studies that showed that treatment with Lactobacillus GG prevents relapse of gastroenteritis after use of antibiotics. Clinical experience has shown a 60% relapse rate after
therapy with metronidozole or vancomycin. Only 16% of pa-

Table 2. Present and future clinical applications of probiotics,
by level of evidence of efficacy.
Applications with strong evidence
Gastroenteritis
Acute

sought for the use of probiotics. Overall, probiotics appear to
be here to stay as part of the physician’s armamentarium for
the prevention and treatment of disease; however, more evidence-based research is required to firmly establish medical
areas of use and areas in which probiotics are not applicable.

Antibiotic associated
Applications with substantial evidence of efficacy

Acknowledgments

Allergic reactions, specifically atopic dermatitis
Applications that have shown promise
Childhood respiratory infection
Dental caries
Nasal pathogens
Relapsing Clostridium dificile–induced gastroenteritis (prevention)
Inflammatory bowel disease
Potential future applications
Rheumatoid arthritis
Irritable bowel syndrome
Cancer (prevention)
Diabetes
Graft-versus-host disease

in a mouse model have demonstrated a possible role for these
agents in the prevention or treatment of graft-versus-host disease in transplant recipients [52].
CONCLUSIONS
The current and proposed uses of probiotics cover a wide range
of diseases and ailments. An attempt has been made to classify
the quality of evidence that supports these various applications
[53]. These classifications are based on existing studies, most
of which are cited in this article, and not on an exhaustive
review of the entire literature on probiotics. The broad classifications include (table 2) applications with proven benefits,
applications with substantial evidence that require additional
support, promising applications that need substantial additional evidence, and proposed future applications. Proven benefits of probiotics include the treatment of acute and antibioticassociated diarrhea; applications with substantial evidence
include the prevention of atopic eczema and traveler’s diarrhea;
promising applications include the prevention of respiratory
infections in children, prevention of dental caries, elimination
of nasal pathogen carriage, prevention of relapsing C. difficile–
induced gastroenteritis, and treatment of inflammatory bowel
disease; and proposed future applications include the treatment
of rheumatoid arthritis, treatment of irritable bowel syndrome,
cancer prevention, prevention of ethanol-induced liver disease,
treatment of diabetes, and prevention or treatment of graftversus-host disease. The use of probiotics in medical practice
is rapidly increasing, as are studies that demonstrate the efficacy
of probiotics. A note of caution should be applied: negative
findings are being reported, as would be expected as more
studies are being performed and as more applications are being
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Höchter W, Chase D, Hegenhoff G. Saccharomyces boulardii in treatment of acute adult diarrhoea: efficacy and tolerance of treatment.
Münch Med Wochen 1990; 132:188–92.
Arvola T, Laiho K, Torkkeli S, et al. Prophylactic Lactobacillus GG
reduces antibiotic-associated diarrhea in children with respiratory infections: a randomized study. Pediatrics 1999; 104:e64.
Vanderhoof JA, Whitney DB, Antonson DL, Hanner TL, Lupo JV,
Young RJ. Lactobacillus GG in the prevention of antibiotic-associated
diarrhea in children. J Pediatr 1999; 135:564–8.
Armuzzi A, Cremonini F, Ojetti V, et al. Effect of Lactobacillus GG
supplementation on antibiotic-associated gastrointestinal side effects
during Helicobacter pylori eradication therapy: a pilot study. Digestion
2001; 63:1–7.
Cremonini F, Di Caro S, Covino M, et al. Effect of different probiotic
preparations on anti-Helicobacter pylori therapy-related side effects: a
parallel group, triple blind, placebo-controlled study. Am J Gastroenterol 2002; 97:2744–9.
Armuzzi A, Cremonini F, Bartolozzi F, et al. The effect of oral administration of Lactobacillus GG on antibiotic-associated gastrointestinal side effects during Helicobacter pylori eradication therapy. Aliment
Pharmacol Ther 2001; 15:163–9.
Siitonen S, Vapaatalo H, Salminen S, et al. Effect of Lactobacillus GG
yoghurt in prevention of antibiotic associated diarrhea. Ann Med
1990; 22:57–9.
Marchand J, Vandenplas Y. Microorganisms administered in the benefit
of the host: myths and facts. Eur J Gastroenterol Hepatol 2000; 12:
1077–88.
Oksanen PJ, Salminen S, Saxelin M, et al. Prevention of travellers’
diarrhea by Lactobacillus GG. Ann Med 1990; 22:53–6.
Hilton E, Kolakowski P, Singer C, Smith M. Efficacy of Lactobacillus
GG as a diarrheal preventive in travelers. J Travel Med 1997; 4:41–3.
Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri
E. Probiotics in primary prevention of atopic disease: a randomized
placebo-controlled trial. Lancet 2001; 357:1076–9.
Rautava S, Kalliomaki M, Isolauri E. Probiotics during pregnancy and
breast-feeding might confer immunomodulatory protection against
atopic disease in the infant. J Allergy Clin Immunol 2002; 109:119–21.
Kalliomaki M, Salminen S, Poussa T, Arvilommi H, Isolauri E. Probiotics and prevention of atopic disease: 4-year follow-up of a randomized placebo-controlled trial. Lancet 2003; 361:1869–71.
Isolauri E, Arvola T, Sutas Y, Moilanen E, Salminen S. Probiotics in
the management of atopic eczema. Clin Exp Allergy 2000; 30:1604–10.
Majamaa H, Isolauri E. Probiotics: a novel approach in the management of food allergy. J Allergy Clin Immunol 1997; 99:179–85.
Biller JA, Katz AJ, Flores AF, Buie TM, Gorbach SL. Treatment of
recurrent Clostridium difficile colitis with Lactobacillus GG. J Pediatr
Gastroenterol Nutr 1995; 21:224–6.
Gorbach SL, Chang TW, Goldin BR. Successful treatment of relapsing
Clostridium difficile colitis with Lactobacillus GG. Lancet 1987; 2:1519.
Bennett RG, Gorbach SL, Goldin BR, et al. Treatment of relapsing
Clostridium difficile diarrhea with Lactobacillus GG. Nutr Today
1996; 31(Suppl):35S–8S.

