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Abstract

Probiotics are live microorganisms that have recently gained popularity for being 
beneficial to human health and digestion.  There are several forms of probiotics, perhaps 
the more widely used form is the lactic acid producer. Studies with the strongest clinical 
evidence have shown beneficial effects of probiotics for acute infectious diarrhea in children, 
antibiotic-associated diarrhea, among several others. Some studies have shown promising 
prophylactic effects for necrotizing enterocolitis, the common cold, irritable bowel syndrome, 
cancer, mucosal immunity, allergies, and urinary tract infections. While probiotics are 
generally known to be safe, there are occasional reports of adverse effects. Chief among 
the safety concerns is the ability of these organisms to invade the blood stream causing 
bacteremia or fungemia. Another concern relates to modifying the gut immune system, the 
largest immune organ, at a young age if probiotics are given to infants. With regards to 
lactic acid-producing probiotics, there is concern that accumulation of lactic acid in the body 
and the development of lactic acidosis can cause clinically significant problems. This article 
will provide an update on the safety and efficacy of probiotics and summarize the current 
literature about probiotics, including the issue of quality control.

HISTORY AND OVERVIEW
Fermented foods and cultured milk have been used by 

humans for many centuries. The first written scientific report 
was not until 1908 when the Nobel Prize Russian scientist Elie 
Metchnikoff made observations that human health and longevity 
were associated with the ingestion of lactic acid-producing 
bacteria. He noted that Bulgarian peasants who consumed large 
quantities of sour milk containing the bacteria now known as 
Lactobacillus bulgaricus, lived longer [1]. Hence was born the 

concept of probiotics, one that is ever-evolving as evidenced by 
the surge of publications exceeding several thousand articles. 

“Pro-biotics” mean “for life” and are defined as live 
microorganisms, which when consumed in adequate amounts, 
confer a health effect on the host. In vitro studies suggest that 
probiotics provide benefit by acting through several different 
mechanisms [2]. They have an antimicrobial effect through  
secreting antibacterial substances, compete with pathogens to 
prevent their adhesion to the intestinal epithelium, compete for 
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nutrients necessary for pathogen survival, produce an antitoxin 
effect, and reverse some of the consequences of infection on the 
intestinal epithelium, such as secretory changes and neutrophil 
migration [3,4]. Probiotics are also capable of modulating the 
immune system [5], regulating the allergic immune cell response 
of the body [6] and reducing cell proliferation in cancer [7]. The 
effects of these agents may go beyond the gastrointestinal tract to 
distant areas, such as the skin and respiratory mucosa, and it may 
not be necessary to administer the intact probiotic organism to 
achieve benefits. At the basic research level, products of probiotics 
such as secreted proteins and DNA can block inflammation and 
stop the death of epithelial cells [8,9].  For example, DNA from 
some probiotic preparations can suppress experimental colitis in 
several animal models [10]. 

Probiotic products vary greatly from single agents, double 
agents, or as combination therapies. Examples of such strains 
include E-coli, lactobacilli, bifidobacteria, and saccharomyces. 
Considerable differences exist in the bioavailability, biological 
activities, doses and composition among probiotic preparations 
and probiotic studies are frequently characterized by significant 
heterogeneity.  It is also important to recognize that in vitro 
effects of a probiotic may display opposite behavior in vivo [11].  
Therefore, while probiotics are promising agents to unravel the 
mystery of gut microbial interactions, our understanding of their 
use for children in the appropriate clinical circumstances is still 
in its early stages. The purpose of this review is to provide an 
update on the safety and efficacy of probiotics with a focus on 
children. 

PROBIOTIC EFFICACY

A. Digestive disorders

a. Infectious diarrhea:

The role of probiotics in infectious diarrhea has been a 
focus of several research studies related to either treatment or 
prevention of the infection.

i. Treatment: Several studies investigating the potential 
beneficial effect of probiotics in mild to moderate infectious 
diarrhea are summarized in several meta-analyses, all of which 
found an overall reduction in the duration of diarrhea by about 
one day (1.12 days, 95% confidence interval [CI]-1.16 to 0.38) 
[12-18]. Good evidence support efficacy for Lactobacillus 
especially rhamnosus GG [12,17,19] and Saccharomycesboulardii 
[18]. 

However, in children with more severe diarrhea there was 
no demonstrable benefit [20,21]. This phenomenon is further 
supported by studies from Bangladesh and Indonesia showing 
lack of efficacy of probiotics in severe diarrhea, while being 
effective in ameliorating less severe, non-rotavirus diarrhea [22, 
23].

ii. Prevention: The role of probiotics in preventing nosocomial 
infectious diarrhea has shown contradicting evidence. A double-
blinded randomized control trial using Lactobacillus GG in 81 
children ages 1-36 months showed a significant reduction in the 
risk of rotavirus gastroenteritis (2.2% versus 6.7%) [24]. Seven 
children would need to be treated to prevent one patient from 

developing nosocomial rotaviral gastroenteritis [24]. However, 
a larger double-blinded randomized study in 220 children 
did not show a statistically significant protective effect of the 
same probiotic for nosocomial rotaviral infection [25]. Another 
randomized trial studying 55 infants admitted to a chronic care 
pediatric hospital showed a lower risk of developing nosocomial 
diarrhea when infants were fed probiotic-containing formula 
(7% versus 31%) [26]. This protective effect becomes far less 
significant if the incidence of diarrhea (episodes per patient-
month) rather than the percentage of patients with diarrhea is 
taken into account [27].  

With regards to prevention of community-acquired diarrhea, 
randomized controlled studies suggest a modest protective 
effect. A Peruvian study of 204 malnourished children showed 
a reduction of the number of episodes of diarrhea per child per 
year from 6.02 to 5.21 favoring Lactobacillus GG. On the contrary, 
a study from Finland involving 571 children attending daycare 
centers did not show a significant difference in the number of 
days with diarrhea when Lactobacillus GG was used. However, 
there was a 16% reduction in the number of days of absence 
due to gastrointestinal and respiratory illnesses[28]. Another 
study involving 210 healthy children in child health care centers 
showed a lower frequency and shorter duration of diarrhea when 
Lactobacillus reuteri or Bifidobacterium Lactis were given to the 
children[29]. 

Prevention of diarrhea in daycare settings has been the focus 
of several studies in Europe and in the United States [30,31]. The 
outcome of these studies has been summarized in 2010 by the 
American Academy of Pediatrics reporting that the evidence to 
support efficacy of probiotics in preventing acute diarrhea is very 
modest [32].

b. Antibiotic-associated diarrhea (AAD) and Clostridium 
difficile infection:

Many of the studies evaluating the efficacy of probiotics in 
AAD are small and have methodological flaws. However, two 
meta-analyses suggest a reduction in AAD by approximately 
60%.  The probiotic agents showing efficacy in this condition 
were Saccharomyces boulardii [33] and Lactobacillus GG in 
children [34-36]. A recent meta-analysis of data from pediatric 
studies showed both probiotic agents to be moderately effective 
in preventing AAD in children [34]. For every ten patients 
treated, one will not develop AAD [37]. Not all probiotics are 
equally effective in this condition as evidenced by lack of efficacy 
of a combination of Lactobacillus acidophilus and Lactobacillus 
bulgaricus in preventing diarrhea in children receiving amoxicillin 
therapy during a double-blind placebo-controlled trial [38]. 

i. Clostridium difficile treatment: Significant reduction 
of pediatric Clostridium Difficile Infection (pooled RR=0.34, 
95%CI=0.16-0.74) was suggested when pooling four different 
types of probiotics including Saccharomyces boulardii and 
Lactobacillus GG [34]. 

c. Inflammatory bowel disease (IBD):

The use of probiotics in IBD has been recently rekindled as 
reports of the role, relevance and importance of gut microbes in 
the pathogenesis of IBD have been confirmed [39]. Furthermore, 
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bench research appears to show promising beneficial effects of 
probiotics in models of IBD. Subsequently, there have been a 
large number of clinical studies that investigate the efficacy of 
probiotics in human disease. Much of these studies have revealed 
disappointing results especially in treatment of Crohn’s disease. 

Many studies have examined the effect of probiotics in 
Crohn’s disease including a pediatric study by Bousvaros and 
colleagues which showed no significant benefit of Lactobacillus 
GG in maintaining remission compared to placebo [40]. Similarly, 
many other studies, mostly in adults, failed to show efficacy. In 
2006, Rolfe [41] and then Rahimi in 2008 [42] independently 
reported meta-analyses failing to demonstrate the efficacy of 
probiotics in maintaining remission or preventing clinical and 
endoscopic recurrence of Crohn’s disease. 

Likewise, there have been a number of studies in ulcerative 
colitis. Most studies show a modest effect comparable to the 
benefit seen with 5-aminosalicylate use. Probiotics have been 
studied as agents to induce remission as well as to maintain 
remission. Mallon and colleagues published a Cochrane analysis 
in 2007 [43] and concluded that the addition of probiotics to 
conventional therapy does not improve overall remission rates 
in mild to moderate disease activity but that probiotics may 
have a modest role in reducing disease activity. Another meta-
analysis was published in 2010 by Sang and colleagues [44] 
and a 2011 Cochrane analysis by Naidoo and colleagues[45] 
showed similar results. While the authors concluded that there 
was significant heterogeneity seen in the published studies, that 
probiotics provided no additional benefit in inducing remission 
of ulcerative colitis, they also note that probiotic auxiliary 
therapy is better than non-probiotics for maintenance therapy 
in mild to moderate disease. A small double-blind, placebo-
controlled pediatric trial of VSL#3®in 29 children with newly 
diagnosed ulcerative colitis showed that subjects receiving the 
probiotic along with 5-ASA maintenance therapy were less likely 
to relapse compared to placebo and 5-ASA [46]. While the results 
of this study are quite interesting and are in keeping with the 
recognition of the important role of the gut microbiota, it should 
be pursued in larger studies before recommendation of wide use 
in maintenance therapy in children with ulcerative colitis. 

Perhaps the most promising role for probiotics in IBD is 
in pouchitis. The early studies were done by Gionchetti and 
colleagues and suggested good efficacy of the polymicrobial 
probiotic supplement VSL#3®. Those studies were followed 
by several others, mostly confirming those findings. A meta-
analysis by Elahi and colleagues further affirmed that there is a 
role for probiotics in the management of pouchitis [47]. In 2010, 
a Cochrane analysis by Holubar and colleagues concluded that 
for chronic pouchitis as well as for the prevention of pouchitis, 
VSL#3® was more effective than placebo [48].  Given the relative 
safety of probiotics in general, their use is recommended as 
adjuvant therapy in pouchitis.

d. Irritable bowel syndrome (IBS):

A number of studies have evaluated the response of IBS to 
probiotic preparations. While results between studies are difficult 
to compare because of differences in study design, probiotic dose, 
strain, and duration of therapy, some studies suggest symptom 

improvement. Most systematic reviews demonstrate a beneficial 
impact on global IBS symptoms, abdominal pain and flatulence. 
However, not surprisingly with the degree of heterogeneity of 
both disease and therapy, different probiotic products can vary in 
their effect from beneficial to worsening symptoms, confirming 
that response is strain and symptom-specific [49,50]. 

B. Miscellaneous digestive disorders

a. Non-alcoholic fatty liver disease (NAFLD):

Evidence suggests that the source of hepatic triglyceride 
accumulation can be derived from gut microbiota.  They can 
also play a role in the development of insulin resistance, 
hepatic steatosis, necroinflammation and fibrosis. Furthermore, 
probiotics may improve the mucosal barrier, and decrease 
bacterial translocation and endotoxemia according to animal 
and human studies. Gut microbiota can also reduce oxidative and 
inflammatory liver damage. In a recent meta-analysis, probiotic 
therapies were found to reduce liver transaminitis, total-
cholesterol, tumor necrosis alpha (TNF-α), and improve insulin 
resistance in NAFLD patients. Modulation of the gut microbiota 
represents a new avenue for treatment of NAFLD [51].

b. Necrotizing enterocolitis (NEC):

Necrotizing enterocolitis is a condition seen mostly in 
premature infants, and can result in small but significant 
morbidity and mortality with massive bowel resection in severe 
cases. In 2013, a meta-analysis and systematic review concluded 
that the use of probiotics is effective for prevention of NEC and 
its associated complications including length of hospitalization, 
sepsis and death[52].

c. Hepatic encephalopathy:

The role of probiotics in the treatment of hepatic 
encephalopathy was examined in a Cochrane review which 
identified systematic and random errors but still concluded 
that probiotics appear to reduce serum ammonia levels in those 
subjects[53].

d. Helicobacter pylori (H. pylori):

Fermented probiotic preparations improve 
H. pylori eradication rates by 5-15%, however, the probiotic 
role inamelioratingadverse effects of antimicrobial therapy is 
variable[54].

C. Non-Digestive disorders

a. Upper respiratory tract infections (URTIs):

The administration of Lactobacillus rhamnosus GG has 
the potential to reduce the incidence of acute otitis media, 
upper respiratory infections and antibiotic use in children [55]. A 
Cochrane review confirms that probiotics are better than placebo 
in reducing the number of subjects with acute URTIs, the rate of 
episodes of acute URTIs and reducing antibiotic use [56]. 

b. Allergic disorders:

Probiotics have been shown to reduce inflammatory 
cytokines and intestinal permeability in vitro. Such an effect 
would be beneficial in allergic disorders. Therefore, several 
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studies have investigated the efficacy of probiotics in allergic 
conditions. . A meta-analysis of eleven studies showed significant 
benefit of probiotics compared with placebo in reducing the 
Scoring of Atopic Dermatitis Severity Index score. Children with 
moderately severe Atopic Dermatitis (AD) were more likely to 
benefit but the duration of probiotic administration, age, and 
type of probiotic used did not affect the outcome [57].  Another 
meta-analysis showed that while probiotics could be an option 
for the treatment of AD, especially for moderate to severe AD in 
children and adults, however they are not as effective in infants 
[58].

c. Prenatal probiotic administration:

Studies show that there is a moderate effect of probiotics in 
the prevention of AD and IgE-associated AD in infants. The 
favorable effect was similar regardless of the time of probiotic 
use; whether during pregnancy or early infancy, or the type of 
subjects receiving probiotics; whether mother, infant or both 
[59].

SUMMARY OF THE QUALITY OF EVIDENCE FOR 
THE USE OF PROBIOTICS

Probiotics hold promise for a variety of digestive and non-
digestive disorders. In specific clinical circumstances, there is 
clear evidence of benefit such as in acute viral gastrointestinal 
infections and antibiotic associated diarrhea. The beneficial effect 
of the probiotic can be modest and the anticipated advantage has 
to be viewed along with associated cost and available alternatives. 
The evidence to support the use of probiotics in a variety of 
disorders is summarized in table 1. When prescribing probiotics, 
one has to consider the probiotic formulation, including live or 
killed, single strain or compounded preparations, the effective 
dose to use, as well as the type of disease targeted. Since “not 
all probiotics are created equal”, one cannot extrapolate specific 
actions or doses of a given probiotic, and generalize these 
properties to other doses or strains of probiotic bacteria. 

SAFETY AND QUALITY CONTROL
Safety issues

In general probiotics are considered safe in children. Some 
studies on immune-compromised patients with HIV [60] and the 
transplant[61] population have been reassuring. However, there 
are multiple reports of bacteremia and fungemia [62-77] with 
lactobacilli and Saccharomyces organisms, especially in subjects 
with indwelling central venous catheters. Interestingly, some 
of such patients did not directly receive probiotics, but were in 
the same hospital unit as patients who received the probiotics. 
Contamination of the air, environmental surfaces, and hands is 
suggested in these cases [70]. 

It is also worthy to note that the effect of probiotics on the 
developing immune system in neonates, especially preterm 
infants, is not known and long term studies are vital in 
understanding the influence of early probiotic exposure. 

The concern for the development of lactic acidosis relative 
to the consumption of lactic acid probiotics has been previously 
raised especially in high risk populations such as infants who 

undergo significant developmental changes in many organ 
systems during the first several months of life [78]. These changes 
place infants at a disadvantage in handling acid accumulation in 
the body in a population that is difficult to illicit clinical symptoms 
to recognize the development of lactic acidosis. Chidlren with 
short bowel syndrome are at risk for developing lactic acidosis 
and there have been previous reports of children developing 
lactic acidosis with the use of probiotics [79, 80]. 

Quality control

Probiotics are the elusive gems of healthcare whose dynamic 
potential is worth the exploration, but whose exact qualities 
have been challenging to pin down. The irony is that probiotics 
have been utilized in other countries as a part of their culinary 
identity for ages. Within the familiar package of fermented food 
choices such us yogurt, sauerkraut, and kimchi, countries such as 
Finland, Germany, and Japan, among others, have been exploiting 
their health benefits for ages. In fact, the practice of fermentation 
is one of the oldest methods of preservation that dates back to 
ancient civilizations[81]. Despite their lengthy history in various 
parts of the world, probiotics have only recently gained notoriety 
for being beneficial to human health. While Louis Pasteur’s mid-
19th century contribution of elucidating the actual involvement 
of microbes in fermentation1 can partially explain the lag in 
current scientific understanding of probiotics, the challenge is 
complicated by several other factors that are either inherent to 

Type of disease Comments

Pouchitis Efficacy clearly shown in adult studies with 
VSL#3®

Pediatric Crohn’s 
disease No evidence of efficacy 

Ulcerative colitis Efficacy suggested (equivalence to 5-ASA 
preparations).

Irritable bowel 
syndrome Efficacy possible but variable results.

Antibiotic associated 
diarrhea

Efficacy clearly shown but not all probiotics are 
effective (mainly Saccharomyces boulardii and 
Lactobacillus GG).

C. difficile diarrhea Efficacy clearly shown especially with 
Saccharomyces boulardii and Lactobacillus GG.

Mild to moderate 
acute diarrhea

Efficacy clearly shown, 
Treatment: Shortens duration of illness by one 
day 
Prevention: Modest effect with some conflicting 
reports

Necrotizing 
enterocolitis

Efficacy proven in preventing NEC and its 
complications 

Hepatic 
encephalopathy Reduce serum ammonia

Helicobacter pylori 
eradication Eradication rates of 5-15%

Allergy Efficacy clearly shown in preventing atopic 
dermatitis

Respiratory 
infections

Efficacy clearly shown in preventing acute upper 
respiratory tract infecitons

Non-alcoholic fatty 
liver

reduce liver transaminases, total-cholesterol, 
TNF-α, and improve insulin resistance

Table 1: Highlights of the effect of probiotics in different diseases.
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the microorganism, the human microflora, or simply the logistics 
of differing jurisdictional legislation regarding functional foods. 
Notably, the live microorganisms in probiotics make it more 
difficult to isolate their clinical effects and determine causality 
compared to other functional foods because the effects can be 
variable and influenced by the status of the microorganism 
(figure 2) [82].

For all of their strengths and potential promise, probiotics 
have one significant drawback- their development requires 
complex quality control standards that make them difficult to 
research, standardize and market. Quality control is the avenue 
by which probiotics are evaluated in order to legitimately 
make health claims about their worth. To be characterized as 
effective, probiotic strains must retain the functional health 
characteristics for which they were originally selected. Important 
quality control properties that must be constantly controlled and 
optimized are the following: adhesive properties; bile and acid 
stability; viability and survival throughout the manufacturing 
process; effects on carbohydrate, protein, and fat utilization; 
and especially, colonization properties and immunogenicity[83]. 
Most of aforementioned properties are related to the physiologic 
properties of the strain, but long-term industrial processing 
and storage conditions may inadvertently influence probiotic 
properties[83].  

In order to survive the journey through the stomach and small 
intestine, probiotics need to withstand their respective acidic and 
protease-rich environments and be able to grow in the presence 
of bile introduced via the small intestine. In vitro assays can easily 

be constructed to assess both acid tolerance and bile growth; the 
challenge, and what still remains to be done, is determining if 
these qualities still hold true in vivo[83]. Another, and arguably 
one of the more important, selection criterion is the ability to 
adhere to the intestinal mucosa since that establishes initial 
colonization. Adhesion subsequently triggers the stimulation of 
the immune system via M cells or Peyer’s patches[83]. In several 
studies, adhesion was associated with a shortening of diarrhea 
duration, immunogenic effects, competitive exclusion, and other 
health effects[83]. If adhesion is unknowingly modified during 
industrial processes, probiotic effects may consequently also 
be altered. The current model for in vitro testing is by testing 
adhesion to intestinal cells as well as to human intestinal 
mucus preparations[83].   However, researchers suggest that 
demonstrated adhesion to colonic or intestinal biopsies, if 
possible, would best simulate in vivo conditions[83].  

Challenges associated with establishing health claims

1. Identification of microorganisms: It seems as though the 
most basic of requirements, that is the naming and describing 
of the active ingredients in the product, is one of the primary 
challenges in the field of probiotics. Definitive identification of the 
microorganisms contained in a probiotic product often requires 
rigorous molecular biology and informatics techniques[82]. 
Polyphasic characterization combining phenotypic, biochemical, 
genotypic and sequencing results is now being used to reliably 
identify bacteria to the strain level[84]. This is especially 
important because even closely related bacterial species can have 
different properties, a fact that edifies the need for identification 
all the way down to the subspecies level.

2. Enumeration of microorganisms: Fecal studies tell us 
that probiotics temporarily re-populate the microflora, and need 
to be consistently replenished in order to be efficacious. So it is 
natural to expect that the product have an established threshold 
for the number of microorganisms required for the purported 
effect. To support a health claim, it is thus imperative that the 
product manufacturer provides data about the total number 
of live microorganisms in the product when consumed as well 
as methodology that can be used to verify these values[82]. 
Numerating bacteria or other microorganisms in a food matrix is 
not easy, and if the product contains more than 1 microorganism, 
individual methods may have to be used to enumerate each 
microorganism[82].

3. Efficacy testing: Unfortunately, no single biomarker has 
been identified that applies to all clinical trials involving probiotics 
because of the wide variety of diseases and conditions that have 
been studied,[82] as listed in Table 1. Various mechanisms have 
been proposed to explain the responses to probiotics, including 
production of organic acids, production of bacteriocins (bacterial 
substances produced by a strain of certain bacteria and harmful 
to another strain within the same family), and reduction of 
toxin-producing organisms[82]as well as effects on the mucosal 
epithelium and the gut-associated lymphoid tissue[85].Efficacy 
experiments must be replicated and have appropriate numbers 
of subjects to achieve scientific consensus[82].If an acceptable 
mechanism can be elucidated, claims of efficacy are made even 
stronger. 

Figure 1 Probiotic history timeline.

Quality 
Control

Properties: adhesion, 
stability, viability, 

metabolism, 
colonization, 

immunogenicity

Challenges: 
identification, 

enumeration, efficacy 
testing, performing 

clinical trials, assessing 
safety profile

Figure 2 Quality control, properties and challenges of probiotic 
products.
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CLINICAL TRIALS
A double-blinded, placebo-controlled clinical trial is regarded 

as the ‘‘gold standard’’ for most efficacy experiments, but 
researchers testing probiotics, like most trials testing foods, have 
difficulty finding an appropriate control.3Most studies provide 
data to show that the probiotic consumed can be found in the fecal 
material of the subjects during the dosing period[82], therefore, 
in directly demonstrating viability. Fecal enzymes, pH and 
short-chain fatty acid data are often provided to show changes 
to digestive composition and characteristics that accompany 
changes in the intestinal microbiota[82]. Such changes, however, 
may not necessarily be related to beneficial clinical effects[82]. 
Furthermore, because the site of action of probiotics is in the 
large intestine, fecal data do not necessarily decipher how 
many bacteria actually produce the beneficial effect at the very 
site of action[82]. The importance of clinical trials cannot be 
understated, as they are the only means by which to confirm all 
of the supportive studies (i.e. biochemical, animal, in vitro, etc.).  

SAFETY
Lactococcus and Lactobacillus are most commonly given 

‘‘generally recognized as safe’’ status, but some of the genera 
Streptococcus and Enterococcus and some other genera 
of Lactobacillus that could be potential probiotics contain 
opportunistic pathogens[86].There are very few reports in the 
literature of adverse reactions resulting from consumption of 
probiotic bacteria, particularly Lactobacilli and Bifidobacteria; 
however, the possibility of transmitting plasmid-associated 
antibiotic resistance has been described as a possible concern in 
the development of probiotic products[86].As the whole science 
of probiotics is aimed at increasing health and wellness, it is 
expected that any data claims must resoundingly show evidence 
of safety for human consumption.

REGULATORY AGENCIES
Although the number of functional foods is growing on a 

worldwide scale, the number of probiotics carrying approved 
health claims is not correspondingly large. As concerns product 
labeling of probiotics or functional foods in general, since they 
are regulated as foods and dietary supplements, they are limited 
to making only one of two possible claims: either “structure/
function” or “health” claims[87].Structure/function claims 
home in on maintenance of normal structures or functions of 
the body (e.g. it helps maintain healthy intestinal microbiota, 
helps maintain regularity, relieves occasional constipation, or 
helps support immune function) [87].These types of claims for 
foods do not need Center for Food Safety and Applied Nutrition 
(CFSAN) approval, but they must be truthful, not misleading 
and substantiated by competent and reliable scientific evidence 
[87]. Health claims, on the other hand, can be distinguished from 
structure/function claims by their focus on risk reduction of 
disease or health-related conditions (e.g. the product reduces the 
risk of traveler’s diarrhea) [87].   

The jurisdictions of the European Community, Japan, 
the United States, and Canada all have legislation to cover 
the approval of health claims for functional foods, but only a 
limited number of health claims have been approved [82]. The 

Japanese Foods for Specific Health Use (FOSHU) system allows 
several health claims for probiotics, thus by 1999, 21 probiotic 
products had received FOSHU approval in Japan [82]. Health 
Canada (HC) is the regulator responsible for food label claims in 
Canada [82]. Probiotics in particular are under the purview of the 
Natural Health Products Directorate (NHPD) of HC.Through HC, 
probiotics can carry a structure/function claim, a risk reduction 
claim, or a treatment claim [82]. As of 2008, the HC/NHPD had 
not issued an approved health claim for any probiotic product 
[82]. Similarly, in the United States, a probiotic is regulated at 
the federal level as a dietary supplement, a food or as a drug, 
depending on the intended use [82]. The Center for Food Safety 
and Applied Nutrition (CFSAN) at the FDA regulates probiotic 
products under the broad category of food, including dietary 
supplements [87]. CFSAN is primarily responsible for overseeing 
post-marketing surveillance. The manufacturer, however, still 
carries the responsibility of ensuring that the food or supplement 
is safe before it is marketed in the first place and for substantiating 
labeling claims [87].   

In 1994, the United States Congress passed the Dietary 
Supplement Health and Education Act (DSHEA). It created a 
variety of provisions for the regulation of dietary supplements, 
including: the definition of a dietary supplement, dietary 
supplement product safety, nutritional statements and claims, 
ingredient and nutritional labeling, the ability to establish good 
manufacturing practices (GMPs) and the classification of new 
dietary ingredients[88]. To claim prevention, treatment or cure 
for a particular pathology or disease is strictly forbidden under 
DSHEA 1994[88]. While DSHEA ensured the ability of the FDA 
to establish GMPs for the supplement industry, it was not until 
2007 that such requirements became compulsory. The new GMP 
guidelines address several areas in the manufacture, packaging, 
labeling and storage of dietary supplements[88]. These include 
personnel, physical plant, equipment, record keeping and 
remediation practices[88]. Manufacturers are required to 
evaluate the identity, purity, quantity and composition of the 
dietary supplements using state of the art scientific practices[88]. 
While the United States is indeed far behind other countries in 
establishing good manufacturing practices for probiotics, the 
essential problem of probiotic standardization lies in the fact that 
regulations vary from one country to another.

FOOD AND AGRICULTURE ORGANIZATION/ 
WORLD HEALTH ORGANIZATION
Recommendations

1. In October of 2001, a joint Food and Agriculture 
Organization (FAO) of the United NationsWorld Health 
Organization (WHO) expert Consultation was held in 
Cordoba, Argentina. This Consultation was comprised 
of a group of experts coming together to focus on 
evaluation of the scientific evidence available on the 
properties, functionality, benefits, safety and nutritional 
features of probiotic foods. The following is the list of 
recommendations they created for advancement in the 
future of probioticsProbiotic strains must be identified by 
internationally accepted molecular techniques and named 
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according to the International Code of Nomenclature. 
Strains should preferably be deposited in a recognized 
culture collection. 

2. The probiotic agent must offer defined health benefits on 
the host in the actual product vehicle that will be made 
available to humans. 

3. There is a need for refinement of tests to predict the ability 
of probiotic microorganisms to function in humans. 

4. There is a need for more statistically significant efficacy 
data in humans. 

5. Good manufacturing practices must be applied for quality 
assurance, shelf-life conditions. Labeling should include 
minimum dosage and verifiable health claims. 

6. The regulatory status of probiotics in food has to be 
established on an international level. 

7. Establish a regulatory framework to address issues 
related to probiotics including efficacy, safety, labeling, 
fraud and claims. 

8. Probiotic products showing health benefits should be 
permitted to describe these specific health benefits. 

9. Surveillance systems, including trace-back and post 
marketing surveillance, should be put in place to record 
and analyze any adverse events associated with probiotics 
in food and monitor the long-term health benefits of 
probiotic strains. 

10. Efforts should be made to make probiotic products 
more widely available, especially for relief work and 
populations at high risk of morbidity and mortality.

11. Further work is needed to address criteria and 
methodologies for probiotic development.

CONCLUSION
Probiotics are just beginning to come into their own 

medically and clinically relevant identity. They offer a perfect 
melding of the naturopathic and allopathic. In other words, they 
can be created from a naturally occurring substance, but require 
strict adherence to federal regulations in order to give them 
credence as a dependable treatment within the armamentarium 
of Western medicine. Various studies have been carried out to 
date that support their beneficial effects on the human body, but 
the trajectory of probiotic growth and utility has been attenuated 
by fragmented regulatory standards. The specific challenges 
associated with making health claims about probiotics include 
identification of and enumeration of microorganisms, efficacy 
testing, performing rigorous clinical trials and proving safety. 
Evidently, part of the probiotic dilemma is that some of their 
most basic features are the most formidable to pin down.  

Why then spend so much effort trying to standardize 
probiotics? Their list of advantages include being inexpensive, 
easy to administer, relatively safe with few drug interactions, 
aiding the body in its own natural defenses, having multiple 
mechanisms of action and diversity of potential organisms. The 

FAO/WHO Consultation has composed a list of the changes 
that need to be established for the advancement of probiotics. 
As such, it is a topic replete with directions for future research. 
Standardized protocols, clinical studies using same strains, 
replicating studies, documenting risks and benefits, performing 
cost/benefit analyses, establishing adequate dose quantities are 
important future research considerations.  
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