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Abstract
Background: Probiotics can provide health benefits to an individual by regulation of the
immune system. Many clinical trials have found that probiotics can prevent upper
respiratory tracts infections.
Aim: To perform a systematic review and meta-analysis of available trials to investigate
the effectiveness of probiotics in the prevention of upper respiratory tract infections in
individuals of all ages.
Methods: A database search was carried out with databases ScienceDirect, Wiley,
Springer, Medline and Pubmed. Completed randomised double blind, placebo-controlled
trials were selected.
Selection criteria: Randomised placebo-controlled trials, with the objective of
investigating probiotic effectiveness in preventing URTIs.
Results: Five randomised controlled trials were included, as the extracted data could be
meta-analysed. This included a total of 785 participants of different age groups, children
and adults. It was found that probiotics were better compared to placebo in reducing the
number of participants who experienced acute upper respiratory tract infections.
Probiotics were found to reduce the mean duration of acute URTI episodes, antibiotic use
compared to placebo and URTI or cold related absence. Side effects and adverse effects
were found to be minor and not statistically significant.
Conclusions: Probiotics were found to be better in reducing the number of participants
who experienced acute URTI, the average duration per episode of acute URTI, use of
antibiotics in URTI related cases and absence due to URTI. Side effects were found to
be minor, making probiotics a good candidate for clinical use. This shows that probiotics
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are effective in preventing acute URTIs. However, due to limited studies and small sample
size, the results are subjected to bias and should be interpreted with care.
Keywords: probiotic, upper respiratory tract infection (URTI), infection, prevention,
common cold
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1.0 Introduction
1.1 History of Probiotics
The earliest known concept of probiotics can be traced back to 1908, where Eli
Metchnikoff, the Noble Prize Winner put forth a suggestion that consumption of fermented
milk products or yogurt had a positive effect on the lifespan of Bulgarian peasants. The
first usage of the term ‘probiotic’ was by Lilly and Stillwell to describe substances that was
secreted by an organism and stimulate growth or had positive effect on another organism
(Gupta and Garg, 2009). The World Health Organizations and Food and Agricultural
Organization of the United Nations define probiotics as ‘live microorganisms’ which,
delivers a health benefit to the host when administered in the proper amounts (K Gogineni
and Morrow, 2013).

The immune system can be divided into two parts: adaptive immunity and innate
immunity, both of which work together (Paul, 2011). To understand how probiotics, benefit
the immune system, it is first important to be familiar with the immune system in mammals.
An extensively sophisticated adaptive immune response consisting of systemic and
mucosal immunity can be found in mammals, involving the interaction between different
cells and molecules to provide protection against antigens and microbes. It is important
to note that probiotics benefit both the systemic and mucosal immunity, which also
explains how oral administration can improve many different diseases, as systemic
immunity is not confined to the site of infection. Many In vitro studies done on germ free
animals have successfully demonstrated that the integrity of the intestinal microbiota can
affect regulation of the gut and ultimately homeostasis. This was shown to have a direct
4
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effect on the innate and adaptive immune development and regulation, as well as the
competitive exclusion of antigens (Bienenstock et al., 2013). The following sections will
explain the known effects of probiotic bacteria on the immune system, as this will enable
a better understanding and allow full appreciation on the topic.

1.2 Role of microbial species as probiotics and desirable properties
There are many microbial species that fit the definition of probiotics, as stated by WHO.
Table 1 shows a few of the important species. It was found that only lactic acid bacteria
strains were of significance in nutritional benefits, namely bacteria belonging to the
Lactococcus and Bifidobacterium genera (Prete et al., 2017). It is important to note that
probiotic activity is strain determined, therefore, identification by genetic and phenotypic
tests, such as 16SRNA sequencing that will provide a better understanding of their
properties and application (Leite et al., 2015). Bacteria strains classified as probiotics
need to possess certain vital characteristics and properties, to enable their beneficial
effects to be carried out and be useful to the host. As probiotics have are said to mimic
the normal gut microbiota, their important properties are similar. In vitro studies have
determined four primary properties. Firstly, the ability to withstand acid and bile, as
probiotics are administered orally and passes through the digestive system. Secondly,
probiotic strains must exhibit proper adhesion to the mucosal or epithelial surface,
immunological benefits of probiotics are widely dependent on this property as the
prevention of pathogenic colonization by competition and immunomodulation largely
depends on the colonization of probiotics or the normal gut microbiota. Thirdly, probiotic
strains are expected to show antimicrobial activity. Lastly, probiotics may or may not
exhibit hydrolytic bile salt activity. These characteristics, although established through
5
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studies, are still under scrutiny as there is a profound lack of operation standardisation in
the procedures used to investigate probiotics. Because no specific set of parameters
exists to describe the applications of probiotics, the relationship between target probiotic
strain and physiologic function has been used in studies to establish probiotic strain
characteristics (Russell, 2009).

Table 1: Microorganisms recognised as probiotics
Lactobacillus species
Bifidobacterium species
L. acidophilus

B. adolescentis

L. casei

B. bifidum

L. gallinarum

B. breve

L. rhamnosus

B. infantis

L. reuteri

B. lactis

L. plantarum

B. longum

L. crispatus

B. animalis

1.3 Probiotic dosage for effective health outcomes
There is no standard dosage established for probiotics administration, most studies agree
however, that dose levels showing efficacy in human studies should be used. Studies
generally use a minimum concentration of 106 colony forming units per mL (CFU/mL), it
is also recommended that probiotics be consumed daily for the beneficial effects (Ritchie
and Romanuk, 2012). In addition to this, probiotic strains undergo commercial processing
and storage, probiotic strains must retain viability and their ability to grow under such
conditions (Sanders, 2008). Although viability is thought to be of importance, as probiotic
functionality is dependent on cell viability for adherence and immune modulation of the
6
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gut, certain studies have shown that not all probiotic effects or mechanisms rely on
viability. These studies have shown that certain health improvements and probiotic
mechanisms are not related to viability, it is also proposed that cell wall components or
the genetic material of probiotics may contribute to these health benefits. Studies propose
that only the initial growth phase is important, and that viability may not be necessary
during storage, as such, more care should be taken in the early production steps of
probiotic supplements or products (Lahtinen, 2012).

1.4 Probiotic mechanism of action and activity
Probiotics have been shown by studies to exhibit many different mechanisms of actions,
however, the specific way they are executed is still being studied. Based on research,
probiotics are said to secrete antimicrobial peptides such as bacteriocin and aid in the
maintenance of low gut pH levels. Probiotics also help enhance immunity by interacting
with the human immune system, reinforcing the mucosal barrier, as well as competing
with pathogenic bacteria for nutrients and adhesion sides (Boesten and de Vos, 2008).
Immunomodulation by probiotics has been extensively researched and has provided solid
evidence of the influence of probiotics in both the acquired and innate immune response,
these aspects include: increased IgA secretion, phagocytosis induction, enhancing T-cell
responses, including the enhancement of T helper type 1 cells and the attenuation of T
helper type 2 (Butel, 2014). Studies have shown the correlation between airway
hyperreactivity and Th2 responses, as T helper type 2 cells are responsible for allergic
responses, the intervention of probiotics may be beneficial in the treatment of asthma,
upper respiratory tract infections and inflammatory disorders (Xiong et al., 2012).
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1.5 Probiotics effect on the mucosal immune system
The lining of the gastrointestinal tract, respiratory tract and genitourinary tract surfaces
are mucosal, it is also the site where antigens and pathogenic agents or bacteria are
encountered (Pommerville, Alcamo and Alcamo, 2013). The digestive mucosa contains
the GALT (gut associated lymphoid tissue), which consists of the Payer’s patch found in
the small intestine, immune responses are induced here. It is noteworthy that the adaptive
immune system of mammals, including the systemic and mucosal immune system are
complex. They are both linked and therefore, shows the relationship between the local
mucosal immunity and the upper respiratory tract. The digestive mucosa also contains
lymphoid aggregates and lymph nodes (Izcue, Coombes and Powrie, 2009). The mucosal
immune system is comprised of the physical mucus barrier, antimicrobial peptides and
cellular components that work in unity to prevent the body from pathogenic invasion. The
mucosal epithelial cells form a physical barrier, which also serves as a site for normal
microbiota colonization and is responsible for the initiation of immune responses (Koch
and Nusrat, 2012). Probiotics were found to intervene in the host’s mucosal immune
system by secreting immunomodulins that contribute to cell signaling in the cell, this is
possible by first adhering and colonizing the mucosal surface of the gut (Hemaiswarya et
al., 2013). Studies on mouse intestinal loop models of mice have shown that entry of
probiotics in the Peyer’s patch was controlled by their interaction with IgA antibodies and
have a direct effect on immune cells such as dendritic cells (Rol et al., 2012). Probiotics
bacteria were also found to enhance and up-regulate dendritic cells as well as T cells, in
association with an increase in cytokine TGF beta and interleukin 10 (Bienenstock et al.,
2013).
8
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1.6 Probiotic benefits and effects on secretory immunoglobulin A and
immunoglobulin A secreting cells
B cells can differentiate into effector cells or plasma cells in lamina propria located in the
gut, these plasma cells secrete IgA antibodies. IgA antibodies are essential and have
multiple roles in the mucosal immune system, secretory IgA prevents the binding of
various pathogens such as bacteria, virus and fungi. In addition to the inhibition of entry
of opportunistic pathogens through the gut, IgA also has a role in the homeostasis of host
and normal microbiota (Corthésy, 2013). Secretory IgA can downregulate inflammation,
carry out binding to antigen-IgA complexes and remove antigen-antibody complexes
(Corthésy, 2013). Two studies, Ya et al., (2008) and (Tobita, Yanaka and Otani, 2010)
showed that Lactobacillus casei Zhang and Lactobacillus crispatus KT-11 respectively
were able to increase intestinal fluid secretory IgA levels dose dependently, thus
improving the gut mucosal immune system and resistance to pathogens. This proves that
probiotic benefits the immune system via IgA secretion. A milk drink with combination of
probiotics Lactobacillus casei DN-110041, Lactobacillus delbrueckii and Streptococcus
thermophilus, administered daily for 3 months were also found to increase IgA producing
cells in both the small and large intestines, and the bronchus (de Moreno de LeBlanc et
al., 2008). Probiotics in the gut can also influence sites that are distant, IgA producing
cells were found to migrate into the lymphatic circulation via the thoracic duct (de Moreno
de LeBlanc et al., 2008). Probiotics have been proven to stimulate dendritic cells and
epithelial cells to produce molecules that curate IgA class switching, and are T cell
independent, such as TGF beta or ‘A Proliferation Inducing Ligand’ molecule (Clemente
et al., 2012).
9
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1.7 Why this review is important
Although the exact mechanisms through which probiotics confer health benefits are still
largely unclear, the administration of probiotics show a positive relationship with respect
to immunomodulation. There is limited data and evidence available from systematic
reviews on probiotics, many show the benefits of probiotics in the treatment of infectious
diarrhoea, antibiotic associated diarrhoea and pregnancy associated vaginal infections
(Bernaola Aponte et al., 2013). The first study that showed the beneficial relationship
between probiotics and upper respiratory tract infections showed that mice were
protected from influenza after the application of Bifidobacterium breve strain TIT4064
(Yasui, 1999). Following this, research was conducted on children in day care centres in
Finland, where children were given Lactobacillus rhamnosus GG during the winter season
(Hatakka, 2001). However, a later study showed that probiotics had noeffect on upper
respiratory infections (Hatakka, 2007). As the popularity and consumption of probiotic
food products increase, it is essential that more research is done to understand the
mechanisms of probiotics on URTI and the side effects to humans, if any.

2.0 Objective
To investigate the effectiveness of probiotics compared to an equivalent placebo in the
prevention of upper respiratory tract infection in individuals of all ages.

10
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3.0 Methodology
This section will discuss and explain the process, as well as steps taken in searching for
literature, journals and papers for the dissertation paper. Many scientific fields have great
demand for literature reviews and meta analyses. This need is due to the constantly
increasing amount of scientific publications (Rapple, 2011). A study comparing papers in
1991 to 2008 found that, there were forty times more papers in the Web of Science on
biodiversity (Pautasso, 2010). It was also mentioned that although recognition is usually
from primary research, literature reviews can often lead to new insights and must be
compiled in a professional way for reviews to be useful (Hampton and Parker, 2011).
Before beginning a search for resources, a topic for the dissertation was chosen based
on the criteria stated by Maier (2013), stating the topic must at least be interesting to the
individual, be an important aspect of the field as this ensures sufficient material to write
on, and is a well-defined issue. Probiotics and the effects on the immune system chosen
after reading several journals and as it fits the criteria listed.

Firstly, studies were collected by conducting a search of various appropriate electronic
databases. ScienceDirect and Springer were the databases chosen to be used to source
and collect primary studies, research papers and journal articles. The search was carried
out with key words by using the University of the West of England (UWE) library service
available to students, using results obtained from the databases ScienceDirect and
Springer to identify suitable research papers and studies. The full list of key words and
terms used in the search can be found in Appendix A. These search items or key words
were recorded and kept track of to ensure that the search can be replicated again if
11
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needed, (Maggio, Tannery and Kanter, 2011). A list of papers whose pdfs were
unobtainable were also kept, which could be retrieved by alternative methods later
(Pautasso, 2010). A few early exclusion criteria were also applied to filter and select
relevant studies, these researches done in the recent 10 years to ensure up to date results
in the meta-analysis. Only research done in the last 10 years and on human subjects
were considered.

To enhance search specificity and result quality, Boolean logic was used to refine
searches as recommended by Adorno, Garbee and Marix, (2016). The Boolean operators
of ‘AND’ and ‘OR’ were utilised when performing electronic database searches. The
operator ‘OR’ was used to obtain a wider search when identifying studies that included
different probiotic strains in a single study, to solve the problem of lack of studies in the
initial search. The ‘AND’ operator was also used for a more focused search on probiotics
as intervention and illness, this enabled a more specific search for trials that included
patients suffering from upper respiratory tract infections and the use of probiotics as the
intervention.

The snowball sampling technique was also used, where the list of studies and references
were further analysed to yield even more studies as explained by Sedgwick, (2013). The
authors of the studies were also scrutinised to obtain previous work on the subject. This
was useful in the electronic database search and aided in enhancing and widening the
search results. A few more studies were identified by this technique and used in the
metaanalysis.
12
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Over 20 journal articles and studies were reviewed, with a total of 5 studies selected for
the final review and meta-analysis. All studies were randomised, double blind and placebo
controlled, as this is a systemic review, study data was already available, and no ethics
committee was required. As no experimental work was carried out on humans or animals
in producing this systemic review, no consent was required.
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4.0 Results and Discussion
4.1 Included studies
20 full clinical trial texts were identified, all of which were randomized controlled trials and
included probiotic supplementation as the intervention. Out of the 20 trials, eight were
excluded as they were published more than 10 years ago, this was done to ensure
research viability and accuracy. Three were excluded as the text was not available in
English. Another four were excluded as the measured outcomes differed or was not
related to this review, the extracted data would not be able to be used in the statistical
analyses. Five clinical trials (Fujita 2013, Hojsak 2010a, Smith 2013, Rerksuppaphol
2012, Rautava 2009) were included, data were extracted from these five studies.

4.2 Study design
All five randomised controlled trials (Fujita 2013, Hojsak 2010a, Smith 2013,
Rerksuppaphol 2012, Rautava 2009) are of a two-arm parallel design, the treatment arm
being probiotic supplements and the control arm an equivalent placebo.

4.3 Participants
Two trials (Smith 2013, Fujita 2013) had adult participants aged 18 to 65 years old. The
remaining three trials (Hojsak 2010, Rautava 2009, Rerksuppaphol 2012) had children
participants, the exact age range was not disclosed. The country of origin of these studies
are Finland (Rautava 2009), United States (Smith 2013), Croatia (Hojsak 2010), Thailand
(Rerksuppaphol 2012) and Japan (Fujita 2013).
14
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4.4 Interventions
Different probiotic strains were administered, some administered a combination of two
strains. The strains used were Lactobacillus rhamnosus GG, Lactobacillus acidophilus,
Bifidobacterium bifidum, Bifidobacterium lactis BB-12, Bifidobacterium animalis and
Lactobacillus casei Shirota. Two trials (Hojsak 2010, Fujita 2013) were administered with
dairy based foods. (Smith 2013) administered in a powder form. Two trials (Rautava 2009,
Rerksuppaphol 2012) administered in a capsule form. A combination of two probiotic
strains were used in three trials (Smith 2013, Rerksuppaphol 2012, Rautava 2009), One
strain used in two trials (Hojsak2010, Fujita 2013).

4.5 Measured outcomes
Although different primary outcomes were measured in the trials, a meta-analysis was
possible as all had reported the number of acute URTI cases. Other outcome measures
reported include: duration of acute URTI episodes, rate ratio of acute URTI episodes
(Fujita 2010), antibiotic use reports (Hojsak 2010, Rautava 2009, Rerksupapphol 2012),
side effects of vomiting, diarrhoea and bowel irritation (Rautava 2009, Rerksupapphol
2012, Smith 2013), time away from school due to common cold (Rerksupapphol 2012).
(Hojsak 2010) reported the number of days absent from day-care due to infections,
although vaguely stated with no explanation of what infections these were.

15

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2020

doi:10.20944/preprints202006.0248.v1

4.6 Risk of bias assessment for the chosen studies
The ‘Cochrane risk of bias tool’ developed specifically for randomised controlled trials was
used to judge and rate each study according to the Cochrane’s seven criteria. The seven
criteria being random generation of sequence, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete outcome data,
selective reporting and other bias. Graphical representations of the ‘risk of bias’ analysis
for chosen studies are presented in figure 2 and figure 3 below.
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Figure 2: Summary of ‘Risk of bias’, checklist of bias risk review for each study
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Figure 3: ‘Risk of bias’ graph: Risk of bias of each methodological domain represented
in percentage.

4.6.1 Random sequence generation and allocation concealment
Four studies explained clearly the methods used in sequence generation (Fujita 2013,
Hojsak 2010a, Smith 2013, Rerksuppaphol 2012). The sequence generation was not
stated for Rautava (2009). Allocation concealments were not adequately described by
four studies (Hojsak 2010a, Smith 2013, Rerksuppaphol 2012, Rautava 2009) studies to
be conclusive. Fujita (2013) had clearly stated evidence for ruling out allocation
concealment bias.

4.6.2 Blinding of participants and personnel, blinding of outcome assessment
All five studies were stated to be randomised double-blinded (Fujita 2013, Hojsak 2010a,
Smith 2013, Rerksuppaphol 2012, Rautava 2009). Four studies provided detail
descriptions of the blinding methods towards participants, personnel and outcome
assessment (Hojsak 2010a, Smith 2013, Rerksuppaphol 2012, Rautava 2009).
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4.6.3 Selective reporting
Due to the inability of obtaining the protocols used for the studies, not enough data was
available to assess the bias of selective reporting.

4.6.4 Other bias
Three studies (Fujita 2013, Hojsak 2010a, Rerksuppaphol 2012) had samples sizes that
are small, which may possibly lead to other bias.
4.7 Outcomes
4.7.1 Primary outcomes
The number of participants who experienced acute URTI
Table 2: Chi-Square Test for number of participants with acute URTI
Asymp. Sig. Exact Sig.
(2-sided)
(2sided)
Value
df
Pearson Chi-Square

12.297a

1

.000

Continuity Correctionb 11.782

1

.001

Likelihood Ratio

1

.000

12.333

Fisher's Exact Test

.000

Exact Sig.
(1sided)

.000

N of Valid Cases
785
The Pearson chi-square test was used as the data obtained was categorical, this was
done to test if intervention and URTI are dependent to each other. The results (Table
2) from the test are significant as the p-value = 0.000 < 0.05, indicating that intervention
and URTI incidence are dependent to each other. The null hypothesis stating that the
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variables are independent to each other is rejected, the alternative hypothesis is
accepted, there is significant difference between intervention and URTI. The value of
the chi-square statistic is 12.297 with d.f = 1. The test is assumed to have a minimum
expected count of 141.36, which is greater than 5. The chi-square test is assumed to
be accurate. As the chi-square test does not tell if probiotics is beneficial in preventing
URTI, an expected count crosstabulation table (table 3) was generated to compare
the expected number of URTI cases placebo and probiotic groups.

Table 3: Intervention * URTI Crosstabulation
URTI
No
Intervention Placebo

Count
Expected Count
% within Intervention

Probiotic

Count
Expected Count
% within Intervention

Total

Count
Expected Count
% within Intervention

Yes

Total

121

276

397

144.6

252.4

397.0

30.5%

69.5%

100.0%

165

223

388

141.4

246.6

388.0

42.5%

57.5%

100.0%

286

499

785

286.0

499.0

785.0

36.4%

63.6%

100.0%

From table 3, 69.5% of individuals from the placebo group experienced URTI, compared
to a slightly lower 57.5% from the probiotics group. The number of individuals from
placebo group who experienced URTI is also higher than expected count by 24
individuals. The number of individuals from probiotic group who experienced URTI were
lower than the expected count by 23. Probiotic is shown to be statistically better in the
19
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primary outcome measure of preventing acute URTI based on the studies chosen in this
review.

Mean duration per episode of acute URTI
Table 4: Summary of results of intervention and acute URTI episode mean duration
Probiotic (n)
Mean (days)
Placebo (n)
Mean (days)
Smith (2013)
101
5.58
96
7.11
Fujita (2013)
76
3.71
78
5.40
*n= number of participants

A summary of two studies that measured the mean duration of each acute URTI case is
presented in table 4. The mean duration of acute URTI for both Smith (2013) and Fujita
(2013) are 5.58 and 3.71 days respectively for probiotics, with placebo being 7.11 and
5.40 days respectively. The p values of the mean duration of each study is p=0.001
(Smith, 2013) and p=0.037 (Fujita, 2013), indicating significant difference between the
intervention groups and mean duration of acute URTI episodes. From the results, the
mean days of illness for probiotic is lower than the placebo mean by 1.53 days for (Smith,
2013) and 1.69 days for (Fujita, 2013). Although probiotics are shown to be beneficial in
both these studies, further research is needed to be done with a larger sample size and
different population. As the data was obtained from adult and elderly population, bias
might also affect this result as the sample size was small.
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4.7.2 Secondary outcomes
Number of participants that used antibiotics
Table 5: Chi-square for number of participants that used antibiotics

Value
Pearson ChiSquare
Continuity
Correctionb
Likelihood Ratio
Fisher's Exact

df

Asymp. Sig. (2- Exact Sig. (2- Exact Sig.
sided)
sided)
(1-sided)

4.809a

1

.028

4.301

1

.038

4.847

1

.028
.032

.019

Test
N of Valid Cases
442
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count
is 43.20.
The Pearson chi-square test was used again to test the significant difference
between intervention and number of participants that used antibiotic. Table 5
shows the p-value = 0.000 < 0.05. The null hypothesis is rejected, and the
alternative hypothesis is accepted, there is significant difference between
intervention and antibiotic usage. The value of the chi-square statistic is 4.809 with
d.f = 1. The test is assumed to have a minimum expected count of 43.20, which is
greater than 5. The chi-square test is assumed to be accurate.
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Table 6: Intervention * Antibiotic Crosstabulation
Antibiotic
No
Intervention

Placebo

Probiotic

Count
Expected Count
% within Intervention

Count
Expected Count
% within Intervention

Total

Count
Expected Count
% within Intervention

Yes

171
180.2

Total
54

225

44.8

225.0

24.0%

100.0%

183

34

217

173.8

43.2

217.0

84.3%

15.7%

100.0%

354
354.0

88

442

88.0

442.0

19.9%

100.0%

76.0%

80.1%

Table 6 shows the results of antibiotic use per acute URTI case, extracted and combined
from three studies (Hojsak 2010, Rautava 2009, Rerksupapphol 2012). There were 217
participants of the probiotic group and 225 of the placebo group. The number of
participants who used antibiotics were higher than the expected count in the placebo
group, the probiotic group had a lower count of antibiotic use compared to the expected
value. This shows that probiotics are statistically better in reducing the use of antibiotics
in the clinical studies looked at, however, a larger sample size is needed to eliminate
possible bias.

Adverse side effects
Three out of five trials had reported only minor adverse outcomes or side effects from
probiotic intervention. Vomiting, excess flatulence and bowel irritability were among the
22
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gastrointestinal symptoms reported by Rautava, (2009), this study used Lactobacillus
rhamnosus, and Bifidobacterium lactis. Adverse outcomes reported by the other two
studies (Smith 2013, Rerksupapphol 2012) included all reported by Rautava, (2009), in
addition to diarrhoea, nausea and soft stools. No study data was extracted from Rautava,
2009, as the adverse outcomes were only lightly and vaguely discussed. Data was
extracted from the two other studies (Smith 2013, Rerksupapphol 2012), a chi-square
analysis (table 7) was done to test the dependence of adverse side effects on
intervention. The combined study data included 217 participants from the probiotic group
and 225 from placebo group, 34 and 54 participants had experienced side effects for
probiotic and placebo group respectively.

Table 7: Chi-square test for adverse side effects
Asymp. Sig.
(2-sided)

Value

df

Pearson Chi-Square .303a

1

.582

Continuity
Correctionb

1

.674

.177

Likelihood Ratio

.303

1

.582

Fisher's Exact Test
N of Valid Cases

Exact Sig.
(2sided)

Exact Sig.
(1sided)

.607

.337

278

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is
42.87.
The p-value obtained from the chi square test is p= 0.582> 0.05. The p-value shows that
the intervention is not dependent on the side effects or adverse outcomes experienced
by the participants, the null hypothesis is accepted and proves the adverse effects
experienced throughout the intervention are not statistically significant between the
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probiotic and placebo groups. This shows that probiotics are safe to consume and can be
used clinically to prevent URTI occurrence without serious adverse side effects, this can
also decrease the usage of antibiotics and antibiotic resistance. Once again due to the
small sample size possible bias might arise from the results, more studies need to be
done with a larger population with a combination of different probiotic strains to fully
validate the side effects of probiotics.

The time off from school, day care or work
Data for this outcome was only available from one study, where the number of participants
who were absent from school, day care or work due to colds were measured
(Rerksupapphol, 2012). The outcome is therefore only from this study, with 40
participants for probiotics group and 40 participants for placebo group. Of the 40
participants in the placebo group, 14 participants had experienced cold related absence,
only two participants from the probiotic group experienced absence due to colds. Table 8
and table 9 shows the crosstabulation of results and chi-square test respectively that were
performed to analyse the data.
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Table 8: Intervention and number of participants who experienced cold related
absence
Absence
No
Yes
Intervention Placebo

Count
Expected Count

Probiotic

Total

Count
Expected Count
Count
Expected Count 64.0

Total

26

14

40

32.0

8.0

40.0

38

2

40

32.0

8.0

40.0

64
16.0

16
80.0

80

Table 9: Chi-square test for intervention and cold related absence

Value
Pearson ChiSquare
Continuity Correctionb
Likelihood Ratio

Asymp. Sig. Exact Sig. (2- Exact Sig. (1(2-sided)
sided)
sided)

df

11.250a

1

.001

9.453

1

.002

12.387

1

.000

Fisher's Exact Test
.001

.001

N of Valid Cases
80
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is
8.00.
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Table 8 shows the number of participants who experienced cold related absence for
placebo group is higher than the expected count by six individuals, while the number for
the probiotic group is lower by six individuals. This shows that probiotics is better than
placebo in reducing the number of absents due to cold. The chi-square p-value obtained
is p= 0.001< 0.05. The null hypothesis is rejected, this shows there is significant difference
between intervention and cold-related absence. Absence from school, day care or work
due to URTI was not reported by any other included trials in this meta-analysis, due to
the small sample size the outcome results are of low quality, more studies must be done
on this aspect for a more conclusive outcome.
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5.0 Conclusion
In this meta-analysis and systematic review, probiotics were found to be better compared
to placebo in reducing acute upper respiratory tract infections experienced by
participants. Probiotics were also shown to lower the mean duration of acute URTI
episodes and decrease antibiotic use in participants. One study also measured the
absence from school, day care or work due to URTI, results were found to be statistically
significant and that probiotic was beneficial in preventing absence due to URTI. Study
data analysed also show that adverse side effects such as vomiting, diarrhoea, flatulence,
bowel irritation and nausea were minor and not statistically significant to intervention.
However, due to the small number of trials included for certain outcome measures and
possible bias, the results from this review should be taken mindfully. Furthermore, many
included trials in this review had not a detailed account of the methodology used in
performing the study. Some studies also had a primary outcome measure that varied from
the primary focus of this meta-analysis, which could introduce bias. Future research on
probiotics in a randomised controlled trial can benefit from better quality blinding of
participant allocation to improve the quality of results. Secondly, assessing similar
biomarkers or outcome measures for more precise analyses when pooling multiple
studies, such as number of individuals who experienced acute URTI or mean duration of
one acute URTI episode.
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APPENDIX A
The following key words were used in the search strategy to search ScienceDirect and
Springer.
1. Probiotics
2. Supplements
3. Common cold
4. Upper respiratory tract infections
5. Infections
6. Upper respiratory infections
7. Lactobacillus
8. Bifidobacterium
9. URTI
10. Immune system
11. Pharyngitis
12. Laryngitis
13. Fever
14. Otitis media
15. Tonsillitis
16. Streptococcus
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