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Abstract 
Background and objective: An imbalance in gastrointestinal flora during antibiotic treatment can lead to diarrhoea, known as antibiotic-associated diarrhoea (AAD). AAD can cause malnutrition as it leads to reduced food intake and decreased absorption of nutrients. The objective of this study to assess the effectiveness of probiotics and zinc supplementation in decreasing the incidence of AAD and hospitalisation days.
Methods: A search of PubMed, MEDLINE, the Cochrane Library, and ScienceDirect databases was conducted and found seven randomised controlled trials (RCTs) with 866 child participants. However, the quality of these trials was moderate. 
Result: In the AAD incidence rate the result was oscillated. However, the hospitalisation days were symmetrical in all trials, which showed no significant difference between the groups.
Conclusion: This systemic review recommends higher quality methodological research regarding inclusion criteria, probiotic-zinc supplementation, evolution of the gut microbiome, AAD follow-up for two months post-antibiotic treatment, and the safety of this substance in more critical cases.
Keywords: antibiotic-associated diarrhoea, probiotics, zinc, in children




Introduction 

The rate of antibiotic treatment for hospitalised patients has increased over the last centuries, the rate is currently estimated to be between 55% to 70% depending on the department (Wischmeyer, McDonald, and Knight, 2016). Although antibiotics are used to treat infections, they still have many side effects, one of which is diarrhoea (Blaabjerg et al., 2017). It is a common side effect of frequent and extended use of broad-spectrum antibiotics, especially amoxicillin-clavulanate (10-25%), cefixime (15-20%), aminopenicillins (5-10%), and 2-5% for cephalosporins, fluoroquinolones, azithromycin, clarithromycin, erythromycin, and tetracycline (Bartlett, 2002; Esposito et al., 2017). When this occurs, the patient is diagnosed with antibiotic-associated diarrhoea (AAD) (Bartlett, 2002). Up to 50% of paediatric patients suffer from AAD after antibiotic treatment (Turck et al., 2003; Sniffen et al., 2018). Thus, in cases where it is required to treat the patient with antibiotics, a method to prevent this serious side effect should be considered. 

Figure 1. explains the possible consequences that can come from contracting ADD due to the imbalance created by colonising bacteria (Wistrom, 2001; Korpela et al., 2016). ADD can weaken body immunity which reduces the body’s ability to fight pathogenic bacteria, which increases the risk of getting another infection. If the AAD incidence is prolonged or repeated over time, nutrition stores can be depleted as a result of decreased digestion and absorption of nutrition and malnutrition can occur (Brown, 2003). Malnutrition is a severe issue in hospitalised patients, which leads to increased healthcare costs, and prolonged hospitalisation stays (Cederholm et al., 2015). Malnutrition also decreases the body’s ability to heal wounds and cardiorespiratory function (Cederholm et al., 2015). Furthermore, gastrointestinal health is crucial for the healthy growth of children (Neu, 2011) as it decreases the risk of conditions such as asthma (Wu et al., 2016), obesity (Mbakwa et al., 2016), and food allergies (Li et al., 2019). Therefore, the use of probiotics is a great option in reducing incidence of AAD and acceleration patient recovery after completing a course of antibiotics. 

[image: ]Figure 1. Depicts possible complications from AAD 

The Food and Agriculture Organization (2002; pp.1-11) define probiotics as ‘live microorganisms which, when administered in adequate amounts, confer a health benefit on the host.’ Probiotics are classified as a functional food form. The Williams et al (2006) define functional food as ‘foods and food components that provide a health benefit beyond basic nutrition.’ In 2015, the probiotic market was valued at USD 33.19 billion, and it is projected that by 2020 investment will reach USD 46.55 billion with an annual growth rate of 7% (MarketsandMarkets, 2017). The rationale of using probiotics is to maintain gut flora balance or achieve rebalance after distribution change. Usually, these beneficial bacteria are kept alive but freeze-dried and after ingestion they become fully active (Fareez et al., 2017). Lactobacillus and bifidobacterial are the most common probiotics (Olek et al., 2017). Hempel et al. (2011) and Blaabjerg et al. (2017) state that probiotics are safe for consumption for healthy children. However, those beginning to consume probiotics may experience loose stools, bloating and gas for the first few days (Mazankova et al., 2016). However, the risk of this potential side effect may be reduced by consuming the supplement after a meal or milk. 

Guarino et al. (2015) summarise the three primary functions of a probiotic as to recolonise the mucosa and the epithelium layer, support immunity, and maintain and restore gut microbiota. The third function of the probiotic is essential during and after taking antibiotics as this can contribute to: 
1) The healthy bacteria reducing the adherence of pathogenies in epithelial and mucosal as well as prevent bacterial translocation (Heimesaat et al., 2012; do Carmo MS, 2018). 
2) Improved body immunity through enhanced intestinal barriers and enhanced antimicrobial substance (Singhi and Kumar, 2016). 
3) Improved digestion and absorption of nutrients (Saunders and Smith, 2010).
Zinc is one of the minerals that is easily lost during a diarrhoea episode, but if the zinc serum level are maintained or corrected, the severity and duration of diarrhoea can be minimised (Walker and Black, 2010). It is also known that zinc can support immunity (Berni Canani et al., 2011). Therefore, this review considers it relevant to also study the effective of this supplementation in preventing AAD. Furthermore, opinion is divided over the effectiveness of probiotics to prevent and decrease the incidence of AAD (Gray, Dulong and Argáez, 2019). Thus, the objective of this systematic review is to find out the impact of combining probiotics with zinc to reduce the AAD incidence rate and the length of hospitalisation. Additionally, this review will attempt to discover what are the factors that have contributed to the divided opinion over the effectiveness of probiotics preventing and decreasing the incidence of ADD. Thus, this paper follows some research guidelines in an attempt to improve research quality and accuracy. 
 


Research Methodology
The available literature in this systematic review was evaluated under the PRISMA guidelines for the conduct of RCTs. 
1) Search strategy
Comprehensive systematic literature searches were conducted of PubMed, MEDLINE, the Cochrane Library, and ScienceDirect. As well as manually searched in other reference lists for similar scoping research. The research had to conducted between 2016 to 2019, only English language articles and those without publication status restriction were considered. 
2) Inclusion criteria and study selection 
The primary criteria to search in the database was a randomised controlled trial, with the allocation of 1:1 in children aged under 18 years in both genders (male and female). The search used the following keywords: ‘probiotic AND antibiotic-associated diarrhoea’ and ‘zinc AND antibiotic-associated diarrhoea’. A filter was used to limit the result to studies published between 2016-2019, articles in the English language and open access papers. 
The next step was to select the research. Firstly, through screening the title of the paper to see if it included the relevant keywords and double-checking the publication date. Then, the abstract and conclusion sections were read to see if they would meet the following inclusion criteria: (i) randomised trial, and including a placebo or control to compare the intervention result with it, (ii) participants from both departments (inpatient or outpatient departments), (iii) one of their outcomes measured the incidence of AAD, hospitalisation days or both, (iv) probiotic and zinc were administered within 48 hours of the antibiotic intake, (v) It must be the first dose of antibiotics, probiotics, and zinc for at least the past two weeks, (vi) the demographic distribution in each group participants must not be significant and (vii) the study must mention the ethical issues in their study. If any study did not meet these criteria, then it was excluded. Then, the full text of the remaining studies were carefully read and evaluated as relevant or not, based on specific criteria as seen in Table 1. 
	Table 1. Selection Criteria (PICO)

	Population 
	· Paediatric patients (less than 18 years old) 
· In all settings (inpatients or outpatients) 
· Treated with antibiotics 
· Not immunocompromised or having a chronic disease
· They did not take an antibiotic, probiotics, or zinc supplementation in the last two weeks

	Intervention 
	· Probiotics if it was mixed strains (e.g., Bifilac or PROKID), or individual strains (e.g., Lactobacillus, Bifidobacterium, Bacillus, or Streptococcus, Clostridium, Idobacterium lactis, Lactobacillus reuteri, or Lactobacillus rhamnosus) 
· Zinc alone or with probiotics 
· This intervention must take with concurrent antibiotics 

	Comparator 
	· Intervention group (probiotics/ zinc) with placebo group or/and control group

	Outcomes 
	· Clinical effectiveness to prevent antibiotic-associated diarrhoea or shorten the duration of diarrhoea
· Shortening length of hospital stay

	Study Designs 
	· Randomised control trial


3) Data abstraction 
There were different variables in the data collected. Firstly, of the study populations, such as age, sex, country, name of the hospital, symptomatic disease, and sample size. Secondly, in the research methodology, such as group participant and gender, care placement (inpatient/ outpatient), type of intervention (probiotic, zinc or both), information of the intervention substance (name, dose, and route of intake), duration of intervention, information of the antibiotics (name, dose, and route of intake), and the statistical outcomes. This information was extracted from the papers where possible. The last data collection is, regarding of the ethical part. Such as who is the ethical approval and if there any consent from the parents. 

4) Quality and evidence level assessment 
The Cochrane Collaboration’s tool uses methodological quality assessment to assess the risk of bias (Higgins et al., 2011; Cochrane Training, 2019). The evaluations were done twice for each paper, with the second evaluation being assessed independently to the first. This tool evaluated the included trials for sequence generation, allocation concealment, blinding of outcome assessment, blinding of participants and personnel, selective outcome reporting, incomplete outcome data, and other sources of bias. The risk of bias graph visualised the methodological quality of these trials and the risk of bias was categorised into three levels: high, low, and unclear risk of bias. 

5) Data analysis and subgroup analysis 
It was decided to select the study, extract data, and then assess the methodological quality by using the risk of bias instrument. Continuous data such as hospitalisation days used the t-test to determine the mean difference (MD). While the AAD incidence was analysed by the χ2 test or Fisher’s to compare percentages. The confidence interval was 95% between the groups. All research was conducted independently, then the differences were checked by the research supervisor and resolved by discussion. 



Results 
1. Description of Studies: 
1.1. Search results 
A comprehensive search found 849 citations. After excluding 153 duplicates, a further 443 citations were excluded based on screening the titles and abstracts. After screening the full text, articles were excluded for the following reasons: 35 citations for not being relevant to AAD, 20 citations for the participants not being treated with antibiotics, 23 citations for not being relevant to paediatrics, 28 citations for not being RCTs, 38 citations for being traditional reviews, 11 citations were closed access, nine citations did not have an English translation, 33 citations were mice experiment, 21 citations needed a publication status restriction, and 18 which did not have the outcomes we were interested in investigating. Finally, seven trials were included in the analyses (Figure 2). 
AAD and probiotics (n=565);
AAD and zinc (n=241);
Total (n=806).



Records excluded (n =139)
Not treated with antibiotic (n=10) 
Not in English (n=9) 
Not RCTs (n=28) 
Traditional review (n=38) 
Closed access (n=11) 
Mice experiment (n=33)
Records after duplicates removed (n = 120)
screening the titles and abstracts (n=443)


Full text articles assessed for eligibility (n =114)

Full-text articles excluded (n =107)
Need a publication status restriction (n=21) 
Not have the interesting outcomes (n=18)
Not relevant to AAD (n=35)
Not relevant to paediatrics (n=23) 
Not treated with antibiotic (n=10) 


Studies included (n =7)


Figure 2. PRISMA flow diagram of the studies 

1.2. Characteristics of included trials 
Of the 7 RCTs that were analysed, two each were from Italy and Iran and one each from Nepal, Poland, and China. Four studies involved patients with a multi respiratory problem, one study concerned hypospadias repair surgery (n=1), and one viral diarrhoea (n=1), and one was not specified. The studies were equal in gender distribution, except one which was only male participants (Esposito et al., 2017). For most of the studies the range of participant age was narrowed to three to five years, except Basnet et al. (2017), Khademian et al. (2018) and Kołodziej and Szajewska (2019). More information about the demographics of these trials is presented in Table 2.

Table 2. Baseline study characteristic
	Authors 
	Age (Range)
	Gender
	Place
	Main Diagnosis

	Bruzzese et al. (2016)

	6 months-5 years
	Male (n=50)
Female (n=40)
	Italy
	· Acute gastroenteritis
· Respiratory tract infection
· Fever
· Other

	Basnet et al. (2017)
	6 months-16 years
	Male (n=96)
Female (n=78)
	Nepal
	· Respiratory tract infection

	Esposito et al. (2017)
	1-3 years
	Male (n=90)
	Italy
	· Hypospadias repair surgery

	Khademian et al. (2018)
	1-13 years
	Male (n=27)
Female (n=21)
	Iran
	· Pneumonia
· Meningitis
· Other

	Xiang et al. (2018)
	2 months-3 years
	Male (n=50)
Female (n=40)
	China
	· Pneumonia

	Ahmadipour et al. (2019)
	3-7 years
	Male (n=78)
Female (n=64)
	Iran
	· Viral diarrhoea

	Kołodziej and Szajewska (2019)
	6 months-18 years
	Male (n=125)
Female (n=122)
	Poland
	· Not specified



Two trials studied the efficacy of variable probiotic strains to reduce AAD and shorten the hospitalisation rate, i.e., the mean amount of days patients spend in hospital until they were discharged (Esposito et al., 2017; Khademian et al., 2018). While two studies just looked at the AAD incidence rate, one was conducted in an outpatient clinic (Basnet et al., 2017) and the other an inpatient department (Kołodziej and Szajewska, 2019). Bruzzese et al. (2016) and Xiang et al. (2018) researched the efficacy of probiotics and zinc supplementations to decrease the incidence of AAD and length of hospitalisation. However, Ahmadipour et al. (2019) has less information in this correlation in the inpatient sample. The range of intervention was one week in Basnet et al. (2017), Khademian et al. (2018), Ahmadipour et al. (2019), and Kołodziej and Szajewska (2019), while it was almost two weeks in the remaining trials. Most of the research was conducted inside a hospital except one that was in an outpatient clinics (Basnet et al., 2017). Four studies planned to follow up the sample by calling to see if they were discharged during the trial (Bruzzese et al., 2016; Basnet et al., 2017; Khademian et al., 2018; Kołodziej and Szajewska, 2019). More details can be found in Table 3.
1.3. The treatment with an antibiotic(s)
Four trials (n=559) recorded the name of the antibiotic that was used during the experiment, such as Amoxicillin, Cephalosporins, Ceftriaxone, Clavulanate, Clindamycin, Fluoroquinolones, Macrolide, or Penicillin. However, one of those trials just illustrated the dose (n=90; Esposito et al., 2017), and just three trials clarified the route of administration (n=511; Esposito et al., 2017; Basnet et al., 2017; and Kołodziej and Szajewska, 2019). For more details, see Table 3.
1.4. The interventions
· Probiotic (s)
The RCTs examined the prevention of AAD with a variety of probiotics such as Lactobacillus, Bifidobacterium, Bacillus, Streptococcus, Clostridium, Idobacterium lactis, Lactobacillus reuteri, and Lactobacillus rhamnosus. Four Trials (n=439; Basnet et al., 2017; Khademian et al., 2018; Xiang et al., 2018; Ahmadipour et al., 2019) used an oral mixture of two or more of these probiotics in their intervention. Regarding the insertion route in the studies, two trials give the probiotics two hours after giving the antibiotics dose (Esposito et al., 2017; Kołodziej and Szajewska, 2019). Additionally, the supplementation frequency was mentioned in five studies, once per day for Ahmadipour et al., (2019), twice per day for Bruzzese et al., (2016) Basnet et al., (2017) and Kołodziej and Szajewska, (2019) and three times per day for Xiang et al. (2018). Khademian et al. (2018) and Ahmadipour et al. (2019) mixed the probiotics with yogurt as part of their food intake. More information related to the dose and the insertion route can be found in Table 3.

	Table 3. Summary table of the RCTs studies, including the treatment, intervention (Probiotics and Zinc), and the result (AAD incidence rate and hospitalisation). 

	Authors (years)
	Duration (day)
	Sample (Tn): (Gn)
	Care place
	Antibiotics
	Probiotics and Zn
	Outcome

	
	
	
	
	
	Strains
	Dose

	Insertion guideline
	Incidence of AAD
	Hospitalisation duration

	
	
	
	
	
	
	
	
	(%)
	p-value
	day
	p-value

	Bruzzese et al. (2016)

	15

	(90):
ZG1= 45
CG=45
	IN
	N/A
	Lactobacillus GG
	Probiotic (109 CFU) + Zn (5mg)
	Twice /day
	ZG1= 4
CG=24
	0.007
	ZG1=3.9
CG=4.9
	0.003

	Basnet et al. (2017)
	7
	(174):
G1=87
CG=87
	OP
	Amoxicillin
&
Clavulanate
	Bifilac
	6X109 CFU
	Twice/ day
	G1=1.1
CG= 12.6
	0.0003
	N/A
	N/A

	Esposito et al. (2017)
	4-16
	(90):
G1= 30
CG= 30
G3= 30
	IN
	Amoxicillin
OR
Macrolide
	L. rhamnosus GG
	5 drops (109CFU/ drop)
	Once a day, 
2h after antibiotic
	
G1=10
CG=50
G3=40
	0.002
	
G1=6.7
CG= 7.1
G3=7.2
	0.002

	Khademian et al. (2018)
	7
	(48):
G1=24
G3=24
	IN
	Ceftriaxone
Ceftriaxone-
Vancomycin
Ceftriaxone-
Azithromycin OR
Others
	Bifidobacterium strains and Lactobacillus acidophilus
	
100 ml of yogurt (109CFU/1g)
	With yogurt
	G1=8.3
G3=12.5
	0.99
	G1=8.5
G3=8.9

	0.748

	Xiang et al. (2018)
	14
	(75):
G1=25
ZG1=25
CG= 25
	IN
	N/A
	Bifico
	Probiotic: 6X109*CFU

Zn:
>6 months (20 mg)
<6 month (10 mg)
	3 time/ day, one capsule each time
	G1=8
ZG1=32
CG=N/A
	0.02
	G1=5.44
ZG1=6.12
CG= 5.25
	>0.05

	Ahmadipour et al. (2019)
	3-7
	(142):
G1= 50
ZG= 46
CG=46
	IN
	N/A
	G1=PROKIDZG= Gluconate syrup
	*Probiotic= 6X109*CFU/day
Zn= 20 mg/day
	Probiotic= with yogurt
Zn= with meal or milk.
	G1=80
ZG=47.8
CG= N/A
	<0.001
	N/A
	<0.001

	Kołodziej and Szajewska (2019)
	1-7
	(247):
G1=123
CG= 124

	IN
	penicillin, cephalosporins, fluoroquinolones, clindamycin

	L. reuteri

	108 CFU

	Twice/ day, 2h after antibiotic
	G1=11.4
CG= 6.5
	N/A
	N/A
	N/A



OP= Outpatient, IN= Inpatient, Pre= Pre-surgery, Pos= Post-surgery, CFU= colony-forming units, Tn= Total sample number, Gn= Number of the sample in the group. N/A= Information not available, NON= Not measured, G1= Probiotics + Antibiotics, CG= Antibiotics, G3= Antibiotics+ Placebo, ZG1= Probiotics+ Zn+ Antibiotics, ZG= Zn+ Antibiotics, Bifilac= mix of Lactobacillus sporogenes 50 Million, Streptococcus faecalis T-110 30 Million, Clostridium butyricum TO-A 2 Million, and Bacillus mesentericus TO-A 1 Million. PROKID= Bifidobacterium lactis, Lactobacillus and Bifidobacterium bifidum, and Lactobacillus rhamnosus.
*Each capsule for six months-1year and 1.5 capsules for 1-2 years per day.
· Zinc 
Xiang et al. (2018) and Ahmadipour et al. (2019) tested the efficacy of zinc supplementation, in which the dose given was dependent on the patient’s age. Zinc was prescribed 20 mg per day for six months and older participants and 10 mg per day for those younger. While, Bruzzese et al. (2016) gave a 5 mg per capsule of zinc mixed with probiotics, prescribed twice per day (total dose= 10 mg). All the supplementation was administered orally, but only Ahmadipour et al. (2019) advised that zinc supplementation must been taken with a meal or milk. 
1.5. Comparison
Most RCTs randomised a low to moderate amount of participants (means= 123 ±20) to either probiotic vs. placebo (Khademian et al., 2018), probiotic vs. no treatment (n=421; Basnet et al., 2017; Kołodziej and Szajewska, 2019), probiotic vs. placebo vs. no treatment (Esposito et al., 2017), probiotic vs. zinc vs. no treatment (Ahmadipour et al., 2019), probiotic vs. probiotic + zinc vs. no treatment (Xiang et al., 2018) or probiotic + zinc vs. no treatment (Bruzzese et al., 2016). 
1.6. Outcomes
In this review two main results are explored. All trials included in this paper provided the incidence percentage of AAD as their primary outcomes. The diarrhoea was reported by nurses in hospitalisation cases, while the parent noticed it if the patient was discharged during the experiment or in the outpatient clinic trial. All the studies that defined diarrhoea did so in a similar way, the three elements being the stool frequency, consistency, and the number of bowel movements. Four trials used the WHO (2017) diarrhoea definition as ‘the passage of three or more loose or liquid stools per day’ (n=387; Esposito et al., 2017; Basnet et al., 2017; Xiang et al., 2018 and Kołodziej and Szajewska, 2019). In contrast, the other three studies did not clarify the definition of diarrhoea or the way to diagnose it (n= 479; Bruzzese et al., 2016; Khademian et al., 2018; and Ahmadipour et al., 2019). The researchers diagnosed the patients with AAD in cases where diarrhoea occurred during the first day of antibiotics treatment. The individual studies’ definitions of diarrhoea can be seen in Table 4.
Table 4: Individual studies’ diarrhoea definition 
	Authors (years)
	Definition

	Bruzzese et al. (2016)
	N/A

	Basnet et al. (2017)
	Presence of at least three loose/liquid stools per day starting from the day of initiation of antibiotics.

	Esposito et al. (2017)
	The presence of diarrhoea was defined as three or more liquid stools in a 24h period.

	Khademian et al. (2018)
	N/A

	Xiang et al. (2018)
	Passage of three or more loose stools in the previous 24h.

	Ahmadipour et al. (2019)
	N/A

	Kołodziej and Szajewska (2019)
	It constituted diarrhoea if one of these conditions was met:
(1) ≥Three loose or watery stools per day for a minimum of 48 hours during antibiotic treatment.
(2) ≥Three loose or watery stools per day for a minimum of 24 hours during antibiotic treatment.
(3) ≥Two loose or watery stools per day for a minimum of 24 hours during antibiotic treatment.

	N/A: Not available. 


2. Risk of bias in included studies
The seven studies included are randomised control trials, while three trials of them were double-blinded (Table 3). More than the half of the studies mentioned concealed allocation (Bruzzese et al., 2016; Khademian et al., 2018; Xiang et al., 2018; and Kołodziej and Szajewska, 2019), but only one trial reported the details of randomisation, concealed allocation, and blinding the outcomes, which made the study have a low risk of bias (Kołodziej and Szajewska, 2019). Conversely, bias was discovered in two other trials. The first study had planned to prevent any source of probiotic before starting the experiment, but in the result section it was revealed that 40% of the intervention group was exclusively breastfeeding (Bruzzese et al., 2016), which is a high source of prebiotics and probiotics (Biljana, 2019). Esposito et al. (2017) also had a bias issue as they used a placebo substance but the appearance of substance was not identical to the probiotic material. In general, the risk of bias was low in most of the studies (Figure 3).

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome data (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias 
Bruzzese et al., 2016
-
√
√
X
√
√
X
Basnet et al., 2017
√
X
X
X
X
√
√
Esposito et al., 2017
√
X
X
X
√
√
X
Khademian et al., 2018
√
√
√
√
√
√
√
Xiang et al., 2018
√
√
√
X
√
X
X
Ahmadipour et al., 2019
√
X
X
X
√
√
√
Kołodziej and Szajewska, 2019
√
√
√
-
-
√
√

Key: (√) low risk    
        (X) high risk 
        (-) Unclear 

Figure 3. Risk of bias summary. 
























3. Effects of interventions  
It was reported all outcomes as possible from each randomised study. These results were the percentage of diarrhoea incidence, the frequency and duration of diarrhoea, and the length of hospitalisation. The intervention was divided into three categories to make a comparison between probiotics groups (n=339), zinc group (n=46), and probiotic+ zinc group (n=70). The data from the seven studies showed no significant heterogeneity difference between the groups. More details about the results can be found in Table 3.
3.1. The incidence of AAD
The first research conducted on specific probiotics (L. rhamnosus GG) ingestion after two hours of specific antibiotic injection (Amoxicillin or Macrolide) was Esposito et al. (2017). This trial found out that the incidence of AAD result post-surgery was significantly lower in the probiotic experiment than the placebo and control group (3.2 and 2.8 days, respectively; p=0.002). However, Kołodziej and Szajewska (2019) used another kind of probiotic, known as Lactobacillus reuteri, in a lower dose (108 CFU twice per day) which was ingested orally after two hours of intravenous or oral antibiotic. This method had almost double the incidence of AAD compared to the other group. In contrast, Basnet et al. (2017) argue that mixed probiotics with 109 CFU twice per day almost completely prevents AAD (p=0.003). The mixture tablets were made of Bifilac mixed with six probiotics: Lactobacillus sporogenes 50 Million, Streptococcus faecalis T-110 30 Million, Clostridium butyricum TO-A 2 Million, and Bacillus mesentericus TO-A 1 Million. Although for Khademian et al. (2018) the other strains (Bifidobacterium and Lactobacillus acidophilus) where mixed with yogurt and were just 100 ml. The results indicated that there was no significant difference in AAD incidence between the plain yogurt and additive probiotics groups (p=0.99). 
The second part of the comparison in the AAD incidence rate was between zinc and probiotic intervention. Bruzzese et al. (2016) tested the effectiveness of the combination of probiotics and zinc supplementation, of which it had been claimed that this combination could reduce the risk of ADD by 20% compared to the non-intervention group (p=0.007). However, Xiang et al. (2018) argue that plain probiotic has more power to reduce the incidence of ADD than when it is combined with zinc supplement (8 vs. 32%; p= 0.02). A recent study observed within the first three days of the experiment a duplication of AAD incidence in the probiotic group comparable to the zinc group with p <0.001, while on the fourth day, the gap jumped to be higher by almost 35 times (Ahmadipour et al., 2019). 
Some of the studies also considered the frequency, duration and consistency of diarrhoea as a way of measuring the impact of different treatments. The duration of diarrhoea analysis showed no significant difference between groups (Basnet, et al., 2017; Khademian et al., 2018), or during the intervention time (Ahmadipour et al., 2019). However, Esposito et al. (2017) found that adding probiotics in yogurt can reduce the duration of diarrhoea but not the consistency of stool (p= 0.001; p=0.001 vs. P=0.002; respectively). In the bowel movement frequency issue, Ahmadipour et al. (2019) noticed that it significantly varies between age groups (p<0.001), but it was not mentioned in more detail. 
3.2. The length of hospitalisation
Five study observed the hospitalisation rate between the interventions (n=75), intervention vs placebo (n=48) and intervention vs control group (n=255). 
Bruzzese et al. (2016) and Esposito et al. (2017) experimented with the Lactobacillus GG probiotic effectiveness with 2-5 X109 CFU per day. It produced a lower hospitalisation rate by almost half a day and reached to one day if it was combined with zinc (5mg/twice daily) (p=0.003, p=0.002; respectively). On the other hand, two studies did not observe any hospitalisation rate means change with two various mixed strains such as Bifidobacterium strains with Lactobacillus acidophilus and Bifico product in high dose of microbiota, even when supported with zinc supplement (p=0.748, p>0.05; respectively) (Khademian et al., 2018 and Xiang et al., 2018). Although, Ahmadipour et al. (2019) argued that zinc supplementation significantly dropped the length of hospitalisation by half the amount of days compared to the PROKID probiotic product supplemented group. Ahmadipour et al. (2019) also observed early discharges after the fourth day of administration with 20 mg/day of zinc administered after a meal or milk (p<0.001). 



Discussion 
1) Evidence summary 
The main objective for this systematic review is evaluating two outcomes. Firstly, the effectiveness of consuming the probiotic with or without zinc for preventing AAD. Secondly, the effectiveness for reducing inpatient hospitalisation days and admission into hospital. A small number of adequate studies in the medical field have examined this simple combination nutritional intervention. Only three bilateral intervention trials and four pure probiotic(s) trials were eligible for inclusion. As part of the analysis, the researcher has compared the non-intervention group with probiotic or probiotic-zinc consumption to find the incidence percentage of AAD and mean hospitalisation days. The overall evidence regarding the prevention of AAD is limited. This is as a result of many factors not included in their observations. These factors led to misclassifying the impact degree on the results. In the next section, these factors will be discussed in more detail. In general, the result was better in higher and more frequent doses of probiotic. Regarding the hospitalisation rate there was a small difference between the interventions, placebo, and control groups. There was limited information provided in the trials, for example, antibiotic information including type, dose, and route were not always available and some studies did not include the frequency of the intervention. Also, there are concerns regarding methodological quality related to the probiotic's prescription and the diarrhoea evaluation, especially if one of the parents is responsible as the follow-up is required until two months after the end of treatment to record the incidence of diarrhoea (McFarland, 1998). Thus, it is necessary to be cautious when interpreting this evidence.
2) Factors affecting the efficacy of probiotics 
The probiotic product's efficacy can be affected by multiple factors in specific therapeutic contexts, these factors can be categorised into four groups. Firstly, the strain composite and combination of the product can influence the efficacy. One of the largest scope meta-analysis by Horvath et al. (2011) proved that Lactobacillus rhamnosus GG (probiotic strains) is effective in reducing the incidence of diarrhoea in antibiotic-treated patients (AAD). Whereas other L. rhamnosus strains might have different effects in preventing this incidence (Ritchie et al., 2012). Furthermore, the American Academy of Paediatrics approved the use of certain probiotics for preventing AAD (Thomas and Greer, 2010), such as Lactobacillus GG. and Saccharomyces boulardii (WGO, 2019). Besides, the degree of the impact is not only dependent on the genus and species of the probiotic, the strain design also has a hand in the result (Sybesma et al., 2013). Thus, this factor is a barrier in this review as it makes it difficult to evaluate and compare results due to this diversity. Another barrier in this probiotics factor is complex probiotic strain intervention (Hayes and Vargas, 2016), such as Bifico and PROKIDZG. These drugs were used in three of the studies included in this review. The impact of many individual strains is unclear so to try to test a probiotic mixture is too advanced a step. The probiotics combination can also occur if the probiotics prescribed is mixed with yogurt. It is known that yogurt is one of the best probiotic sources (Patro-Golab et al., 2015). However, the yogurt quality is also dependent on the specific strains added and the type used in the fermentation process (Patil, 2019). 

A second factor that may influence the probiotic efficacy is the intervention prescription. This includes when the probiotics are first used, dose, frequency, and duration of the treatment. A recent meta-analysis, including 61 studies, by Sniffen et al. (2018) showed that probiotics were significantly more effective in reducing the risk of AAD when administered closer (24-48 hours) to the first antibiotic dose. Consequently, in this review one of the inclusion criteria studies was that the intervention started within two days of antibiotic insertion. Also, the efficacy of probiotics to decrease the incidence of AAD also relies on the dose. As a high dose of probiotics (more than five × 109 CFU per day) can result in a significant impact in AAD (Gao et al., 2010; Ouwehand et al., 2014). Although this recommendation cannot be generalised as few studies have been performed in this field (Ouwehand, 2017). The similar efficacy of probiotics can be found in the duration of treatment range between one to eight weeks (Alberda et al., 2018). 

The third factor that has a role in determining the impact of probiotics in AAD and hospitalisation is the specific individual differences. Parker et al. (2018) and Sniffen et al. (2018) argue that age, genetic factors, differences in the composition of the gut microbiome, and specific health condition all play a role. To increase the accuracy of this review, by controlling some of the above influential factors, this reviewed focused on children who were free from chronic diseases or immunodeficiency disease. However, it has not considered the participant's gut microbiota content as some gut microbiota can be more sensitive in probiotic than the others (Sniffen et al., 2018). The algorithm in figure 4 shows how to choose the appropriate probiotic for an individual.

The last factor is the effect of food or medication. This might affect the efficacy of the probiotics, so this systemic review studied the effect of zinc supplementation as part of prevention of AAD and reducing hospitalisation days. Zinc supplementation is known as a mineral that aids in reducing the severity and duration of diarrhoea (Walker and Black, 2010), as well as supporting immunity (Berni Canani et al., 2011). Therefore, the prevention strategy can be strengthened by the inclusion of zinc supplementation. Also, the probiotics loses effectiveness if ingested with food with a lower rate of gastric emptying. As probiotics are sensitive to stomach acidity (Fareez et al., 2017), they may be destroyed before reaching the gut microbiota. Camilleri (2016) discussed the list of drugs that cause delayed gastric emptying such as, Morphine (Rozov-Ung et al., 2014), and a similar scenario is expected to also be seen here. On the other hand, there are other kinds of food that may provide a suitable environment for growth probiotics, which are high in prebiotics (Watson et al., 2010; Biljana, 2019). A prime example of this type of food in infant age is human milk, which is a rich prebiotic source (Hendricks and Guo, 2014; pp.33-54.).


[image: ]Figure 4. Clinical algorithm for choosing an appropriate probiotic product other (Sniffen et al., 2018). 
3) Study strengths and limitations 
This review was performed with the use of a comprehensive and recent search methodology. This review applied appropriate methods to reduce bias at different stages of review (starting from the registered protocol, through a comprehensive literature search, to data analysis). Some examples of the strengths of this review include inventory RCTs articles being recently published, the demographic not being significantly different between the groups in the studies, the sample size was satisfactory, the almost identical appearance of placebo substance to the probiotic item in colour, smell, and taste, and generality the result was not selected in this all study. 

However, this review also has several limitations. These include the limited number of moderate to high methodological quality trials, the studies chosen were restricted to only English language articles, six of seven trials were not result blind, there was non-heterogeneity between studies (diagnosis, the type of antibiotics, and the follow-up period), and safety was not assessed in the seven trials. Finally, the definitions of diarrhoea used in the trials were either unspecified or used the WHO definition which does not take into account if this diarrhoea was related to antibiotics or other medication as a side effect (Goldstein and DiMarino, 2000; Schoenmakers et al., 2017). 



Conclusion
 
The best treatment for AAD in children is still debatable, even in a healthy child. However, the varying research results suggests that treatment is influenced by many factors. The most significant factor is the probiotics dose, type, frequency that asynchronous with personality changes as paediatric eat pattern. Thus, if the patient’s diet is high in prebiotic, the result will be preferable. While, if the patient’s diet contains food high in fat it increases the chances of delayed gastric emptying and the likelihood that the probiotic might be destroyed before arrival to the colon. However, all the trials show a significantly similar hospitalisation rate in the intervention group and control group (placebo).
The following recommendations would improve the methodological quality of future studies. (1) It must be focused on one probiotic strain, with dose 109 CUF twice per day, (2) Insert the zinc supplement with probiotic intervention by 10mg/day (for patients less than six months old) or 20 mg/day (for patients six months or older). (3) Probiotic to be ingested orally after the breast-feeding time or the high prebiotic, low-fat diet. (4) The probiotic must be separated from the antibiotic insertion time by at least two hours. (5) The probiotic should continue to be ingested for three weeks after stopping the antibiotic. To improve the assessment the patient’s dietary record should be considered in nutrition intervention, the gut microbiome should be tested before and after intervention by using the pyrosequencing of 16S rRNA technic, beside the AAD characteristics. The follow-up with the patient should be extended until eight weeks post antibiotic intake. These guidelines would help personalise therapy recommendation to fit the characteristics and needs of the patient. 
Finally, while exploring this research I can see there are many questions requiring further research in this field. Firstly, are there any side effect from antibiotic treatment if a patient takes the probiotic concurrently, namely, if it is safe and does it has any adverse effect on health? Furthermore, is there any possibility that using probiotics for a prolonged time may make the gut microbial more tolerant, which may cause less issues in the future?
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