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   ABSTRACT 

 
Background: Due to its high morbidity and mortality rate, diarrhea is still a major health problem 
among children, particularly toddlers, in developing countries. One of the causes of diarrhea in 
children is the side effect of antibiotics or known as antibiotic-associated diarrhea (AAD). Evidences of 
studies conducted in several countries indicated the high use of antibiotics among children that put the 
group at a high risk of enduring AAD. Probiotics has shown efficacy in preventing and curing various 
medical conditions, especially those involving digestive tract in children. 
Subject and Method: It was a systematic review and meta- analisis study. Data collection was 
conducted by obtaining from databases, namely: Google Scholar, PubMed, Scopus and Science Direct. 
The study was analyzed by using RevMan 5.3 software. Inclusion criteria used were full paper in 
English with Randomized controlled trial design during the period of 2000-2022. Keywords used were 
“Probiotic” AND “Antibiotic Associated Antibiotic” AND “Child” AND “Randomized Controlled Trial”. 
Results: Meta-analisis was conducted to 9 primary studies from several countries such as Poland, 
Italy, Korea, Iran, and Australia. Mata-analysis concludes that there were effects of probiotics toward 
antibiotic-associated diarrhea. Children who were given probiotics had one-third time risk of diarrhea 
episodes compared to those who were not given probiotics (RR= 0.32; 95% CI= 0.23 to 0.44; p<0.001). 
Heterogeneity of between-study effect estimates of the meta-analysis data was (I2= 0%; p= 0.096) 
therefore, calculation of effect estimates was written by using fixed effect approach. Funnel plot did 
not identify the occurrence of publication bias out of the meta-analysis. Therefore, the funnel plot did 
not identify the occurrence of publication bias.  
Conclusion: Probiotics have effects in reducing antibiotics-associated diarrhea incidences in 
children. 
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BACKGROUND 

Due to its high morbidity and mortality rate, 
diarrhea is still a major health problem 
among children, particularly toddlers, in 
developing countries. Around 80% deaths 
from diarrhea occur to children under 2 years 
old. Acute diarrhea is generated by a lot of 
factors such as infections (bacteria, parasite, 

virus), food poisoning, drug effects, and 
others. One of the causes of diarrhea in 
children is the effect of antibiotics use or 
known as antibiotic-associated diarrhea 
(AAD). Probiotics works naturally by using 
beneficial microbes. 

Probiotics works in several methods, 

among others is microbes that serve as the 
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probiotics are capable to feed on organisms 

that are harmful for their host such as 

parasite or pathogenic microbes (Abbadi et 

al., 2018). The benefit of probiotics was 

initially discovered in 1997 by a Nobel 

laureate Elie Matchnikoff, who observed 

Bulgarian farmers that frequently consumed 

fermented milk that contained lactobacillus. 

Apparently, they had good health condition 

and relatively longer age. Later, probiotics 

consumption spread all over Europe and 

subsequently all over the world (Olivia et al., 

2004). 

Probiotics currently are getting more 

popular both globally and in Indonesia. The 

trend is aligned with the increased public 

awareness toward the importance of health. 

It is indicated from the increased consump-

tion of functional food products. Probiotics is 

one of the functional foods that has been 

commercialized for quite a while. Along with 

the increased public awareness of health, 

probiotics foods are also getting more in 

demand (Jenie., 2019). Bifidobacterium ad-

ministration seems to be promising as the 

therapy regiment for growth disorder symp-

toms development. However, evidences bas-

ed on clinical trial are still limited, and indi-

cate heterogenous results (Suryawan and Se-

kartini., 2021). 

Probiotics have shown efficacy in 

preventing and curing various medical 

conditions, particularly those that are invol-

ving digestive tract in children. There are 

several specific strains of probiotics, such as 

Lactobacillus GG, L. Reuteri, Saccharomyces 

boulardii, Bifidobacterium species, known to 

significantly play important role in over-

coming acute diarrhea problem in children, 

particularly reducing duration and severity of 

diarrhea (Dewi et al., 2021).  

Based on the causal factor of diarrhea, 

that is medications, and the trend of probio-

tics development, the researchers were inte-

rested to analyze the effect of probiotics to-

ward antibiotics-associated diarrhea in child-

ren. Obtained data were analyzed by using 

systematic review and meta-analysis as the 

attempt to obtained comprehensive result by 

conducting synthesis toward the results of 

primary studies involving probiotics inter-

ventions toward children’s cognitive develop-

ment. 

 

SUBJECTS AND METHOD 

1.  Study Design 

It was a systematic review and meta-analysis 

study. The data were collected from the data-

bases, namely: PubMed, Science Direct, BM-

J, Cochrane, Scopus, and Google Scholar. 

Study analysis was conducted by using Rev-

Man 5.3 software. The articles employed 

were in full paper in English with rando-

mized controlled trial, published during the 

period of 2000 to 2022, the effect size used 

was Risk Ratio (RR), the subjects were child-

ren given probiotics intervention.  

The keywords were “Probiotic" AND "anti-

biotic associated diarrhea" AND “child” AND 

“randomized control trial”. 

2. Steps in Conducting Meta-Analysis 

Meta-analysis was conducted through five 

steps, as follow: 

a. Defining the research questions with 

PICO (Population, Intervention, Compa-

risson, Outcome) form. 

b. Searching for primary study articles from 

various electronic databases such as 

Google Scholar, PubMed, Cochrane, Sco-

pus and Science Direct as well as non-elec-

tronic. 

c. Conducting screening and Critical App-

raisal toward the primary studies articles. 

d. Conducting data extraction and synthesiz-

ing the effect estimates into RevMan 5.3. 

e. Interpreting and making conclusion. 

3. Inclusion Criteria and Exclusion 

Criteria 

The inclusion criteria of the study were 
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articles with randomized controlled trial 

study design, the effect size used was Risk 

Ratio (RR), the articles were in English and 

full paper version. The study subjects were 

children given probiotics intervention, the 

comparison was the placebo or non-probio-

tics. The exclusion criteria were articles 

published in non-English language, and 

before the year of 2000. 

4. Study Variables 

The independen variables is Probiotcs and 

the dependen variable is Antibiotics asso-

ciated diarrhea. 

5. Operational Definition of Variables 

Probiotics was live microorganisms. 

Antibiotics associated diarrhea was a 

medical condition characterized by loose and 

watery stools three or more times a day after 

consuming antibiotics. 

6. Study Instrument  

The instrument used in the study was Critical 

Appraisal Checklist Center for Evidence Bas-

ed Management (CEBMa). 

The following are indicators in critical 

appraisal: 

1.  Did the study discuss a distinct focus of 

study? 

2. Was Randomized Controlled Trail appro-

priate to answer research questions? 

3. Were there enough subjects in the study to 

determine that the findings were not coin-

cidence? 

4. Were subjects randomly allocated into 

experiment and control groups? If, they were 

not, could it generate any bias? 

5. Were inclusion/exclusion criteria used? 

6. Were both groups equivalent initially? 

7. Were the objective and unbiased result 

criteria used?  

8.  Did the study use objective and validated 

measurement method to measure the result? 

If it did not, did someone who did not know 

the groups’ task measure the result (blinding 

measurement) 

9. Was effect size practically relevant? 

10. How accurate was the estimation of the 

given intervention effect? Was there any con-

fidence interval? 

11. Was there any unpredictable confounding 

factor? 

12. Was the result applicable into your study? 

7. Data Analysis  

The articles were collected based on PRISMA 

flow diagram and Critical Appraisal. The 

study used Review Manager 5.3 for data 

analysis. The data were subsequently analyz-

ed based on the effect size and heterogeneity 

calculation result, based on several relevant 

studies with various methodologies and cha-

racteristics and in accordance with inclusion 

criteria. The final result of data analysis and 

processing was calculating effect size and 

heterogeneity values to determine the model 

of research integration and defining the final 

result of meta-analysis in the form of forest 

plot and funnel plot. 

 

RESULTS 

Based on the result of searching for relevant 

articles from several databases the study 

identified 564 articles. After conducting 

screening there were 11 doubled articles, 

which were subsequently de-duplicated re-

sulting in 553 articles. There were 12 articles 

that met the inclusion criteria and considered 

eligible for full text review. The final result of 

article review was 6 articles that met quanti-

tative requirements for meta-analysis, the 

effect of probiotics toward children’s cogni-

tive development. The studies related to the 

effect of probiotics toward cognitive develop-

ment in children consisted of 4 articles from 

Poland, 1 article from Italy, 1 article from 

Bulgaria, 1 from China, 1 from Iran, and 1 

from Australia. The quality and design of the 

study analyzed in meta-analysis is very 

critical since it may influence the result. The 

assessment for study quality was conducted 

quantitatively and qualitatively. The study 

employed Critical Appraisal Checklist for 
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Cross-Sectional Study by the Center for Evi-

dence Based Management (CEBMa). 

 

  

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 1. PRISMA Flowchart 
 

 
Figure 2. Study Map Area Probiotics and Its Effects on the Cognitive  

Development in Children: A Meta-Analysis 

Records excluded (n= 125 ) 
1. Irrelevant title= 75 
2. Articles not in English= 24 
3. Article not full text= 17 
4. Not an RCT study= 9 
 
 

Filtered articles (n= 175) 
 

Articles included in the 
qualitative synthesis (n= 12) 

 

Exclude full text version (n=19) 
Irrelevant Instruments (19) 
 

Articles included in the meta-
analysis (n= 12) 

 

Duplicated articles removed 
(n= 35) 

 

Filtered decent articles (n= 31) 
 

Articles identified through 
database search (n= 210) 

 

2 studies on 

the Asian 

continent 6 studies on the 

European 

continent 

1 study on the 

Australia 



Ambarsari et al./ Probiotics and Its Effects on the Cognitive Development in Children 

www.theijmed.com   236 

Table 1. Description of Primary Studies included in Meta-analysis 
Author (Year) Country Design 

Studies 
Sample  

Size 
Population Intervention Comparison Outcome 

Shan et  al. (2013) 
 

China RCT 278 Children of 
6 months - 14 years 

Saccharomyces boulardii Non Probiotics diarrhoea was caused by Clostri-
dium difficile 

Kolodziej 
et al. (2019) 

Iran RCT 66 Children < 18 years Lactobacillus reuteri Non Probiotics prevention of diarrhoea and 
antibiotic-associated diarrhoea 

Kodadad 
et al. (2013) 

Poland RCT 247 Children 3-14 years Lactobacillus acidophilus, Lactobacillus 
rhamnosus, Lactobacillus bulgaricus, 
Lactobacillus casei, Streptococcus 
thermophilus, Bifidobacterium infantis 
and Bifidobacterium breve 

Non Probiotics Diarrhea akibat antibiotics 

Esposito et al. 
(2018) 

Italy RCT 60 Children 
11-36 months 

Lactobacillus rhamnosus GG Non Probiotics Diarrhea akibat antibiotics 

Georgieva et al. 
(2015) 

Bulgaria RCT 97 Children 1-12 years Lactobacillus reuteri Non Probiotics diarrhoea and Clostridium diffi-
cile infection 

Szymanski  et al. 
(2008) 

Poland RCT 78 Children 5 months- 
16years 

Bifidobacterium longum PL03, 
Lactobacillus rhamnosus KL53A, and 
Lactobacillus plantarum, PL02 

Non Probiotics Diarrhea akibat antibiotics 

Ruszczyks ki et al. 
(2008) 

Poland RCT 120 Children 
3 months-14 years 

Lactobacillus rhamno sus Non Probiotics diarrhoea caused by Clostri-
dium diffificile or otherwise un-
explained diar rhoea 

Kotowska 
et al. (2005) 

Poland RCT 246 Children 
6 months–14 years 

Saccharomyces boulardii Non Probiotics antibiotic-associated diarrhoea 
(diarrhoea caused by 
Clostridium diffificile 

Fox et al. (2015) Australia RCT 70 Children 1-12 years Lactobacillus rhamnosus GG (LGG), 
Bifidobacterium lactis (Bb-12) and 
Lactobacillus 
acidophilus (La-5) 

pasteurised  
yogurt ( placebo) 

antibiotic-associated diarrhoea 
in children. 
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Table 2. Assessment of research quality of Aquatic Therapy on Functional Ability in Patients with Knee Osteoarthritis 

No Questions Shan et 
al., 

2013 

Kodadad 
et al., 
2013 

Kolodziej  
 et al. 

(2018) 

Esposito 
et al 

(2017) 

Georgieva 
et al 

(2015) 

Szyma 
et al. 

(2008) 

Ruszczykski  
et al. (2008) 

Kotow 
et al. 

(2008) 

Fox et 
al. 

(2015) 
1 Did the study discuss a distinct focus of study 

? 
1 1 1 1 1 1 1 1 1 

2 Was Randomized Controlled Trail appropriate 
to answer research questions? 

1 1 1 1 1 1 1 1 1 

3 Were there enough subjects in the study to 
determine that the findings were not 
coincidence? 

1 0 1 0 1 0 1 1 1 

4 Were subjects randomly allocated into 
experiment and control groups? If, they were 
not, could it generate any bias? 

1 1 1 1 1 1 1 1 1 

5 Were inclusion/exclusion criteria used? 1 1 1 1 1 1 1 1 1 
6 Were both groups equivalent initially? 1 1 1 1 1 1 1 1 1 
7 Were the objective and unbiased result 

criteria used? 
1 1 1 1 0 1 1 1 1 

8 Did the study use objective and validated 
measurement method to measure the result?  

1 1 1 1 1 1 1 1 1 

9 Was effect size practically relevant? 1 1 1 1 1 1 1 1 1 
10 How accurate was the estimation of the given 

intervention effect? Was there any confidence 
interval? 

1 1 1 1 1 1 1 1 1 

11 Was there any unpredictable confounding 
factor? 

0 0 0 0 0 1 1 1 1 
 

12 Was the result applicable into your study? 1 1 1 1 1 1 1 1 1 
 

 Total score 11 10 11 10 10 11 12 12 12 

Answer: 1=Yes, 0=No. 
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Figure 3. Forest Plot 

 

 
Figure 4.  Funnel plot 

 

a. Forest Plot 

Forest plot in Figure 3 indicates that there 

was an effect of probiotics toward antibiotics-

associated diarrhea episodes. Children given 

probiotics had one third time risk of diarrhea 

episodes (RR= 0.32; 95% CI= 0.23 to 0.44; 

p<0.001). Forest plot in Figure 3 also indi-

cates the low heterogeneity of between-study 

effect estimates in this meta-analysis (I2= 

0%; p= 0.096) therefore, the effect estimates 

measurement was conducted by using fixed 

effect. 

b. Funnel plot 

Funnel plot in figure 4 indicates the distri-

bution of effect estimates of all primary study 

in the meta-analysis that was relatively sym-

metrical due to the average effect estimates in 

the right and left side of vertical line. There-

fore, the funnel plot did not identify the occu-

rrence of publication bias. 
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DISCUSSION 

One of the supporting factors of nutrient 

absorption by intestine in children is the 

occurrence of gut microbiota. Instead of to be 

cured, diarrhea can be prevented by imple-

menting self-hygiene and nutritious diet. In 

addition, probiotics can also be utilized as 

one of the prevention and medication toward 

diarrhea due to dysbiosis condition within 

the gut microbiota composition in patient 

with diarrhea. There are various probiotics 

species used for diarrhea management.   

It was a meta-analysis study. The study 

aims to obtain a conclusion of various similar 

study results that examined the effect of pro-

biotics toward cognitive development in 

children. Primary studies involved in the 

study were studies conducted in various 

countries around the globe, therefore it could 

make a conclusion that may be implemented 

as a base of an intervention. The result was 

presented in the forms of forest plot and 

funnel plot. Forest plot is a tool that repre-

sented information related to result esti-

mates of respective study to be analyzed. 

Whereas funnel plot is a visual tool to inves-

tigate publication and other bias in meta-

analysis. They are simple scatter plots of 

medication effect estimates of individual 

studies against some measure of study’s size. 

Funnel plot is based on the precision in the 

estimation of the underlying treatment incre-

asing as the sample size of component studies 

increasing. 

Meta-analysis was conducted toward 12 

primary studies from several countries such 

as Poland, Italy, Korea, Iran, and Australia. 

Meta-analysis concludes that there is an 

effect of probiotics toward episodes of anti-

biotics-associated diarrhea. Children given 

probiotics had one-third time risk of diarrhea 

compared to those not given probiotics, and 

the effect was statistically significant (RR = 

0.32; 95% CI= 0.23 to 0.44; p<0.001). 

Heterogeneity of between study effect esti-

mates of the meta-analysis was (I2 = 0%; p= 

0.096) therefore the effect estimates measu-

rement was written by using fixed effect. 

Funnel plot did not indicate any publication 

bias in the meta-analysis, therefore funnel 

plot did not identify any publication bias. 

The result of the study is in line with a 

study by Bin et al (2018) that elaborates that 

overall S. boulardii has a beneficial effect in 

preventing and treating diarrhea during H. 

Pylori eradication in children. Although S. 

boulardii only slightly increases the eradi-

cation rates of H. pylori, the compliance of 

eradication treatment is also increased. The 

study stated that probiotics certainly pre-

venting diarrhea related to H. Pylori standard 

eradication by using proton pump inhibitor 

and two antibiotics. S. Boulardii intervention 

during diarrhea development reduces seve-

rity and duration, and it leads to the in-

creased compliance toward  H.pylori eradi-

cation therapy. The findings of the trial 

should be confirmed by using double blind 

prospective study with histology and culture-

based diagnosis (Bin et al., 2015). 

Zhao et al. (2014) stated that in total, 

240 children confirmed with Helicobacter 

pylori (Hp) participate in the study. The 

eradication level of Hp is 75.8% (91/120) 

among therapy group and 85% (102/120) in 

probiotics group (p>0.05). Compared to 

therapy group, probiotics group had three 

times insignificantly lower incidences of nau-

sea, vomiting, and stomachache (p>0.05) 

and significantly lower incidences of stoma-

titis, constipation, and diarrhea (p<0.05). 

Therapy combined with Saccharomyces bou-

lardii cannot significantly increase Hp era-

dication rate however it significantly reduces 

stomatitis, constipation, and diarrhea inci-

dences during the treatment. It is similar 

with this study that the effect of probiotics 

toward antibiotic  associated diarrhea in 

children was significant in reducing the 
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incidences. Our cumulative meta-analysis 

strengthens the evidence that the use of 

prophylaxis probiotics is a non-antibiotics 

option that may be effective in reducing 

incidences in critically ill patients with 

ventilation. However, long term effect of pro-

biotics safety in individuals also requires 

further study, particularly in critically ill 

patients such as neonates/ children, patients 

with immunity disorder, and extremely 

feeble. 

Based on the study it is discovered that 

probiotics have a significant result in affec-

ting the reduction of antibiotics-associated 

diarrhea incidences in children. Diarrhea is 

one of the causes of children mortality, it is 

important to prevent the incidences to reduce 

children mortality rate from diarrhea. It also 

requires a development in the studies related 

to the exogenous of the results obtained to get 

the more significant results. The final results 

indicates that probiotics have an effect of 

0.32 times better in reducing antibiotics-

associated diarrhea incidences in children 

compared to children without probiotics. 

 

AUTHORS CONTRIBUTION 

Anggraini Ambarsari was the main researc-

her who selected topic, searched and 

collected study data. Bhisma Murti and Setyo 

Sri Rahardjo analyzed the data and studied 

research documents. 

 

FUNDING AND SPONSORSHIP 

The study was self-funded by the researcher. 

 

ACKNOWLEDGEMENT 

We thank all those who have helped in the 

preparation of this article and thank the 

database providers Google Scholar, PubMed, 

Science Direct. 

 

CONFLICT OF INTEREST 

There is no conflict of interest in the study. 

 

REFERENCES 

Abbadi NH, Maria CD, Simin NM (2014). 

Yogurt: role in healthy and active ag-

ing. Am. J. clin. Nutr. 99(5): 1263–70. 

Doi: 10.3945/ajcn.113.073957. 

Bin Z, Zheng XY, Hui DZ, Bo C, Rong JL, 

Vandenplas Y (2015). The efficacy of 

saccharomyces boulardii cncm i-745 in 

addition to standard helicobacter pyl-

ori eradication treatment in children. 

Pediatr Gastroenterol Hepatol Nutr. 

18(1): 17- 22. Doi: 10.5223/pghn.20-

15.18.1.17 

Dewi AS, Atifah Y, Farma SA ,Yuniarti E, 

Fadhilla R (2021). The importance of 

consuming probiotics for the digestive 

tract and its relation to the human 

immune system. SemnasBio, 01(23): 

149-156. Doi: 10.24036/prosemnas-

bio/vol1/23 

Esposito C, Roberti A, Turra F, Cerulo M, 

Severino G, Settimi A, Escolino M 

(2018). Frequency of antibiotic-asso-

ciated diarrhea and related complica-

tions in pediatric patients who under-

went hypospadias repair: a com-

parative study using probiotics vs pla-

cebo. Probiotics Antimicrob. Proteins. 

10(07) :323–328. Doi: 10.1007/s1260-

2-017-9324-4 

Fox MJ, Robertson L, Ball MJ, Eri RD 

(2015). Can probiotic yogurt prevent 

diarrhoea in children on antibiotics? A 

double blind, randomised, placebo-

controlled study. BMJ Open. 5 (6474)-

:1-6. Doi:10.1136/bmjopen-2014-006-

474 

Georgieva M, Pancheva R, Rashev N, 

Usheva N, Ivanova L, Koleva K (2015). 

Use of the probiotic lactobacillus reu-

teri dsm 17938 in the prevention of 

antibiotic associated infections in 

hospitalized bulgarian children: a ran-

domized, controlled trial. IMAB. 21(4): 

https://doi.org/10.3945/ajcn.113.073957
http://dx.doi.org/10.5223/pghn.2015.18.1.17
http://dx.doi.org/10.5223/pghn.2015.18.1.17
https://doi.org/10.24036/prosemnasbio/vol1/23
https://doi.org/10.24036/prosemnasbio/vol1/23


Ambarsari et al./ Probiotics and Its Effects on the Cognitive Development in Children 

www.theijmed.com  241 

895-900. Doi: 10.5272/jimab.2015-21-

4.895 

Jenie BSL (2018). Pangan probiotics. 1st 

edn. Bogor: PT Penerbit IPB Press. 

Kodadad A, Farahmand F, Mehri N, Mar-

yam S (2013). Probiotics for the treat-

ment of pediatric helicobacter pylori 

infection: a randomized double blind 

clinical trial. Iran J Pediatr. 23(1): 79-

84.  

Kolodziej M, Szajewska H (2019). Lacto-

bacillus reuteri dsm 17938 in the pre-

vention of antibiotic-associated diarr-

hoea in children: a randomized clinical 

trial. Science Direct., 25 (1) : 699–704. 

Doi: 10.1016/j.cmi.2018.08.017. 

Kotowska MP, Albrecht, Szajewsk HA (20-

05). Saccharomyces boulardii in the 

prevention of antibiotic-associated 

diarrhoea in children: a randomized 

double-blind placebo- controlled trial. 

Aliment. Pharmacol. Ther. 21(01): 

583–590.z/10.1111/j.1365-2036.200-

5.02356.x. 

Murti B (2018). Prinsip dan metode riset 

epidemiologi. 5th edn. Surakarta: 

Program Studi Ilmu Kesehatan Masya-

rakat, Program Pascasarjana, Univer-

sitas Sebelas Maret. 

Shan L, Hou P, Wang Z, Liu F, Chen N, Shu 

L, Zhang H, et al. (2013). Prevention 

and treatment of diarrhoea with sacc-

haromyces boulardii in children with 

acute lower respiratory tract infec-

tions. Benef. Microbes. 4(4): 329–34. 

Doi: 10.3920/BM2013.0008. 

Suryawan, ASekartini R (2021). Perkem-

bangan otak dan kognitif anak: peran 

penting sistem imun pada usia dini. 

Sari Pediatri. 23(4): 279. Doi: 10.14-

238-/sp23.4.2021.279-84. 

Szymański H, Armańska M, Duplaga KK, 

Szajewska H (2008). Bifidobacterium 

longum pl03, lactobacillus rhamnosus 

kl53a, and lactobacillus plantarum 

pl02 in the prevention of antibiotic-

associated diarrhea in children: a ran-

domized controlled pilot trial. Diges-

tion, 01 (78): 13–17. Doi: 10.1159/000-

151300. 

Olivia F, Hadibroto I, Alam S (2004). Seluk 

beluk food supplement. PT Gramedia 

Pustaka Utama. 

Zhao Y, Yang Y, Aruna, Xiao J, Song J, 

Huang T, Li S, et al.(2021). Saccharo-

myces boulardii combined with quad-

ruple therapy for helicobacter pylori 

eradication decreased the duration 

and severity of diarrhea: a multi-

center prospective randomized con-

trolled trial. Front.Med. 01 (776955) : 

1-8. Doi: 10.3389/fmed.2021.776955 

 

 

https://doi.org/10.1016/j.cmi.2018.08.017
https://doi.org/10.1111/j.1365-2036.2005.02356.x
https://doi.org/10.1111/j.1365-2036.2005.02356.x
https://doi.org/10.3920/BM2013.0008
https://doi.org/10.14238/sp23.4.2021.279-84
https://doi.org/10.14238/sp23.4.2021.279-84
https://doi.org/10.14238/sp23.4.2021.279-84
https://doi.org/10.3389/fmed.2021.776955

