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Abstract: 

Introduction:Everyhumanbeingbuilds a symbiosiswith a diverse ecosystem of 

microorganisms: the intestinal microbiota. Its establishment, maturity, and composition 

evolvingthroughout life are dynamicprocessesinfluencedduringtheir establishment by 

variousfactorssuch as gestationalage, birth and feedingmodalities, environment, and antibiotic 

use. The aim of this article is to identify the epidemiologicalcharacteristics (factorsinfluencing 

the establishment and development of the intestinal microbiota) of populations of 

childrenfrom 0 to 3 monthsstudied at the Mother and Child Hospital of Bingerville. 

Methods: A longitudinal and prospective birthcohort of populations of childrenfrom Day 0 to 

Month 3 wasconducted. Epidemiological data werecollectedfrom the motheraftersigning the 

informed consent form. Data collection toolsincluded the surveyform, information sheet, and 

informed consent form. Statistical analyses wereperformedusing XLSTAT software version 

2018. Chi-square test (significance test) wasused on variables such as sex and gestationalage, 

mode of delivery, gestationalage and birth mode, and birthweight. 

Results: A total of 52 infants wereincluded. The socio-demographic and 

clinicalcharacteristics of thesenewborns and theirmotherswereexamined. Analysis of 

birthweight distribution according to mode of delivery and feeding mode did not 

revealanysignificant association. Eachstudiedcharacteristicwasthendiscussed. 

Conclusion: The objective of the study has been achieved. However, furtherresearchisneeded 

to obtain more generalizableresults. 

Keywords:Factorsinfluencing, Intestinal Microbiota, Infants 0-3 months, Mother and Child 

Hospital. 

INTRODUCTION 

The external influences that can affect the behavior of the intestinal microbiotaare 

becomingincreasinglyclear(1)(2)(3). The development of the intestinal microbiotafromearly 



 

 

life iscrucial for an equilibriumthatoccursearly in life(4)(5).Indeed, the intestinal 

microbiotaplays an important role, especially in nutrient digestion, the immune system, and 

xenobioticmetabolism. The establishment of the intestinal microbiotaislargelyinfluenced at 

the time of birth, depending on exposure to maternalmicroorganisms, withsignificantlyhigher 

interaction during vaginal deliverycompared to cesarean section (6)(7) ; This phase of 

gradualcolonization of the intestinal microbiota in childrenrepresents a period of 

vulnerability(8).Unoccupied intestinal ecological niches leave the immature intestine 

vulnerable to pathogens. Bacterialimbalances or decreasedabundanceresult in 

alteredfunctions. This can lead to intestinal dysbiosis, caused by inadequate or 

unbalanceddiet, infections, medication, stress, etc(9) ;Inflammatorydiseases, 

autoimmunediseases, allergies, infectious pathologies, and transit disorders are examples of 

manifestations of thisphenomenon(10)(11)(12).  

Manyfactors influence the establishment and development of the intestinal microbiota. 

Thesefactorsinclude, amongothers, gestationalage, mode of delivery, feeding type, 

child'senvironment, medication use, and healthstatus.(13), (14), (15). 

The acquisition of the intestinal microbiota in childrenrequiresspecial attention. Therefore, the 

objective of thisstudyis to identify the epidemiologicalcharacteristics (factorsinfluencing the 

establishment and development of the intestinal microbiota) of populations of childrenfrom 0 

to 3 monthsstudied at the Mother and Child Hospital of Bingerville. 

1. MATERIALS AND METHODS 

1.1.Materials 

1.1.2. Study Setting, Period, and Population 

The studywasconducted at the Mother and Child Hospital of Bingerville, located in the 

autonomous district of Abidjan. It is a large specializedfacilitywheremanywomen and 

childrenseekmedical care and follow-up. Theseindividuals have varied lifestyles, hence the 

choice of thisstudy setting. The studyperiodextendedfrom May 23 to June 27, 2023. The 

population of thisstudyconsists of childrenfrom Day 0 to Day 3 monthsborn at the Mother and 

Child Hospital of Bingerville. 

1.1.3. Study Type: 

This is a longitudinal and prospective birthcohortstudy of populations of childrenfrom Day 0 

to Month 3. 



 

 

1.1.4. Inclusion Criteria: 

Included in ourstudy are all childrenfrom Day 0 to Day 3 of both sexes born alive at the 

Mother and Child Hospital of Bingerville, whose parents have agreed to participate in the 

study. 

1.1.5. Exclusion Criteria: 

Excludedfromourstudy are childrenwhowere not born at the Mother and Child Hospital of 

Bingerville, children over 3 daysold, and childrenwhose parents have not agreed to participate 

in the study. 

1.2. Data Collection Method: 

Recruitment for thisstudywasdonerandomlyamongchildren meeting the eligibilitycriteria, 

whose parents agreed to participate in the study, to answer questionnaires, and to respond to 

phone calls if necessary. 

1.2.1. Method of Epidemiological Data Collection:Epidemiological data werecollectedfrom 

the mother. Afterchildbirth, parents whoagreed to participate in the studysigned the informed 

consent form, and then the questionnaire wasadministered to them. Wecompleted the 

questionnaire, whichincludesclinical data, medicalhistory, and 

pharmacologicaltreatmentprescribedbefore and afterchildbirth, from the mothers' medical 

records. 

1.2.2. Data Collection Tools: 

The data collection toolsincluded the surveyform, information sheet, and informed consent 

form. 

1.2.3. Modes of Data Entry and Analysis: 

The data werecollectedusing EPI Info™ software (CDC) version 7.2.4.0 to create the database 

and thenexported to Excel. Statistical analyses wereperformedusing XLSTAT software 

version 2018. Quantitative data weredescribedusingmean ± standard deviation and 

medianwith interquartile range. Qualitative data weredescribed in terms of frequency. 

Contingency tables (relationshipbetweentwo quantitative and/or qualitative variables) and the 

Chi-square test (significance test) wereused on variables such as sex and gestationalage, mode 

of delivery, gestationalage and birth mode, and birthweight. 



 

 

2. RESULTS 

Weincludedfifty-two (52) infants agedfrom Day 0 to Day 3 for the initial recruitment of 

thisstudy. Each percentage mentioned in this article wascalculated on cohorts of close to 52 

due to somemissing data. The socio-demographic and clinicalcharacteristics of the newborns 

and their parents wereanalyzed. The distribution of birthweightswasstudiedaccording to mode 

of delivery and feeding mode, with an evaluation of statisticalsignificance relative to the p-

value. 

2.1. Socio-demographic and ClinicalCharacteristics of Newborns at the Mother and 

Child Hospital 

There was a significantpredominance of full-termbirths, accounting for 94%, compared to 6% 

for prematurebirths. Regarding the mode of delivery, newbornsborn by cesarean section are 

significantly more numerousthanthosebornvaginally, with a respective frequency of 65% and 

35%. Singleton birthsaccounted for 92%, whiletwin and triplet birthseachaccounted for 4%. 

Male individualsoutnumberedfemaleindividuals, representing 71% and 29% respectively, 

thusestablishing a sex ratio (M/F) of 2.45. No newbornshadcongenital anomalies at birth, and 

the mostcommon Apgar score was 9/9, with 51%, followed by 9/10 and 8/9, with 17% each. 

Overall, 83% of newbornswerebreastfedwithin 2 hours of delivery, while 17% were not 

breastfedwithin 2 hours of delivery. Mixed feedingwas the mostcommon, at 58%, followed by 

formula feedingonly, at 29%. Exclusive breastmilkfeedingwas the least practiced, with 14%. 

Table I :Table of Frequency and Percentage of Socio-demographicCharacteristics 

 

Variables Counts Frequencies 

Gestational Age 

Term Birth 49    94%  

Preterm 3     6%  

Mode of Delivery 

Cesarean Section 34    65%  

Vaginal Delivery 18    35%  

Gender 

Female 15    29%  

Male 37    71%  

Weight 

1950g - 2515g 8 15% 

2615g - 2975g 12 23% 

3035g - 3445g 15 29% 

3630g - 4875g 17 33% 

CongenitalAnomaly No 52 100% 



 

 

Breastfeeding Initiation 2 
hoursafter Birth 

Yes 43    83%  

No 9    17%  

Feeding Mode 

Mixed Feeding 30    58%  

Artificial Formula Feeding 15    29 %  

Exclusive Breastfeeding 7    14% 

 

2.2. Socio-demographic and ClinicalCharacteristics of Parents of Newborns at the 

Mother and Child Hospital of Bingerville 

The results of ourstudyrevealthat the majority of parents of newborns have a higherlevel of 

education, representing 87% of the sample, followed by thosewith a secondarylevel of 

education, with a frequency of 10%. Individualswith no formaleducationaccount for 4% of the 

sample. This predominance of educated parents suggests a high likelihoodthatthey are well-

informed about practices favorable to the optimal growth and development of theirnewborns, 

particularlyregardingdietarychoices and the environment. 

However, despitethislevel of education, the majority of parents are employed in services, 

representing 67% of the sample, while 21% are unemployed, and 12% are self-employed. 

This distribution suggeststhatmanynewbornscouldbeexposed to mixed feeding due to the 

rapid return of mothers to the workforce. It isnoteworthythat 94% of motherswere on 

maternityleave, although 4% had to givebirthduringtheirperiod of employment. 

Regarding the geographical distribution, the majority of families of newbornsreside in 

Cocody (44%), followed by Bingerville (27%) and Yopougon (21%). Cocody 

ismainlyinhabited by individualswith a high standard of living, while Bingerville is home to a 

population with a moderate standard of living. Yopougon, on the other hand, is a 

popularneighborhoodcharacterized by socio-economicdiversity. 

Regardingfamily structure, 79% of parents of newborns live withother people, whileonly 21% 

live in a householdcomposedsolely of parents and the newborn. Finally, the presence of pets 

is rare in households, withonly 6% of homes owningdogs. 

 

 

Table II:Socio-demographicCharacteristics of Parents of Newborns 

VARIABLES Counts Frequencies 



 

 

Level of Education 

Not Educated 2 4% 

Secondary 5 10% 

Higher 45 87% 

Employment 

Self-Employed 6 12% 

Employed 35 67% 

Unemployed 11 21% 

On Leave 

No 3 6% 

Yes 49 94% 

Place of Residence 

Adjamé 1 2% 

Bingerville 14 27% 

Cocody 23 44% 

Koumassi 1 2% 

Plateau Dokoui 1 2% 

Port Bouet 1 2% 

Yopougon 11 21% 

Married 

No 3 6% 

Yes 49 94% 

OtherPersons 

No 11 21% 

Yes !41 79% 

Pets 

No 49 94% 

Yes 3 6% 

 

The psychological state of mothersduring the gestationalperiodwasmainly favorable, with 

65% reporting feeling well, 33% feeling fairlywell, and only 2% expressingdiscomfort due to 

healthproblems and stress related to concerns about theirownhealth and that of theirchild. 

Regardingconsumption habits, only 4% of mothersreported smoking cigarettes 

duringpregnancy, while 96% did not consume them. Similarly, 8% 

reportedalcoholconsumptionduringpregnancy, while 92% statedthattheydid not consume it. 

The majority of mothersmaintained normal blood glucose levelsduringpregnancy, at 67%, 

while 23% hadelevatedlevels, and 10% wereunaware of theirglycemicresulteither due to the 

absence of a test or lack of knowledge of the results. Regardingfamilyhistory of diabetes, 52% 

of mothersreported no cases in theirfamily, while 39% reported a familyhistory of diabetes. 

Only 10% wereunable to provide information on this topic. 

 

 

Table III:ClinicalCharacteristics of Parents 



 

 

Variables Counts Frequencies 

Psychological State 

FairlyWell 17 33% 

Fairly Poor 1 2% 

Well 34 65% 

Tobacco Consumption 

Non 50 96% 

Oui 2 4% 

AlcoholConsumption 

No 48 92% 

Yes 4 8% 

High Blood Sugar Levels 

Don't Know 5 10% 

No 35 67% 

Yes 12 23% 

Family History of Diabetes 

Don't Know 5 10% 

No 27 52% 

Yes 20 39% 

AntibioticTherapyBefore Delivery 

No 35 67% 

Yes 17 33% 

 

Distribution of Birth WeightsAccording to Mode of Delivery and Feeding Mode 

Table IV revealsthatnewbornswith a birthweightbetween 1.950 kg and 3.200 kg 

weremainlyborn via cesarean section, representing 74%, while 26% werebornvaginally. 

Conversely, newbornsexceeding 3.200 kg werepredominantlybornvaginally, at 53%, while 

47% wereborn via cesarean section. Statisticalanalysisindicates a p-value greaterthan 0.05, 

suggesting no correlationbetweenbirthweight and mode of delivery. 

Similarly, Table V shows that infants withbirthweightsrangingfrom 1.950 kg to 3.200 kg 

weremainlyfedwith mixed feeding, accounting for 60%, followed by thoseexclusivelyfedwith 

formula milk, at 34%. For newbornsexceeding 3.200 kg, a majoritywerealsofedwith mixed 

feeding, at 53%, while 29% wereexclusivelybreastfed. Once again, statisticalanalysisreveals a 

p-value greaterthan 0.05, suggesting no correlationbetweenbirthweight and feeding mode. 

Table IV: Distribution of Birth WeightsAccording to Mode of Delivery 

WeightIntervals Cesarean Section Vaginal Delivery Total P - value 

1950 – 3200 26 (74%) 9 (26%) 35 (67%) 
 

3290 – 4875 8 (47%) 9 (53%) 17 (33%) ˃ 0,05 

Total 34 (65%) 18 (35%) 52 (100%) 
  



 

 

Table V: Distribution of Birth WeightsAccording to Feeding Mode 

WeightInterva

ls 

Mixed 
Feeding 

Exclusive 
Breastfeeding 

Exclusive Formula 
Feeding Total 

P - 
value 

1950 – 3200 21 (60%) 2 (6%) 12 (34%) 35(67%) 
 

3290 – 4875 9 (53%) 5 (29%) 3 (18%) 17(33%) ˃ 0,05  

Total 30 (58%) 7 (13%) 15 (29%) 
52(100
%) 

  

3. DISCUSSIONS 

The concept that multiple factors influence a baby'sgutbacteriais not novel(16).In thisstudy, 

weexploredfactorsrelated to the socio-demographic and clinicalcharacteristics of newborns 

and their parents. Gestationalage at birthplays a fundamentalrole in investigations conducted 

in perinatal and infant health.(17). In thissurvey, wedocumentedthat 94% of birthsoccurred at 

term, exceeding 37 weeks of gestation, while 6% werepremature. Theseresults are consistent 

withthose of GROSDEMANGE A., whoalsonoted a predominance of termbirths (81%) 

compared to prematurebirths (19%). The method of delivery has a considerable and 

significant influence on the development of infants' intestinal microbiota. Indeed, the mode of 

deliverydirectly influences exposure to maternalmicroorganisms, withsignificantlyincreased 

contact during vaginal deliverycompared to cesarean section.(6), (7).Among the 

subjectsincluded in thisstudy, 65% gave birth by cesarean section, while 35% had a vaginal 

delivery. These data are consistent withthoseobtained by KONATE S (Mali), 

whoalsoobserved a cesarean section rate of 64.4% amongtheir participants (18). MARTA R. 

et al. (France), in 2019, on their part, obtained 78% of cesarean-delivered infants(19), 

(20).These high frequenciescouldbeattributed to the factthatmostnewborns have a 

birthweightexceeding 3 kg, and somewomenopt for cesarean section to minimize the pain of 

childbirth. Additionally, thiscouldbeexplained by the prevalence of certain conditions such as 

hypertension amongsomepregnantwomen, and even fatigue 

associatedwithlatepregnancymaybe a reasoncited for requestingcesareandelivery. 

Male individualsoutnumberfemaleindividuals, representing 71% and 29% respectively, 

thusestablishing a sex ratio (M/F) of 2.45. Our results are comparable to those of SETONDJI 

G. R. P. (Congo Kinshasa), whoobtainedsimilarfindings(21). 

Birth weightvariedfrom 1950 g to 4875 g, with an average of 3099 g in thisstudy. 

Severalstudiesconfirmthat the composition of the microbiotaisinfluenced by birthweight, 



 

 

notablythose by Gregory et al. and Sohn et al(22), (23). Our results are consistent withthose of 

GROSDEMANGE A. (France), whoreported an average of 3319 Grams in hisstudy(19). The 

results of thisstudy show a low proportion (7%) of newbornsbreastfedwithin the first 

twohoursafterbirthcompared to 22.90% reported by Traoré M. et al (24).This resultisidentical 

to that of DIAWARA D. Y. (Bamako, Mali), whoobtained 6.8%(25)but 

significantlylowerthan the 57.5% reported by the Mali Multiple Indicator Cluster Survey 

(MICS) in 2010(26)48% obtained in Senegal in the 2010-2011 MICS survey(27). Thus, 

ourresultdiffersfrom the WHO recommendation, which states 

thatbreastfeedingshouldbeginwithinthirty minutes of birth. Finally, this rate issimilar to 

thatfound by Al Ghwass and DALIA Ahmed in Egypt, whichwas 10.4%(28). However, 

initiatingbreastfeedingwithin 30 minutes afterbirth has been highlighted as beneficial for the 

duration of exclusive breastfeeding(29). This low proportion of breastfeedingwithin 30 

minutes afterbirth in thisstudycouldbeexplained by the factthatmotherswere not informed 

about the practice of early initiation of breastfeeding. It couldalsobeexplained by the 

factthattherewere more cesareandeliveries, and thesewomentook longer to wake up. 

Consequently, theysawtheirnewbornsseveralhoursafterdelivery. 

The mixed feeding mode of the childrenwas 58%, 29% wereexclusively formula-fed, and 

13% wereexclusivelybreastfed. Our resultsdifferfromthose in the literature(19). This 

couldbeexplained by the factthatmost of the mothersrecruited have professional occupations. 

Consequently, theyprefer mixed feeding as theywill not alwaysbeavailable to 

exclusivelybreastfeedtheir babies. 

Occupation and educationalleveloftendetermine the socio-economicstatus of patients, 

whichisconsidered a potentialrisk factor duringpregnancy and childbirth. 

Womenwithhighereducationlevels (Baccalaureate +1 to +5) were more represented at 86%, 

compared to 10% withsecondaryeducation and 4% whowereunschooled. Our 

resultsdifferfromthose of OUSMANE Bé Sao, whofound the highestprevalence of 31.1% for 

secondaryeducation, whilehighereducationhad the lowestprevalence at 1.7%, and 

primaryeducationwas at 25.5%(18). The higherattendance of 

educatedwomenindicatesthatdespitetheir occupations and intellectual backgrounds, theyfind 

the time to have children. 

Most of the parents came from the Cocody district in the city of Abidjan, representing 44%. 

Yopougon is the second mostrepresented district with 21%. The other districts of Abidjan 

eachaccounted for 2%. The city of Bingerville, where the studywasconducted, wasrepresented 



 

 

by 27%. This couldbeexplained by the factthat the city of Abidjan, which has the 

highestnumber (38 or 73%), islocated right next to Bingerville and has a muchlarger 

population than Bingerville (14 or 27%). 

Motherswhowere in a relationshiprepresented 94% of the cases.This rate wassimilar to 

thosefound by KONATE S (Mali),(18)DIALLO A. S. M. (Mali)(30)and DIAWARA D. F. 

(Bamako, Mali),(31)with 93.5%, 90.5%, and 98.3% of cases, respectively. 

Psychologically, the majority of motherswere in a state of well-being, with 65%. 33% 

weremoderatelywell, and 2% did not have an easypregnancy due to 

beingpsychologicallyunstablewith a lot of stress. In recentyears, accumulated data indicatethat 

the gutmicrobiotacommunicateswith the central nervous system through endocrine 

signalingpathways (such as the hypothalamic-pituitary-adrenal axis), neural pathways (the 

vagus nerve), and immune pathways (cytokines), thusinfluencingbrainfunction and behavior. 

Thesebidirectional communication pathwaysbetween the nervous system and the gut are 

referred to as the gut-microbiota-brain axis(32). In response to stress, the body initiates an 

adaptive responsethatallowsit to manage threatening stimuli. In cases of prolonged stress, the 

stress response fails to restore balance, and the 

inadequateresponsemaybeassociatedwithvariouspathological conditions(33). The 

consumption of tobacco and alcoholwaslessreported in ourstudy. If 

thisconsumptionwereprevalentduringpregnancy, itwouldconstitute a significantrisk factor for 

prenatal and postnatal morbidity and mortality. It isalso a risk factor for 

atypicalchilddevelopment and health issues such as hypertension and diabetes in 

adulthood(34)(35).The high bloodsugar rate duringpregnancy in thisstudywas 23%. This 

resultdiffersfrom the data in the literature: REGNAULT N. in France with 8%(36)a 

Europeanstudywith 2% to 6%(37)VIALA M. in Australiawith 4.3%, the Indian subcontinent 

with 15%(38)LEYE A. in Senegalwith 33.1%,(39)and DJOHAN YF in Côte d'Ivoire with 

38.8% (40). 

Regarding the administration of antibiotics, 33% of 

mothersreceivedantibiotictreatmentjustbeforedelivery, while 67% did not. These observations 

are consistent with the data reported in the scientificliterature(19), (20).  

In conclusion, the distribution of birthweightaccording to the mode of delivery and the mode 

of feeding shows no significant association. 

CONCLUSION 



 

 

The variousfactorsinfluencing the establishment and evolution of the gutmicrobiota in 

children at the Mother and Child Hospital (HME) have been explored. The main route of 

microbiota acquisition in newbornsis the mode of delivery. Vaginal 

deliveryisassociatedwithadvantages for the infant, particularly due to the influence of the 

maternalmicrobiota composition on that of the baby. It isthereforeconceivable to prepare for 

this transmission duringpregnancy by consideringprobioticsupplementation. Additionally, the 

choice of feedingmethodplays a crucial role in the diversification of intestinal 

microorganisms. Breastfeeding, rich in lactobacilli, bifidobacteria, and oligosaccharides, 

contributes to the balance of the infant'sgutmicrobiota. 

Other variables, such as the environment and hygiene practices, must betakenintoaccount. 

Excessive hygiene or reducedexposure to microorganisms in a sterileenvironment can also 

influence the establishment of the gutmicrobiota. 

However, itis essential to conductthisstudy in multiple hospital settings and on a largerscale to 

facilitatecomparisons and obtain more generalizableresults. 
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