OriginalResearchArticle

UseofProbioticsandFactorsAffectingtheUseofProbioticsDuri
ngAntibioticTherapy

ABSTRACT

Aim:Toindicatetheimportanceoftheuseofprobioticsandthefactorsthatinfluencetheuseof
probioticsduringantibiotictherapy.
Introduction:Antibioticsarepharmacologicalagentsselectivelytoxictobacteria,butnon-
toxicoracceptablytoxictohumans, prescribedandusedin the treatment ofbacterial infections. The
mostcommon gastrointestinalcomplicationduringantibioticsuseisdiarrhea.

Probiotics are live microorganisms, bacteria andyeasts, which are used in the therapy of
numerousconditions,especiallyinintestinaldiseases.
Methods:Ananonymoussurveyof207patientsfromBosniaandHerzegovinawhousedantibioticsand
probioticsintheperiodfromFebruary2023toMarch2024.

Results:The results indicate that the use of antibiotics is f requent. About a third of the examined patientsused
the probiotic occasionally or not at all during the duration of the antibiotic therapy. About two thirdsof the
patients took the probiotic on their own initiative. A large part of the examined patients is familiarwith
thepurpose of using probiotics. The price ofprobiotics plays a significant role in the application andlength
ofuseofprobiotics.

Discussion:Frequentuse ofantibioticscan increase the likelihoodofgastrointestinal side effects,especially
diarrhea.Theuseof probiotics is often shorter thanthe duration of antibiotic therapy. It's use
isoftenoccasional,andonpatientsinitiative,mostlybecauseofthepriceofprobiotics.
Conclusion:Theobtainedresultsindicatethatitisimportanttopointoutthepurposeoftheuseof

probioticsin addition toantibioticsto patients, and that a decrease in the price of probiotics
wouldincreasethelength ofuse ofprobiotics.
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1. INTRODUCTION
1.1. Antibiotics

Antibiotics are pharmacological agentsselectively toxic tobacteria, but non-toxic, oracceptably
toxictohumans[1].Thereareover300 types ofknown antibiotics, but about 40 are used in therapy. Antibiotics are created by
lower organisms,mostoften saprophyticbacteria f romthe soilor fungi.Syntheticantibiotics(penicillins,cephalosporins) are
createdbychemical changes in the molecules of biological antibiotics and their superiority over biologicals is that they have a
greate rantimicrobialspectrum.Eachantibiotichasitsownspectrumofaction.SomeactonGram-
positivebacteria(Benzylpenicillin),whileothersactonGram-negativebacteria(aminoglycosides). Therearealsobroad -
spectrumantibiotics that work on both types of bacteria(chloramphenicol and tetracyclines). Antibiotics as medicines are
expectedto act on the causative agents of the infection without damaging the cells of the sick host, which is not fully
possible fornow.



The introduction of antibiotics into clinical use was probably the greatest medical success of the 20th century [2].
Thediscoveryofpenicillin, as the f irst scientifically proven antibiotic, happened by accident, when in 1928 Alexander
Flemingdiscovered spores ofthe mold Penicilliumnotatum on the coloniesofstaphylococci he
wasresearching.Moldcausedthedeath ofstaphylococcal colonies and was the f irst evidence ofnaturalantibiotic activity [3]. With
that discovery, the gold enage ofantibiotic development and a new era ofmodern medicine began. Antibiotics enabled the
effective control ofinfectious diseases and led to the possibility of curing previously deadly diseases and saved the lives of
millions of people.Antibioticscanbeclassifiedintoseverallarge groupsbasedon the followingcriteria:source,chemical
structure,mechanismofaction,type ofaction andspectrumofaction [4].

Basedonthesource,antibioticsaredividedinto: naturalcompoundsobtainedf rommicroorganisms,semi -
syntheticcompounds(structurallymodifiednatural compounds) and synthetic compounds. Natural  antibiotics
(benzylpenicillin,cephalosporins and gentamicin) are highly toxic, while semi-synthetic (ampicillin and amikacin) and
synthetic antibiotics(moxifloxacin andnorfloxacin)are lesstoxicandhave a greatertherapeuticeffect[5].
Consideringtheirinfluenceonthegrowthandsurvivalofbacteria,antibioticscanbedividedintobactericidalandbacteriostatic. Thisdivisioni
shotstrictlydefined,consideringthatbacteriostaticagentscanalso haveabactericidaleffectat high¢ concentrations. Bactericidal
compounds cause bacterial cell deathwhilebacteriostatic compounds stop the
cellularactivityandgrowthofbacteriawithoutcausingcell death.Bactericidal antibioticsinclude B -
lactams,aminoglycosides,glycopeptides,quinolones,streptogramins, lipopeptidesandmacrolides.Bacteriostaticantibioticsincludesul
fonamides,tetracyclines,chloramphenicol,oxazolidinonesandmacrolides[5].

Accordingtothe spectrumofaction,antibioticsare dividedintobroad -spectrumandnarrow:spectrumantibiotics.Broad-
spectrumantibioticsareeffectiveagainstseveraltypesofGram-positiveandGram-negativebacteria, while narrow-
spectrumantibioticsareeffective against onlyone type ofpathogen. Accordingtoexistingexperimentalevidence,narrow -spectrum
antibiotics are preferredover broad-spectrum antibiotics precisely because ofthe specificity oftheir action
andthelowerriskofbacterialresistancetoantibiotics[6].Basedonthechemicalstructure,antibioticsaredividedinto:3-
lactams,macrolides,tetracyclines,aminoglycosides,sulfonamidesandquinolones|7]. Thestructuraldiversityofantibioticsisdirect
lyrelatedtotheir differentmechanismsofaction.
Today,wecountthemamongoneofthemostprescribedmedicines[8]:Inthepracticeofdrugadministration,antibioticstake
thesecondplacein thefrequencyofsideeffects[9].

1.2. Sideeffectsduringantibiotictreatment

Antibiotics are prescribed and used in therapy to eliminate pathogenic bacteria that cause a certain disease. However,
inaddition to therapeutic effects, antibiotics ican cause/ numerous side effects. The most common side effects
describedduringtreatmentwithantibioticsarehypersensitivity,hematological,neurological,gastrointestinal,renal,cardiac,pulmo
naryandhepaticsideeffects[10].
Gastrointestinalsideeffectsarethemostcommonsideeffectsassociatedwiththeuseofantibiotics. Theseinclude:

anorexia, nausea, vomiting, diarrhea; epigastric. pain and abdominal cramps. These symptoms are dose-dependent
andhave been described with all classes of antibiotics. They most often occur with oral preparations. Macrolides are the
mostdifficult to tolerate oral-antibiotics [11]. Clarithromycin is associated with gastric discomfort and a metallic taste.
Thesymptoms are relatedeither to a direct irritanteffect or to the toxic effect of antibiotics. Reducing the harmful effect can
beachieved by reducing the dose, treating the symptoms or taking the medicine at the same time with food [12].
However,foodcaninterferewiththeabsorptionofcertainantibioticssuchaserythromycin,oleandomycin,ororalpenicillins. Tetracyclines
are  welltolerated- orally =~ with = the exception of minocycline and doxycycline, which may cause
gastrointestinalreactionsiftakenonanemptystomach.Therefore,theyshouldalwaysbetakenwithfood[13].
Antibiotics,inadditionteactingonthepathogenicbacteriaforwhichtheyareprescribed,destroyanddisruptalargepart

ofthe otherwise normal. gut microbiome. One ofthe common gastrointestinal complications ofantibiotic use is antibiotic -
associateddiarrhea, which'is thought to be caused by "disrupting the good bacteria” that live inside us. Diarrhea causedby
Clostridium "difficile ‘'should be highlighted. It is an irritating diarrhea that occurs due to a change in the balance of
theintestinal. f lora after the administration off3-lactams. Quinolones, doxycycline, and meropenem can also cause
Clostridiumdifficile-relateddiarrhea. Other diarrheas are most often causedby the use ofmacrolides, ampicillin, ceftriaxone
ortrovafloxacin[14,15].Antibioticuseisthemostimportantriskfactor forClostridiumdifficileinfection.

1.3. Probiotics

Probioticsareproductsthatcontainlive,preciselydefinedmicroorganisms(orareobtainedf romthem),insufficientnumbers, capable
ofchanging the microflora (by implantation or colonization) in a certain part of the human body, andthus exerting beneficial
effects on human health [16]. They can be a combination of live beneficial bacteria and/or yeaststhat naturallylive in the
body and have multiple roles in maintaininghealth. Most often, these are lactic acid bacteria ofthegenus Bifidobacteriumor
Lactobacillus and the fungus Saccharomyces cerevisiae (Saccharomyces boulardii), which ismostoften usedin diarrhea
causedbytheuse ofantibiotics.



Probiotics are part of the human microbiome, which represents all the microorganisms that inhabit the surface and
interiorofour body. The microbiome consists ofbacteria, fungi, virusesandprotozoa.In order for bacterial speciestoreceive thetitle
ofprobiotics they must be: non-pathogenic, ofhumanorigin, resistanttostomach acidanddigestiveenzymesinorderto reach the
small and large intestine alive, where they perform their function. Lactobacillus and Bifidobacteriumspecies,the yeast
Saccharomyces crerevisiaeand some non-pathogenic Escherichia coli and Bacillus species are most
oftenmentionedandusedasprobiotics.

Lactobacillus isa genus of gram-positive, non-sporogenic rod-shaped bacteria in the family Lactobacillaceaethatare
characterizedby their ability to produce lactic acid. One of the well-known species of the Lactobacillus genus
isLactobacillus paracasei, a bacterium that can most often be found in naturally fermented dairy products and is also
usedaspart oftherapeuticprobioticpreparations. The most important species f rom this genus “are:Lactobacillus
acidophilus,Lactobacilluscasei,Lactobacillusdelbrueckiisubsp.bulgaricus,Lactobacillusparacasei,Lactobacillus.reuteriandLa
ctobacillusrhamnosus.

Bifidobacteriumisanother large genusofprobiotic bacteria. Like Lactobacillus, Bifidobacteriumspecies are naturalinhabitants
of the human digestive system and are most abundant in the large intestine. They belong to anaerobic lacticacidbacteria
and various factors, such as stress, diet and antibiotic use, significantly . affect “their number and
activity.UnlikeLactobacillus,bifidobacteria  have the ability toproduce short-chain fattyacids,which are known
to"feed"intestinalcells andhavea positive effect on peristalsis (movement) of the intestine, the workof the heart, brain
andkidneymuscles,and participate in the metabolism of fats and carbohydrates in liver. Bifidoebacteriumlongumis one of the
most studiedbifidobacteria, and it is used to prevent diarrhea during antibiotic therapy,.to reduce the symptoms of lactose
intoleranceand to reduce blood cholesterol levels. In addition to it, Bifidobacteriumbifidus, Bifidobacterium breve,
Bifidobacteriuminfantis,BifidobacteriumlactisandBifidobacteriumlongumarealsoimportant.

1.4. Significance,actionanduseofprobiotics

Theactionofprobioticsdependsonthegenusandspecies,aswellasontheapplieddose. ltisknownthatatherapeuticdose of  probiotic
preparations must contain a certain minimum number of colonies (CFU - number of colony-formingunits), whose number
should not be below 10°%o 10°CFU,and for preventive purposes:it is reecommended to use slightlysmaller doses,f rom
10%t010°CFU.Probioticsthatare usedorally(bymouth) need to pass through the digestive tractalive through the stomach to the
intestines where they achieve their effect. And they achieve their effect in several ways:[17]

1. Byimpactingtheepithelialbarrierintheintestines:

- Bystrengtheningtightjunctionsbetweencellsoftheintestinalepithelium(tightjunctions)

- Byimpactingtheproductionofintestinalmucosa

2. Impactingonpathogenicbacteria:

- Byfightingforfood

- Fightingfor thebindingsite—inhibitionofpathegenbinding

- Productionofbacteriocins-antimicrobialsubstances

3. Byimpactingimmunity

4. Productionofshort-chainfattyacids
Certainlivemicroorganismscanhelpboostimmunity.AccordingtotheRecommendationspublished after
theYale/Harvardworkshop,thefollowingspeciesandstrainscan be usedfor thispurpose:LGG (
LactobacilusrhamnosusGG),Lactobacillusacidophilus,Lactobacillusplantarum,BifidobacteriumlactisandLactobacillusjohnsoni
i[18].

About 70% of the cells that participate in immune responses are found in the intestines. Probiotics affect both innate
andacquiredimmunity.

Probiotics are "used .in¢ the treatment of numerous conditions. Thus, in bacterial vaginosis, the number
ofLactobacillusspeciesin the vaginal tract is significantly reduced, andthe number of pathogenic bacteria is increased.
Bacterialvaginosis is'usually treated with the antimicrobial metronidazole vaginally or orally, or clindamycin (an antibiotic)
orally. Inordertoreducethepossibilityofthe infection returning, it is useful touse a probiotic alongwith the antibiotic, as wel | asafter
it [19]. Probiotic ‘can be taken orally or in the form of a vaginal tablet [20]. The most commonly used species toprevent
bacterial vaginosis are Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus gasseri, Lactobacillus
reuteriandkactobacillusrhamnosus[18].

The International Scientific Association for Probiotics and Prebiotics recommends the use of probiotics in children
for:regurgitation, colic, infectious or diarrhea caused by antibiotics, diarrhea due to Clostridium difficile, as a

complementarytherapyfor ulcerativecolitis,Helicobacterpylori,constipationin intestinal syndrome,nosocomial
infections,atopicdermatitis and to preserve oral health. One of the most studied probiotic species in children's colic,
Lactobacillus reuteri,hasshownthatitreducesthedurationandtheintensityofthecolic[21]. TheWorldAllergological

Organizationrecommends the use of probiotics in infants and children with atopic dermatitis [22]. Pregnant women can use
probioticsthroughouttheirpregnancy[23].



Comparing the effectiveness of probiotic supplementation with antibiotics, several studies have shown various
beneficialtherapeuticeffectsofprobioticbacteria(Lactobacillus,Bifidobacterium,Saccharomyces ) in many intestinal diseases [24-
27].TheincidenceofClostridiumdifficileinfectionisloweranddose-dependentwiththeuseofprobiotics[28].

Although they are usually used alongside an antibiotic, it is not recommended to take antibiotics with bacterial
probioticsatthe same time,in order to reduce the effect ofthe antibiotic on the probiotic bacteria. However,
Saccharomycesboulardii,the probiotic strain recommendedfor the prevention ofClostridium difficile infection,isa yeast,nota
bacterium,and co-administration with an antibiotic does not interfere with its action. There are currently no accepted
guidelines onwhen to take probiotics. Probiotics have a very good safety profile. Some minor side effects that have been
reportedinclude thirst, constipation, bloating, nausea, vomiting, stomach pain, rash, and diarrhea. The use of probiotics is
notrecommended for people who have a severely immunocompromised organism. Theuse of probiotics along with
antibiotictherapy is of great importance for the preservation and maintenance of the human microbiome and for the
prevention ofgastrointestinal side effects of antibiotic therapy, especially for the prevention of diarrhea caused by antibiotic
therapy.Therefore,greatattention should be paid to the introduction ofprobiotic supplementation with: antibiotictherapy,aswella
sto the selection of an appropriate probiotic, depending on the antibiotic therapy and the condition being treated with
theantibiotic.

2. MATERIALANDMETHODS

Anexaminationoftheuseandfactorsinfluencingtheuse ofprobiotics duringantibiotic therapy was carriedout. Theinstrument usedfor
the examination is an anonymus online survey. The survey was conducted on respondents who usedantibiotic therapy
andprobiotics in the periodf rom February 2023 toMarch 2024. 207respondentsf rom. the territory ofBosnia and Herzegovina
answered questions  anonymously, including informations  on  the age of the patients  and
theirplaceofresidence.Thesurveyconsistedofeightquestions,includingthreeopen-endedquestionsandf ivemultiplechoice
qguestions. Open-ended questions related to the respondent's age, place of residence and frequency of antibioticuse in the
last 12 months. Multiple choice questions related to the use of probiotics, the frequency ofusing probiotics
withantibiotictherapy,knowledgeoftheimportanceofusingprobioticsduringantibiotictherapy,andtheinfluenceofthepriceof probiotics
on the decision to use probiotics. The obtained results were processed statistically. The online survey
andgraphicalrepresentationsoftheresultswerecreatedusingGoogleForms.

3. RESULTS

Theagerangeofthesurveyedrespondentswasfrom15to78years. Thelargestnumberofrespondents,61.8%,were31to 45 years old,
17.9% of respondents were 15 to 30 years old, 12% of respondents were 46 to 60 years old, and 8.3% ofrespondents
were 61 to 78 years old. The average age of the respondents is 35.9 years (Table 1). It is important to notethat the
majority of patients were from Sarajevo Canton (38.3%) and Tuzla Canton (34.8%), followed by other
cantons(19.4%),RepublicofSrpska(5.5%)andBrikoDistrict(2%)(Table2).

Tablel. Respondent’sage
Age(years) 15-30 31-45 46-60 61-78
Respondents(%) 17.9% 61.8% 12.0% 8.3%
Averageage(years) 35.9
Table2. Respondent’sresidence
Residence SarajevoCanton TuzlaCanton RepublicofSrpska BrckoDistrict
Respondents(%) 38.3% 34.8% 5.5% 2%
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Figurel.Answerstothequestion:"Howmanytimesinthelastl2monthshave youusgdanglbloigctherapy’”
According to the answersofrespondents tothe question about the f requencyofantibioticuse (If?:gure \\\1), it isevident that67%
ofrespondents used some type of antibiotic in the last 12months. 48.3% ofrespondentsusedan antibioticat least 1time in the last

12 months, while 13% of them used an antibiotic 3 to 4 times in the Iast@? months 4.8% of respondentsusedan
antibioticmore than 5 timesin the last12 months.
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Figurez.fgﬁéwqpstdgh&eq uestion:"Didyoualsouseaprobioticduringantibiotictherapy?"

72.1%o0f respondents.who used antibiotic therapy in the last 12 months also used a probiotic during the therapy. 13.9%

ofrespondents claimed that they did not use probiotics with an antibiotic, and 13.9% claimed that they used a
probioticoccasionally(Figure 2).
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Regardlng the duratfon <of probiotic supplementatlon with antibiotic therapy (Figure 3), 56% of the examined

duration g):thea;)tlblottctherapy,whﬂe?.7%cla|medthattheyusedtheproblotlcshorterthantheduratlonoftheannb|ot|ctherapy.
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In addition to the above showed résults, it was examined how familiar the respondents are with the term probiotics,
theirimportance *a&purp&}}e “ofuse  during antibiotic  therapy. The resultsindicate that the  majority
ents,

ofexaminedresp\d nts,83. 1%, werefamiliar with the purpose andimportance oftakingprobioticsalongwith antibiotictherapy.

15.5%ofr@)\/\g§mndem§cléi%ﬁthat they are partially aware of the purpose and importance of taking probiotics with
antibiotictherar ‘{/////fan%onfy 1.4% claimed that they are not aware of the purpose and importance of taking probiotics with

antibiotictherapy(Figure5).
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Figure 5. Answers to the question: "I know the purpose and importance of taking probiotics along with
antibiotictherapy?"

Thesurvey also addressed the issue related to the influence of the price of probiotics on the decision to useprobiotis andlength
ofuse ofprobioticsalongwith antibiotictherapy.
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Figure 6. Answers to the question:"" Does the price of probiotics influence your decision on the use and length
ofuseofprobioticswithantibiotictherapy?"

63.3% ofexaminedrespondentsclaimedthat the price does not influence their decision on the use and length of use
ofprobioticswith antibiotictherapy,while 37.2%ofrespondentsclaimedthatthe price influences their decision on the useandlength
ofuse ofprobioticswith antibiotictherapy(Figure 6).

4.DISCUSSION

From the data obtained by this research, we can conclude that the use of antibiotics is very common in all age groups
ofsurveyedrespondents andthatrepeatedantibiotic therapyin a period ofl12 monthsis representedby a significant
numberofrespondents, which can increase the probability of gastrointestinal side effects of antibiotic therapy. The
obtainedresultsf romour research show thata significanthnumber ofrespondentsusedprobioticsasa supplementtoantibiotictherapy,
but also that almost one-third of the total number of examined patients did not use probiotics at all in addition toantibiotic
therapy or the use of probiotics was occasional. Slightly less than halfofthe examined patients used a probioticshorter than the
duration of antibiotic therapy or only during antibiotic therapy, which consequently can contribute to theincrease in the
likelihood of gastrointestinal side effects of antibiotic therapy, especially diarrhea caused by the use
ofantibiotics.Intheliterature,similarconclusionsaredrawn.AccordingtoAberra,relapseofthediarrheacausedby



Clostridiumdifficilecanbeexpectedinmorethan27%ofcases(withoutprobiotics)within3daysto3weeksaftertheendof antibiotics
therapy. In a randomized controlled trial, Surawicz observed a significant reduction in the relapse rate
ofClostridiumdifficileinfection bygivinghigh-dose vancomycin with a probiotic compared to the antibiotic without theprobiotic.
He also determinedthat administration of probiotics with low doses of metronidazole or vancomycin was withoutstatistical
significance in the occurrence of relapse [29,28]. According to McFarland, the use of antibiotics in combinationwith
probiotics has shown promise in reducing the incidence of relapse, especially in cases ofLactobacillus spp.
andSaccharomycesboulardii[30].Ontheotherside,accordingtotheprotocoloftheEuropeanSocietyfor ClinicalMicrobiology and
Infectious Diseases (ESCMID), thereis insufficient evidence to recommendthe addition ofprobiotics toantibiotic therapy. In
support of this, there are new studies that observed the invasive course of the Clostridium
difficileinfectionaftertheuseofSaccharomycesboulardiiinimmunocompromisedpatients[31,32,25,33].

Our results support the fact that the examined respondents are highly aware of the importance of taking probiotics
alongwith antibiotic therapy, but also that doctors do not recommend the use of probiotics for a large number of patients
whoareprescribed antibiotics. Consequently, it can be concluded that recommendingprobiotic . supplementation with
antibiotictherapy, choosing the appropriate probiotic and pointing out the importance of it to the patients, by doctors, should
beincreased. Considering that probiotic preparations are not among the drugs prescribed to patients at the expense of
theHealth Insurance Institute,andthatmore than one thirdofthe surveyedpatientsstatedthatthe price influenced
theirchoiceanddecisiontouseprobiotics,itcanbeconcludedthatthelowerpriceofprobioticscouldinfluenceanincreaseinthe rate ofuse
ofprobiotics with antibiotic therapy, as well as an increase in the length of use of probiotics duringantibiotic therapy. The
research is important because it tries to shed light on the role and importance of “probiotics use inaddition to antibiotic
therapyandalsoitshowssome ofthe factorsthatcan affectprobioticuse.However,more researchwillboe neededtodemonstrate the
impactofprobiotictherapyin preventingside effectsofantibiotics,especiallygastrointestinalsideeffects,andtoshow
allthefactorsthatcaninfluencethedecision toinclude probiotics in therapy.Thelimitation ofourstudyissmallsampleofpatients.

5. CONCLUSION

Probiotics are of great importance in the treatmentof numerous conditions, especially as a complementary therapy
duringantibiotic therapy. Manyresearchesindicated that the use: of probiotics together with antibiotics significantly contributes
toreducing the likelihood of repeated bacterial vaginal <infections, as well as that probiotic cultures have various
beneficialtherapeuticeffectsinmanyintestinaldiseases.TheincidenceofClostridiumdifficileinfectionissignificantlyreducedwhena
probioticisusedin therapyalongwith antibiotics.A surveyconductedon patientsf rom the area ofBosnia andHerzegovina who
used antibiotic therapy in the last 12 months indicated that the use of antibiotics is common and
thatadditionalprobiotictherapyisoftenoccasionalor net includedat all.<Usingthe probiotic on the initiative ofthe patient s,show that
patients are mainly familiar with the purpose and. importance of using probiotics. It is also important to payattention to
counseling patients, pointing out the importance of, using probiotics in addition to antibiotic therapy and tendtoreduce the price
ofprobiotics in order to increase the rate ofuse and the length ofuse ofprobiotics in addition toantibiotics.
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