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Giris

Insan tiiberkiilozunun etkeni olan M. tuberculosis, Gram-pozitif bir basil olup
aside direngli bakteriler grubuna aittirr En uyum saglayabilen insan
patojenlerinden biri olarak kabul edilen bu bakteri, konak¢1 iginde bir bulasma
firsat1 olusana kadar kalabilmek i¢in kendine 6zgii bir strateji kullanir (Anes, vd.,
2023). Bu fakiiltatif intraselliiler bakteri yavas biliylime gosterir; bu ozellik,
makrofajlarin dogal olgunlagma siireclerini bozarak enfekte hiicreleri temizleme
yetenegini engeller. Aktif akciger tiiberkiilozu olan kisilerin 6ksiirme, hapsirma
veya konusma sirasinda havaya sactiklar1 enfekte damlaciklar yoluyla bakteri
bulagir (Mohammadnabi,vd., 2024).

Diinyadaki niifusun yaklagik dortte birinin M. tuberculosis ile enfekte oldugu
tahmin edilmektedir; bu durum, yeniden aktivasyon ve bulagma agisindan 6nemli
bir kiiresel rezervuar olusturmaktadir. Onlenebilir ve genellikle tedavi edilebilir
hastaliklar arasinda yer alan tiiberkiiloz (TB) hastaligina her y1l 10 milyondan
fazla insan yakalanmaya devam etmektedir ve bu say1 2021'den beri artmaktadir
(WHO Global Tuberculosis Report, 2020).

2023 yilinda diinya genelinde 8,2 milyon kisi yeni TB tanisi almistir. Bu
say1, 2022’de bildirilen 7,5 milyon ve 2019’daki 7,1 milyon olgudan daha
yiiksek olup, COVID-19 pandemisinin en yogun oldugu 2020’deki 5,8 milyon
ve 2021°deki 6,4 milyon olgu diizeylerinin oldukga tizerindedir. 2022 ve 2023
yillarinda tani konulan bu yeni olgularin énemli bir kisminin, aslinda 6nceki
yillarda TB hastaligi gelismis ancak COVID-19 kaynakli saglik hizmeti
aksamalar1 nedeniyle tan1 ve tedavisi gecikmis bireyleri igerdigi
diisiiniilmektedir ( WHO Global Tuberculosis Reports, 2025).

2023 yilinda TB’nin yaklasik 1,25 milyon 6liime neden oldugu tahmin
edilmektedir. Toplam 6lim sayisi, 2022°deki 1,32 milyon, 2021°deki 1,42
milyon ve 2020°deki 1,40 milyon tahmini rakamlarin altinda kalmis ve pandemi
oncesi 2019 seviyesinin (1,34 milyon) de gerisine diismiistiir. Bu ilerlemeye
ragmen, TB biiyiik olasilikla, COVID-19’un yerine gegerek, yeniden tek bir
bulasici etkenin neden oldugu dliimlerin diinyadaki baslica nedeni haline
gelmistir (WHO Global Tuberculosis Reports, 2025).

2035 yilina kadar TB vyiikiinii, DSO’niin “Tiiberkiilozu Sonlandirma Stratejisi
(TSS)” kapsaminda oOngoriilen seviyelere diisiirmeyi hedefleyen iilkelerin,
hastalik yoOnetimi ve izleme, siirveyans, tiiberkiilloz miidahale ve yoOnetim
programi, egitim ve iletisimi desteklemek amaciyla dijital saglik ¢oziimleri
(elektronik ve mobil saglik) gibi yenilik¢i yontemler gelistirmesi gerekmektedir
(Knut, Raviglione, 2016). DSO’niin TB stratejisi, 20162035 doneminde kiiresel
Olgekte TB insidansmmi %90, TB mortalitesini ise %95 oraninda azaltmay1
hedeflemektedir (Huynh, 2016). Bu baglamda, dijital teknolojiler TB’yi sona
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erdirmeye yonelik kiiresel c¢abalarin daha etkili ve verimli bir sekilde
yiirlitiilmesini saglayabilir (Walle, Hunde, Demsash, 2023).

Diisiik ve orta gelirli iilkelerde internete erisim ve uygun fiyathh mobil
cihazlara sahip olma orani giderek artmaktadir. Yapay zeka, ses ve gorsel desen
tanima gibi yaygin uygulamalarla 6rnegin konugma transkripsiyonu yazilimlarina
ve bilgisayar destekli tanisal platformlara entegre edilmistir. Ayrica, bu
teknolojilerin performansinin yapay zeka ve makine 6grenimi gibi yeniliklerle
biitiinlestirilerek artirilmasi gerekmektedir (Marr, 2016).

Siirveyans

Internetin yayginlasmasi ve teknolojinin benimsenme diizeyinin artmasi, TB
siirveyansinda 6nemli bir doniim noktas1 olmustur. Tiiberkiiloz hasta bilgilerinin
elektronik ortamda kaydedilmesi ve izlenmesine ydnelik girisimlerin uzun bir
geemisi bulunmaktadir. Son yillarda, bu amagla kullanilan yazilimlarin kiiresel
Olcekte yayginlastigi ve ¢esitlendigi gozlemlenmekte olup, bu yazilimlarin
¢ogunlugu acik kaynak formatinda sunulmaktadir (Naker, vd., 2020; Chen,vd.,
2024; Liu, vd., 2022). Cin’de kullanilan TB Bilgi Yonetim Sistemi, TB
siirveyansinda dijital teknolojilerin biiyiik 6l¢ekli kullanimina bir 6rnek teskil
etmektedir (Huang, vd., 2013). Sistem, zaman iginde geliserek, ilag direnci
degerlendirmesi igin “risk altindaki” TB hastalarinin isaretlenmesi, ulusal
bulasici hastalik kayit sistemine dogrudan raporlama yoluyla dogru zamanlama
ve dogruluk saglanmasi ile is yiikiiniin tekrarinin 6nlenmesi gibi bir¢cok avantaj
sunmustur.

Yapay zeka teknolojileri, ayrintili hasta kayitlarinin analizinde 6nemli katkilar
saglayabilir. Kisiye 0zgli benzersiz kimliklerin yaygin olarak bulunmadigi
bolgelerde dahi, akilli algoritmalar genis veri setleri igerisinde bireylerin zaman
icindeki “izlerini” takip edebilir; bu 6zellik, TB siirveyansinda kritik bir 6neme
sahiptir. Ornegin, TB’ye iliskin klinik bulgular gdsteren, hastalig1 niikseden veya
ilaglara bagl yan etkiler gelistiren bireylerin izlenmesi, mortalite verilerinin
tamamlanmasi ve HIV koinfeksiyonu ile iliskilendirilmesi a¢isindan biiyiik yarar
saglayabilir. Ayrica, yapay zeka tabanli analizler, tedavi basarisizliginin erken
belirtilerini saptayarak hem hastalik yonetimi ve izleme siireglerinde hem de
TB’ye yonelik ilag gelistirme c¢alismalarinda degerli bilgiler sunabilir
(Srivastava, vd., 2016, Modongo, vd., 2016). Bununla birlikte, yapay zekanin
TB salginlarini erken donemde tespit edebilecek bir arag olarak kullanilabilecegi
de ileri siirtilmektedir (Wisnivesky, 2005).

Tiiberkiiloz hastalarinin karsilastigit en Onemli zorluklardan biri, ilag
tedavisine diizenli uyumun saglanmasidir. TB gibi kronik enfeksiyonlarin
tedavisinde aylar siiren ila¢ kullanimi ve saglik kuruluslarina diizenli ziyaret
zorunlulugu, hastalarin tedaviye uyumunu olumsuz yonde etkileyebilmektedir
(Munro, vd., 2007). Uzun siireli tedavi uyumu, etkin hasta—saglik calisam
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iletisimiyle desteklenebilir ve bu iletisim biligsim teknolojilerinin kullanimiyla
giiclendirilebilir. Bu amagla, giiniimiizde umut vadeden ¢esitli dijital teknolojiler
gelistirilmekte ve uygulanmaktadir.

Kaynaklarin kisith oldugu, TB yiikiiniin yiiksek oldugu bolgelerde kisa mesaj
servisi (SMS) gonderebilen elektronik ilag izleme cihazlarinin basariyla
uygulandigi bildirilmistir (Manyazewal, vd., 2022). Ayrica, akilli telefon veya
tablet araciligiyla iletilen videolar sayesinde saglik calisanlarinin hastalarin ilag
alimini uzaktan gézlemlemesine olanak taniyan sanal dogrudan gdzetimli tedavi
yontemi, sosyal agidan zorlu kosullar altinda dahi, uygun fiyath cihazlar ve genis
bant internet erisimi bulunan bdlgelerde uygulanabilir hale gelmistir (Garfein,
vd., 2015; Story, vd., 2016; Sinkou, vd., 2017).

Bununla birlikte, her iki teknolojinin de iletilen verilerin dogrulanmasi ve
yorumlanmasi agamalarinda saglik calisanlarimin aktif katilimimi gerektirdigi
bildirilmektedir. Ayrica, internet iizerinden video aktarimina bagli olarak
mahremiyet ihlali riski de 6nemli bir endise konusu olmaya devam etmektedir.
Bu riskler veri sifreleme yontemleriyle azaltilabilmekle birlikte, daha gelismis ve
akilli ¢dztimler de gelistirilmektedir.

Yapay zekanin oriintli ve belirti tanima yetenegi, mevcut dijital uygulamalara
onemli bir deger katabilir. Ornegin, sanal dogrudan gozetimli tedavi
uygulamalarinda yazilimin belirli bir hastaya ait ilag alim zaman damgas1 ve
mobil cihaz numarasiyla entegre edilmesi, saglik ¢alisanina kii¢iik bir veri paketi
olarak iletilebilecek benzersiz bir dijital imza olusturulmasini saglayabilir.
Boylece, hastaya 6zgii davranigsal ve biyometrik oriintiiler giivenilir bi¢imde
tanimlanabilir. Bu teknik yaklasim, yalnizca TB tedavisinde degil, yakimn klinik
izlemin gerekli oldugu diger kronik hastaliklarda da degerli bir arag olarak
kullanilma potansiyeline sahiptir.

Tedaviye uyum, TB kontroliinde temel bir odak noktasi olmakla birlikte,
dijital teknolojiler TB hastaliginin yonetimi ve izlenmesini farkli yontemlerle de
iyilestirebilir. Ornegin, “tak—¢ikar” 6zellikli donanim araglari, akilli telefonlari
taginabilir klinik cihazlara doniistiirerek hasta takibini ve veri toplamay1
kolaylastirmaktadir (Peer, vd., 2014; Breslauer, vd., 2009). Bunun yani sira,
belirli bir amag¢ dogrultusunda akil yiiriitebilen ve 6grenme yetenegi sayesinde
siirekli olarak 6lgeklenebilen biligsel bilisim sistemleri (Kelly, 2016) klinik karar
destek sistemlerinde kullanilan algoritmalar1 gii¢lendirerek klinisyenlere tan1 ve
tedavi silireclerinde onemli katkilar sunabilir (Kalyanpur, vd., 2015). Bu
sistemler, farkli veri kaynaklar1 arasindaki iligkileri ve Oriintiileri tanimlayarak
olumsuz klinik olaylarin nedenlerinin belirlenmesi ve 6nlenmesine de yardimci
olabilir.

Yapay zeka, daha dnce erisimi miimkiin olmayan genis veri setlerine hizli ve
etkili bir bicimde ulagma olanag1 sunmaktadir. Bu veri setleri; klinik karar verme
stireclerinde genellikle kullanilmayan bulut tabanli bilgi kaynaklarindan,
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hastalarin genomlarinda yer alan ancak geleneksel yontemlerle analiz edilmesi
gii¢ olan kapsamli biyoinformatik verilere kadar genis bir yelpazeyi kapsayabilir
(Malin, 2013). Elde edilen bu veriler, hem kullanicilar hem de sistemin kendisi
icin siirekli bir 6grenme firsat1 yaratir.

Gelismis bir yapay zeka uygulamasinin mobil klinik karar destek sistemlerine
entegre edilmesi durumunda, TB alaninda c¢alisan saglik personeli yalnizca bu
teknolojiden yararlanmakla kalmaz; ayni zamanda girdikleri veriler ve sunduklari
geri  bildirimler araciligiyla sistemin bilgi tabanimin siirekli olarak
zenginlesmesine katki saglar. Bu yaklasimla gelistirilen kigisellestirilmis bakim
modelleri, uzun siiredir benimsenen geleneksel klinik uygulamalara benzer
sekilde, yeni tedavi rejimlerinin klinik pratige ¢ogunlukla ila¢ denemelerine
katilan hastalardan elde edilen gozlemler dogrultusunda entegre edilmesi
siireciyle paralellik gostermektedir. Ancak, kaynak ve zaman agisindan yogun
olan bu tiir klinik ¢alismalarin tamamlanmasi genellikle yillar alirken, yapay zeka
destekli sistemler bu siireci dnemli dl¢iide kisaltma potansiyeline sahiptir.

Dijital Egitim ve Kapasite Gelistirme

Dijital egitim, 6gretim ve iletisim siireclerinde elektronik ortamlar ile dijital
cihazlarin kullanilmasimi ifade etmektedir (Sangra, vd., 2012). Kagit tabanl
materyallerin yerini alan dijital metinlerden, etkilesimli gevrim igi &grenme
platformlarina kadar uzanan genis bir uygulama alanina sahip olan dijital egitim,
insan kaynaklarinin gelistirilmesi ve hasta egitimi gibi alanlarda geleneksel
yaklagimlar1 koklii bigcimde doniistiirmektedir. Problem ¢6zme ortamlarini simiile
etmek amaciyla gelistirilen yeni 6grenme teknikleri arasinda “oyunlastirma” ve
artirillmis gergeklik uygulamalar1 da yer almaktadir (Urh, vd., 2015).

Yapay zeka, insan egitmenlerin bilgi aktarim siireclerini kisisellestirme
becerisini taklit ederek Ogrenen bireyin kapasitesine, tercihlerine ve bilgi
aciklarina gore igerige dncelik verebilmektedir. Bu sayede, 6grenme deneyiminin
bireysellestirilmesi ve etkinliginin artirilmasi miimkiin olmaktadir. Dijital egitim
materyallerinin gelistirilmesi; icerigin yalnizca dogru, giincel ve konuya uygun
olmasini degil, ayn1 zamanda format agisindan dikkat ¢ekici ve kullanilan medya
tiiriine uygun sekilde optimize edilmesini gerektirmektedir. Bu durum, ¢ok
disiplinli bir uzmanlk gerektirdigi icin yiiksek maliyetli bir siire¢ ortaya
cikarabilmektedir. Yapay zeka, dijital egitim iceriklerinde kullanilacak metin ve
gorsellerin siniflandirilmasi, se¢imi ve diizenlenmesi gibi yogun emek gerektiren
islemleri otomatiklestirerek iiretim siirecini hizlandirabilir ve maliyetleri 6nemli
Olciide azaltabilir.

Tiiberkiiloz Miidahale ve Yonetim Program

Bilgi, her zaman planlama ve yonetim siireglerinin merkezinde yer almistir.
Tiiberkiiloz programlarinda tanisal verilerin etkin bicimde islenmesi; hizmetlerin
kapsayiciligin1 artirmak, esitsizlikleri ve islevsel aksakliklar tespit etmek ve
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kaynak israfin1 en aza indirmek agisindan kritik 6neme sahiptir. Bu baglamda,
TB Miidahale ve Yonetim Programi kapsaminda “baglantili tam1” (connected
diagnostics) kavrami giderek daha fazla 6nem kazanmaktadir. Bu yaklagim, tani
cihazlarinin uzaktan izlenmesine olanak tanirken, elde edilen sonug verilerinin
merkezi bir sistemde biitiinlestirilmesini de kolaylastirmaktadir. Sonuglarini
dijital olarak tretebilen molekiiler tan1 yontemlerinin yayginlagmasi, bu tiir
sistemlerin Ozellikle kaynaklarin kisith oldugu boélgelerde etkin bigimde
uygulanmasini miimkiin kilmistir (Global Laboratory Initiative, 2016). Yeni nesil
tanisal teknolojiler ise bir adim daha ileri giderek, sonu¢ verilerinin
yorumlanmasina ve bunlarin diger tanisal siireglerden elde edilen verilerle
entegrasyonuna yardimci olabilmektedir. Yapay sinir aglari, yayma-negatif
pulmoner TB ve plevral TB gibi tan1 koymanin gii¢ oldugu klinik durumlarda
uygulanmig; bu sayede, geleneksel tan1 yontemlerinin yetersiz kaldigi alanlarda
yeni bir ¢dziim perspektifi sunmustur (Souza Filho, vd., 2016; Seixas, vd.,
2013).

Bilgisayarli sistemlerin, TB tanisinda 6nemli bir alt alan olan radyolojiye
saglayabilecegi katki potansiyeli uzun yillar 6nce fark edilmistir (Lusted, 1960).
Ancak, dijital akciger grafilerinde TB’nin otomatik olarak saptanmasina yonelik
aragtirmalar halen devam etmekte olup, bu teknolojilerin klinik olarak anlamli bir
dogruluk ve gilivenilirlik diizeyine ulagabilmesi i¢in daha fazla bilimsel kanita
ihtiya¢ duyulmaktadir (Pande, vd., 2016).

Sonug¢

Dijital araglarin yiiksek veri isleme ve depolama kapasitesi, biiyiik miktarda
verinin tretildigi saglik sektoriinde derin ve kalici etkiler yaratmaktadir. Bu
verilerin etkin bicimde analiz edilerek hasta sonuclarinin iyilestirilmesi
potansiyeli, saglik hizmetlerinde dijital doniisiimiin en cazip ydnlerinden biri
olarak One c¢ikmaktadir. Bununla birlikte, dijital teknolojiler araciligiyla
kolaylastirilan birgok saglik siireci, halen belirli Ol¢lide uzman personel
tarafindan denetlenmeyi gerektirmektedir. Bu duruma klasik bir 6rnek, ilaca
direngli TB gibi karmasik klinik sorunlara odaklanan ve alaninda uzman kisilerce
yonetilen ¢evrimici tartisma gruplaridir (Lange, vd., 2014; Guglielmetti, vd.,
2019).

Robotik sistemler bazi gorevlerde insan egitmenlerini geride birakacak
diizeye ulasmis olsa da, heniiz tibbi uzmanlarin yerini tamamen alabilmis
degildir. Bununla birlikte, makinelerin destekleyici araglardan, tibbi karar verme
siireclerinde daha etkin bir role sahip aktorlere doniismesi, saglik hizmetlerinin
geleceginde dnemli bir doniim noktasi olacaktir. Goriiniise gore saglik ¢alisanlari,
klinik a¢idan anlamli verilerin “bek¢isi” konumuna evrilmektedir. Bu baglamda,
g0giis hastaliklart ve TB gibi alanlarda siklikla bagvurulan radyoloji, mikroskopi
ve patoloji gibi, hastalik morfolojisinin yorumlanmasina dayali disiplinlerin,
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otomatik Oriintli tamima teknolojilerinden en fazla etkilenecek tibbi alanlar
arasinda yer almasi beklenmektedir.

Buna ek olarak, yapay zeka yalnizca klinik uygulamalarda degil, temel tibbi
aragtirmalarda da yenilik¢i katkilar sunma potansiyeline sahiptir. Her ne kadar
yapay zeka 1970’lerden bu yana tip alaninda gesitli yeniliklerde kullanilmis olsa
da yakin gelecekte gelistirilmesi beklenen biligsel hesaplama sistemleri, bu
teknolojinin Onceki nesillerine kiyasla paradigmatik bir donilisiimi temsil
edecektir (Diprose, vd., 2016).

Teletip ve uzaktan danigmanlik uygulamalari, saglik hizmetlerinin bilgisayar
veya mobil cihazlar araciligiyla sunulmasina imkan taniyarak, geleneksel hasta—
bakici iliskisini yeniden sekillendirmektedir. Yapay zeka tabanli yazilimlar ile
donatilmis taginabilir ve giyilebilir cihazlar, hastalarin fizyolojik parametrelerini
kesintisiz bigimde izleyebilmekte ve kimi zaman egitimli personelin anlik olarak
fark edemeyecegi diizeyde erken uyarilar olusturabilmektedir. Bu gelismeler, ev
temelli bakim yaklasimim giiglendirmekte ve fiziksel saglik tesislerine olan
bagimliligi kademeli olarak azaltmaktadir. Son on yilda akilli telefon
teknolojisinin hizli yiikselisi, dijital araglarin siradan bireyleri saglik
hizmetlerinin bilingli ve aktif kullanicilarina doniistirme potansiyelini agikca
ortaya koymustur. Bu egilimin gelecekte de artarak devam etmesi beklenmekte
olup, hastalar ile saglik calisanlarinin daha etkilesimli, kisisellestirilmis ve veri
odakl1 bir saglik sistemi igerisinde en uygun klinik kararlar1 almalarina olanak
saglayacaktir.
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Toplumlarin biyomedikal aragtirmalara yaptig1 yatirnmlar niifusun sagligim
iyilestirmeye yonelik uzun vadeli kararliliginin bir yansimasidir. Bu yatirimlar,
yalnizca temel bilimsel bilginin iiretilmesini degil; aym1 zamanda aragtirma
bulgularinin hastaliklarin 6nlenmesi, tanis1 ve tedavisine yonelik etkili klinik
uygulamalara doniistiiriilmesini amaglamaktadir. Ancak son elli yil boyunca
biyomedikal arastirmalara énemli diizeyde mali ve entelektiiel kaynak ayrilmis
olmasina ragmen, yeni Uretilen bilginin rutin klinik uygulamaya aktarilma
siirecinin gorece yavas ilerledigi goriilmektedir Bu yavasghigin teknolojik
yetersizliklerden kaynaklanmadigi; ayni zamanda biyolojik sistemlerin
karmagikligi, diizenleyici siiregler ve klinik pratikte paradigma degisimlerine
karsi direng gibi ¢ok boyutlu faktorlerle iliskili oldugu gorilmektedir
(Ioachimescu & Shaker, 2025). Bu baglamda t ranslasyonel bilim, laboratuvar
ortaminda liretilen bilginin hasta bagina ve toplum sagligina daha hizli ve etkili
bicimde aktarilmasini hedefleyen, disiplinler arasi ve biitiinciil bir yaklagim
olarak ortaya c¢ikmistir. Translasyonel bilim, dogasi geregi, farkli alan
uzmanlarindan elde edilen c¢esitli bilgilerin ve kiiratorligii yapilmig veri
kaynaklarinin; klinik ve biyomedikal bilginin biitiinlesik analizleri yoluyla
sorular1 yanitlamak amaciyla uygulanmasini icerir (Unni, Moxon, Bada, vd.,
2022).

Amerika Birlesik Devletleri’nde translasyonel arastirmalar ve karsilagtirmali
etkililik arastirmalarinin ilerletilmesine yonelik politikalar ve 6zgiil yol haritalari,
Ulusal Saglik Enstitiileri ve Tip Enstitiisii tarafindan yayimmlanmistir (Sox,
McNeil, Wheatley, vd., 2008). Tiirkiye’de translasyonel tip, temel bilim
bulgularinin klinik uygulamaya ve nihayetinde toplum sagligina etkili bigimde
aktarilmasin1 hedefleyen ¢ok-disiplinli bir yaklasim olarak; klinik arastirma
altyapilari, milkemmeliyet merkezleri, teknoloji transfer mekanizmalari ve saglik
politikasi bilesenleriyle birlikte gelismektedir. Bu ekosistemin 6nemli kurumsal
aktorlerinden biri Tiirkiye Saglik Enstitiileri Baskanligi (TUSEB) olup, klinik
aragtirmalarin iilke capinda giiclendirilmesine yonelik yayin ve politika
dokiimanlariyla klinik arastirma kapasitesinin artirilmasini stratejik bir hedef
olarak konumlandirmaktadir. Bu c¢ergeve, translasyonel tibbin yalnizca
laboratuvar kesiflerini klinik denemelere tasimakla smirli olmayan; ayni
zamanda siire¢, yonetisim ve siirdiiriilebilir uygulama bilesenlerini igeren genis
bir “bilimden uygulamaya” hatti gerektirdigini gostermektedir (TUSEB Raporu,
2024).

Translasyonel bilim, arastirma ¢aligmalarini ve sistem siireglerini, bunlarin
bilimsel yonetisim ilkelerini ve igsel isleyis mekanizmalarin1 ortaya koymak
amaciyla degerlendiren eklektik bir disiplin olarak tanimlanmaktadir. Bu
yaklagim, translasyon siirecini deneyime dayali uygulamalardan 6ngoriilebilir ve
sistematik bir yapiya doniistiirmeyi hedeflemektedir (Austin, 2021). Gelistirme—
gosterme—yayginlastirma dongiisii igerisinde bir miidahale veya inovasyonun
saglik sistemine aktarilabilmesi icin, her biri kendine 06zgii terminolojiye,
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kuramsal ¢ercevelere ve giktilara sahip en az yirmi farkli bilimsel disiplinin
katkisinin gerekli oldugu disiiniilmektedir (Collins, 2011).  Translasyon
biliminin kendisine ve onunla iligkili uzmanlik alanlar1 ile ¢alisma disiplinlerine
iliskin degerlendirmeler temel tip bilimleri ile klinik bilimler arasinda daha
biitiinciil, etkili, verimli ve bilgilendirici bir ekip bilimi yaklagiminin
gelistirilmesine yardimci olacaktir.

Translasyonel Arastirma ve Translasyonel Bilim

Antik tibbi metinlerde translasyon kavrami, sifacilar, biiyiiciiler ve erken
donem hekimler tarafindan tedavilerde kullanilan kimyasal maddelerin ve
uygulamalarin modifiye edilmesine yonelik c¢abalar1 tanimlamak igin
kullanilmigtir, Bu baglamda terim, filolojik bir ¢agrisimla, sdz konusu
girisimlerin bilimsel ya da kuramsal temellerinden ziyade, dogrudan hastalarin
acil  gereksinimleriyle baglantili  pratik uygulamalara odaklandigini
yansitmaktadir. 20. yiizyilin ikinci yarisinda translasyona yonelik cabalar
agirhikli olarak halk sagligi ve klinik tip alanlarina uygulanmisg; zaman zaman
bazi terapotik ve koruyucu miidahalelerin tanimlanmasina katki saglamis olsa da,
yeni ilag gelistirme siireglerine nadiren dogrudan yansimistir. Translasyonel
spektrum boyunca, yeni kesiflerin yayginlastirilmasi ve benimsenmesi; yapisal
veya islevsel zorluklar, sistemsel kisitlamalar, fonlama kesintileri, “6lim
vadileri” olarak tanimlanan kritik gecis asamalar1 ve uzun siire agiklanamayan
gecikmeler nedeniyle siklikla sekteye ugramistir (Finney, Ridgeway, Griffin,
2024).

Temel ve translasyonel arastirmalarin ilerlemesi uzun siire klinik gézlemlerle
sik1 bir bi¢cimde i¢ i¢e gecmis olsa da, temel laboratuvar arastirmalarinda elde
edilen carpici basarilar, klinik ve translasyonel aragtirmalarin ¢iktilarini belirgin
bicimde geride birakmistir. Temel bilimsel kesiflerdeki bu iistel artis,
etiyopatofizyolojiye iliskin anlayisimizda biiyiik ilerlemeler saglamis; ayni
zamanda biiyiik veri, derin veri ve uzunlamasina veri gibi ¢ok boyutlu ve hacimli
bilgi kiimelerinin ortaya c¢ikmasina yol agmistir. Bu gelismeler, translasyon
siireclerine veri biliminin entegrasyonunu zorunlu kilmis; yapay zeka, makine
O0grenmesi, derin Ogrenme gibi yoOntemlerin yami sira ileri matematiksel
yaklagimlar ve gii¢lii hesaplama altyapilarinin kullanimini giderek daha kritik
hale getirmistir (Austin, 2018).

Translasyonel arastirma, Ulusal Translasyonel Bilimleri Gelistirme Merkezi
tarafindan, belirli bir hastalik hedefi i¢in translasyonel gelistirme spektrumunun
belirli bir basamagin kat etmeye yonelik bir ¢aba olarak tanimlanmaktadir.
Translasyonel arastirmanin temel amaci, bilimsel kesifler ile tip ve saglik
hizmetlerinde kullanilan pratik, ger¢ek yasam uygulamalar1 arasindaki boslugu
kapatmaktir (Faupel-Badger, Vogel, Austin, & Rutter, 2022). Translasyonel
aragtirma, ¢ogunlukla baglangigta laboratuvar odakli bilimsel kesiflere dayanan
yeni tibbi cihazlarin, yenilik¢i tedavi yaklagimlarinin, klinik stratejilerin veya
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saglik hizmeti miidahalelerinin gelistirilmesinde kullanilmaktadir. Translasyonel
aragtirma siirecleri; aragtirmacilar, klinisyenler, hastalar, toplum temsilcileri,
kamu otoriteleri ve diger paydaslar arasinda etkin is birligini gerektirir. Bu ekip
bilimi yaklagimi, arastirma g¢iktilarmin klinik uygulamaya ve halk sagligi
politikalarna etkili ve siirdiiriilebilir bigimde aktarilmasini  saglamayi
amaglamaktadir (Ioachimescu & Shaker,2025).

Translasyonel bilim ile translasyonel arastirma birbirinden farkli ancak bitisik
ve kismen Ortlisen kavramlardir; her ikisi de bilginin bir baglamdan digerine
aktarilmasina odaklanmalart nedeniyle belirli benzerlikler tasimaktadir.
Translasyonel arastirma, bilimsel kesifler ve inovasyonlar ile bunlarin tibbi
uygulamalara yansitilmasi arasindaki boslugu kapatmay1 amaglayan bir ¢alisma
ve uygulama alanin1 ifade ederken; translasyonel bilim, zaman igerisinde igerigin
bir dil, ekosistem, ¢evre, baglamsal yapi, kiiltiir, disiplin ya da bilgi alanindan
digerine aktarilmasinin nasil operasyonellestirilecegini sistematik bi¢imde
inceleyen ve uygulayan bir disiplin olarak evrilmistir (Viera, James, Shekhar,
loachimescu, & Buse2023). Translasyonel bilim; temel bilim, klinik aragtirmalar
ve popiilasyon temelli bilimlerden elde edilen bilginin, insan saghiginin
iyilestirilmesi, yasam siiresinin uzatilmasi ve hastalik ile engellilikten armmis bir
yasamin desteklenmesi amaciyla sistematik ve ¢ok disiplinli bigimde
biitlinlestirilmesini kapsar. Bu yoniiyle translasyonel bilim, tibbi tedavilerin,
miidahalelerin ve saglik hizmeti uygulamalarinin gelistirilmesinde kritik bir rol
oynamakta ve nihai olarak toplum sagligindaki iyilesmelere katki saglamaktadir
(Rogers, Sorkness, Spencer, vd., 2018).

Translasyonel bilimin odaginda, laboratuvar ortaminda elde edilen bulgularin
hasta bakimina topluluklara ve genel niifusa yonelik pratik uygulamalara
aktarilmasinin verimliligi, etkinligi ve bilgilendiriciligi yer almaktadir. Bununla
birlikte translasyonel bilim, ¢ogu zaman ¢ift yonlii siiregleri ve yonlendirilmis
bilgi akislarini da igermektedir. Hasta merkezli bakis agisi translasyonel bilimin
temel taglarindan biridir. Ayrica translasyonel bilimin, bilimsel ilerlemelerin tiim
farkli niifus gruplarmma adil bicimde ulasmasint ve esitlik¢i bir sekilde
uygulanmasini saglayarak saglik esitsizliklerinin azaltilmasini hedeflemektedir
(Minogue, Morrissey, Terres, 2022)

Uygulama Bilimi ve Karar Bilimi

Uygulama bilimi, translasyonel bilimin bir alt alam1 olarak
degerlendirilebilecek olup, kanita dayali uygulamalarin veya miidahalelerin rutin
bakim siireclerine sistematik bigimde benimsenmesini ve entegre edilmesini
tesvik eden yontem ve stratejilerin incelenmesine odaklanmaktadir (Fixsen,
2005). Yayilim ve uygulama bilimi olarak da adlandirilan bu alan, E. M.
Rogers’in Onciiliigiinde gelisen inovasyonun yayilimi arastirmalarina ve farkl
arastirma geleneklerine dayanmaktadir (Rogers, 1962). Uygulama, kanita dayali
veya kanita dayali oldugu disiiniilen bulgularin ve bunlara bagli tirtinlerin, uygun
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degisim, benimseme ve kullanim stratejileri araciligiyla rutin ve stirdiiriilebilir
bigimde hayata gecirilmesini amaglayan, bilingli olarak tasarlanmis bir siiregtir.
Burada “uygulama” terimi, bir klinik ¢alisma sirasinda yontemsel biitiinliigiin
korunmasi anlaminda degil; miidahalenin gercek yasam kosullarinda nasil hayata
gecirildigi  baglaminda kullanilmaktadir. Uygulama bilimi, uygulama
stratejilerinin tasarlanmasi, test edilmesi ve iyilestirilmesinde sistematik bir
yaklasim benimser; bu siiregte siklikla randomize kontrollii ¢aligmalar ve diger
titiz degerlendirme yontemlerinden yararlanir. Uygulama biliminin temel
Ozellikleri arasinda uygulama biitiinligii, siirdiiriilebilirlik ve uyarlanabilirlik yer
almaktadir (Kothari, McCutcheon, Graham, 2017).

Karar bilimi toplum diizeyinde karar alma siire¢lerini yonlendirmek amaciyla
nicel tekniklerden olusan bir ydntemler biitliniinii kullanarak, kararlarin
temelinde yatan bilimsel unsurlar1 ve deger yargilarii goriiniir kilmayz; belirli
bir eylem ya da eylemsizligin beraberinde getirebilecegi asamalar1 ortaya
koymay1 amaglayan bir alandir (Galli, 2011). Bu alan; karar analizi, risk analizi,
maliyet—fayda ve maliyet—etkililik analizleri, kisith optimizasyon veya
programlama, simiilasyon modellemesi ve davranigsal karar teorisi gibi
yaklasimlar kapsar. Karar analiz halk sagligi sorunlarini anlamak ve bu
sorunlara yonelik politikalar1 gelistirmek igin Ozgiin bir bakis agisi sunar.
Aragtirma alanlarinin ¢ogu yeni bilgi iiretmeye odaklanirken, karar bilimi mevcut
bilgiler 151¢inda en uygun se¢enegin belirlenmesiyle yakindan ilgilenmektedir.
Ozellikle halk saglig1 alaninda kullanilan cesitli karar bilimi analitik yontemleri;
mortalite, hastaliga 6zgii veya genel yasam kalitesi ve saglik hizmeti maliyetleri
gibi sonuglara iliskin bireysel ve toplumsal degerlerin agik bi¢cimde dikkate
alimmasiyla, bilimsel kanitlarin sistematik entegrasyonunu miimkiin kilmakta ve
niifus  saghgm iyilestirmeye yonelik polittka ve uygulamalarin
sekillendirilmesine katki saglamaktadir (Keeney & Raiffa, 1993).

Tranlasyonel Tip ve Gelisme Gosterdigi Alanlar

Cevresel faktorlerin saglik iizerindeki etkileride ele alindiginda hastaliklarin
onlenmesi kapsaminda yiiriitiilen ¢calismalara asilama programlari, saglik egitimi
ve hastalik riskini azaltmaya yonelik saglikli yasam davraniglarinin tesvik
edilmesi dahil edilmelidir. Ugulama ve karar verme mekanizmalari toplumun
saglig1 agisindan bir tutarlilik icerisinde kullanilmalidir. Bu baglamda temiz hava
ve suya erisimin saglanmasi, atik yonetimi, ¢evresel tehlikelerin kontrolii ve
giivenli, saglikli yasam ortamlarinin tesvik edilmesine yonelik girisimler 6nemli
bir yer tutmaktadir (Samet & Brownson, 2014).

Epidemiyoloji, halk sagliginin temel disiplinlerinden biri olup, hastaliklarin
toplumlar  igindeki  dagilimmi  ve  belirleyicilerini  incelemektedir.
Epidemiyologlar, saglik ve hastalik oriintiilerini analiz ederek, kontrol ve 6nleme
stratejilerinin gelistirilmesine bilimsel temel saglamaktadir. (Abbas, & Stevens,
2018). Biyoistatistik ise saglik arastirmalarinda istatistiksel yontemlerin
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uygulanmasini igeren bir diger temel disiplindir; saglik verilerinin analiz
edilmesi, miidahalelerin etkililiginin degerlendirilmesi ve kanita dayali kararlarin
alinmasina katki sunmaktadir (Abrahamowicz, 2022). Saglik profesyonelleri,
saghik sistemlerini ve hizmetlerini iyilestirmeye yonelik stratejilerin
olusturulmast ve uygulanmasi amaciyla politika gelistirme ve yOnetim
stireclerinde aktif rol almaktadir. Bu siiregler; planlama, kaynak tahsisi ve saglik
politikalariin degerlendirilmesini icermektedir. Kiiresel saglik ise ulusal simirlari
asan saglik sorunlarinin ele alinmasimi kapsamakta olup, bulasici hastaliklarla
miicadele, anne ve ¢ocuk sagliginin gelistirilmesi ve diinya genelinde saglik
altyapisinin  giiclendirilmesine ve bu  konunun g¢evre saghigiyla
iligkilendirilmesine odaklanmaktadir (Pitt, & Gunn, 2024).

Saglikta translasyonel bilim bilimsel bilgi ile pratik uygulamalar arasindaki
boslugu kapatarak toplumlarin saglik ve esenligini iyilestirmeyi amaglamalar
bakimindan ortak bir hedefi paylasmaktadir. Her iki alan da aragtirma
bulgularinin toplum sagligi sonuglarini olumlu yonde etkileyecek miidahalelere
ve politikalara doniistiirilmesine odaklanmaktadir. Translasyonel bilim,
laboratuvar ¢aligmalari gibi temel bilimsel arastirmalardan elde edilen bulgularin
gercek yasam ortamlarina uygulanmasini igerir. Hastaliklarin 6nlenmesi, sagligin
gelistirilmesi ve saglik hizmeti sunumunun iyilestirilmesi amaciyla bilimsel
kesiflerin kanita dayali uygulamalara doniistiiriilmesi  gerekmektedir.
Translasyonel bilimin bir alt alan1 olan uygulama bilimi bu kanita dayali
uygulamalarin rutin pratikte benimsenmesini ve siirdiiriilebilir bicimde entegre
edilmesini  saglayan  yOntemlerin  sistematik  olarak  incelenmesine
odaklanmaktadir. Karar bilimi ise etkili miidahalelerin farkli topluluk
ortamlarinda basarili bicimde uygulanmasini ve siirekliligini giivence altina
almada kritik bir rol istlenmektedir. Translasyonel bilim, miidahalelerin farkli
popiilasyon gruplari ve topluluklarin 6zgiil gereksinimlerine gére uyarlanmasini;
aragtirma bulgularmin toplumun tiim kesimleri icin erisilebilir ve uygulanabilir
olmasini hedeflemektedir (Jotterand, Spellecy & Shaker, 2021).

Ulkemizde Translasyonel Bilimi

Kiiresel saglik baglaminda translasyonel bilim, arastirma bulgularinin farkl
kiiltiirel, ekonomik ve cografi kosullarda uygulanabilecek miidahalelere
doniistiirilmesinde kritik bir rol oynamaktadir. Bu siireg, saglik sorunlarinin
kendine 6zgii farkliliklarin1 dikkate alan uyarlanabilir ve kapsayici yaklasimlarin
gelistirilmesini gerektirmektedir. Birgok akademik kurum ve arastirma merkezi,
aragtirma bulgularinin uygulamaya aktarilmasi igin Ozellestirilmis birimler
olusturmustur. Bu yapilar, bilimsel kesiflerin saglik politikalarina, programlarina
ve miidahalelerine doniistiiriilmesini kolaylastirarak dogrudan etki yaratmaktadir.
Translasyonel bilim, siirveyans verilerinin ve epidemiyolojik bulgularin, halk
saglhigi karar alma siireclerini yoOnlendirecek uygulanabilir icgoriilere
doniistlirilmesine katki saglamaktadir.
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Tiirkiye’de translasyonel tibbin kurumsallagsmasina ornek olarak, Saglik
Bilimleri Universitesi biinyesindeki Translasyonel Tip Anabilim Dal tanimlari;
alanin temel arastirmalar ile klinik arastirmalar arasinda “kopri” islevi
gordliglinii, ¢ok disiplinli ¢alisma gerektirdigini ve laboratuvardan klinige
ilerleyen bir siire¢ olarak ele almdigim vurgular (Saglik Bilimleri Universitesi,
2023). Universite temelli arastirma altyapilar1 icinde Hacettepe Universitesi
Pediatrik Translasyonel Tip Laboratuvarlari gibi Ornekler, translasyonel
yaklasimm somut teknik olanaklar ve proje/yayin ekosistemi iizerinden
yiiriitiilebildigini gostermektedir (Hacettepe Universitesi, 2022). Ote yandan,
translasyonel tip kapasitesini bilyiiten temel kaldiraglardan biri de ulusal fon
mekanizmalaridir. TUBITAK’in 1004 — Miikemmeliyet Merkezi Destek
Programi, tiniversite—kamu—o6zel sektor is birligini tesvik ederek “izlenebilir
hedefleri olan” ve ticarilesme potansiyeli tasiyan arastirma programlarini
desteklemeyi amaglar; bu yaklasim translasyonel tibbin “kanit {iretme—
{iriinlestirme—uygulamaya aktarma” déngiisiiyle uyumludur (TUBITAK, t.y.).
TUBITAK programin destekledigi platform drneklerinde translasyonel tip odagi
acikca goriilmektedir.

Sonuc¢

Sonug olarak Tiirkiye’de translasyonel tip; TUSEB ve klinik arastirma
stratejileri, Universite temelli translasyonel laboratuvarlar/merkezler ve
TUBITAK 1004 gibi miikemmeliyet odakli fonlar iizerinden ilerleyen ¢ok
katmanli bir yap1 gostermektedir. Bu yapinin giiclenmesi; standartlagtirilmis
klinik arastirma siiregleri, nitelikli insan kaynagi, etkin veri yOnetisimi ve
kurumlar arasi siirdiiriilebilir aglarin  gelisimiyle translasyonel ¢iktinin
(tani/tedavi/uygulama/politika) hizin1 ve etkisini artirma potansiyeli tasir.
Translasyonel bilim i¢in giiclii ve islevsel bir “mekanizma” insa edilmesi;
aragtirma bulgularinin ve yeniliklerin klinik uygulamaya, topluluklara ve genel
niifusa etkin bi¢cimde aktarilabilmesi acisindan hayati 6neme sahiptir. Bu tiir bir
altyapisal giiclendirme ve hizmet portfoyli gelistirme siireci, diger ¢aligma
alanlarindan, uzmanliklardan veya disiplinlerden gelen belirli yetkinliklerle
donatilmasin1 gerektirebilir. Bu hedefe; cok farkli ve kimi zaman Oortiisen
alanlardan gelen uzmanlar tarafindan sunulan danigmanlik hizmetlerinin 6diing
alinmasi, gelistirilmesi ve kurumsal yapiya entegre edilmesi yoluyla ulasilabilir.
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INTRODUCTION

The human microbiota is a vast universe home to microbial organisms within
the human body. While microbiota represents all microorganisms in our bodies,
the microbiome is the genomic material of these organisms (Brown and Hazen,
2018).

The ever-increasing understanding of microbial mechanisms contributes to
our understanding of the human microbiota and the remarkable balance it must
maintain. However, research shows that public awareness of the microbiota is
quite low (Simsek-Sira and Hacioglu, 2025). Public awareness of this crucial
microbiota is crucial in this regard. This book chapter aims to address the
relationship between the microbiota and human health, not only from a biological
perspective but also from a lifestyle and awareness perspective. A perspective is
presented with current research examples on the relationship between the human
microbiota and diseases, and the necessity of microbiota education is presented
in light of current scientific data. The necessity of microbiota education to move
the microbiota out of the laboratory and into the center of daily life has been
discussed.

CHAPTER 1: HUMAN MICROBIOTA AND DISEASE
RELATIONSHIPS — CURRENT SCIENTIFIC EVIDENCE

The effects of the microbiota on health are becoming increasingly well
understood. Scientific advances can help us better understand disease
mechanisms. The causal dimensions of the rise in metabolic diseases such as
cancer, infertility, obesity, and diabetes, which are among the diseases that
preoccupy the public, are being investigated (Belkaid and Harrison, 2017;
Sorbara and Pamer, 2019; Wong and Yu, 2019; Houser et al., 2021).

When the daily routines of individuals are examined, their nutritional habits,
mental health status, and their relationship with sports and daily exercise are
examined at this point (Fan and Peder-sen, 2021).

In recent years, scientists have become increasingly interested in the
microbiota. So much so that it has become the first choice to examine in the causal
aspects of almost all diseases. Scientists have begun conducting various studies
to ensure healthy microbiota development, even in infancy and even in the womb
(Anahtar et al., 2018). It has been clearly stated that a healthy maternal vaginal,
oral, and intestinal microbiota contributes positively to pregnancy and birth
(Torres-Fuentes et al., 2017). Furthermore, breast milk, which is a key component
of postnatal infant nutrition and the first 1000 days of life, is the foundation for a
healthy future. It has been emphasized that a healthy microbiota is crucial not
only for women but also for men during pregnancy and pregnancy (Anahtar et
al., 2018). Research has shown that a balanced diet and exercise that can
positively stimulate the microbiota of individuals considering having a baby can
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accelerate this process (Gurung et al., 2020). It has been reported that smoking,
which negatively affects the microbiota, disrupts the reproduction-related
microbial balance of individuals (Beghini et al, 2019).

Infertility, one of the major health problems of recent years, is rooted in an
individual's microbiota imbalance. This situation can be evaluated in both men
and women. Infertility can be caused by decreased abundance of Lactobacillus
bacteria, which should be present in high concentrations in women's vaginal
microbiota, against pathogenic bacteria present in the environment, changes in
the pH of the environment, and inflammation resulting from the accumulation of
toxic compounds produced by pathogenic bacteria (Franasiak et al., 2016). This
shift in the vaginal microbiota can facilitate the rapid entry of not only pathogenic
bacteria but also Candida yeast and sexually transmitted viral agents such as
Human papillomavirus (HPV) (Ravel and Brotman, 2016; Chen et al., 2017).
Research indicates that pelvic inflammatory disease may also underlie infertility.
Furthermore, it has been reported that sperm transit is significantly affected by
inflammation, reducing the chance of natural pregnancy (Zhang et al., 2020).

The relationship between irregularities in the urogenital microbiota in men
and infertility, as in women, has been investigated in recent years. Emerging
mechanisms suggest that sperm morphology can be negatively affected by
microbial imbalance (Franasiak et al., 2016; Zhang et al., 2020).

It has been shown that nutrition is directly linked to the gut microbiota, and
that individuals who consume probiotic and prebiotic products in their daily
routines have a significantly reduced risk of intestinal diseases due to the
probiotic bacteria that proliferate in the gut microbiota (David et al., 2014).
Studies have shown that individuals consuming fiber-containing prebiotic
sources increase the production of short-chain fatty acids by intestinal bacteria,
helping to maintain intestinal mucosal health (Krautkramer et al., 2021).
Furthermore, it has been reported that individuals who consume a diet that
excludes packaged foods and includes green leafy vegetables have a stronger
immune response to diseases (Singh et al., 2017). This is thought to be achieved
through mechanisms such as the proliferation of probiotic microorganisms in the
environment and their ability to combat pathogenic bacteria through the various
metabolites they produce (De Filippis et al., 2016).

While the connection between the microbiota and exercise is indirectly
acknowledged, various studies indicate that regulating the microbiota through
exercise can contribute to the treatment of gut-related diseases. Studies show that
even a daily walk increases mucosal blood flow, mobilizes the gut, and
contributes to the abundance of beneficial microbial communities within the
microbiota (Mika and Fleshner, 2016; Clark and Mach, 2017). Exercise's ability
to regulate hormonal balance, in particular, can help reduce inflammation and
therefore strengthen immunity (Miiller et al., 2020). It's clear that lifestyle choices
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significantly benefit the microbial population. It's clear that exercise, especially
when incorporated into a daily routine, can benefit not only the microbiota but
also mood.

In recent years, it has been shown that individual mood is also related to the
microbiota, and that psychological conditions such as stress and anxiety are more
likely to occur in individuals with a dysregulated microbiota. Dysbiosis in the gut
microbiome, in particular, provides evidence that strengthens the connection
between the gut and the brain (Kelly et al., 2016). Studies have reported that the
majority of individuals with these health problems also have gut-related diseases
and that certain bacterial groups are depleted (Cryan et al., 2019). In women,
estrogen and progesterone hormones have been shown to affect mood, and
increased stress levels disrupt microbial diversity, even affecting Lactobacillus
bacteria, which are abundant in the vaginal microbiota, and decreasing their
abundance (Ravel and Brotman, 2016).

The subtle yet powerful relationship between the gut-brain axis has gained
increasing importance in recent years, particularly in diseases such as Parkinson's
and Alzheimer's. Research demonstrates that microbial changes underlie disease
manifestations, emphasizing the communication between these axis and their
ability to shape the course of the disease (Cryan et al., 2019).

Hormone release is also reported to influence microbial structure, potentially
shaping the course of the disease in both men and women. Estrogen has been
shown to influence microbial structure in women, while androgens in men
(Franasiak et al., 2016). It has been reported that the pathophysiology of the
disease may differ by gender, with postmenopausal women reporting an
increased risk of Alzheimer's disease, and a disrupted gut microbiota may trigger
Parkinson's disease in men (Hsiao et al., 2013).

A review of various studies conducted in recent years in the literature
(examples from 2019-2025, Table 1) highlights the crucial role of the human
microbiota in a wide range of clinical settings, from metabolic diseases (T2DM,
obesity, NAFLD) to neurological and psychiatric disorders (Parkinson's,
Alzheimer's, MDD), conditions affecting the immune response (COVID-19,
immunotherapy response), and reproductive health (preterm birth). Research
demonstrates that dysbiosis has significant effects on inflammation, immune
regulation, metabolic processes, and barrier functions, suggesting that microbiota
modulation may be an important therapeutic target in the future.
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Table 1. Recent Human Studies (2019-2025) Exploring the Relationship Between the
Human Microbiota and Disease Outcomes

Disease / Study (Year) Study Design / Key Microbiota Findings Clinical
Clinical & Authors Sample Implications
Condition
Type 2 Diabetes Yu, Ding, Comprehensive T2DM shows reduced Dysbiosis —
(T2DM) Wang & review of recent  butyrate-producing increased  gut
Jiang (2025) cohort, meta-  bacteria, altered permeability —
analysis, and  Firmicutes/Bacteroidetes inflammation —
intervention ratio, and increased  insulin
studies opportunistic pathogens resistance
NSCLC &  Moiseenko, 63 NSCLC Responders had higher Gut microbiota
Immunotherapy  Koryukov, patients; stool + microbial diversity and may serve as a
Response Boyarskikh, tumor enrichment of SCFA- predictive
Gabina, etal. microbiome producing species; biomarker for
(2025) before immune dysbiosis associated with immunotherapy
checkpoint poor outcomes response
inhibitor therapy
COVID-19 Yeoh, Zuo, 100 COVID-19 Severe cases showed Persistent
Severity Lui, Zhang, patients; depletion of F. prausnitzii  dysbiosis linked
et al. (2021) longitudinal and Bifidobacterium and to long-COVID
stool sampling +  increase in pro-  symptoms
cytokine inflammatory species;
analyses dysbiosis persisted post-
infection
Major Amin, Liu, UK Biobank: 124 altered metabolites tied =~ Microbiota—
Depressive Bonnechere, 6,811 MDD vs to lipid/energy  metabolome
Disorder (MDD) Kim, et al. 51,446 controls; metabolism; profile interactions
(2023) integrated consistent with  contribute to
metabolomics +  microbiota-driven depression
microbiome data  dysbiosis pathogenesis
Parkinson’s Huang, 441 participants:  Reduced butyrate- Dysbiosis
Disease & Chau, Liu, ecarly PD, REM producing bacteria, appears before
Prodromal RBD Li, et al. sleep behavior increased pro- clinical PD,
(2023) disorder (RBD), inflammatory Collinsella; suggesting early
first-degree similar patterns in relatives ~ biomarker
relatives, potential
controls
Preterm Birth Prodan- Retrospective PTB  associated  with  Vaginal
(PTB) Barbulescu, case-control reduced Lactobacillus  dysbiosis —
Bratosin, (2019-2023) in dominance, higher cervical
Folescu &  3rd-trimester diversity and pathogenic inflammation —
Boeriu pregnant women  taxa increased PTB
(2024) risk
Preclinical Jung, Kim, Biomarker- Increased pro-  Microbiota
Alzheimer’s Byun, Yi, positive inflammatory species;  alterations occur
Disease Park, et al. preclinical AD reduction of beneficial years before
(2022) Vs healthy commensals cognitive
controls decline
Obesity & Hernandez- 146 adults;  Obese individuals:  Microbiota
Metabolic Reyes, de la  anthropometry + enriched bile-acid-related strongly linked
Syndrome Cruz, gut microbiome bacteria; reduced SCFA to metabolic
Medina- profiling producers dysfunction and
Vera, et al. inflammation

(2023)

31



Inflammatory Nishida, Integrative IBD shows reduced Supports
Bowel Disease Inoue, review of recent  diversity, increased  microbiota-
(IBD) Nomoto & clinical IBD  pathobionts, disrupted  targeted
Kubo (2023)  microbiome mucosal barrier therapies  (diet,
studies probiotics, FMT)
Rheumatoid Sun, Tang, 121 RA patients RA linked to Prevotella Strong
Arthritis (RA) Ding, Hu, et vs 150 controls; copri increase, loss of association
al. (2023) stool + serum anti-inflammatory taxa between gut
metabolomics dysbiosis,
systemic
inflammation,
and
autoimmunity
Non-Alcoholic Sharpton, Review of NAFLD associated with  Microbiota
Fatty Liver Ajmera & human clinical ethanol-producing influences
Disease Loomba cohorts + FMT  bacteria, endotoxin-related NAFLD
(NAFLD) (2022) studies dysbiosis progression and

therapy response

(Table 1 continued)

CHAPTER 2:
NECESSARY?

MICROBIOTA EDUCATION - WHY IS IT

Why is the microbiota now a "determinant of health"? The microbiota is home
to millions of microbial families living in our bodies. The microbiota is a universe
directly linked to human health and plays a critical role in physiological
processes. Understanding our microbiota as individuals helps us understand its
relationship to health and can directly contribute to improving public health. As
a crucial awareness for public health, the microbiota can be personalized across
different occupational groups and age groups (Hacioglu & Ozoral, 2024; Simsek
Sira & Hacioglu, 2025).

How should microbiota education be delivered? We can answer the question:
we should begin by analyzing the target audience: women, men, adolescents, and
the elderly. When selecting the target audience, gender sensitivity, cultural
barriers, and ethical considerations should be considered. If the training plans to
cover gender-specific diseases, then the populations should be formed
accordingly. Care should also be taken to ensure that the topics individuals are
sensitive to are ethically relevant (Atay & Hacioglu, 2023; Simsek Sira &
Hacioglu, 2025).

If a training program is being designed about the human microbiome, the
concepts of microbiota and microbiome, along with their history, should be
addressed first. It should be explained conceptually in a way that individuals can
understand. Then, by looking at the population, we can focus on the microbiome
of women or men, or briefly explain the human microbiome in general. The
microbiome-disease relationship can also be presented in a general context.
Finally, it can be complemented by current research (Simsek Sira and Hacioglu,
2025).
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If the training stream needs to be tailored to the female/male population,
"reproductive health-microbiota relationship, oral microbiota, skin microbiota"
could be selected for both groups. For female participants, "mode of delivery,
1000 days of life, breast milk microbiota, newborn microbiota, vaginal
microbiota" could be added as they are specific topics of interest. Given that male
participants' desire to access information, particularly about reproductive health,
has reportedly increased in recent years, it would be interesting to explain this
topic in microbiota education by exemplifying it with current research (Fleming

et al., 2020).

Additionally, for a population selected from parents, "newborn microbiota,

1000 days

of life,

diet-microbiota,

child/adolescent

health-microbiota

relationship" may be of particular interest (Simsek Sira & Hacioglu, 2025).
Anatomical, hormonal, and lifestyle differences in the microbiota between men
and women should be emphasized. In this regard, educational content should be
designed in a gender-sensitive yet holistic manner (Bailey & Cryan, 2021; Atay
& Hacioglu, 2023; Simgek Sira & Hacioglu, 2025). Thus, microbiota education
can contribute to increasing individual awareness and overall health literacy
across society (Table 2).

Table 2. Characteristics of the Microbiota in Women and

Men and the Need for

Education

Topic Female Microbiota Male Microbiota Key Points for Education

Anatomical Vaginal, intestinal, oral, Intestinal, oral, skin, and  Education should emphasize

regions and skin microbiota show seminal microbiota are that both sexes have
distinct characteristics. predominant. interconnected ~ microbial

ecosystems.

Dominant Lactobacillus spp.  Bacteroides, Firmicutes, Functional and

microbial dominate the vaginal and Prevotella species are  compositional diversity

species microbiota, maintaining more common. between sexes should be
acidic pH and protection. highlighted with examples.

Hormonal Estrogen and progesterone  Testosterone modulates  The impact of hormones on

influence influence microbial  microbial diversity and the microbiota should be

balance and community
structure.

metabolism.

explained across life stages.

Health-related  Bacterial vaginosis,  Obesity, prostatitis,  Case-based examples of sex-

conditions candidiasis,  pregnancy reduced sperm quality, specific microbiota
complications, and and stress-related  alterations should be
postpartum infections. dysbiosis. included.

Microbiota Microbes are transmitted  Paternal microbiota  The concept of

transmission to the newborn through the  influences the offspring intergenerational microbiota
birth canal and breast through environmental transmission should be
milk. and lifestyle factors. emphasized.

Lifestyle Antibiotic use, delivery  Nutrition, alcohol, Practical  examples  of

factors mode, hormonal therapy, smoking, and physical microbiota-friendly lifestyle
and diet affect balance. activity are major habits should be provided.

determinants.

Need for Essential for reproductive Important for fertility, Education should be gender-

education health, fertility, and metabolic balance, and inclusive and delivered
menopause awareness. mental well-being. within an integrative health

framework.

Societal Encourages informed  Promotes healthier =~ Community-wide

impact choices in  women’s lifestyle practices among microbiota education
nutrition and child health. = men and supports family enhances public  health

health. literacy.
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The implementation methods for microbiota education will be designed by the
practitioner/trainer/researcher, and educational planning can be tailored to each
educational level. The implementation format, duration, educational materials,
and interactive participant activities such as games and question-and-answer
sessions should be selected based on the target group (Simsek Sira & Hacioglu,
2025). Various examples of microbiota education implementation methods are
presented in Table 3.

Table 3. Recommended Methods for Delivering Microbiota Education

Educational Teaching Approach Suggested Target Group

Level Duration/Format

Preschool- Tlustrated storybooks, 20-30 min / Visual- Children and parents
Primary animations, microbiota games based

High School-  Interactive lectures, lab 1 semester / Weekly  Youth, health students
University practices module

Adult Education Seminars, workshops,  60-90 min sessions General adults (men

community discussions

and women)

Digital Learning

Online courses, micro-learning
via social media

1-4 weeks / Flexible

Public, health

professionals

In an educational model where the target audience is the general public and
education levels, occupations, gender, and age groups are heterogeneous, the
topics covered in microbiota education should be at the most basic level (Simsek
Sira & Hacioglu, 2025). First, at a conceptual level, microbiota, microbiome, and
related concepts should be explained, and their history should be briefly
explained. The concept of microorganisms in society should be explained at a
basic level, such as the perception of microbes. In microbiota education adapted
to the field of microbiology, since even the word "pathogen" may be unfamiliar
to individuals, it should be explained in simplified terms, such as "disease-
causing agents," in layman's terms. Similarly, the concept of probiotics, related
to the microbiota, can be explained using terms like "friendly bacteria" (Hacioglu
& Ozoral, 2024; Simsek Sira & Hacioglu, 2025). Table 4 lists the basic topics for
microbiota education.

Table 4. Core Curriculum Topics in Human Microbiota Education

Chapter  Topic Learning Objective
1 Definition and History of the Understand the origin and function of human microbial
Microbiota ecosystems

2 Women’s Microbiota Explain the link between vaginal microbiota and
reproductive health

3 Men’s Microbiota Recognize the role of the urogenital microbiome in male
health

4 Nutrition and Microbiota Identify how diet and probiotics shape microbial diversity

5 Dysbiosis and Disease Understand microbial imbalance and its health impacts

6 Microbiota-Friendly Lifestyle Apply microbiota-supportive behaviors in daily life
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In microbiota training, the success of the training can be determined by
comparing participants' pre- and post-training knowledge scores. In this context,
the researcher/educator/practitioner can conduct assessment and evaluation using
multiple-choice questions based on the topics discussed with the target audience.
Additionally, microbiota awareness-knowledge scales can be used (Table 5).
Measurement tools must be linguistically sound and understandable to the target
population. Expert opinions should be sought during training planning (Hacioglu
& Ozoral, 2024; Simsek Sira & Hacioglu, 2025).

Measurement tools can be used in pretests and posttests before and after the
training. A posttest administered at least 3-4 weeks after the training session may
be more appropriate to assess participant achievement. Furthermore, post-
training follow-up will also increase the success of the training by measuring the
gains participants learned during the training, such as incorporating healthy
eating and probiotic-rich foods into their daily routines and exercising (Olmo,
2023; Hacioglu & Ozoral, 2024).

Table 5. Assessment Tools and Evaluation Methods in Microbiota Education

Assessment Purpose Tool / Method Application Implementation
Type Format Considerations
Pre-test / Compare Structured Administer same  Ensure clarity;
Post-test participants’ knowledge and items before and reliability o > 0.7;
knowledge before attitude after training avoid ambiguity.
and  after the questionnaire
program
Attitude and Measure changesin  5-point  Likert- Conducted at the  Analyse gender-
Belief Scales microbiota-related type scale end of the training  specific differences.
beliefs and
intentions
Self-Report /  Monitor Lifestyle and 1-3 months post-  Self-report bias
Behaviour behavioural behaviour training viaonline  possible;  consistent
Form outcomes (diet, tracking survey form or phone timing essential.
probiotic intake)
CHAPTER 3: MICROBIOTA LITERACY - CONCEPTUAL

FRAMEWORK AND IMPORTANCE

In recent years, the concept of microbiota has moved beyond being a topic of
interest solely in the health/medicine field to one that has attracted widespread
public interest. The increasing understanding of the health impacts of the
microbiota, often described as our inner universe, has led to the need to raise
public awareness of this issue. At this point, the importance of microbiota literacy
has emerged. This concept can be considered as a knowledge, attitude, and
behavioral dimension (Olmo, 2023). Introducing individuals to concepts such as
microbiota, microbiome, probiotics, and prebiotics allows them to gain a basic
level of knowledge. Using this information to raise awareness contributes to the
attitude dimension, while incorporating microbiota-supporting habits into daily
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routines supports the behavioral dimension (Hacioglu & Ozoral, 2024; Simsek
Sira & Hacioglu, 2025).

Microbiota literacy, which can also help protect public health, is crucial
because it can raise individuals' awareness of protecting their microbiota. All
kinds of behaviors that protect the microbiota, such as unnecessary antibiotic use,
encouraging vaginal birth, breastfeeding, and a balanced diet, which are
frequently discussed in society, can be addressed through individual education.
Therefore, it is an important training program that can strengthen health
awareness in society as a whole. Furthermore, advanced microbiota training
programs can be provided to healthcare professionals, covering topics such as
new treatment methods and the proper use of probiotics (Hacioglu & Ozoral,
2024; Simsek Sira & Hacioglu, 2025).

CHAPTER 4: THE POWER OF TECHNOLOGY IN PUBLIC
HEALTH-ORIENTED MICROBIOTA EDUCATION

Protecting our physical and mental health has become a more pressing issue
today. This is perhaps due to people's access to information through technology,
which allows them to use their daily e-newspapers and even social media every
day. The combination of technology and health information often allows people
to easily access information about their illnesses without even consulting a doctor
or seeking further information. However, alongside accurate information, there
is also a great deal of misinformation. For example, misinformation or misleading
information provided by people unrelated to health can create confusion and lead
to confusion among the public. While we generally consider the positive aspects
of technology, it's also possible to see its negative effects as a result of such
misuse. Therefore, it's crucial for the public to understand that consulting health
experts and even relying on the statements of health authorities can lead to more
accurate information. In short, using technology effectively makes it an effective
tool for raising public awareness about health.

Various studies indicate that the use of more technological tools in the
healthcare field will increase health literacy (Olmo, 2023; Young et al., 2021).
Research shows that even individuals with lower levels of education can access
accurate information, at least on social media. At this point, the media connection
between technological knowledge and education needs to be thoroughly
examined. It is clearly emphasized that combining health literacy and
technological knowledge with education level will yield positive results.
Therefore, we can evaluate the first parameter, education level, based on different
educational levels (Hacioglu & Ozoral, 2024; Simsek Sira & Hacioglu, 2025).

As a second parameter, assessments can be made based on gender. We can
choose technology-health literacy as our keywords based on gender. We can
examine various studies on this point. First, when we evaluate the results of
various studies comparing health literacy between men and women by gender,
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most studies emphasize that women may have higher levels. These studies also
argue that the subject matter of health-related research may play a role in this
difference (Hacioglu and Ozoral, 2024; Simsek Sira and Hacioglu, 2025). For
example, regarding infectious diseases, female participants show a greater desire
to access disease-related information. Men have been shown to be more hesitant
in this regard. However, the general method for accessing new health information
for all groups is media and social media, demonstrating that technology can also
be used for health purposes (Aasmets et al., 2022; Hacioglu and Ozoral, 2024;
Simsek Sira and Hacioglu, 2025).

When combined with technological infrastructure, whether through social
media or other search engine infrastructures, it is clear that health literacy is
clearly increasing among individuals. Therefore, the use of technology in health-
related education can facilitate the faster transfer of information (Simsek Sira &
Hacioglu, 2025). We can predict that participation in microbiota education by
both women and men may be more effective in the virtual environment than in
person, based on this interest in technological health literacy among individuals.
Furthermore, in the face-to-face education model, individuals may sometimes
prefer not to talk about themselves due to their anonymity. We generally observe
a high rate of participation in face-to-face microbiota education among healthcare
professionals (Hacioglu & Ozoral, 2024; Simsek Sira & Hacioglu, 2025). This
may be due to healthcare professionals' familiarity with microbiota and
microorganisms from undergraduate courses (Hacioglu & Ozoral, 2024).
Furthermore, we can observe the success of face-to-face microbiota health
education delivered in small groups. Considering that more educated individuals
are more likely to attend events like congresses, meetings, and seminars,
microbiota training can be implemented in face-to-face groups. This brings
another parameter, the participant/population/group distribution, into focus. A
thorough analysis of the group with which the training begins is crucial.

As mentioned earlier, education can be roughly divided into groups based on
gender, either face-to-face or virtual. Social media, which people add to their
daily routines, will be excellent tools for educational announcements.
Educational content with technological infrastructures, and even video clips
briefly introducing the microbiota, such as an animated description of the bacteria
that make up the microbiota, such as "good/bad/friend/foe," can spark interest in
the topic of "microbiota-probiotics" (Hacioglu and Ozoral, 2024). In summary,
as technology and health literacy are steadily increasing in individuals, it's clear
that using this relationship to explain microbiota can contribute significantly.
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CHAPTER 5: EDUCATIONAL AND AWARENESS STUDIES ON
MICROBIOTA IN TURKEY AND WORLDWIDE

In recent years, studies conducted both in Turkey and internationally indicate
that public knowledge of the microbiota is improving but remains quite
fragmented. Studies conducted in Turkey reveal similar patterns across different
target groups. For example, quasi-experimental training programs for women
demonstrate that even a structured program of just a few hours significantly
increases microbiota knowledge. Sira and Hacioglu (2025) conducted a
microbiota education study for women, involving 151 female participants, and
found a statistically significant difference between the pre- and post-training
knowledge scores of participants whose professions were midwives, housewives,
nurses, teachers, and others. It was observed that the post-training knowledge
scores of participants whose professions were midwives, housewives, nurses,
teachers, and others were higher than those before the training. There was a
statistically significant difference between the pre-training knowledge scores of
participants according to their professions. It was observed that the pre-training
knowledge scores of participants whose profession was nurses were higher than
those of participants whose profession was housewives. While researchers state
that it is expected that conceptual structures related to microbiota are more widely
known among healthcare professionals, they report that the fact that the
knowledge levels among healthcare professionals are lower than expected in the
tables on the relationship between microbiota disorder and infection and the
relationship with fertilization clearly demonstrates that existing deficiencies need
to be addressed through microbiota-health training.

The low-to-moderate levels of awareness among women planning
pregnancies suggest that microbiota-related education should be added to
preconception counseling (Atay & Hacioglu, 2023). In a study aimed at
determining microbiota awareness levels in women planning pregnancies,
researchers evaluated data from 417 female participants using a microbiota
awareness scale. A statistically significant difference was found between the
participants' microbiota awareness scores, general information, product
knowledge, chronic disease, and probiotic and prebiotic subscale scores based on
their education level, with women with undergraduate and graduate degrees
having higher awareness. Participants under 25 years of age had lower microbiota
awareness scores, product knowledge, and probiotic and prebiotic subscale
scores.

Studies conducted with university students suggest that widespread
misconceptions about the microbiota-nutrition-antibiotic relationship persist and
that systematic awareness programs are needed (Hacioglu & Ozoral, 2024). In a
cross-sectional study conducted with 248 undergraduate students (first, second,
third, and fourth years) in the Department of Nutrition and Dietetics, Hamurcu
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and Ismailoglu (2022) reported that students' microbiota awareness levels were
influenced by their age, grade, body mass index, chronic diseases, economic
status, previous microbiota education, and use of pre-probiotic supplements. The
researchers concluded that microbiota should be included as an elective course in
students' curriculum, and that knowledge levels should be increased through
scientific meetings and academic studies.

In addition, the development of the Microbiota Awareness Scale (Kiilcii &
Onal, 2022) has made reliable measurement tools available in this field. To
develop a valid and reliable measurement tool aimed at determining microbiota
awareness levels, Kiilcii and Onal (2022) studied 301 participants, 185 of whom
were women, who applied to the family health center in the Egirdir district of
Isparta province. The researchers determined that the microbiota awareness scale
can be used as a valid and reliable scale to determine individuals' microbiota
awareness levels and, based on the obtained results, to take the necessary
precautions. The researchers found statistical significance in terms of the
participants' education level and occupational group variables for probiotics and
prebiotics. Furthermore, the researchers reported that women's mean product
knowledge scores on the scale were significantly higher than men's. The study
found that the mean score of healthcare workers was significantly higher than that
of unemployed individuals, students, farmers, and individuals working in white-
collar and blue-collar occupational groups. Education level and occupational
group were found to be statistically significant for the microbiota awareness scale
score.

Studies conducted among adolescents and university students indicate that
increased awareness positively impacts behaviors such as nutritional preferences,
health literacy, and probiotic use (Ulker et al., 2024; Kogyigit et al., 2025; Yavuz,
2025). It has been reported that theoretical knowledge exists among healthcare
professionals and medical students, but there are deficiencies in transferring it to
clinical practice (Davarci & Davarci, 2025; Selen et al., 2025). In the general
adult population, microbiota awareness appears to be associated with plant-based
dietary trends and healthy lifestyle behaviors (Kenger et al., 2025).

Other studies have linked microbiota to prebiotics and probiotics, determining
and assessing individuals' knowledge levels. Some studies have investigated
individuals' knowledge of the concepts of probiotics, prebiotics, and microbiota,
as well as their consumption of probiotic products, using variables such as gender,
occupation, and education (Hacioglu & Ozoral, 2024). International literature
also presents similar findings.

Large-scale studies conducted in Jordan, Saudi Arabia, and India indicate that
students and the general public have a limited but potentially high level of
knowledge about the microbiota (Abu-Humaidan et al., 2021; Almutairy & Al-
Sowayan, 2025; Al-Hassan et al., 2025). Online education programs conducted
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in Europe have shown that even short-term digital interventions significantly
increase knowledge acquisition (Schweitzer et al., 2025). Studies conducted with
mothers indicate that the concept of gut microbiota is not well understood, but
that individuals with higher health literacy have more positive nutrition and child
feeding behaviors (Consales et al., 2024). Furthermore, microbiota knowledge is
reported to be linked to the goals of Healthy Living (SDG 3), particularly
improving antibiotic use habits and healthy living behaviors (Almutairy & Al-
Sowayan, 2025).

Various examples of microbiota awareness and education studies in Tiirkiye
and around the world are given in Table 6.

Table 6. International and National Studies on Microbiota Awareness and Education
(Examples, 2021-2025)

Author(s) & Country Sample/ Group Study Type & Key Findings on Microbiota
Year Focus Awareness / Education
Simsek &  Tiirkiye Adult women  Quasi-experimental; A 4-hour structured training
Hacioglu, (n=151) microbiota education  significantly increased
2025 program microbiota knowledge (p <
.05). Demonstrates strong
effectiveness of women-
focused education.
Hacioglu &  Tirkiye University Cross-sectional; Identified major
Ozoral, 2024 students microbiota—health misconceptions regarding
misconceptions diet, antibiotics, and lifestyle.
Recommends national-level
awareness initiatives.
Atay &  Tiirkiye Women planning Cross-sectional; Awareness levels were low—
Hacioglu, pregnancy preconception moderate; highlights the need
2023 awareness for microbiota education in
preconception counseling.
Kiilcii &  Tirkiye Adults  (n=301; Scale development Developed a 20-item MAS
Onal, 2022 male + female) (Microbiota (Cronbach o = 0.85);
Awareness Scale — validated as a reliable
MAS) instrument to measure
microbiota awareness.
Ulker et al, Tirkiye Adolescents Descriptive— Positive correlations between
2024 (n=628) correlational; microbiota awareness,
microbiota, nutrition literacy, and health
nutrition, and health  literacy. Early education
literacy supports healthier long-term
behaviors.
Kogyigit et Tirkiye University Cross-sectional; Higher microbiota awareness
al., 2025 students (n=515) microbiota associated  with  healthier
awareness &  dietary attitudes; education
healthy-eating enhances nutritional
attitudes behaviors.
Yavuz, 2025 Tiirkiye Health-science Cross-sectional; Awareness positively
students (n=275) microbiota associated with probiotic use;
awareness, probiotic in  some cases higher
use, orthorexia awareness accompanied by
tendency orthorexia risk.
Davarci &  Tirkiye Medical students Cross-sectional; Students had good theoretical
Davareci, 2025 microbiota knowledge  but  limited
awareness in  clinical understanding;

medical curricula

recommends integration into
medical curricula.
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Selen et al.,, Tirkiye Health Cross-sectional; Awareness levels varied by
2025 professionals awareness in profession—higher = among
(physicians, healthcare staff physicians and nurses; MAS
nurses, assistants) commonly used for
assessment.
Kenger et al.,, Tirkiye Adult population Cross-sectional; Higher awareness correlated
2025 microbiota with  greater  plant-based
awareness & plant- dietary habits; recommends
based diet combining microbiota and
nutrition education.
Abu- Jordan University Cross-sectional; Students’ knowledge was
Humaidan et students (n=1,022)  microbiota limited; poor understanding
al., 2021 knowledge of microbiota—diet—antibiotic
relationships.
Almutairy &  Saudi Adults  (general Cross-sectional; Moderate overall knowledge;
Al-Sowayan, Arabia public; n=846) public knowledge of  higher awareness linked to
2025 microbiota healthier lifestyle and more
cautious antibiotic practices.
Consales et Italy Mothers (n=388) Cross-sectional; gut Many mothers unfamiliar
al., 2024 microbiota & health  with “gut microbiota”; higher
literacy health literacy associated with
better nutrition and infant-
feeding practices.
Schweitzer et  Austria MOOC Educational Knowledge scores increased
al,, 2025 & EU participants +  intervention; significantly after the course;
university students  “Microbiome &  demonstrates  success  of
Health” online digital microbiome-literacy
course training.
Yasmin et al., India Health-science KAP (Knowledge— Students knew theory but had
2025 undergraduates Attitude—Practice); difficulty applying concepts
(n=400) gut microbiota in diet/lifestyle; highlights the
theory—practice gap.
Almutairy &  Saudi General Cross-sectional; Higher microbiota knowledge
Al-Sowayan, Arabia population microbiota literacy  correlated with healthier diet,
2025 (SDG 3) & Sustainable  exercise, and responsible
Development Goal 3 antibiotic use; recommends
embedding microbiota
literacy in  public-health
policy.
(Table 6 continued)
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CHAPTER 6: CONCLUSION AND FUTURE PERSPECTIVES

Overall, the literature demonstrates that microbiota awareness has become a
crucial public health component, yet knowledge remains superficial among a
large portion of society. There is strong evidence that structured training, both
face-to-face and digital, is effective and improves health behaviors across
different age, gender, and occupational groups. Therefore, integrating microbiota
literacy into national health programs is considered a significant step toward
strengthening public health in the future.

In conclusion, the concept of microbiota literacy is a multifaceted tool that
strengthens the health awareness of contemporary societies. Individuals' access
to accurate, up-to-date, and reliable information about the microbiota, their
internalization of this information, and its integration into their lifestyles are
crucial for the sustainability of public health. Therefore, improving microbiota
literacy should be central to both health education and public health strategies in
the coming years.
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