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Abstract: In human and animal body, especially in the gastrointestinal tract, there are many
microorganisms that coexist in a mutually beneficial relationship with the host. The main
function of the intestinal microbiome is to ferment indigestible substrates and short-chain fatty
acids, etc. to inhibit the proliferation of pathogens, among other functions. For example, by
increasing beneficial microorganisms that produce important antimicrobial metabolites. The
gut microbiota can prevent the colonization of pathogens through the mechanism of
colonization resistance. Antibiotic exposure to the gut microbiome can trigger the response that
affects colonization resistance. This review provides an overview of the gut microbiome and
the effects of antibiotic therapy on pathogen and disease colonization, the relationship between
diet and microbiota, and the use of functional foods.
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Insan ve hayvanlarda mikrobiyota ve fonksiyonel gidalarin kullanim ile
iliskisi

Ozet: insan ve hayvan viicudunda, 6zellikle de mide-bagirsak sisteminde, konaket ile karsilikli
olarak yararli bir iligki i¢cinde birlikte gelisen bircok mikroorganizma bulunmaktadir. Bagirsak
mikrobiyomunun ana rolii, sindirilemeyen substratlarin fermentasyonu ve diger islevlerin yani
sira patojenlerin ¢ogalmasini engellemek icin kisa zincirli yag asitleri vb. gibi 6nemli
antimikrobiyal metabolitler {iireten faydali mikroorganizmalarin artmasidir. Bagirsak
mikrobiyotasi, kolonizasyon direnci mekanizmasit yoluyla patojen kolonizasyonunu
Onleyebilir. Bagirsak mikrobiyomunu antibiyotik maruziyetine birakmak, bagirsak
kolonizasyon direncini etkileyen yanit1 tetikleyebilir. Bu derlemede, bagirsak mikrobiyomu ve
antibiyotik tedavisinin patojen kolonizasyonu ve hastaliklar1 tizerindeki etkilerine, diyetin
mikrobiyota ile iligkisine ve fonksiyonel gidalarin kullamimina yonelik genel bir bakis
sunulmaktadir.

Anahtar kelimeler: Fonksiyonel gida, mikrobiyata, probiyotik-prebiyotik.

Introduction
Humans live in a biosphere where microorganisms have existed for 3.8 million years
and have influenced the biosphere for 10 thousand years. Over the same period, we have also
been influencing the microorganisms that make up our internal biosphere, i.e., our microbiota

(Lederberg & McCray, 2001). Ecological communities formed by commensal, symbiotic, and
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pathogenic microorganisms found in various parts of the human body used to be referred to as
normal body flora but are now called the "microbiota”. The term microbiome refers to the sum
of genomes of microorganisms living in an ecological niche (Koroglu, 2017). The human
microbiota is mainly composed of bacteria, viruses, fungi, and many eukaryotic
microorganisms (Tug et al., 2002). It is reported that the bacterial genome in the human body
is ~ 150 times larger than the human genome (Cénit et al., 2014; Walker & Lawley, 2013).
This combination of human and microbial genomes is referred to as the "hologenome™. In
addition, it is reported that the number of microorganisms in the human body is ten times greater
than the number of human cells, as they also have advantages in terms of their genome (Belkaid
& Hand, 2014). Most of the human microbiota has occupied in the digestive system, skin,
urogenital system, and respiratory system. The digestive system provides the most suitable
environment for microorganisms to colonize due to its large surface area and abundance of
nutrients. For this reason, the colon alone is reported to contain more than 70% of the
microorganisms in our bodies (Whitman et al., 1998).

The relationship among microorganisms and between microorganisms and hosts is
studied through microbiome studies. The Microbiome Project, launched in 2007 with 300
volunteers, aimed to determine all microorganisms in the human body and to investigate
whether changes in the microbiome can be associated with the disease (Tug et al., 2002). The
gastrointestinal microbiota more than 1500 species of microorganisms. The two dominant
bacterial phyla Firmicutes and Bacteroides make about 90% of the gut microbiota of a healthy
adult person, with lesser amounts of other phyla like Actinobacteria (mostly Bifidobacterium),
Proteobacteria, Fusobacteria, and VVerrucomicrobia (Kamada et al., 2013; Qin et al., 2010).

The microbiome has some protective, metabolic, and structural effects. These protective
effects are the removal of pathogenic microorganisms, competition with food, competition with
receptors and the production of antimicrobial factors. Their structural effects are strengthening
the mucosal barrier, induction of IgA, tightening the tight junctions, and developing the immune
system. Its metabolic effects are control of epithelial cell differentiation and proliferation,
metabolism of dietary carcinogens, synthesis of vitamins, epithelial-derived fermentation of
indigestible food residues, and lowering pH (Hansen et al., 2015).

Relationship of microbiota with diseases: The bacteria in the microbiota contain a
certain amount of beneficial and harmful bacteria. When the ratio between beneficial and
harmful bacteria decreases, a pathological process called "microbial dysbiosis” begins. The
healthy microbiota is called eubiosis (Whitman et al., 1998). The microbiota plays an important

role in many bodily functions, including homeostasis, metabolism, the production of minerals
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and vitamins, the formation of some endocrine stimulation, the prevention of the colonization
of some pathogenic microorganisms, the regulation of immune reactions, and the metabolism
of xenobiotic substances (Barko et al., 2018; Nicholson et al., 2012). The microbiota also plays
a critical role in the immune system's maturation, distinguishing between commensal and
pathogenic bacteria and fostering tolerance and immunity to own and foreign antigens. The
immunological balance of the mucosa has essential tasks, such as the correct differentiation
between billions of harmless microorganisms and rare pathogenic invasive microorganisms.
The immune system attempts to directly prevent pathogen colonization through local and
generally systemic inflammatory responses (Barko et al., 2018).

Some microorganisms that live with us in the gastrointestinal tract are recognized by M
cells and dendritic cells in the epithelium. These stimulate the maturation of T lymphocytes by
turning into Regulatory T cells (Treg) cells that secrete cytokines that control the immune
system and have an anti-inflammatory function. Lymphocytes, one of the most critical cells in
our immune system, stimulate epithelial cells to secrete defensin-like substances with
antimicrobial activity (Belkaid & Naik, 2013). In people with dysbiosis, the structure of the
mucus layer deteriorates with the decrease in the diversity of the microbiota or the deterioration
of the balance of the microbial composition in the intestinal contents and the composition of
the microbiota and, consequently, the metabolism of the microbiome. This results in a
deterioration of the functions of the mucus layer that are very beneficial to the host, such as
maintaining the microbial composition in the gut and preventing colonization by pathogenic
microorganisms (Haller, 2018). It has been reported to play a very influential role in gut
microbial composition, digestive system peristalsis, and intestinal epithelial function (Bjérksten
et al., 2001; Vrieze et al., 2010). The bidirectional relationship between the gut microbiota and
immune system development and function involves multiple interactions in homeostasis and
disease states. At the same time, the immune system regulates the maintenance of the basic
features of the relationship between the host and the symbiotic microbiota. In a genetically
susceptible host, imbalances in the interactions between the microbiota and the immune system
are thought to influence the pathogenesis of many immunological diseases (Shi et al., 2017).

Effects of antibiotics on microbiota: One of the most important factors affecting the
microbiota is the use of antibiotics. Antibiotics not only have specific toxicity to the target
pathogen, but they also affect the microbiota. The beta-lactam and fluoroquinolone group
antibiotics are among the antibiotics that have the most effects on the microbiota due to their
frequent use. On the other hand, combined effects on the microbiome often occur due to their

frequent use for combined therapy applications (Panda et al., 2014). In one study, it was found
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that after a 7-day application of clindamycin, the Bacteroides phyla in the microbiota did not
return to its normal composition even after two years (Jernberg et al., 2007).

According to the Canine Microbiota Dysbiosis Index data from the College of Texas, it
has been reported that although the gut microbiota returns to its previous composition within a
few weeks after antibiotic administration in many dogs, this process takes a long time in some
animals (Suchodolski et al., 2016).

Microbiota interaction in animals and humans: The gastrointestinal tract is the most
important habitat for the microbiota of humans and other animal species. The microbiota of the
mammalian digestive tract is diverse and complex, consisting of many interdependent and
noncompeting species. The composition of the microbiota varies throughout the gastrointestinal
tract. It has been observed that anaerobic bacterial groups dominate in distal sections, whereas
aerobic and anaerobic bacteria are more evenly distributed in proximal sections (Simpson et al.,
2002; Suchodolski et al., 2008). Cats and dogs have a relatively simple gastrointestinal tract
compared to humans and livestock (Eckburg et al., 2005; Ley et al., 2008). In a study using
bacterial culture techniques from canine gastric biopsies, the number of bacteria in the stomach
was 10° cfu/g and it was found that the most abundant indices belonged to the Proteobacteria
phylum (99.6%). In addition, only a few (0.3%) indices belonging to the phylum Firmicutes
were found (Benno et al., 1992; Garcia-Mazcorro et al., 2012).

It is reported that the part with the greatest similarity in the microbiota of humans and
animals living together is the skin and hair regions. Microbiologically, studies have shown that
the skin microbiota of adults is more similar to the microbiota of their dog or dogs than to that
of other dogs. People with dogs share more common bacterial phylotypes than people without
dogs (Song et al., 2013). The taxa that share the most significant similarity between dogs and
their owners are the Betaproteobacteria (Methylophilaceae), the Actinobacteria, and the
Acidobacteria pylotype (Lauber et al., 2009).

It has been observed that the microbiota of the digestive system benefits the host through
many mechanisms. Commensal bacteria in the digestive tract form a temporary defense barrier
against pathogens. They aid in the digestion of nutrients, provide important metabolites for the
host, and have important functions in modulating the host's immune system (Suchodolski,
2011).

The idea that pets are beneficial to human health was first introduced in 1989 by David
Strachan, who attributed the risk of allergic disease to a highly hygienic environment (Strachan,
1989). With further evidence that dysbiosis of the gut microbiome in infancy is associated with

the development of allergic disease, this view has been revised as the microbiota hypothesis
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(Ezell et al., 2013; Hesselmar et al., 1999; Litonjua et al., 2002; Lodge et al., 2012; Nermes et
al., 2013; Ownby et al., 2002; Wold, 1998). In a pilot study including 24 newborns, it was
discovered that 3-month-old infants who were around dogs had increased gut microbial richness
and variety, as well as more Bifidobacterium pseudolongum, an important marker of the
transition from animal to human (Azad et al., 2013; Lodge et al., 2012; Nermes et al., 2013).
Additionally, Alistipies, Pseudomonas, Slackia, Subdoligranulum, the bacterial group
Eubacterium coprostanoligenes, and Barnesiella were not discovered in the gut microbiota of
dogs in a study comparing the gut microbiota of wild wolves and domestic dogs to evaluate the
domestication of dogs and their coexistence with humans. This indicates that, unlike their wild
ancestors, the microbiota of style of living and human influence. In parallel, the same study
found that the Dorea, Parabacteroides, Streptococcus family and, Bacteriodales, and
Clostridiales pylum, which are not found in wild wolves, are found in humans and domestic
dogs (Alessandri et al., 2019).

According to the researches, most of the studies on respiratory microbiota have been
conducted on humans. Information on the composition of the respiratory microbiota in domestic
animals sharing the same environment as humans seems to be rather limited. A recently
developed PCR-based algorithm called the "dysbiosis index" is a tool that veterinarians can use
to measure gut dysbiosis and can be used to monitor disease progression and response to
treatment (AlShawaqgfeh et al., 2017).

In recent studies, Protobacteria, Tenericutes, and Actinobacteria phylum have been
identified in the respiratory tract microbiota of dogs, and these data in healthy dogs have been
determined to be important for understanding the role of microbial communities in infectious
and non-infectious inflammatory respiratory diseases (Ericsson et al., 2016). No study has yet
documented the composition of a healthy respiratory microbiota composition in cats yet
(Vientds-Plotts et al., 2017). In microbiota studies in dogs, it was determined that the bacterial
and fungal communities in the microbiota of animals with atopic dermatitis have been found to
be less diverse than in healthy animals. Similar to humans, the different skin areas in each dog
are surrounded by a diverse and unique microbiota, with significant individual differences in
different dogs and different regions and higher microbial diversity in hairy areas than on
mucosal surfaces (i.e. lips, nose, ear, and conjunctiva). The nostril and conjunctiva contained
the lowest microbial density, whereas the axillary region and dorsal part of the nose had the
highest microbial diversity. The dominant phyla on all these surfaces were Proteobacteria,

Firmicutes, Actinobacteria, and Bacteroidetes (Rodrigues-Hoffmann et al., 2020).
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Microbiota-diet relationship: It is well known that nutrient composition or dietary
content significantly affects gastrointestinal function, microbiota composition, and bacterial
metabolites in the gut (Grzeskowiak et al., 2015). Some carbohydrate ingredients are not
enzymatically digested in the small intestine or not be absorbed in the upper gastrointestinal
tract, but are fermented by the gut microbiota and represent the main source of energy and
carbon for the gut microbiota. These indigestible carbohydrates (mostly fibers) are called
prebiotics and increase the activity of beneficial microorganisms in the gut microbiota.
Prebiotics; consist of soybeans, inulin, unrefined wheat, raw oats, fructans, polydextrose,
fructooligosaccharides, galactooligosaccharides, xylooligosaccharides, and arabinooli-
gosaccharides (Pandey et al., 2015). Regardless of the specific bacteria, prebiotics have been
reported to increase lactic acid bacteria and beneficial bacteria, and whole grain products have
beneficial effects on the gut microbiota due to their high fiber content (Halmos et al., 2015).

Fava et al. (2013) studied the effects of dietary fat content on the gut microbiota and
found that a low-fat diet increased bifidobacteria density, resulting in a decrease in fasting
glucose and total cholesterol. On the other hand, it was found that feeding monounsaturated
fatty acids had no effect on bacterial gene richness but decreased total bacterial load and LDL
cholesterol.

Probiotics used as functional food: Functional foods; these are foods and food
ingredients that provide additional benefits to human physiology and metabolic functions
beyond meeting basic nutrient needs, thus protecting against disease and enabling healthier
living. In addition, these foods are defined as foods that can be consumed in the form of food
in the daily diet, do not contain synthetic compounds, and have health- and wellness-promoting
properties (Erbas, 2006). For a food to be functional, it must contain factors such as bioactive
compounds, probiotic microorganisms, and prebiotic substances, and these factors must reach
the right part of the body in sufficient quantities (Dayisoylu et al., 2014). Probiotics are also
defined as "live microorganisms that, when ingested in sufficient quantities, improve the
properties of the body's microflora and positively affect the health of the host”. For a product
define as a probiotic, it must be resistant to gastric acid and bile acids, survive in the digestive
tract, adhere to the intestinal epithelium, adapt to the microbiota, colonize in the digestive tract,
secrete antimicrobial substances (such as bacteriocin), be nonpathogenic and toxic, and have a
positive effect on host health. 1t must have beneficial effects and be stable and viable during
production and storage (FAO/WHO, 2002).

Although many microorganisms are used as probiotics, the most commonly used group

of microorganisms are the bacteria belonging to the genera Lactobacillus and Bifidobacterium.
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In addition, some other bacterial species, yeast and mold species are also used for probiotic
production (Uymaz, 2010; Yilmaz, 2004). The most commonly produced probiotic products
are yogurt and fermented milk drinks. In recent years, probiotic cultures are added to the
composition of fermented milk products in addition to the classic yogurt starters, which give
the product additional physiological effects and higher nutritional value (Canbulat & Ozcan,
2015). Nowadays, different methods are used for probiotic cultures to settle in the host digestive
system and become resistant to harmful factors that could prevent them from maintaining their
viability. Among these methods, the selection of acid-resistant and bile-resistant strains, the use
of oxygen-tight packaging, two-stage fermentation, stress adaptation, the addition of peptide-
and amino acid-containing micronutrients, and microencapsulation are commonly preferred
(Martin et al., 2015; Pradeep Prasanna & Charalampopoulos, 2018).

Conclusion

Studies have shown that proper manipulation of the microbiota contributes to the
treatment of some diseases, and it seems that the potential therapeutic efficacy of prebiotics and
probiotics (a symbiotic combination) is being elucidated day by day. The mechanisms
underlying the prevention of colonization of the gut by pathogens by the gut microbiota are
controversial due to the lack of detailed mechanisms and direct evidence. A better
understanding of how the commensal microbiota interacts with the host is essential to determine
the pathogenic and pathophysiological aspects of disease and developing more effective
therapeutic agents. On the other hand, the complex structure of the microbiota, its functions,
and its effects on the organism have only recently been explored and considered in veterinary
medicine. Existing studies on microbiota indicate that microbiota research in veterinary
medicine has an important counterpart in the fields of health and economics. Future research
projects in microbiome-based disease diagnosis, prognosis monitoring, prophylaxis, and

treatment have the potential to revolutionize current disease prevention and treatment measures.

Financial Support

This research received no grant from any funding agency/sector.

Ethical Statement
This study does not present any ethical concerns.

38



Demircioglu et al.l Vet. J. KU. 2022. 1(2): 32-41

Conflict of Interest

The authors declared that there is no conflict of interest.

References

Alessandri, G., Milani, C., Mancabelli, L., Mangifesta, M., Lugli, G.A., Viappiani, A., Duranti, S., Turroni, F.,
Ossiprandi, M.C., van, Sinderen, D., & Ventura, M. (2019). Metagenomic dissection of the canine gut
microbiota: insights into taxonomic, metabolic and nutritional features. Environmental Microbiology,
21, 1331-1343. https://doi.org/10.1111/1462-2920.14540

AlShawagfeh, M.K., Wajid, B., Minamoto, Y., Markel, M., Lidbury, J.A., Steiner, J.M., Serpedin, E., &
Suchodolski, J.S. (2017). A dysbiosis index to assess microbial changes in fecal samples of dogs with
chronic inflammatory enteropathy. FEMS Microbiology Ecology, 1, 93.
https://doi.org/10.1093/femsec/fix136

Azad, M.B., Konya, T., Maughan, H., Guttman, D.S., Field, C.J., Sears, M.R., Becker, A.B., Scott, J.A.,
Kozyrskyj, A.L. (2013). Infant gut microbiota and the hygiene hypothesis of allergic disease: impact of
household pets and siblings on microbiota composition and diversity. Allergy, Asthma & Clinical
Immunology, 9, 15. https://doi.org/10.1186/1710-1492-9-15

Barko, P.C., McMichael, M.A., Swanson, K.S., & Williams D.A. (2018). The gastrointestinal microbiome: a
review. Journal of veterinary internal medicine, 32(1), 9-25. https://doi.org/10.1111/jvim.14875

Belkaid, Y., & Hand, T.W. (2014). Role of the microbiota in immunity and inflammation. Cell, 157, 121-141.
https://doi.org/10.1016/j.cell.2014.03.011

Belkaid, Y., & Naik, S. (2013). Compartmentalized and systemic control of tissue immunity by commensals.
Nature Immunology, 14(7), 646-653. https://doi.org/10.1038/ni.2604

Benno, Y., Nakao, H., Uchida, K., & Mitsuoka, T. (1992). Impact of the advances in age on the gastrointestinal
microflora of beagle dogs. The Journal of Veterinary Medical Science, 54, 703-

706. https://doi.org/10.1292/jvms.54.703

Bjorkstén, B., Sepp, E., Julge, K., Voor T, & Mikelsaar, M. (2001). Allergy development and the intestinal
microflora during the first year of life. Journal of Allergy and Clinical Immunology, 108, 516-520.
https://doi.org/10.1067/mai.2001.118130

Canbulat, Z., & Ozcan, T. (2015). Effects of short-chain and longchain inulin on the quality of probiotic yogurt
containing Lactobacilus rhamnosus. Journal of Food Processing and Preservation, 39(6), 1251-1260.
https://doi.org/10.1111/jfpp.12343

Cénit, M.C., Matzaraki., V., Tigchelaar, E. F., & Zhernakova, A. (2014). Rapidly expanding knowledge on the
role of the gut microbiome in health and disease. Biochimica et Biophysica Acta (BBA)-Molecular Basis
of Disease, 1842(10), 1981-1992. https://doi.org/10.1016/j.bbadis.2014.05.023

Dayisoylu, K.S., Gezging, Y., & Cingdz, A. (2014). Fonksiyonel gida mi, fonksiyonel bilesen mi? Gidalarda
fonksiyonellik. Gida, 39(1), 57-62. https://doi.org/10.5505/gida.03511

Eckburg, P.B., Bik, E.M., Bernstein, C.N., Purdom, E., Dethlefsen, L., Sargent, M., Gill, S.R., Nelson, K.E., &
Relman, D.A. (2005). Diversity of the human mtestinal microbial flora. Science, 308, 1635-

1638. https://doi.org/10.1126/science.1110591

Erbag, M. (2006): Yeni bir gida grubu olarak fonksiyonel gidalar. 791-794. In: Tirkiye 9. Gida Kongresi, 24-26
Mayis 2006, Bolu, Tiirkiye.

Ericsson, A.C., Personett, A.R., Grobman, M.E., Rindt, H., & Reinero, C.R. (2016). Composition and predicted
metabolic capacity of upper and lower airway microbiota of healthy dogs in relation to the fecal
microbiota. PLoS One, 11(5), e0154646. https://doi.org/10.1371/journal.pone.0154646

Ezell, J.M, Wegienka, G., Havstad, S., Ownby, D.R., Johnson, C.C., & Zoratti, E.M. (2013). Across-sectional
analysis of pet-specific mmunoglobulin E sensitization and allergic symptomatology and household pet
keeping in a birth cohort population. Allergy Asthma, 34, 504-510.
https://doi.org/10.2500/aap.2013.34.3698

FAO/WHO. (2002). Guidelines for the evaluation of probiotics in food. FAO/WHO Working Group.

Fava, F., Gitau, R., Griffin, B., Gibson, G., Tuohy, K., & Lovegrove, J. (2013). The type and quantity of dietary
fat and carbohydrate alter faecal microbiome and short-chain fatty acid excretion in a metabolic
syndrome ‘atrisk’population. International Journal of Obesity, 37(2), 216.
https://doi.org/10.1038/ijo.2012.33

Garcia-Mazcorro, J.F., Suchodolski, J.S., Jones, K.R., Clark,-Price, S.C., Dowd, S.E., Minamoto, Y., Markel,
M., Steiner, J.M., & Dossin, O. (2012). Effect of the proton pump inhibitor omeprazole on the gast-
rointestinal bacterial microbiota of healthy dogs. FEMS Microbiology Ecology, 80, 642-636.
https://doi.org/10.1111/j.1574-6941.2012.01331.x

39



Demircioglu et al.l Vet. J. KU. 2022. 1(2): 32-41

Grzeskowiak, L., Endo, A., Beasley, S., & Salminen, S. (2015). Microbiota and probiotics in canine and feline
welfare. Anaerobe, 34, 14-23. https://doi.org/10.1016/j.anaerobe.2015.04.002

Haller, D. (2018). The gut microbiome in health and disease. Springer.

Halmos, E.P., Christophersen, C.T., Bird, A.R., Shepherd, S.J., Gibson, P.R., & Muir, J.G. (2015). Diets that
differ in their FODMAP content alter the colonic luminal microenvironment. Gut, 64(1), 93-100.
https://doi.org/10.1136/gutjnl-2014-307264

Hansen, T.H., Gobel, R.J., Hansen, T., & Pedersen, O. (2015). The gut microbiome in cardio-metabolic health.
Genome Medicine, 7(1), 33. https://doi.org/10.1186/s13073-015-0157-z

Hesselmar, B., Aberg, N., Aberg, B., Eriksson, B., & Bjorksten, B., (1999). Does early exposure to cat or dog
protect against later allergy development? Clinical & Experimental Allergy, 29, 611-617.
https://doi.org/10.1046/j.1365-2222.1999.00534.x

Jernberg, C., L6fmark, S., Edlund, C., & Jansson, J.K. (2007). Long-term ecological impacts of antibiotic
administration on the human intestinal microbiota. The ISME Journal, 1, 56-66.
https://doi.org/10.1038/ismej.2007.3

Kamada, N., Chen, G. Y, Inohara N., & Nufiez G. (2013). Control of pathogens and pathobionts by the gut
microbiota. Nature immunology, 14(7), 685-690. https://doi.org/10.1038/ni.2608

Koroglu, M. (2017). Mikrobiyota ¢aligmalarinda 6rnek alimi ve DNA izolasyonu. Journal of Biotechnology and
Strategic Health Research, 1, 50-55.

Lauber, C.L., Hamady, M., Knight, R., & Fierer, N. (2009). Pyrosequencing-based assessment of soil pH as a
predictor of soil bacterial community structure at the continental scale. Applied and Environmental
Microbiology, 75, 5111-5120. https://doi.org/10.1128/AEM.00335-09

Lederberg, J., & McCray, A. T. (2001). Ome Sweet Omics--A genealogical treasury of words. The Scientist,
15(7), 8-8.

Ley, R.E., Hamady, M., Lozupone, C., Turnbaugh, P.J., Ramey, R.R., Bircher, J.S., Schlegel, M.L., Tucker,
T.A., Schrenzel, M.D., Knight, R., & Gordon, J.I. (2008). Evolution of mammals and their gut
microbes. Science 320, 1647-1651. https://doi.org/10.1126/science.1155725

Litonjua, A.A., Milton, D.K., Celedon, J.C., Ryan, L., Weiss, S.T., & Gold, D.R. (2002). A longitudinal analysis
of wheezing in young children: the independent effects of early life exposure to house dust endotoxin,
allergens, and pets. The Journal of Allergy and Clinical Immunology, 110, 736-742.
https://doi.org/10.1067/mai.2002.128948

Lodge, C.J., Allen, K.J., Lowe, A.J., Hill, D.J., Hosking, C.S., Abramson, M.J., & Dharmage, S.C. (2012).
Perinatal cat and dog exposure and the risk of asthma and allergy in the urban environment: a
systematic review of longitudinal studies. Clinical and Developmental Immunology,

176484. https://doi.org/10.1155/2012/176484

Martin, M.J., Lara-Villoslada, F., Ruiz, M.A., & Morales, M.E. (2015). Microencapsulation of bacteria: A
review of different technologies and their impact on the probiotic effects. Innovative Food Science and
Emerging Technologies, 27, 15-25. https://doi.org/10.1016/j.ifset.2014.09.010

Nermes, M., Niinivirta, K., Nylund, L., Laitinen, K., Matomaki, J., Salminen, S., & Isolauri, E. (2013). Perinatal
pet exposure, faecal microbiota, and wheezy bronchitis: is there a connection?. ISRN Allergy, 827934.
https://doi.org/10.1155/2013/827934

Nicholson, J.K., Holmes, E., Kinross, J., Burcelin, R., Gibson, G., Jia, W., & Pettersson, S. (2012). Host-gut
microbiota metabolic interactions. Science, 336(6086), 1262-1267.
https://doi.org/10.1126/science.1223813

Ownby D.R., Johnson C.C., & Peterson E.L. (2002). Exposure to dogs and cats in the first year of life and risk of
allergic sensitization at 6 to 7 years of age. JAMA, 288, 963-972. https://doi.org/10.1001/jama.288.8.963

Panda, S., El Khader, I., Casellas, F., L6pez Vivancos, J., Garcia Cors, M., Santiago, A., Cuenca, S., Guarner, F.,
& Manichanh, C. (2014). Short-term effect of antibiotics on human gut microbiota. PLoS One, 9,
€95476. https://doi.org/10.1371/journal.pone.0095476

Pandey, K.R., Naik, S.R., & Vakil, B.V. (2015). Probiotics, prebiotics and synbiotics-a review. Journal of Food
Science and Technology, 52(12), 7577-7587. https://doi.org/10.1007/s13197-015-1921-1

Pradeep Prasanna, P.H., & Charalampopoulos, D. (2018). Encapsulation in an alginate—goats’ milkinulin matrix
improves survival of probiotic Bifidobacterium in simulated gastrointestinal conditions and goats’ milk
yoghurt. International Journal of Dairy Technology, 72(1), 132-141. https://doi.org/10.1111/1471-
0307.12568

QinJ., Li R., Raes J., Arumugam M., Burgdorf K.S., Manichanh C., Nielsen T., Pons N., Levenez F., Yamada
T., Mende D.R., LiJ., Xu J,, Li S., Li D., Cao J.,, Wang B., Liang H., Zheng H., Xie Y., Tap J., Lepage
P., Bertalan M., Batto J.M., Hansen T., Le Paslier D., Linneberg A., Nielsen H.B., Pelletier E., Renault
P., Sicheritz-Ponten T., Turner K., Zhu H., Yu C,, Li S., Jian M., Zhou Y., Li Y., Zhang X., Li S., Qin
N., Yang H., Wang J., Brunak S., Doré J., Guarner F., Kristiansen K., Pedersen O., Parkhill J.,
Weissenbach J.; MetaHIT Consortium, Bork P., Ehrlich S.D., & Wang J. (2010). A human gut

40



Demircioglu et al.l Vet. J. KU. 2022. 1(2): 32-41

microbial gene catalogue established by metagenomic sequencing. Nature, 464(7285), 59-65.
https://doi.org/10.1038/nature08821

Rodrigues Hoffmann, A., Patterson, A.P., Diesel, A., Lawhon, S.D., Hoai J.L., Stephenson, C. E., Mansell, J.,
Steiner, J.M., Scot E.D., Olivry, T., & Suchodolski, J.S. (2014). The skin microbiome in healthy and
allergic dogs. PL0S One, 9, e83197. https://doi.org/10.1371/journal.pone.0083197

Shi, N., Li, N., Duan, X., & Niu, H. (2017). Interaction between the gut microbiome and mucosal immune
system. Military Medical Research, 4(1), 1-7. https://doi.org/10.1186/s40779-017-0122-9

Simpson, J.M., Martineau, B., Jones, W.E., Ballam, J.M., & Mackie, R.I. (2002). Characterization of fecal
bacterial populations in canines: effects of age, breed and dietary fiber. Microbial Ecology, 44, 186-197.
https://doi.org/10.1007/s00248-002-0001-z

Song, S.J., Lauber, C., Costello, E.K., Lozupone, C.A., Humphrey. G., Berg,-Lyons, D.,Caporaso, J.G., Knights,
D., Clemente, J.C., Nakielny, S., Gordon, J.I., Fierer, N., & Knight, R. (2013). Cohabiting family
members share microbiota with one another and with their dogs. Elife, 16, e00458.
https://doi.org/10.7554/eL ife.00458

Strachan, D.P. (1989). Hay fever, hygiene, and household size. BMJ, 299, 1259-1260.
https://doi.org/10.1136/bmj.299.6710.1259

Suchodolski, J.S., Olson, E., Honneffer, J.B., Guard, B., Blake, A., AlShawagfeh, M., Steiner, J.M., Barr, J., &
Gaschen, F. (2016). Effects of a hydrolyzed protein diet and metronidazole on the fecal microbiome and
metabolome in healthy dogs. Journal of Veterinary Internal Medicine, 30, 1455.

Suchodolski, J.S., Camacho, J., & Steiner, J.M. (2008). Analysis of bacterial diversity in the canine duodenum,
jejunum, ileum, and colon by comparative 16S rRNA gene analysis. FEMS Microbiology Ecology, 66,
567-578. doi: 10.1111/j.1574-6941.2008.00521.x

Suchodolski, J.S. (2011). Companion animals symposium: microbes and gastrointestinal health of dogs and cats.
Journal of Animal Science, 89, 1520-1530. https://doi.org/10.2527/jas.2010-3377

Tug, A., Hancy, 1.H., & Balseven, A. (2002). insan genom projesi: Umut mu, kabus mu? Siirekli Tip Egitimi
Dergisi, 11, 56-57.

Uymaz, B. (2010). Probiyotikler ve kullanim alanlari. Pamukkale Universitesi Miihendislik Bilimleri Dergisi,
16(1), 95-104.

Vientos-Plotts, A.l., Ericsson, A.C., Rindt, H., Grobman, M.E., Graham, A., Bishop, K., Cohn, L.A., & Reinero,
C.R. (2017). Dynamic changes of the respiratory microbiota and its relationship to fecal and blood
microbiota in healthy young cats. PLoS One, 9, e0173818.
https://doi.org/10.1371/journal.pone.0173818

Vrieze, A., Holleman, F., Zoetendal, E.G., de Vos, W.M, Hoekstra, J.B., & Nieuwdorp, M. (2010). The
environment within: how gut microbiota may influence metabolism and body composition.
Diabetologia, 53, 606-613. https://doi.org/10.1007/s00125-010-1662-7

Walker, AW., & Lawley, T.D. (2013). Therapeutic modulation of intestinal dysbiosis. Pharmacological
Research, 69, 75-86. https://doi.org/10.1016/j.phrs.2012.09.008

Whitman, W.B., Coleman, D.C., & Wiebe, W.J. (1998). Prokaryotes: the unseen majority. Proceedings of the
National Academy of Sciences, 95, 6578-6583.

Wold, A.E. (1998). The hygiene hypothesis revised: is the rising frequency of allergy due to changes in the
intestinal flora? Allergy, 53, 20-25. https://doi.org/10.1111/j.1398-9995.1998.tb04953.x

Yilmaz, M. (2004). Prebiyotik ve probiyotikler. Guncel Pediatri, 2, 142-145.

41



