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Sunum Igerigi
Antibiyotik direnci, direncin kaynagi, yayilimi

Bagirsak mikrobiyotasi, rezistomu, icerigi, 6nemi

Sonug...



«To my generation of bacteriologists the inhibition of
one microbe by another was commonplace. We were
all taught about these inhibitions and indeed it is
seldom that an observant clinical bacteriologist can
pass a week without seeing in the course of his
ordinary work very definite instances of bacterial
antagonism.

My only merit is that | did not neglect the observation
and that | pursued the subject as a bacteriologist.»

A. Fleming, Nobel Lecture: Penicillin: http://www.nobelprize.org/nobel_prizes/medicine/laureates/1945/fleming-lecture.pdf
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Insanlarin antibiyotikleri kullanim siiresi ~80 yil

Dogada antibiyotik lireten kokenler ve direng¢ genleri milyonlarca yildir var

* Beta-laktam, tetrasiklin, vankomisin ve makrolid diren¢ genleri

Antibiyotik tretimi, mikrobiyal topluluklarda, tireten mikroorganizma igin bir avantaj
saglar

* Antibiyotik lireticileri siklikla ayni gen kiimesi lizerinde diren¢ten sorumlu genleri tasir

* Efliks pompalan

* Hedef molekiilleri degistiren enzimler
Oldiirmeyen antibiyotik konsantrasyonlari
» Bakterilerde fizyolojik ve davranissal degisiklikler olusturur

* iletisim molekiilleri olarak ortaya ¢ikmis olmalari muhtemel

* Direng gelisimine katkida bulunur...
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Davies J, Davies D. Origins and evolution of antibiotic resistance. Microbiol Mol Biol Rev 2010; 74: 417-433.
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Duyarh bakterilerde direng gelisimi

* Hedef molekiilleri kodlayan genlerde kromozomal mutasyonlar

Pre exposure Exposed Post exposure
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* Horizontal gen transferi
* Farkli organizmalar arasinda diren¢ genlerinin aktarimi

Bacteria Eukarya Archaea

Horizontal Gene Transfer

Domain r?acteria Eukarya
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* Topluluga direnc genleri bir kere

Antibiotics Belore antibéotic treatrment
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High Frequency of Antimicrobial Resistance in Human Fecal Flora
STUART B. LEVY.'** BONNIE MARSHALL.,' SUSAN SCHLUEDERBERG,' DEBORAH ROWSE,'

AND JOANNE DAVIS'

Departments of Molecular Biology and Microbiology' and Medicine,® Tufts University School of Medicine and
New England Medical Center, Boston, Massachusetts 02111

Received 25 April 1988/'Accepted 9 September 1988

The frequency of resistance to seven different antimicrobial agents was examined in the aerobic gram-
negative gut flora of over 600 individuals from hospitals, from laboratories where antibiotics were used, and
from urban and rural communities. In a majority (62.5%) of fecal samples from people without a recent history
of tuking antibiotics, 10% or more of the total organisms were resistant to at least one of the antibiotics. In
about 40% of the samples, resistance to more than one drug was present at this level. More than one-third of
the samples contained resistant organisms comprising S0% or more of the total flora examined. Organisms with
coresistance to multiple drugs were found frequently. Individuals taking antibiotics produced more samples
with a higher proportion (>50%) of resistant bacteria, and these samples also had a significantly greater
number of different resistance delerminants. This extensive study revealed a high prevalence of resistant

bacteria in the gut flora of ambulatory and hospitalized individuals whether or not they were taking antiblotics.




Insan bagirsak mikrobiyotasi

e 200-1000 farkh bakteri tiru

, _ THE HUMAN MICROBIOME PROJECT SAYS THE HUMAN RODY
* 100 trilyon bakteri HAS 100 TRILLION MICROSCOPIC LIFE FORMS LIVING INIT.

* 3,3 milyon farkl bakteri geni

* insan genomunun 150 kati!
* Firmicutes

 Bacteroidetes

* Actinobacteria

* Proteobacteria (<%1)

* Verrucomicrobiae

* Fusobacteria



Onemli bir gérev: Kolonizasyon

direnci

* Patojen mikroorganizmalarin yerlesmesini engeller

* Direncin kaybu:

* Bagirsak ortami/denge bozulur

» Patojenler ve bagirsak florasi arasinda horizontal gen

transferi hizi artar

* Firsat¢i direncgli patojenler icin bir rezervuar halini

alabilir

 Ozellikle immiin yetmezlikli hastalar ve yogun

bakim unitelerinde yatanlarda ciddi enfeksiyonlara

yol acabilir
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Buffie CG, Pamer EG. Microbiota-mediated colonization resistance
against intestinal pathogens. Nature Rev Immunol 2013;13: 790-801.



Rezistom

* Mikrobiyotada bulunan direng¢ genleri toplulugu

Rezistomu olusturan direng genleri?

£ ?
/ {
Direng genlerinin kaynagi? o Qé? |
Q'S 2
B8
Direng genlerinin bagirsak bakterileri arasinda %’E ‘ Hinian
aktarimi? E% % Resistome | §83 | =
%%
Direng genlerinin bagirsak bakterileri ile patojenler %9 %
%
3 0}%4’

arasinda aktarim orani?

Direng¢ genlerinin akibeti?
e Varhgini siirdiirme siiresi?

* Yok eden faktorler?



Rezistom analizi-Kulture dayall

yontemler
Taze mikrobiyots %

—\

= "-‘? P
: -
indikat'or Azl r Tt soakicds '.'\:'*;1

organizma iy

{—_J ==

var

* Ucuz e Degerli bir veri kaynagi

« Tekrarlanabilir * Cografik farkhhklar
* Zamana bagh degisiklikler
* Hastaneye yatis ile iliski

* Hayvan ve ¢evresel kokenlerle iligki

» Direncin fenotipik/genotipik karakteri

insan bagirsak mikrobiyotasinin %80’ini
kiltira yapilamayan bakteriler

olusturuyor!



Rezistom Analizi-Molekuler yontemler

 Bilinen diren¢ genlerinin arastiriimasi

Mikrobiyota ornegi

i\
* Dogrudan biyolojik materyalden ¢alisilabilir %@gggﬁé;{ DNA ekstraksiyonu
N 4 Spesifik problarla
hibridizasyon Sekans analizi '?w;ﬁ:__‘.,f'z"\&f;_

\b' e

* Metagenomik yaklasimlar!

® Deéerli veri kaynagl Hedefe 6zgU primerlerle

direnc genlerinin
PCR amplifikasyonu

* Direng genlerinin yayilimi
* integronlarin kesfi

* Plazmidlerle direng¢ yayilimi takibi...

Bilinmeyen genler???



Mikrobiyota Analizi-Fonksiyonel Metagenomik
Yaklagsimlar

Mikrobiyota 6rnegi i i ‘nin 2kb parcalara Parcalarin plazmide aktarimi
=l // *@* o B

Sekanslama ve Secilen genlerin PCR Antibiyotik icer Kompetan E.coli kdken

tamimlama amplifikasyon fonksiyon | ¢im transformas yon

v'Kompetan bakteri olmali v'Konakta eksprese olmali



Functional Characterization of the
Antibiotic Resistance Reservoir in the

Human Microflora

Morten O. A. Sommer,*t Gautam Dantas,*t$ George M. Church

Science 2009; 325: 1128-1131.

To understand the process by which antibiotic resistance genes are acquired by human pathogens, we
functionally characterized the resistance reservoir in the microbial flora of healthy individuals. Most of the
resistance genes we identified using culture-independent sampling have not been previously identified
and are evolutionarily distant from known resistance genes. By contrast, nearly half of the resistance
genes we identified in cultured aerobic gut isolates (a small subset of the gut microbiome) are identical to
resistance genes harbored by major pathogens. The immense diversity of resistance genes in the human

microbiome could contribute to future emergence of antibiotic resistance in human pathogens.
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Insan mikrobiyomu patojenik
bakterilerin antibiyotik direncg
genlerine ulasabilecegi bir
rezervuar olusturabilir.

Kulttira yapilabilen aerobik
izolatlar insan mikrobiyomunun
uyuyan patojenleri olabilir.
Kommensaller arasinda lateral
gen transferini 6nleyen bir

bariyer bulunabilir.



Application of Microarray and Functional-Based
Screening Methods for the Detection of Antimicrobial
Resistance Genes in the Microbiomes of Healthy Humans

Roderick M. Card’, Philip J. Warburton™, Nikki MacLaren’, Peter Mullany®, Elaine Allan®,
Muna F. Anjum'*
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Abstract

The aim of this study was to screen for the presence of antimicrobial resistance genes within the saliva and faecal
microbiomes of healthy adult human volunteers from five European countries. Two non-culture based approaches were
employed to obviate potential bias associated with difficult to culture members of the microbiota. In a gene target-based
approach, a microarray was employed to screen for the presence of over 70 clinically important resistance genes in the
saliva and faecal microbiomes. A total of 14 different resistance genes were detected encoding resistances to six antibiotic
classes (aminoglycosides, f-lactams, macrolides, sulphonamides, tetracyclines and trimethoprim). The most commonly
detected genes were erm(B), blarey, and sul2. In a functional-based approach, DNA prepared from pooled saliva samples
was cloned into Escherichia coli and screened for expression of resistance to ampicillin or sulphonamide, two of the most
common resistances found by array. The functional ampicillin resistance screen recovered genes encoding components of a
predicted AcrRAB efflux pump. In the functional sulphonamide resistance screen, folP genes were recovered encoding
mutant dihydropteroate synthase, the target of sulphonamide action. The genes recovered from the functional screens
were from the chromosomes of commensal species that are opportunistically pathogenic and capable of exchanging DNA
with related pathogenic species. Genes identified by microarray were not recovered in the activity-based screen, indicating
that these two methods can be complementary in facilitating the identification of a range of resistance mechanisms present

Table 2. Summary of BAC clones made from human Saliva DNA recovered from functional-based screens. g':::;::
Predicted Gene(s) responsible

Antibiotic employed Best match taxonomic classification of Nucleotide Size of Cloned number of ORFs Antibiotic for resistance

Clone ID'  in screen cloned DNA (Accession number) Identity (%) DNA (bp) in cloned DNA? Susceptibilities® phenotype

AMP4 Ampicillin Haemophilus parainfluenzae (NC_015964) 96 9476 7 Amp' acrRAB

AMP5 Ampicillin Haemophilus parainfluenzae (NC_015964) 95 12,200 10 Amp' acrRAR

AMP7 Ampicillin Haemophilus parainfluenzae (NC_015964) 93 16,716 13 Amp' acrRAB i

SuLe Sulphonamide Neisseria subflava (ACEQ02000001) 96 13,526 16 Sul®/sx® folP

SUL8 Sulphonamide Neisseria subflava (ACEO02000001) 95 14,125 18 Sul™/sx® folP

SuULe Sulphonamide Neisseria subflava (ACEO02000001) 96 10,250 1 Sul®™/sxt® folP

SUL15 Sulphonamide Neisseria subflava (ACEO02000001) 96 11,916 13 sul™ssu® folP

SuL11 Sulphonamide Streptococcus infantis (NZ_AEDY01000064) G4 13,436 16 Sul™/sxt® folP

SuL3 Sulphonamide Veillonella parvula (CPO01820) 88 17,734 18 Sulf/sxt™ folP

SULS Sulphonamide Veillonella parvula (CP001820) 87 21,161 20 Sulf/Sxt™ folP

suL10 Sulphonamide Veillonella parvula (CPO01820) 86 15,616 16 Sul®/sa® folP

SuUL20 Sulphonamide Veillonella parvula (CP001820) 86 15,605 16 Sul™/Sxt® folP

TAccession numbers for the clone sequences are: AMP4 (KF982313), AMPS (KF982314), AMP7 (KF982315), SUL3 (KF982316), SULS (KF982317), SUL6 (KF982318), SULS (KF982319), SULS (KF982320), SUL10 (KF982321), SUL11

(KF982322), SUL15 (KF982323), and SUL20 (KF982324).

ORF prediction by RAST server [27].

3Amp' = intermediate ampicillin resistance; Sul® = resistant to sulphonamide compounds; Sul® = reduced susceptibility to sulphonamide compounds compared to EPI300; Sxt® =resistant to trimethoprim/sulphamethoxazole 1:19;

Sxt™ =reduced susceptibility to trimethoprim/sulphamethoxazole 1:19 compounds compared to E. coli EP1300.



APPLIED AND ENVIRONMENTAL MicCrOmOLOGY, Feb. 2001, p. 561-568 Vol. 67, No. 2
0099-2240/01/504.00+0 DOIL 10.1128/AEM.67.2.561-568.2001
Copyright © 2001, American Socicty for Microbiology. All Rights Reserved.
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Transfer of antibiotic resista johan Bengtsson-Palme,” Martin Angelin,b Mikael Huss,® Sanela Kjellqvist,® Erik Kristiansson,” Helena Palmgren,"

resistance. Yet virtually no info . a ™ e
in natoral settings. In this pay D. G. Joakim Larssen,” ' Anders Johansson

increased antibiotic resistance Department of Infectious Diseases, Institute of Biomedicine, The Sahlgrenska Academy, University of Gothenburg, Gothenburg, Swedery'; Department of Clinical
bacteria. Over the past 3 decad picobiology, Infectious Diseases, Umed University, Umed, Sweden®; Science for Life Laboratory, Department of Biochemistry and Biophysics, Stockholm University, Solna,
30% to more than 80% of strain ¢, 4onc. penantment of Mathematical Sciences, Chalmers University of Technology, Gothenburg, Sweden® Laboratory for Molecular Infection Medicine Sweden,

100% identical at the DNA
5 d. ;:u':hﬂ: bl:l analy :sq Deparntment of Clinical Microbiology, Bacteriology, Umea University, Umed, Sweden®

(CTn) of the CTnDOT type. Ca

23% and 8::1""!‘«1 for_{lbﬂl‘ 7t Previous studies of antibiotic resistance dissemination by travel have, by targeting only a select number of cultivable bacterial
ﬁ;lll:isn::sf m:;:::e: s'::l::céa: species, omitted most of the human microbiome. Here, we used explorative shotgun metagenomic sequencing to address the

in the community and not just i abundance of >300 antibiotic resistance genes in fecal specimens from 35 Swedish students taken before and after exchange pro-
resistance genes in people who o0 g oy the Indian peninsula or in Central Africa. All specimens were additionally cultured for extended-spectrum beta-lacta-
these resistance genes are stabl s P . . e, 3o .

carried ermB genes. Two were | Mmase (ESBL)-producing enterobacteria, and the isolates obtained were genome sequenced. The overall taxonomic diversity and

one to three mismatches. The composition of the gut microbiome remained stable before and after travel, but there was an increasing abundance of Proteobac-

:::cl:f:i:.l ::c ::; i:':ﬁ:ﬁ?{: teria in 25/35 students. The relative abundance of antibiotic resistance genes increased, most prominently for genes encoding
Our results support the hypott resistance to sulfonamide (2.6-fold increase), trimethoprim (7.7-fold), and beta-lactams (2.6-fold). Importantly, the increase
both within the genus Bacteroid ghserved occurred without any antibiotic intake. Of 18 students visiting the Indian peninsula, 12 acquired ESBL-producing

T Escherichia coli, while none returning from Africa were positive. Despite deep sequencing efforts, the sensitivity of meta-

genomics was not sufficient to detect acquisition of the low-abundant genes responsible for the observed ESBL phenotype. In
conclusion, metagenomic sequencing of the intestinal microbiome of Swedish students returning from exchange programs in

Central Africa or the Indian peninsula showed increased abundance of genes encoding resistance to widely used antibiotics.
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Acquired Antibiotic Resistance: Are We Born with It?"
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TABLE 2. Prevalence of AR genes and identified carriers in infant fecal samples 83 were my rnother’s micrebes...
y ™
Prevalence (%) (no. of positive and. now {'hea re jou.rs {
resultsftotal no. of samples)
AR gene AR gene carriers (no. of specific generaftotal no. of AR gene carries) :
. (& ding ART
Infant subjects orn‘.‘)sl)po:hizlgn
tet(M) 100 (14/14) S8 (651/1,130) Enterococcus spp. (114/153). Escherichia colifShigella spp. (3/153), Providencia sp. (1/153),
Veillonella sp. (1/153). Streptococcus spp. (17/153). Staphylococcus spp. (17/153)
ermB 100 (4/4) 34 (86/250) Enterococcus spp. (14/30). Streptococcus spp. (10/30), Kiebsiella spp. (5/30).
Staphviococeus sp. (1/30)

sul2 100 (4/4) 54 (85/157) Escherichia colifShigella spp. (36/36)




* Insan bagirsak mikrobiyotasi, ®nemli bir direnc geni kaynagidir*

 Direnc genlerinin cesitliligi ve miktari, tGlkeden tlkeye degisir**
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*Forslund K, Sunagawa S, Kultima JR, et al. Country specific antibiotic use practices impact the human gut
resistome. Genome Res 2013; 23: 1163-1169.
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Figure 5 | The relative abundance of antibiotic resistance gene types
assigned to each major antibiotic class in the different populations.
Resistance gene types were mapped to antibiotics according to the ARDB,
and the classification of antibiotics was based on WHO ATC code JO1. The
average abundance for each gene type among individuals was used for
mapping (excluding outliers). Resistances determined by more than one
gene are not included, for example, by the vancomycin resistance operon.
China: n=237; Denmark: n= 80; Spain: n=36.

**Hu Y, Yang X, Qin J. Metagenome-wide analysis of antibiotic resistance
genes in a large cohort of human gut microbiota. Nat Commun 2013; 4:2151



Kisa sureli antibiyotik tedavileri, yogun bakim lnitesinde yatis bile direncgli bakteri

toplulugunun sayisini arttirir ve floranin eski haline donmesi aylar hatta yillar alir
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Figure 2. Resistome dynamics determined by metagenomic shotgun sequencing. (a) Cumulative abundance of antibiotic resistance gene families in
metagenomic assemblies during ICU stay (Days 4, 14 and 16), further hospitalization (Day 28) and 270 days after hospital discharge (Day 313). The
cumulative abundance of each resistance gene family represents the summed coverage data for the resistance genes (normalized to average
sequencing depth per assembly) per resistance gene family. Resistance gene families are indicated by the coloured bars that are coded as in panel
(b). (b) Heat map of the relative abundance (log,-transformed and normalized to average sequencing depth per assembly) of antibiotic resistance
genes that were present in the patient’s gut microbiota during and after hospitalization. Cluster analysis was performed using standard Pearson'’s
correlation. Colour codes indicate resistance gene families (B, B-lactams; A, aminoglycosides; M, macrolides; T, tetracyclines; G, glycopeptides; S,
sulphonamides; C, chloramphenicols; Tr, trimethoprim).

Buelow E, Gonzalez TB, Veersluis D, et al. Effects of selective digestive decontamination
(SDD) on the gut resistome. J Antimicrob Chemother 2014; 69:2215-2223



Rezistomumuzda tasidigimiz bilinmeyen
diren¢ determinantlari yeni direng

mekanizmalarinin habercisi olabilir.
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