Métodos moleculares para
diagnostico de RAM

PCR: fundamentos, requerimentos de
laboratorio e limitacoes

Dr. Diego Faccone
Servico Antimicrobianos, INEI-ANLIS “Dr. Carlos G. Malbran”.
Lab. Nacional/Regional de Referéncia em Resisténcia aos Antimicrobianos.
Centro Colaborador de OMS em Vigilancia de Resisténcia aos Antimicrobianos.

www.antimicrobianos.com.ar

s

PARA COMBATIR ANLIS Organizacion de las Naciones . ORGANIZACION MUNDIAL DE SANIDAD ANIMAL :***1
LA RESiSTENCiA : : : : A \/ Unidas para la Alimentacion ]e Proteger a los animales, preservar nuestro juturo *****
A LOS ANTIMICROBIANOS UELE MALBRAN = O yla Agricultur Q\ ,,

Unién Europea



EMERGENCIA i3, DISSEMINACAO

A

DEPOIS

Tempo

Disseminacao
HORIZONTAL

Mudangas genotipicas
(fenotipicas), ||| prob.
ocorréncia (105 - 10%8)




MECANISMOS GENETICOS
DE EMERGENCIA E
DISSEMINACAO DA

Aquisicao de novos genes

RESISTENCIA

Mudancas aleatérias em genes intrinsecos



Genes de resisténcia e sua mobilidade

Transducé'o
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Genes de resisténcia e sua mobilidade
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Priority 1: CRITICAL

Acinetobacter baumannii, carbapenem-resistant
Pseudomonas aeruginosa, carbapenem-resistant

Enterobacteriaceae, carbapenem-resistant, 3rd
generation cephalosporin-resistant

Priority 2: HIGH

* Enterococcus faecium, vancomycin-resistant

» Staphylococcus aureus, methicillin-resistant,
vancomycin intermediate and resistant

* Helicobacter pylori, clarithromycin-resistant

* Campylobacter, fluoroquinolone-resistant

* Salmonella spp., fluoroquinolone-resistant

* Neisseria gonorrhoeae, 3rd generation
cephalosporin-resistant, fluoroquinolone-resistant

Priority 3: MEDIUM

» Streptococcus pneumoniae, penicillin-non-
susceptible

* Haemophilus influenzae, ampicillin-resistant
* Shigella spp., fluoroquinolone-resistant

oNTs
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® Mudangas aleatorias em

genes intrinsecos
- MutagOes espontaneas

Aquisicao de novos

genes (THG)
Conjugac¢ao

- Transformacgao

- Transducgao
- Vesiculas de ME
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Confirmacao fenotipica de
mecanismos de resisténcia

: >

Avaliacao

fenotipica da
sensibilidade aos
ATMs
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Confirmacao molecular de mecanismos
TRABAJANDO de resisténcia
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Confirmag¢ao molecular de mecanismos de resisténcia

Deteccao de genes

Amplificacao DNA

i) Mudancas de temperaturas 2 Reacao
em cadeia da polimerase (PCR)
ii) Isotérmica = Amplificacdo isotérmica

mediada por loop (LAMP)

Hibridacao de DNA

Sequenciacdao completa de genoma
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Area extracio DNA

2-3 colbnias

Fervido ou
boiling

Sistema comercial

Lysis
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10-15 minutos

Banho Maria ou
bloco a 100°C
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Extracao de
acidos nucleicos
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5 minutos

A

80ulL sobrenadante

Centrifugar a
maxima velocidade

PCR Conservar
a-20°C
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< . Preparacao
Area livre de DNA mistura reagio

Instrumental exclusivo para este procedimento [ 3

Cabine para PCR Espago XC|USiV0

Suporte refrigerado ou
recipiente com gelo
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Reativos para PCR

DNA template
with sequence
of interest
5 3’
Thaaaaadlll
TH AR |

5

’ "y
F X
dNTPs Primers

j 4 W

Polymerase

-

4
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LA RESISTENCIA

A LOS ANTiMICROBIANOS

- ALTAMENTE SENSIVEL
Mistura de reacao (Master Mix - ESPECIFICA
- DNA polimerase termoestavel — - ECONOMICA
- Buffer de reacao comercial - RAPIDA
- Cloreto de Magnésio (Mg2+)

- dNTP’s = ATP + CTP + GTP + TTP

- Primeiro Forward/Plus/Mais
Master Mix Comercial

- Primeiro Reverse/Minus/Menos

(opcional)
- Master Mix |

- Agua qualidade biologia molecular

- DNA molde (suspeito de conter o gene
em questao) (adiciona-se em uma area

- Primeiro Forward/Plus/Mais

- Primeiro Reverse/Minus/Menos

diferente na qual é preparada a mistura de
reacao)

- Agua qualidade biologia molecular

y la Agricultura
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Amplificacao e
deteccao

Area adicio DNA

[ PN

Adicao de DNA molde
aos tubos de reacao

Termociclador
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Fundamento da PCR

DNA template
with sequence
of interest
5 3
o
RN RN
3 o'

v

L Y )
dNTPs Primers

g o4 W

Polymerase

TRABAJANDO
JUNTOS

LA RESISTENCIA ANLIS OPS @ immesionar  ()IE somomonocmmom (R0
A LOS ANTiMiCROBiANOS - : i P o,gz,::?:;n.\ : m’:‘“"““;ﬂ‘:’;‘““"‘“ y Ia Agricultura /’_—‘L roteger a los animales, preservar nuestro futuro

Unién Europea



Amplificagdo e Area de eletroforese
deteccao

[ MY

Adicao de DNA molde
aos tubos de reacao

Agarose 1%
TBE / TAE

BrEt
SyBr-Safe
GelRed

Termociclador

Loading Buffer
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Amplificagdo e Area de eletroforese
deteccéo |

[ MY

Adicao de DNA molde
aos tubos de reacao

Sistema de
eletroforese __

Analise de resultados

152 83 CE CouvP
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COMPARTIMENTALIZACAO DE AREAS PARA PCR

Pre-PCR Environment

Post-PCR Environment

—* e e e eaear D D s e +. B -
i
ROOM 1 ROOM 2 ROOM 3 Y \\KEY
Z//”Wm@ door
Th 1 li . P
Specimen Reception “clean room” % erm:re';yc o % ﬂﬁﬁﬁﬁﬂﬂ
Area T

ttttttttttttttttt

. PCR master-mix

N~ - setup:
Y . PCR cabinet
Class Il Biological
Safety Cabinet | - - - -2
DNA extraction A
suite

NN

Gel electrophoresis
Area

G

/ Automated DNA %
% sequence analysis /
ZZ B

Other Post-PCR %
%/ manipulations ’é
% e.g RFLP, SSCP [
T

Extraccion de
acidos nucleicos

Preparacion
mezcla reaccion
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1

EXIT

Amplificaciony
deteccion

Millar, BC. JCM 40:1575-80 (2002)
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Controles positivos e negativos

Tubos Possiveis resultados
Amostra

Amostra + - - +/- +/- +/-

Controle (+) gene X + + Q + + +
Controle (-) gene X - - - - - @

Amostra + + + @ + +

Controle (+) gene extracao + + + + + +

Controle (-) gene extracao - - - - @ -

Validade do ensaio > SIM | SIM | NAO | NAO | NAO | NAO
Resultado = + - Erro Erro Cont. |Cont.
gene X | extr. PCR PCR

DNA extr. gene X

- Deteccao gene X

- Deteccao gene 16S

controle extracao

000 000
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Analise de resultados

PCR deteccao gene mcr-1 PCR deteccao gene bia,

4 5 6 7 8 9 10 11 C+ C-

mcr-1

309pb 261pb
G
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Fatores que influenciam sobre a amplificacao por PCR - 1

- Agua - qualidade 6ptima MilliQ ou bidestilada ou similar
- DNA molde > qualidade de extracdo (éptimo kit) A MW 10 5 1 0.5 0.1 0.05 0.01 0.005 ng
- quantidade de DNA 500 bp b
400 bp p
- presenca de inibidores da PCR 300 nﬂ )

mh of dNTPs (each)

- dNTP’s - concentragao
- qualidade

- 001 005 01 02 05 1.0

Faixa concentracao - 50-200 uM

Sc. Stock : 10 mM/cada dNTP
Conc. Final: 200 uM /cada dNTP

PCR Setup—Six Critical Components to Consider. https://www.thermofisher.com/ar/es/home/life-science/cloning/cloning-learning-center/invitrogen-
EEﬁ?@é’ANDO school-of-molecular-biology/pcr-education/pcr-reagents-enzymes/pcr-component-considerations.html
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Fatores que influenciam sobre a amplificacao por PCR - 2

mM of MgCL

10 14 18 22 26 30

- Magnésio (Mg2+) - >> concentracdao << adstringéncia

Faixa concentracao - 1-5 mM Conc. Final: 1,5 mM PCR prochuct

- Primers - concentracao
- temperatura de anelamento ou annealing
- sequéncia nucleotidica (anelamento
proprio/formacao de dimeros)

Primer concentration (UM, each)

004 04 025 05 1

2,000

BOG

Faixa concentracao - 0,1-0,5 uM

400
Sc. Stock : 10 |JM 200 Nonspecific products and

. . . simer-dimers
Conc. Final:  0,2uM /cada primer 100 Sl

PCR Setup—Six Critical Components to Consider. https://www.thermofisher.com/ar/es/home/life-science/cloning/cloning-learning-center/invitrogen-

Eﬁﬁ%ém"m school-of-molecular-biology/pcr-education/pcr-reagents-enzymes/pcr-component-considerations.html
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Fatores que influenciam sobre a amplificacao por PCR — 3 Primers

- Primers - sequéncia nucleotidica (anelamento prdprio/formacao de dimeros)

Hairpin Self-dimer Cross-dimer

DESENHO DE PRIMERS
Longitude: 18-24 nucleotideos (cumprimentos 30-35 ntds)
Contelido GC: 40-60%
Toannealing: Tm= 2°C x (A+T) + 4°C x (C+G) — 5°C (6ptima 50-64°C)
Sequéncia: Evitar 23 C ou G no extremo 3’

Evitar complementariedade interna no extremo 3’

Evitar complementariedade entre primers (dimerizagcao)
Concentracao: 0,1-0,5 uM - 0,2uM Util para a maioria de casos
Armazenamento:  Solugao stock 1-0,1mM em H,O ou buffer TE a -20°C
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Genes e variantes, o que estou detectando?

O caso de CTX-M > PRIMERS UNIVERSAIS

JEHl-J.'.I'&._E F K
ctxm9-AF174129
ctxm51-DQ211987
ctxmle-AY025068
ctxml4-AF252622
ctxmlB-AF325133
ctxmcT-EF581888
ctxm3B=-AYB22595
ctxml9-AF325134
ctxm45 TOHO2
ctxm24-AY143430
ctxmES-EF418608
ctxm2T7=-AY156923
ctxméE-AYB47147
ctxmS0-AYB47146
ctxm4B8-AYB47144
ctxml7-AY03351¢6
ctxmBl-EUl36031
ctxmd47-AYBE47143
ctxm4S5-AYB47145
ctxml3-AF252623
ctxm2l-AJ416346
ctxm40-AYT750914
ctxme3-AB205197
ctxmB-AF1859721
ctxm25-AFS18567
ctxm39-AYS954516
ctxm2E-AY1S5TETE
ctxm4l-Do023162
ctxm7B-AMS82522
CTX-MULl /U2

Clustal Consensus

0] [ |
TRABAJAN

JUNTOS
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-DB5B6

Nombre primer Gen Secuencia §'--3’
CTX-MU1 ATG TGC AGY|ACC AGT ANR GT
cfx-m
] NE CTX-MU2 TGG GTR AAR TAR GTS|ACC AGA
(ki = P Ao oanaBoles veses i Baaniis JT . . -
e PN i S SR - s e Pagani, et al, JCM 41(9):4264-4269, 2003
o ;I % | (R , .| PP JT. . \ .
T S Bl e I e " Jr. Tamafio amplicon Ciclado
E ; g """ ‘:‘ """ "Ei """" % """" . ¥ ) Desnaturalizacion inicial = 94°C por 5min;
'E Y ; """ E-n """" | gy =y 593 pb Ciclado =30-35 ciclos de:94°C 30seg - 52° 30seg -- 72°C 60seq;
ST T S | e Jr. Extension final = 72°C por Smin
e = R R 2 ST . | R Jr.
Tl = A e oy - AR - | PR d | R P ¢ 2L £ PR N o T - e " - =
G Bswaln w5 Bl | R | A e i N RS TR, U5 o N e - PR Toctl) =R R e Reaccion de PCR Vol. final = 25ul
S R - YR 5 —— .. IR W B e - S SRR - SN Reactivo Volumen
":iGri I1A & = 1|-:1-p-r - - = iT - I-T +I‘TG+CL:++Gi - & il-?- IC1G—# - -
':15 ------ A & ® 1c-rnr'!-r ® & & 1I‘ ------- r-T tivG-CCi-Gi-i 1--‘:‘---':1‘61-1- * TADN 2I5u|
N~ TS B mia Pl G o s p | PR T i T e o PEEE R Y e i e e i s
e = " R i | A R O e | e B. Ol s Bnnnssss (. PR 5[ = Buffer 10X 25ul
e e | R ol cnnnsa | e S | P GO . G snsstas o o, e 0 1
I e i Rooiaing iy | A ] | PR e S Gl B v ives PP ) - PR MgClI2 (50 mM) 0,75 ul
Tl e e ;AR i asaan | R LS [ s e T e - S el Al S R, )
I R TN | RN Rl N R T e NSRRI Bl e dNTP's (10 mM) 0,5ul
e - SR | T it | | I e I e o A - S I . P
R - N AR " I B PR R N B A.CC..G R Tag pol (SU/ul)
BT o L N B "3, ERAER G T Er il - () S A.CC. ~ :
T R ) RIS, i B o ca. | >> concentragdo de  |Primer Forward (10 uM) 1,5ul
"‘: & & C & & C - & & & T - & & C - - & & L & & - & - & & & G & & h & & H 3
Primer Rever 1 M 1
C'l I‘:‘l-‘:l I%I‘T- %#cv - - - & = & & - - - %l‘i‘G%ClAli% pr’mers e EE%{DU } I5u'
R el v U Y e aa ) i B | i o T | ] R G.CR. .. uscansnsad FEe D L o e 8 H20 15.6 ul
I o i e O ok i e | e o G.ChA,:sBivsssnans - BRSSP e .
I o Y - . R | T [ O al s B o i g i S Vol. Final 25 ul
RTGTGCAGQYRACCAGTARRET
< Y=C+T _ R=A+G 2
4
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Display Settings: [~ Ahstract Send to:

Lhondghua Lin Xing Bing xue Za Fhi. 2004 Moy, 25011 35970-2,

[Study on the molecular epidemiology of beta-lactamase TEM gene in isolated Streptococcus

pneumoniael. : p/'ﬁ‘ﬂ
[Article in Chinese] ? ilmﬂ"‘ oV,
Ding ¥F, Zhang JH, Mi ZH, Qin L, Tao ¥Z, Qi X, chemmhemp}
Affilisted Children's Hospital of Suzhou University, Suzhow 2135003, China. fﬂ“— ﬂﬂ}lﬂi _
| of Anft 239 e 2007
Abstract J ourne G‘)N‘\i\‘:f dkm=- ~anon 26 Juny
OBJECTIVE: To investigate the beta-lactamase TEM gene of isalated Streptococcus pneumaniae d({\t\“-\ f— ‘:;L ubhice e\:a‘ée
T ance

METHODS: Twenty-three strains of Sp were collected from respiratory tract secretions of children w }\d“' ant < Taq pﬂ\ym e\\‘:ES Ye‘-‘:‘“‘ts
at Children's Hospital of Suzhaou University (reference strain ATCCA9619) to build TEM palymerase ¢ m m“gta\{(‘» s mase s€ U moﬂiﬁe
cali. 9-53R1 with TEM gene) TEM gene of 23 strains was detected to comparo the sequences with a‘,“"“g fro ‘ ‘!'_\34’.‘, a ﬁccuﬁ pﬂf’.u
analyzing TEM gene model. Le (a i {e w S rgpfﬂc ‘ 2

wosint e
RESULTS: Twenty-one strains had TEM gene with a positive rate of 91.3% (1/25). TEM-129 gene we con 1se . \uﬂ'ﬁ: W\\"Y“"h“‘ \
resistance) TEM sequence. Mew discovered TEM-123 sequence had a maodification (ATG[M]--=ATA[]) in fa S . TEM ”YL\‘,‘;l‘ wana- " Cﬂn\;\g\h‘ ’
wewewr ncbi nlm.onih.gownucleatide, AY452662). TEM-1 genes were confirmed from other TEM sequences conta\“\“g \ 28 \?ﬂ\‘:h . 2 G‘\\\E«Cm
had been published (GenBank: www nchi nlm. nih.gownucleotide, AY392531) too. “\Km\ﬁ'*“‘ . *ﬂ »\ Canit “‘“‘

‘: ¢ ' 1 u"' - ) \“'
CONCLUSION: |solated Sp had TEM gene (TEM-129, EM-1 genotype] with a positive rate of 91.3%. The R‘\“} G “»C\‘\—{—‘“"“,, AR yaa el ¢
Sp with penicillin resistance. Mara o aque y- an
pernand® B4
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PCR de ponto final

PCR deteccdo gene mcr-1 PCR monoplex
4 5 6 7 8 9 10 11 C+ C- - <
/
<
— -—
Reacoes
mcr-1
309pb
I
I
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PCR de ponto final PCR Multiplex R-C3G
Multiplex S

PCR Multiplex bl 1y 1y IGpeg, DIGGyy

<
'/
>
<
—— —
~ 739 pb PER-2
Reacoes
1 €= 593 pb CTX-M-U
— 462 pb Ccmy
|
|
s
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PCR de ponto final

i PCR Multiplex carbapenemases
Multiplex P P
bla, ¢, blaysn, blay,, bla e blagy, 1g
(0),4: KPC
\'[»]}Y]| IMP
VIM
916 pb KPC
763 pb OXA-163
512 pb NDM
404 pb IMP
261 pb VIM
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PCR de ponto final
Multiplex PCR Multiplex

vanA, vanB, vanC1, vanC2/3

vanA
vanCl

C(+)
ey p—y 731 pb vanA

e e— 448 pb vanC2/3
— — 329 pb vanC1

175 pb vanB

vanB van van
............... C1 cz2/3

16SEnt
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¢Quais mecanismos de resisténcia deveriam ser procurados por PCR?

‘ Prioridade ‘ E. coli Opcionais E. coli / Salmonella spp.
Cef. 3ra. Gen. > bldcry.w; blacwy SE FOR CONFIRMADA RESISTENCIA
FENOTIPICA A CARBAPENEMAS

Colistina > mcr-1

Salmonella spp. - Encaminhar para LNR para PCR

multiplex e/ou sequenciagao 2> blacpc;
Cef. 3ra. Gen. > bla-ry.v; blacuy

Colistina > mcr-1

blaypw; blaw; blap; blaoya.ss.

Macrolideos > mphA
Outros Dependendo da epidemiologia

Enterococcus spp. local

Glicopeptideos > vanA; vanB
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