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Presentation Notes
Talk about trends first, concentrating on gram-negatives.


Microorganisms
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Impact of resistance

70% of neonatal sepsis cannot be treated with
antibiotics recommended by WHO due to
resistance. Lancet 2005.

67% died with resistant bacteria as compared to
26% with sensitive. BMC Pediatrics 2010.

Antimicrobial resistance has global health
implications

Pathogenic bacteria that exhibit antimicrobial
resistance are a widespread phenomenon and
arguably constitute an uncontrollable global
epidemic.



Occurrence of antimicrobial resistance is associated

with antimicrobial usage

Data for primary blood culture isolates of S. pneumoniae and E. coli
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Penicillin consumption in DID., 2003
~ QOccurrence of penicillin-nonsusceptible Strepfococcus
pneumoniae (PMNSF) plotted against outpatient use of penicillins

in 17 BEuropean countries including 5% confidence intervals. DID.
defined daily doses per 1,000 inhabitants
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Fleoroguinclona consumgtion in DID. 2004

_ Occurrence of fluoroquinolone-resistant Escherichia
colf (FQRE) plotted against outpatient use of fluoroguinolone
antimicrobial agents in 17 European countries including 95%
confidence intervals. DID, defined daily doses/,000 inhabitanis.

Emerging Infectious Diseases » www.cdc.govieid » Vol. 14, No. 11, November 2008



MRSA - Methicillin resistant
Staphylococcus aureus

S. aureus is a common bacterium that can be
found on the skin of many healthy people

Typically is causes only minor infections, in

“pimples” but can also cause serious diseases
(e.g. pneumonia)

First report of resistance to penicillin in 1947
MRSA is also resistant to ampicillin and other
penicillins, erythromycin, tetracycline

can only be treated with Vancomycin
Vancomycin-resistant strains have

already been found and isolated
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NHS superbug death rate doubles

The number of deaths in
which the superbug MRSA
has been cited as a cause
has doubled in four years,
official statistics show.

The Office for National
Statistics said in 2003 MRSA
was mentioned on 955 death
certificates - up from 487 in
1999,

But the figures suggested some of the rise may be down to

better reporting of the bug.

Other statistics revealed the number of HIV diagnoses seems

& Printable version

Some of the MRSA Increase could be

down to better reporting

to have levelled off after a decade of increases.

However, it was the MRSA figures which have proved most

controversial.

Mortality rates were highest

men than women dying.
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) 66 No other country has seen
among older people with more the super bug infection take
over its hospitals in the same
way as we have in Britain
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stop the spread of MRSA
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Antimicrobial development

Lack of development of new antimicrobial drugs: a potential

serigus threat to public health
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Presentation Notes
Why worry about antimicrobial resistance?

Since the discovery of penicillin in 1928 by Fleming, new classes of antibiotics were being discovered readily, however for the last 20 years no new classes of antibiotic have been discovered, we are finding new antibiotics but at a very slow rate and the advent of the genomic era promised many new antibiotics, however this work is yet to come to fruition.

This is not just important for public health but also veterinary medicine, as fewer new antimicrobials mean even fewer for use in  veterinary medicine.


Targets of Antimicrobials

Inhibition of Cell wall

synthesis
Penicillins Coll wal
Cephalosporins
Carbapenems e
Daptomycin
Glycopeptides W
BN
AHA
J JJ

RibCsoamies

Protein synthesis Brobedn smitiesie)

Macrolides S S .
Chloramphenicol Rolic acid
Tetracycline

Aminoglycosides

DNA synthesis
Fluoroquinolones

RNA synthesis
Rifampicin

Folic acid synthesis
Sulfonamides
Trimethoprim

A lack of novel targets for new antimicrobials?



Impact of resistance in Vietham

ack of antimicrobial legislation
nappropriate community usage
nadequate therapy or therapy not required

~orcing a selective pressure on bacterial
oopulations

Failing of hospital therapy for severe
infections

Prospect of antimicrobials becoming useless....



Emergence of Antimicrobial Resistance

Prescribers Pharmacies

-lack of time -patient expectations
-convenience -economic incentives
-patient expectations -advertisement
-economic incentives -lack of knowledge
-advertisement -no law enforcement

-lack of knowledge
-no updated guidelines

Inappropriate antibiotic use
Resistant infections

Treatment failures

Increased morbidity

Increased mortality
Increased costs



Important drivers of AB consumption

High out-of-pocket health expenditure

Mostly self-medication as is cheaper and
quicker

Despite regulation, AB dispensed without
prescription

No law enforcement



Important drivers of AB consumption

Lack of knowledge: patient, pharmacist, doctor
Financial incentives: patient, pharmacist, doctor
-inancial incentives health facilities

_ack of time doctor

Lack of good diagnostics

~requently used for mild AR
Advertising
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Quinolones
e Family of broad-spectrum antibiotics.

e The majority of quinolones in clinical use belong
to the subset of Fluoroquinolones (FQ).

e |nhibit topoisomerases/DNA synthesis
e DNA gyrase/topo Il (gyrA and gyrB)

* Primary target in Gram-negatives

e Topoisomerase |V (parC and parE)
e Primary target in Gram-positives



Resistance to Quinolones

 Mutations in DNA gyrase and topo IV subunits

e Stepwise increase in resistance results from
sequential mutations

* Quinolone resistance determining
region(QRDR) is a hotspot for mutation

e gyrA codons 83 and 87 in Salmonella
* Amino acid substitutions within QRDR
* Hydroxyl group hydrophobic group

e Changes in binding site conformation
and/or charge



Plasmid-mediated FQ resistance

Plasmid-mediated FQ resistance (gnrA, B, S)

Significant as previously FQ resistance only spread
vertically!

Protects DNA gyrase from ciprofloxacin (CIP)
inhibition.

Nalidixic acid resistance, reduced susceptibility to
FQ's

Association with ESBL producers (gnrA, B).



Fluoroquinolones in Typhoid in Vietham
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Ofloxacin MIC (ug/mL)

Fluoroquinolones in Typhoid

p<0.001 p=0.0154 p <0.001 p=0.236
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Proportion of febrile patients (%)

Clinical typhoid response
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What Are ESBLs?

Molecular class A or D b-lactamases
Hydrolyse oxyiminio cephalosporins

Have an active site serine

Generally inhibited by b-lactamase inhibitors

(clavulanic acid, sulbactam, tazobactam)

Most often associated with E.coli and
Klebsiella pneumoniae but can be produced
by other enteric bacilli

>170 types



Extended-spectrum [B-lactamases

ePlasmid-mediated enzymes found in Enterobacteriaceae
eHydrolyze 3™ generation cephalosporins

*But not carbapenems or cephamycins (cefoxitin)
eEncoded on large plasmids (>100Kb)

e Multi-drug resistance
eMostly Ambler class A

eTEM, SHV, CTX-M
eMore rarely

eAmbler Class D

*OXA (can also be resistant to cefipime)

*VEB, PER (resistant to b-lactamase inhibitors)


Presenter
Presentation Notes
First described in 1983

Most often found in Kleb pneumonia and E. coli, but have been found in most enterobacteriaceae

Inhibited by b-lactamase inhibitors, such as clavulanic acid, sulbactam and tazobactam


Laboratory Detection

* Increased global reporting of resistant
Enterobacteriacae

— AmpC
— ESBL
 Many labs still fail to routinely test for ESBLs

* No methodology without its problems



ESBL detection

>5mm = ESBL

Disc with
cephalosporin
and clavulanic

acid g ] ]
Disc with cephalosporin

alone

* Double disc synergy

e Combination disc test

¢ E'teSt 3-fold reduction of
MIC=ESBL


http://cmr.asm.org/content/vol14/issue4/images/large/cm0410042005.jpeg

Laboratory detection

Initial decreased susceptibility to oxyamino

cephalosporins
e Will not detect all ESBLs (TEM7,TEM12,SHV2)

Further phenotypic (and genotypic) testing of
isolates for ESBL production

Testing with ceftazidime alone may miss CTX-
M isolates

Cefoxitin susceptibility will exclude the
presence of AmpC-type beta-lactamase



Number of isolates

Extended-spectrum [-lactamases in
Shigella in Ho Chi Minh City

P =0.024
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Resistance in commensal enteric
bacteria

Number of resistant organisms (from 32) [n

(%)]

Resistant E. coli (from 17) [n(%)]

Resistant K. pneumoniae (from 15) [n(%)]

p value ?

Resistant organisms community (from 21)
[n(%)]

Resistant organisms hospital (from 11)
[n(%)]

p value ®

AMP

23 (71.9)

13 (76.5)

10 (66.7)

0.6989

15 (68.2)

8(72.7)

1

GEN

21 (65.6)

9 (52.9)

13 (86.7)

0.0605

11 (50.0)

10 (90.9)

0.0273*

CHL

18 (56.3)

13 (76.5)

4(26.7)

0.0118*

17 (77.3)

1(9.1)

0.0005*

Antimicrobial tested

TET

15 (46.9)

8 (47.1)

7 (46.7)

1

12 (54.5)

3(27.3)

0.2659

SXT

15 (46.9)

8 (47.1)

6 (40.0)

0.7345

11 (50.0)

4 (36.4)

0.712

CRO ¢

6(18.8)

1(5.9)

5(33.3)

0.0755

0 (0.0)

6 (54.5)

0.0004*

FEP ¢

5 (15.6)

1(5.9)

4(26.7)

0.1609

0 (0.0)

5 (45.5)

0.0019*

KAN

2 (6.3)

(11.8)

1(6.7)

2(9.1)

0 (0.0)

0.5417

TIC

2 (6.3)

1(5.9)

1(6.7)

1(4.5)

1(9.1)



Resistance gene

Quinolone
qnrS

Aminoglycosides
aac3lVa
aac6lb cr

aadA1
aadA2
aadA4

strA

strB

Chloramphenicol
catA1
catB3
cmiA1

floR

Class 1 integrase
intl1

Trimethoprim
dfr12
dfrA1

dfrA14
dfrA17

Sulphonamides
sult
sul2
sul3

Plasmid AmpC
dhat

mox

B-Lactams
oxal
ctxM9
shv1
tem1

Tetracyclines
tetA
tetD

Strain identification
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a)

b)

Proportion of bacterial strains demonstrating hybridisation

ating hybr

Proportion of bacterial strains d

Fluoroquinolone Aminoglycoside Chloramphenicol
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Antimicrobial resistance gene probe
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Carbapenemases

e Class A
— Chromosomally-encoded IMI, NMC-A and SME
— Plasmid-encoded KPC and GES
— Clavulanic acid-inhibited
e Class B
— Metallo--lactamases (inhibited by EDTA)
— IMP, VIM, NDM-1
— Integron encoded (transposon and plasmid)
e ClassD
— OXA types (mostly Acinetobacter baumannii)
— Sensitive to b-lactamase inhibitors
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Figure 1: Numbers of carbapenemase-producing Enterobacteriaceae referred from UK laboratories to the UK
Health Protection Agency’s national reference laboratory from 2003 to 2009
The predominant gene is blayg,, , which was first identified in 2008. The other group includes diverse producers of

KPC, OXA-48, IMP, and VIM enzymes.
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Tools to control use and resistance




What surveillance can be done now?

e Antibiotic consumption surveillance
— main driving force for development of resistance
— Surveillance provides data to implement interventions
— Hospital, community, agriculture

* Antibiotic resistance surveillance
— Monitor of prescribing practices and interventions
— Early warning of important resistance trends
— Helps prescribers to give the right antibiotic
— Hospital, community, agriculture



Proposals to Combat Antimicrobial Resistance

 Speed development of new antibiotics
 Develop alternatives

* Track resistance data nationwide

e Restrict antimicrobial use

e Directly observe dosing (TB)

 Use more narrow spectrum antibiotics
e Use antimicrobial cocktails



In addition

Education

Guidelines and Pathways
Antimicrobial cycling
Antimicrobial order forms
Combination therapy
De-escalation of therapy
Dose Optimisation

V/Oral

Controlling community usage
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