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ANTIMICROBIAL STEWARDSHIP - Active space

Introduction 00:01:25

Antimicrobial stewardship @ams) :

Co—-ordinated interventions des'\gned %o improve § measure the appropriote
use of antimicrobiol agents by promoting the selection of optimal drug
regimen including dosing, duraion of theropy § route of administrodion.
AMS meons appropriote microbial selection.

Not alwoys means de-escalotion/restriction.

AMS programme :

Organ'\soedonod/ s5s%em~w\de health care s’cmice% to promo‘ce appropr\o&ce use of

oantimicrobials ’chmugh the '\mp\emer\‘coedon of evidence bosed interventions.

ultimote goods i

Promote op&\mod ontibiotic usage.
Improve clinical outcomes.
Decreosed antimicrobial resistonce.

Improve resource uftilizodion.

Consequences of irrational antibiotic usage :

S Ds of AMS : 2 A
R ) G CORE
et ELEMENTS
® Drua. ; FOR = :
"3 ‘ ~ ANTIBIOTIC ¢
® Dose. REPORTING ] '

Antibiotic resistance.

Adverse events related to antibiotic usage (Side eflects).
Hospital acouired infections (&5 : C. difSicile diarrhea, pseudomonas eto.
Increased cost of care.

Improper utilization of resources. e LEADERSHIP

COMMITMENT

B ACCOUNTABILITY

STEWARDSHIP*

puradion (Shortesb.
De-escalotion (Review culture reports § change
antibiotics o o lower spectrum it perm\‘ded).
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2 =01 Basic Considerations in Infectious Diseases

Core elements :

* Leadership commitment : Dedication of necessary manpower, money, IT
support for the cause.

¢ ﬂccom’cabi\i’cg : Senior phgsicians 3 hospital administradors con be appointed
to manage the programme.

* Drug expertice : Clinical pharmacists guide regard\ng the dosoge, dose
adjustment ete.

® Action : Prospective audits, intervention tracking ete used in the programme.

* Tracking : Measurement of actions is required.

® Reporting : AMS team should have regular communicotion with the ’creaﬁng
team.

® education : AMS can also be driven by educating the nursing stafk along
with doctors.

Stewardship programme intervention 00:14:37

AWARE classification of drugs :

ACCESS GROUP

This group includes antibiotics and antibiotic classes Amikacin Cefazolin Nitrafurantoin

that have activity against a wide range of commonly Amoxicillin Chloramphenicol ~ Phenoxymethyl-

encounte_red susceptiblg pathogeqs \jlhile §howing Amoxicillin » Clindamycin penicillin

lower resistance potential than antibiotics in Watch clavulanic acid s Procaine

and Reserve groups. Access antibiotics should be i Cloxacillin benzylpenicillin

widely available, affordable and quality-assured to mplcn Doxycycline Spectinomycin

improve access and promote appropriate use. Benzathine =

i e benzylpenicillin Gentamicin Sulfamethoxazole
elected Access group antibiotics (shown here) are trimethopri

included on the \y%lHOpEML as essentiat first-choice or Benzylpenicillin  Metronidazole =

second-choice empirical treatment options for specific Cefalexin
infectious syndromes.

Azithromycin Ciprofloxacin
Cefixime Clarithromycin
Cefotaxime Meropenem
Ceftazidime Piperacillin +
tazobactam
Ceftriaxone
Cefuroxime YAncomycin
RESERVE GROUP
should er t Ceftazidime + avibactam

ALARE classification of drugs

Infectious Diseases * v1.0 « Marrow SS Medicine
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Colistin

Fosfomycin (intravenous)
Linezolid

Meropenem + vaborbactam
Plazomicin

Polymyxin B




Antimicrobial Stewardship 01 3

Access group
Freely availoble drugs and do not require pre-awuthorisation for its use.
Availoble for all. '

Wodeh group :
Given to cr'\’c'\cod\ﬂ ih pofients mosﬂﬂ.
Require close watch on the usage.

Reserve group :
H'\Sh end and reserved for culture proven indicodions.
used on pre—w‘chor'\sa‘c\or\.

Tgpes 2
. Persuosive :
° zducofion.

° Feedboack.

a. Restrictive :
° Preouthorization.
° Automoadic s’cop orders.

* Selective $uscep+'\b'\\'\’<5 reporhng.

2, Structuwal ¢

* Round the clock lab support.

* ROTs (for dengue, malaria. ete.)

° Availability of theropeutic drug dosage monitoring (\/ancomgc‘m, voriconazole,
posiconazole ete).

* Problems : Poor patient outcome § antibiotic resistance.

4. Local 8udo\e\\nes=
Using antibiogrorms : Snopshot view of susceptibility profile § data. from

clinical samples needs 1o be combined.

S. Ward rounds.
k. Tracking drug allergies g adverse events.

Infectious Diseases ¢ v1.0 « Marrow SS Medicine
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Basic Considerations in Infectious Diseases

Common areas for improvement :

° Overprescribing : &g —> Antibiotics for URI/ diarrhea.

* Overlyuse of broad spectrum antibiotics : €q — For community acaquired
preumonia/CAP, Piptaz gets started.

¢ Unnecessary combination treotment : Pip’caz/ carbapenem + metronidozole.

* Wrong choice : &g — Daptomucein For pneumonio. (Inactivated on alveolar
surfoce).

* Wrong dose : &g —> Meropenem Igm TDS for meningitis.

° Wrong route : gg — IV vanvomycein for c.difficile infection.

® Wrong dosing interval ¢ gg — Beta-lactams given OD.

* Wrong duradion : For CAP, post discharge oral antibiotics given for 3 doys for
IV course in hospital.

. De\o%ed odministradion : gg —> We are not able to inject antibiotics within |
hour in a septic shoek patient.

Case scenarios 00:26:26

Case scenario | :

a catheterized patients are be'mg treoted with antibiotics.

Only one of them had symptoms sugoestive of catheter associoted UT)
(Fever with no other localizakion).

Both the pafients are being treated with Tab Nitrofurantoin (SR) 100ma D
based on the culture sens‘\’c\\/\@ report.

Comments :

* Rsymtomadic patients need not be treoted.

* In presence of fever with UT), we suspect complicated uTV/ ascending tract
infection where nitrofurantoin isnt the correct treatment choice as it
doesn’t reach the therapeutic concentrotion.

*  Quinolone /co-trimoxazole would be a better choice.

Case scenario & :

During your wee\«\g ward rounds as an AMS phgs\c\an, you

find that o case of proboble IPA is on day 6 of voriconazole Crablet, 400mMg BD).
He is on 08 by facemask (e-8lit/min) and has poor oral intake. On reviewing
charts you find that no loading dose was gjiven.

Infectious Diseases « v1.0 * Marrow SS Medicine




Antimicrobial Stewardship

Comments :
* Check it TDM is availoble ¢ yes, you can check therapeutic levels.
* ¥ sub therapeutic levels present : Switeh to IV § give loading dose ((omg/ kg 3
doses Followed by maintenance dose of 4mg/kg 4 daily BD).
Desirable voriconazole theropeutic drug level : I-(.

Cose scenario 3:

Podient in the 1CU who has developed VAR

&iven the high incidence of Carbapenem Resistant enterobacterio/CRE in the
ICU, he was started on polymyxin & (With a loading dose) when he was clinically
suspected to have VAR

Doy 4 of treotment : On reviewing, you discover a culture report that was
updated a4 hours 0o which shows Klebsiella pneumonioe sensitive to
meropenemy/ Imipenerm/ Pip-Toz/Ce¥/Sulbactam.

Comment :

De—escalation is the r'\gh‘c approach.

Coase scenario 4 :

Another patient with VAP due to Pseudomonas aeruginoso.

Pokient was emp'\rical\ﬂ started on polgmgx'm B.

After fimely review of culture reports, freatment woas de-escaloted to Pip-Toz.
Patient has Failed to show s\gn'\%can’c clinical response despite S days ot therapy,
Pseudomonas susceptibility profile : Pip-Taz, Cef-Sul, Meropenem, Imipenem.

Comments :

Pseudomonas are inducible Amp C producers (Resistont to third 8eneroec\on
cephalospor'\ns). Suscep’nb'\\'\’cﬂ con get converted fo resistance while on
treotment.

Clinical scenario S :

Alayr old boy presented to the emergency with right upper limb cellulitis,
secondar5 to troumo.

He is also running with high grade fever.

He wos emp‘\r‘\cod\g started on Ceftrioxone and vaneomyein in the emergency,
Blood was sent for culture sensitivity before starting the antibiotics.

Blood culture : S. aureus sensitive to vancomyein, teicoplanin, linezolid, cefoxitin
(M.

Infectious Diseases * v1.0  Marrow SS Medicine




6 01 - Basic Considerations in Infectious Diseases

Comments :
In cases of MSSA : vancomuyein 2 veicoplanin Jrherapﬂ is inferior to lower

generoecion cephoJogpor'ms.

Case scenario b :

T0yr old male presents to emergency with complaints of cough § shortness of
breath along with fever for 3 dows.

He was recently admitted for o similar complaint around & months back
required ICU care with IV drugs.

He has been started on ceftrioxone § azithromyein.

Comments :
Higher end antibiotics should be started. Review is required.

Coase scenario 7:
A case of hospital acquired meningjitis (Post 2vD).

The drain Sluid hos grown pseudomor\as aemginosa sensitive o meropen

Q)
®

imipenem.
Treoding team has started meropenem Ig IV TDS but with no sign'\?\can’c

improvemen’c.

Comments :
Dose of meropenem for meningitis : 3g IV TDS.

Case scenario 8:

bSyr old TADM presented with diabetic foot.

As per tissue culture reports, patient was started on levotloxacin 750mMg OD.
buring hospital stay, he developed HAP § sepsis with renal dgs%nchon.
Patient had o cardioc arrest § died.

Comments :
Review charts dm|5 as dose modification for levoSloxocin wosnt done.
3/e of levoSioxacin : Cardioc toxicity (Torsades de pontes).

OPD scenarios commonl5 used :
* Ofloxacin-ormidazole combination $or viral 8as%ro—en’cer'\ﬁs.
*  Amoxicillin/ Azithromyein for LRI
° Nitrofurantoin along with urinary olkolizer for cystitis.
Fluoroguinolones/ co—trimoxazole should be used instead with alkalizers.

Infectious Diseases « v1.0 - Marrow SS Medicine
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Antimicrobial Stewardship

Indicators for AMS programmes 00:38:21

mMeosures for AMS
|
l J 13 )

Process Outcome Antimicrobial Finoncial

indicators indicotors conSumch'\on indicators indicotors

Outcome measures/indicators for AMS programmes :

Used in AMS activities o capture quantitative change in patient/economic

outcomes, antibiotic use ete.

Process indicodors :

It aims to capmre informodion about the Ke5 processes thot contribute to

achie\/‘mg the desired outcomes.

axamp\es :

Percen‘cage of cases where ’rherapg is appropriote.
Frequency ot which de-escolation occurs.

Timely cessation ot antibiotics given for surgical prophyloxis.
Antibiotics not preseribed to treat asSmp’comaﬁc bocterio.
Appropriate cultures obtained before starting antibiotics.
Adherence to hospital-specific quidelines.

Acceptance of ASP recommendadions.

Frequency of performance of antibiotic time-outs/ reviews.

T'\me\5 odministrodion of appropriofe antibiotics.

Outcome indicotors ¢

Length of stoy.

cure of infection.

Risk adjusted mor‘cod\%g.

Hospital readmissions for select infections.

Hospital onset C. difSicile infections.

Rotes of HAlS.

Adverse drug reactions(number/percentage/rote).

Antimicrobial conSump’ﬂon indicotors :

¥

Dows o¥ therapy ®oTe)
One DOT represen%s the odministrodion of oo s\ng\e ager\k on o 3'\\/en dag
regard\ess 0% number 0% doses administered/ dosage s&reng’ch.

Infectious Diseases * v1.0 + Marrow SS Medicine
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Basic Considerations in Infectious Diseases

eq
Antibiotic Day | Day a Day 3 Day 4 Day S DOT
ceftrioxone | x (8 doses) | x (4 doses) | x (I dose) 3
cefixime x (1 dose) | x (a x (38 doses) 2
doses)
Total b

Length of ‘rhempﬂ/ LOT : S days.

Features :

It allows patient population compayrison.

Can help in identifying antibicties for stewardship (Pre/post desig.
Favors those who use broad spectrum mono ’chem]oﬂ over those who use
narrow spectrum combinadion ’chempﬂ.

DOT for patients that receive o dosing interval a4 hrs doesn't reSlect
potient exposure (Only reflects antibiotic administration.

Overestimation with | time doses (gq : surgjcal prophﬂlaxis).

120 41120
110 /

/190

' “ : 30 l
10 10 10 20 / 122
el ¢ 7 10 6.0 /
: g 0 ey
HH Mean Blood CS per month Total Positive % positive

@Jul-17 BAUg-17 WSep-17 WOCt-17 WNov-17 & Dec-17 BJan-18 WFeb-18 WMar-18 2017 B2018

@Apr-18 @May-18@Jun-18 WJul-18 WAug-18 uSep-18 WOCt-18 WNov-18 W Dec-18
Reported redundant anaerobic coverage

il

mean blood ¢/ per month § blood culture

dur‘mg I8 months posmwcﬂ rotes.

Defined daily dose (DO :

Assumed average maintenance dose per day for o medicine used for its
main indication in adults as established by LWHO collaboration Centre for
drug stadistics § methodology.

8><ample :

For meropenem, ATC/DDD on WHO site is 30,

“ hosp\’cod used 18000 9 of meropenem = 4000 DDD = 300,000 pa’nen’c daﬂs
ArOOO\?)OOOOO X 1000 = 12.%23DDD.
Similar values for difSerent wards/! hospitals can be caleuloded,

Infectious Diseases * v1.0 - Marrow SS Medicine




Antimicrobial Stewardship

Relevance :
° pllows fair COMPOiSoN.

° No poec'\enic level doto. is needed.

Disadvantages
® Not based on preseribed doses.
* Not useful in pediotric § neonatal ward/hospital.
* Underestimated in renally impaired, overestimates in indications thod require
higher doses.

iii. Stondardized antimicrobial administradion rotio (SARR) :

It is o ratio comparing observed/reported, antimicrobial use to the

antimicrobial use predicted by o referent, or baseline, populotion.

Infectious Diseases * v1.0 < Marrow SS Medicine
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..... Active space ----- ANTIMICROBIAL RESISTANCE

In some padience even on s’car’c'mg the r'\gh% dmg in the r'\gh’c concentrodion, the
outcome might be poor because the pharmacokinetics and phourmacodgnamics
in the patient of the droft changes.

Introduction 00:02:36

WHO definition :

nicroorganisms thot are not inhibited bg achievable s%kamxc concentration of
the antimicrobiol agent

The micro organism maﬂbe sensitive to o drug ot o h'\gher concentrotion but
thot may not be achievable in the blood leading to resistance to the antibiotic.

Classification of drug resistance :
.. Multiple drug resistant (MDR) : Non—susceptible to 2 agent in >3
antimicrobial coteqories.
il. extreme drug resistant (XDR) : Non-susceptible o 21 agent in all but <3
cotegories.
iii. Pan drug resistant (PDR) : Non-susceptible to all antimicrobial agents.
¥ so employ experimental therapy like fost theropy (Not currently used).

Source of resistance :
i, Notural/intrinsic resistance :
ey virtue of its composition.

example :
* @ram-negadtive organism are not Killed b5 vancomycein.
* Grom-positive are resistant to colistin.
Both are due to structural moke of the oroanism.

* Pseudomonos aeruginoso. :
- Amoxicillin.
- Cefoxitin.
= Tigecgchne.
- minoc50hne.
- Ertopenem.

Infectious Diseases * v1.0 - Marrow SS Medicine




Other examples :

Acinetobacter boumannii :

Penicillin.
Cephalosporins.
Chloramphenicol.
- Fos?omgc’m.

- Aztreonom.
grtopenem.

- T r'\me%hopr'\m.

- ceftran mo%be sensitive to acinetobacter.

Antimicrobial Resistance

Orqan'\sm

Intringic resistance

Bacteroides (Anaerobes)

ﬂminoglﬂcosides) many Beto-lactams, quinolones

Al gram Posi’dves

Aztreonam

enterococCi Aminoglycosides, cephalosporing, lincosamides
Listeria. monocytogenes Cepha]osporins
All gram negatives Glycopeptides, lipopeptides
gscherichio coli mMocrolides
Hlebsiella spp. Ampicillin
Serrafia marcescens mMacrolides

Pseudomonas aeruginosa.

Sulfonamides, ampicillin, Ist and and generation cephalosporins, chlor—
amphenicol, tetracycline

Stenotrophomonas maltophilia

Aminoglycosides, Beta-lactams, carbapenems, quinolones

Acinetobocter Spp-

Ampicillin, glycopeptides

(

enterococcal infection : combination of aminoglﬂcoside + C,ephodosporins i
eflective.

.

i,

Acquired resistance :

due 1o mutadion of genes : Like point mutadion, deletions, insertions.

Due o acquisition of foreign resistance genes : In the form bac{eriophages/

plasmids/naked DNA,

Fitness cost or maintenance cost :

For the organism it hos o fitness cogt or maintenance cost.

Certain organ'\sm thot was resistant earlier turns censitive loter because :

under pressure the organism 8ouns o componer\‘c maKing it resistant — Over

example : Chloramphenicol, colistin.

o bacterio.

The outcome is bosed on a mud‘c'\p\e comp\ex processes.

time the organiSm loses thodt componen’c — maH\ng it sensitive.

. A single mechanism is seldom responsible for antimicrobial resistance (AMR) in

It moy not be oduoo%s possib\e ‘o \n’terpre’r resistance mechanism bﬂ

m\crobiologﬂ/ culture report.

Infectious Diseases + v1.0 - Marrow SS Medicine
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12 B 02 Basic Considerations in Infectious Diseases

mMmechanisms of AMR :

Gram negative bacteria Gram positive bacteria

© Antibiotic < Degraded antibiotic =~ & Antibiotic degrading enzyme
\e{ Efflux pump  *¢~ Modified antibiotic <% Antibiotic modifying enzyme
& Porin & Modified porin ¥ Modified target

Atteration in structure of cell membrane Binding site) :
example
* Colistin (Positively charged) ottracted towards the negatively charged
po\gsacchar\de — Chomge in composition of cell membroane — will not bind,
° In Neisserio Sonorrhea there is alteration in the structure of penicillin
b\nding protein .
* In aminoglycosides there could be drug mod'\?ﬂ‘\ng enzymes as well as
alteration in the structure of its binding site. :

Degradoddon of antibiotics :
The most \mpoﬁan%.

a ’cﬂpes of enzymes
e Degrad\ng enzymes :
Like Beta loctamases.
Pntibiotic c\egrao\‘\ng enzyme —= Come in contact with the antibiotics —

Leove the antibiotic useless.
° mod\%ing enzymes :

Like aminoglﬂcosides mod‘\?ﬂmg enzymes (ree).
i works by ace‘cﬁ\od'\on/ ao\eng\aﬁon/ phosphorylation.

Infectious Diseases * v1.0 * Marrow SS Medicine



Antimicrobial Resistance 02 13

Note :

In case of 8|5copep’c'\de antibiotics : Over production of the Jcarge’cs.

It increases the thickness of the cell wall or altered cell wall componen’cs —
Failure of drug ’cherapﬂ.

Major mechanisms of resistance 1o beta lactam antibiotics :
* enzymatic o\egmda’cior\.
* efflux pumps.
° Decreased permeabih{-ﬂ.
° Altered binding site.

Beta lactamases (BL) 00:17:58
Splits the amide bond of the_B-lactam ring
Types ofBL:
* Penicillinase (ag s Tem-D).
* Cepholosporinase (Tem-a, SHv-D.
* eseL (B¢ CTX-M, PER-I, VEB-I, TEM/SHV derived /OXR).
' Qmpc.
* Carbapenemases (g9 : KPC, MBLS, OXA.
Ambler classification of &L :
CLASS ACTIVE SITE ENZYME TYPE SUBSTRATES EXAMPLE
A Serine Penicillinases:
Broad-spectrum Benzylpenicillin, aminopenicillins, PC1 in Staphylococcus aureus
carboxypenicillins, ureidopenicillins, TEM-1, SHV-1 in Escherichia coli, Klebsiella
narrow-spectrum cephalosporins pneumoniae, other gram-negative bacteria
Extended-spectrum Substrates of broad-spectrum plus In Enterobacteriaceae: TEM-derived, SHV-derived,
(B-lactamase) oxymino-B-lactams (cefotaxime, CTX-M—derived; PER-1, VEB-1, VEB-2, GES-1,
ceftazidime, ceftriaxone) and aztreonam GES-2, IBC-2 in Pseudomonas aeruginosa
Carbapenemases Substrates of extended-spectrum plus KPC-1, KPC-2, KPC-3 in K. pneumoniae; NMC/IMI,
cephamycins and carbapenems SME family
B Metallo-B-lactamases Carbapenemases Substrates of extended-spectrum plus NDM-1 in Enterobacteriaceae, IMP, VIM, GIM, SPM,
(Zn*) cephamycins and carbapenems SIM lineages in P aeruginosa, Acinetobacter spp.
@ Serine Cephalosporinases Substrates of extended-spectrum plus AmpC-type enzymes in Enterobacteriaceae,
cephamycins Acinetobacter spp.
D Serine Oxacillinases:

Broad-spectrum

Extended-spectrum

Carbapenemases

Aminopenicillins, ureidopenicillin,
cloxacillin, methicillin, oxacillin, and
some narrow-spectrum cephalosporins

Substrates of broad-spectrum plus
oxymino-B-lactams and monobactams

Substrates of extended-spectrum plus
cephamycins and carbapenems

OXA-family in P aeruginosa

OXA-derived in P aeruginosa

OXA-derived in Acinetobacter spp.

AmpC, Ampicillin C; CTX-M, cefotaxime-M; GES, Guyana extended-spectrum B-lactamase; GIM, German imipenemase; /BC, integron-born cephalosporinase; IMI, imipenem
hydrolyzing; IMP imipenem; KPC, K. pneumoniae carbapenemase; NDM, New Delhi metallo-B-lactamase; NMC, not metalloenzyme carbapenemase; OXA, oxacillin; PC1,
penicillin 1; PER, Pseudomonas extended resistance; SHV, sulfhydry! variable; SIM, Seoul imipenemase; SME, Serratia marcescens extended-spectrum B-lactamase; SPM, Sao
Paulo metallo-B-lactamase; TEM, Temoneira; VEB, Vietnam extended-spectrum B-lactamase; VIM, Verona integron-encoded metallo-B-lactamase.

Infectious Diseases * v1.0 « Marrow SS Medicine



14 02 Basic Considerations in Infectious Diseases

Based on structure/aminoacids constituents of enzymes.
eDTA § aztreonam : effective against metallo BL but better to pre%ler

combinadion theropu.
extended spectrum (E56L) AmpC
Inhibition by LI (Older) S R
cefoxitin/Cefotetan S R
Ceftriaxone (3 gen €S R R
Cefepime s/R S

Cefoxitin rather than clinical use, it is more sign\‘r‘\com% in indicating £SBL.

Note :
* Older &Ll : Clavulanic acid , sulbactom, tazobactom.
Newexr BL| :
- Avibactam, relebactom.
- These work against AmpC
* Combination of Ce?’gazid\me + Avibactam + Aztreonam efSective against
many organ'\sms :
~ Avibactam : €SBL, AMpC, PC, OXA48 type of carbopenam.
- Aztreonom : Covers NDm.

Inducible AmpC :
* Chromosomally medioted resistance (Not plasma acquired).
* Isolated organisms moybe initially sensitive but on starting this Patient fails
o respond.
* Due to presence of beta lactam antibiotics — Induction of AMpC production
—> Organisms will become resistont.

° Hence on|5 oPJrior\ will become carbapenem.

Inducible AmpC _
(chromosomal) b
S Serradio
Pseudomonas
P Proteus
Providencio
A Acinetobacter
Citrobacter freundii
e gnterobacter spp

Infectious Diseases * v1.0 « Marrow SS Medicine





