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How antibiotics work

MinObiOlOgy Nuts & Bolts How resistance occurs
AntibiOtiCS Pal’t 2 How to choose and antibiotic

Empirical vs. targeted therapy
Dr David Garner Broa.d vs.. na}rrow spectrur_n. -
Consultant Microbiologist The implications of prescribing an antibiotic

Frimley Park Hospital NHS Foundation Trust
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Aims & Objectives Requirements

To understand how to review an antibiotic on a = Table of bacterial causes of infection
daily basis - Table of antibiotic spectrum of activity
To know when it is safe to switch from IV to oral - Table of antibiotic tissue penetration
antibiotics
To know how to investigate the reasons for a
failing antibiotic regimen
To have a working knowledge of therapeutic
drug monitoring
To understand the difficulties of prescribing in
particular patient groups: renal failure & obesity
o
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Causes of infection Spectrum of activity

e




Tissue penetration
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How to review an antibiotic?

Is the patient getting better?

Can the antibiotic be narrowed down to a
¢ treatment?

Are antibiotic levels required?
Is the patients renal and liver function stable?
Is the patient experiencing side effects?

Have any other drugs been started that might
interfere with the antibiotics?

Can the antibiotics be stopped?

www.microbiologynutsandbolts.co.uk -

How to review an antibiotic?

< Is the patient getting better?
e Can the antibiotic be converted from IV to oral?
e Can the antibiotic be narrowed down to a

__ specific treatment? 00

Is the patients renal and liver function stable?
Is the patient experiencing side effects?

Have any other drugs been started that might
interfere with the antibiotics?

Can the antibiotics be stopped?
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How to review an antibiotic?

Is the patient getting better?
Can the antibiotic be converted from IV to oral?

Can the antibiotic be narrowed down to a
specific treatment?

Are antibiotic levels required?
Is the patients renal and liver function stable?
Is the patient experiencing side effects?

Have any other drugs been started that might
interfere with the antibiotics?

Can the antibiotics be stopped?
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When is an oral switch safe?
Is the patient able to swallow and Is the patient’s swallow unsafe?
tolerate oral fluids?

Is the patient’s temperature settling Does the patient have continuing
and <38°C for 24-48 hours? sepsis?

Has the patient’s heart rate been Does the patient have an infection that
<100 bpm for 12 hours? specifically indicates the need for IV

Is the patient’s peripheral white antibiotics, because there is no oral
blood cell count 4-12 x10%/L? treatment?
Is patient’s blood pressure stable? ¢ Meningitis

o — Infective endocarditis
Is the patient’s respiratory rate r
Encephalitis
<20bpm?

Is the patient’s CRP falling? Osteprnyelltls q
d Febrile neutropaenia

Are oral antibiotic formulations
available?
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Therapeutic Drug Monitoring

* Required for:

— Aminoglycosides e.g. Gentamicin, Amikacin,
Tobramycin

— Glycopeptides e.g. Vancomycin, Teicoplanin
— Chloramphenicol
* Peak and trough levels
— Peak — 1 hour post dose
— Trough — immediately pre dose
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Therapeutic Drug Monitoring What is wrong?

Normal TDM

Dose too low Dose too high

Trough
Increase dose Decrease dose

A A A A

1* Dose 2" Dose 3™ Dose 4% Dose

Concentration of
Antibiotic in Blood

P Time
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What is wrong? What is wrong?

Elimination too slow Elimination too fast Dose too infrequent Dose too frequent
Give less frequently Give more frequently Give more frequently Give less frequently
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Antibiotic dosing in renal
failure

< Is the patient getting better? l\{lany agtibiptics requirle
- Can the antibiotic be converted from IV to oral? A uctioniinliens

e Can the antibiotic be narrowed down to a eGFR is not an accurate

__ specific treatment? 00 predictor of renal function

= Are antibiotic levels required? Use Cockeroft Gault
equation

— Actual body weight or

= Is the patient experiencing side effects? Ideal Body Weight (IBW)
if weight > 20% above

= Have any other drugs been started that might 1BW
interfere with the antibiotics? — Also use IBW for patients 12330140 a0 0 vsersi s ekl g
EATUM SR (RMolL)

= Can the antibiotics be stopped? with oedema & ascites -
Serum creatnine {pmoll}

How to review an antibiotic?
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How might weight effect GFR? How might weight effect GFR?

Female, Age 87, Creatinine 75 Female, Age 87, Creatinine 75

Calculated GFR Welght (kg) Calculated GFR

— &5 | D7 Sk |
_ _ _
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Is the patient getting better? e Subjective = Objective

Can the antibiotic be converted from IV to oral? Gl disturbance — Fever

Can the antibiotic be narrowed down to a Flushing — Renal failure
specific treatment? Pain at cannula site — Hyperkalaemi

Are antibiotic levels required? Altered mood — Cholestasis

Is the patients renal and liver function stable? Headaches — Hepatitis
Joint pain — Neutropaenia

Have any other drugs been started that might Ml g Jlipmbccvion ey

interfere with the antibiotics? Taste disturbance — Prolonged QT interval

Can the antibiotics be stopped? Numbness & tingling = OEiEEy
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P
< Is the patient getting better? : =
e Can the antibiotic be converted from IV to oral? v
e Can the antibiotic be narrowed down to a acid & Azole antifungals
specific treatment?
= Are antibiotic levels required?

f A . D Ami lycosides, Gl id Of
- Is the patients renal and liver function stable? e R
= Is the patient experiencing side effects?

Immunomodulators e, Ciprofloxacin, Tetracyclines & Increased levels
Methotrexate Penicillins
Trimethoprim & Antimalarials Bone marrow toxicity
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« Can the antibiotics be stopped?




How to review an antibiotic?

Is the patient getting better?
Can the antibiotic be converted from IV to oral?

Can the antibiotic be narrowed down to a
specific treatment?

Are antibiotic levels required?
Is the patients renal and liver function stable?
Is the patient experiencing side effects?

Have any other drugs been started that might
interfere with the antibiotics?

www.microbiologynutsandbolts.co.uk
bl

Duration of therapy

Remember: patients are not necessarily back to
normal when antibiotics can be stopped

Duration of treatment

Pneumonia & exacerbation of COPD 7 days
Simple UTI

Pyelonephritis _
[Soptic arrvs & osteomyeis ||
[Costroumanale ||
[Chotecystivs, choangits &perionits ||
IO A R
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Duration of therapy

Remember: patients are not necessarily back to
normal when antibiotics can be stopped

[—iUOYS " —
imple UTI 3 days women
7 days men
Pyelonephritis 7 days
Cellulitis

e —— |
[Septc rtvivs somsompars ||
[Clostiumanae [ |
Chotecysuus, choangits &rpermars ||
[Sepmamengns [ |
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Duration of therapy

Remember: patients are not necessarily back to
normal when antibiotics can be stopped

Pneumonia & exacerbation of COPD
Simple UTI

_—
T
[Sepi o ooyl
Clostridium difficile [ |
[ |
[ |

Cholecystitis, cholangitis & peritonitis

Sepsis & meningitis
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Duration of therapy

Remember: patients are not necessarily back to
normal when antibiotics can be stopped

Pneumonia & exacerbation of COPD 7 days

Simple UTI 3 days women
7 days men

Cellulitis

[Clostiumanae [ |
Chotecysuus, choangits arpermars ||
[Sepmamengns [ |
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Duration of therapy

Remember: patients are not necessarily back to
normal when antibiotics can be stopped

|
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imple UTI 3 days women
7 days men

Pyelonephritis
[Soptic arrvs g otmomyeis ||
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Duration of therapy Duration of therapy

Remember: patients are not necessarily back to Remember: patients are not necessarily back to
normal when antibiotics can be stopped normal when antibiotics can be stopped

‘
mple UTI mple UTI 3 days women
7 days m

Pyetonephritis Pyetonephritis
Cellulitis Cellulitis 10-14 days
Septi arthiits & oStEOMYSItS

Clostridium difficile T Clostridium 10-14 days
Cholecystitis, cholangitis & peritonitis Cholecystitis, cholangitis & peritonitis [ |

Sepsis & meningitis Sepsis & meningitis
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Duration of therapy Duration of therapy

Remember: patients are not necessarily back to Remember: patients are not necessarily back to
normal when antibiotics can be stopped normal when antibiotics can be stopped

Pneumonia & exacerbation of COPD 7 days Pneumonia & exacerbation of COPD 7 days

Simple UTI 3 days women Simple UTI 3 days women
7 days men 7 days men
Cellulitis 10-14 days Cellulitis 10-14 days
S

Clostridium difficile

cholangitis & peritonitis

Sepsis & meningitis
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Reasons for failing antibiotics Reasons for failing antibiotics

* Has the antibiotic been given for long enough? < If on oral antibiotics is the patient able to
= Is the diagnosis correct? swallow or absorb them?
- Is the antibiotic correct for the diagnosis and the = Is the dose appropriate?
- Does the patient have a new problem or with the antibiotics?
secondary infection? * Does the patient have prosthetic material that
= Is the patient compliant with treatment? needs removing?

- Is the patient actually being given the antibiotic? = Does the patient have a resistant
microorganism?
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Reasons for failing antibiotics

< If on oral antibiotics is the patient able to
swallow or absorb them?

* Is the patient on any drugs that might interact
with the antibiotics?

= Does the patient have prosthetic material that
needs removing?

* Does the patient have a resistant
microorganism?
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Antibiotics in obesity

= Most antibiotics
discovered before
1960

* Doses based on
weights of 60-70kg

e Current population: [
— 66% over-weight [T vaneamyge A Tomgy B0
— 33% obese e Ltk i s i)

= 45 » {13 x hesght in inches sbove 60 incras)

— 4% morbidly obese :

Aitjusted Body Weight (ADW)
AW = 0.4 n [Actasl Body Waight - TBW) + IBW

Biofilms- slime cities

* Biofilms form on
prosthetic material

Collection of multiple

surrounded by
glycocalyx “slime”
Bacteria change
“behaviour” and
become much more
resistant to antibiotics

[Tictasi | &mgiug BO for ) dowes than 00|
15n

Antibiotic dosing

Infections requiring high-dose therapy:
— Meningitis & encephalitis

— Infective endocarditis

— Septic arthritis & osteomyelitis
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Reasons for failing antibiotics

If on oral antibiotics is the patient able to
swallow or absorb them?

Is the dose appropriate?

Is the patient on any drugs that might interact
with the antibiotics?

Does the patient have a resistant
microorganism?
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Types of IV Device

« Peripheral Venous Catheter
« Peripheral Arterial Catheter
= Short-term Central Venous Catheter (CVC)

» Long-term Central Venous Catheter (CVC) e.g.
Broviac, Groshong, Hickman catheters

* Totally Implanted Catheter

e Pacemaker, cardioverter defibrillator
« |VC filters

= Prosthetic vascular grafts
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< Peripherally Inserted Central Catheter (PICC)
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Intravenous catheter
infections

= IVlines breach the body's main If on oral antibiotics is the patient able to
barrier to infection, the skin
swallow or absorb them?
The most common causes of . : ]
infection are skin bacteria e.g. - Is the dose appropriate?
StARTYICCoce: Is the patient on any drugs that might interact

— Gram-negative bacteria are ) .
unusual and normally occur in with the antibiotics?

imm ed patients or z . q
hone o e S Does the patient have prosthetic material that
changes in skin flora .4 needs removing?
The main treatment of an IV line '
infection is to remove the line
— Essential with Staphylococcus
aureus, Pseudomonas sp. and
Klebsiella sp.

Reasons for failing antibiotics
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How antibiotics work

Cytoplasm
Chromosome

Cell Membrane

/

Cell Wall
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Antibiotic resistance

Production of 4 Protein (4] thet
Tmterteres Bebirs the hethon of

1Mhcs Fsnges Messrs the
oot Hraem the
artevta befars s Acvien
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Plasmids

- BV
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The patient The patient acquires The ESBL can

has Escherichia - - - pp an ESBL pesitive = = = = transfer on a plasmid
coli as part of Klebsiella spp. via to the Escherichia coli
their normal GI ingestion

tract flora

The Escherichia coli in the GI florais
now ESBL-positive. If the patent then
develops a UTL it is likely to be caused
by an ESBL-positive Escherichia coli
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Absolute resistance

Microorganism Absolute Resistance

TRSA Beta-iactams

ENCEroTONtus SPPR- | * Cephalcsporing

Ciprafioxacin

Erythramyein, Clarithromyein,

Azithromyein, Clindamyein
picillin, Amoxicillia

efuroxime, Cefotaxime,

Pseudomones spp.

Frob
Gram-negative bacin | Vancemyein

AMBC Progucing DACLAra .9 |= Ampicillin, Amexiiliin
Enterobacter cioacae, Citrebacter |+ Cafuraxime, ©

i, Serratia marcescens and | Caftrisnons, Cefrazidime

la morganii

Listeria monocytogenes + Cefotaxime, Ceftriaxone
Non-Culturabla Cacter 6.5, ta-Iactams
Mycoplasma spp. and Chiamydia coplarin, Vancomysin
568,
LYIEETTS TMatronidazale
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Any Questions?

Microbiology
Nuts & Bolts

Transposons

OO D

(
7(%)

The patient has MRSA The patient acquires

GRE from the hands
of healthcare staff

The vanA glycopeptide
resistance transfers
from GRE to MRSA on
Its transposon

GRSA is a true superbug;

g, ¥
clinically it is much more (Uy
worrying than MRSA as @ - e ity

.
1
1
Tha patient now has GRSA. 1
)
1

currantly thera are fewaer
treatment eptions available
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Conclusions

= Reviewing patients safely and effectively with
antibiotics requires making sure they are
receiving:

The right antibiotic

..at the right dose

..by the right route
..and the right duration
...for the right infection
..at the right time!
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