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How Did Antibiotics Change The World?

Copyright © 2018 Wolters Kluwer « All Rights Reserved ‘;:9 Wolters Kluwer



If we go back in time around 150 years ago:

Life expectancy: 47 years to 78
years (Western

countries) the reason of that there wasllat of
disease that we did nat have the treatment foreg :

conmrunicable diseases caused mainly by bacterial

infections.

A 47 J OF il ogdinny 938 1 pladl Juasdl 13
 Major cause of death:

communicable diseases to

non-communicable diseases

The discovery of antibiotics changed the world and humans life.

Mortality and Top 10 Causes of Death, USA, 1900 vs. 2010

(Rates per 100,000)
1900 2010

All Causes: 1,719.1

Mortality from all causes declined 54%
Other, 620.1 between 1900 and 2010.

Cancer, 64.0

Heart disease, 137.4

Senility, 50.2

All Causes: 798.7

Suicide, 12.2
Nephropathies, 88.6

Other, 201.3
Cerebrovascular disease, 106.9

Diphtheria, 40.3
Gastrointestinal infections, 142.7

Diabetes, 22.3

Noninfectious
airways diseases,
44.6

Cancer, 1859

Tuberculosis, 194.4

Senility, 27.0
Heart disease, 192.9

Accidents, 38.2

Nephropathies, 16.3
Pneumonia or Influenza, 202.2 SO

Cerebrovascular disease, 41.8 Pneumonia or Influenza, 16.2

Data Source: Centers for Disease Control @ ‘ UNC CAROLINA
ey DEMOGRAPHY
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- The acquiring of the infection is very easy lot of people suffer and die from these infections.

- Infections was one of the main public health problems 100 years ago.

- Nowadays the main cause of disease has changed from communicable to non-communicable diseases.

- (VS Disease — cancer related disease

- S0 bacterial infections have dropped in the list from being the first cause of death of humans >>one of
the causes is discovery of antimicrobial drugs which happened early in the 20" century —> increases life
expectancy.

- The first antibiotic is penicillin ... after penicillin there are a lot of classes of antibiotics.

- Antibiotics are most common drugs that is prescribed frequently as the bacterial infections are very
common.
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The story of penicillin

Aminoglycosides Cephalosporing

BACINOL? W

w,‘L‘,

ORIGINAL ARTICLES | VOLUME 236, ISSUE 6104, P226-228, AUGUST 24, 1940

PENICILLIN AS ACHEMOTHERAPEUTIC AGENT

E. Chain, Ph.D. Cambridge « H.W. Florey, M.B. Adelaide « A.D. Gardner, D.M. Oxford, F.R.C.S.
N.G. Heatley, Ph.D. Cambridge « M.A. Jennings, B.M. Oxford « J. Orr-Ewing, B.M. Oxford « etal. Show all authors

Published: August 24,1940 - DOI: https://doi.org/10.1016/50140-6736(01)08728-1
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Overview

The main feature of using antimicrobial therapy is concept called selective toxicity

The antimicrobial and anticancer therapy are usually classified as chemotherapy

The word (chemotherapy) describes a class of drugs that have the ability to Rill cells whether the cells are bacterial or human

cells (cancer)
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Selective Toxicity: “The ability of
an agent toinjure or kill an invading
microorganism without harming
host cells”

The main difference of these two types of chemotherapy is
concept called selective toxicity.
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Anticancer drugs targets cancer cells and the normal cells also>
no selective toxicity.

Block pathways and
inhibit metabolism
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Selection of Antimicrobial Agent

What needs to be known?
* The organism’s identity

* The organism’s susceptibility to a particular agent

Susceptibility is a term used when microbe such as bacteria and

o T']e Site Of the infeCt|On fungi are unable to grow in the presence of one or more

antimicrobial drugs.

* Patient factors
* The safety of the agent
* The cost of therapy
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treatment of the UTls, different from the
treatment of meningitis
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Pts factors:
Let’s say

-Same infection (pneumonia) by the same organism (streptococcus pneumonia) in patient 70-year-old with multiple disease
(kidney problems — heart disease — diabetes — hypertension etc....

This case is different when you treat a 10-year-old patient who have the same clinical condition despite the fact that the
same organism cause the same disease.

We said that antimicrobial drugs have selective toxicity >> lbas# this does not mean that antibiotics are completely safe
dgme g5l o Lo Lo g5 Al 55 Llly oSl gd L)l lgmo Jalaids L9l y Bylue (o Diguoell iloliaall Sl dulgally

For example, let’s say that you want to treat patient for lung infection and at the same time the pt. have kidney disease
>> you can not use antibiotic that might have nephrotoxicity.
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Gram stain:
presence of microorganisms in sterile body fluids.

morphologic features

Culture: ( not immediate tests ) they take from 48 — 72 hours depending on microorganism
diagnosis

antibiotic susceptibility ( the ability of that antibiotic to work on bacteria in culture)

Microbial antigens ( GO HAND ON HAND WITH CELL CULTURE )

DNA, RNA, etc

Ex: PCR TEST

Host immune marker

WHEN bacteria enter our body = immune cells will release antibodies against the bacteria ...
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in the case of bacterial infection, we have multiple tests to do in order to identify which type of bacteria we are dealing with.

The simplest test and most straight forward test is gram staining => all what you have to do is taking a sample from the suspected
site of infection and stain it with gram stain .

Keep in mind that many of body compartment should be free from bacteria (sterile) for example blood , urine , pericardium fluid ,
plural fluid and CSF ETC.

Lo S9das wlan (asyall AS) aliae biSs Lesd 8ysSaall oSl (sl i 13|

IMPORTANT NOTE: gram staining do not tell you the exact microorganism but it defiantly tell you whether it is gram positive or gram
negative bacteria

And we can determine the morphological features of the organism (cocci — bacilli — rods etc.)
If you want to exactly determent the organism to initiate proper antimicrobial therapy you must do cell culture
The bacterial culture is gold standard test to diagnose bacterial infections.

In the sever cases or critical cases first we take a swap from the pt. for culture and we start giving the pt. antibiotic before the result
of the culture>  <hd Ju8 0951 p)Y (S sliae S Adacllo Jud (s D)l Ladol Lo Jud (i pell (o Al usb Bl Lo
s el Bl 0955 (Sang dzy Al $3Y pasell Zle ik 8k adang digall s

Tareq Saleh © Copyright © 2018 Wolters Kluwer + All Rights Reserved @. Wolters Kluwer



Empiric Therapy prior to |dentification of The Organism > empiric therapy is to start the treatment without knowing

the actual cause of infection before you have the result of bacterial cell culture .

* Greek empeiria = experience.

UTiming
-Immediate treatment: e.g., critically-ill, neutropenic,
MENTNGITIS. atan eyl 51 calbs Lo sl w55 5 s Al 2ol s iy By9Shall Jin BN o1 Gyl Y

Selecting a drug

-Site of infection example in case of meningitis we know the site of infection is meninges.

-Clinical picture

-Broad-spectrum therapy

Pharyngitis is common infection in all ages and also is self-limited meaning thar it even do not
require antibiotics >> but not all infections like this infection ... pneumonia is life threatening
infection or meningitis ...these infections may associated with severe complications and may

lead to death ..so in these cases we must to initiate antimicrobial therapy as soon as possible .

Even with out having the results of culture.

Example:

A 40-year-old patient with gram-
positive cocci in the spinal fluid. These
are most likely be S. pneumoniae. S.
pneumoniae is frequently resistant to
penicillin G. Empirically treat with a
high-dose third-generation

cephalosporin (such as ceftriaxone) or
vancomycin
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Determining Antimicrobial Susceptibility of Infective Organisms

Predictable vs unpredictable susceptibility

THE susceptibility of a micro-organism to a drug can be experimentally
determined

MIC MBC

Minimum inhibitory concentration Vs minimum bactericidal concentration to determine the efficacy of the

antimicrobial drug.
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minimum bactericidal concentration (MBC) of an antibiotic.

Determination of minimum inhibitory concentration (MIC)

and

MIC: lowest concentration that can inhibit growth of bacteria
within 24 hours of adding antibiotic to bacteria .

Steps:

1- We take sample from the pt. whether blood or urine

sample
2- Culture the sample in test tubes

In the tubes there is certain amounts of culture media to
allow bacteria to grow

The we put the blood or urine sample in these tubes

At the same time solutions in the test tubes will have
increase concentrations of antibiotic of choice

Then we will let the bacteria to grow for 24 hours

Tareq Saleh ©

Tubes containing varying
concentrations of antibiotic
are inoculated with test

organism.
Highest Lowast
antibiotic antibiotic
concentration concentration

\ \ K?&’ '\¥/ \T./

Relative antibiotic concentration
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Determination of minimum inhibitory concentration (MIC)

and

minimum bactericidal concentration (MBC) of an antibiotic.

The results after 24 hours:
There is a bacterial growth in 1 and 2 tubes

There is no bacterial growth in tube number 3
when the dose of antibiotic was double the
dose in tube 1 and 2

So the doses from 2 to 64 were able to inhibit
bacterial growth.

So what is the MIC or what is the lowest
concentration of antibiotic that inhibit
bacterial growth?

MIC =2 DOSES OF ANTIBIOTIC

BUT THIS does not mean that this dose will kill
the bacteria

Growth of microorganismis
measured after 24 hours
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MIC is the lowest concentration of anti-
biotic that inhibits bacterial growth
(equals 2 in this example).
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Determination of minimum inhibitory concentration (MIC)
and

minimum bactericidal concentration (MBC) of an antibiotic.
i

To determine the MBC = we will take Subculture in antibiotic-free Usually, MBC > MIC
subculture and allow it to grow in the medium, and measure growth _
Jbsent of the antibiotic after 24 hours ofincubation. Means that we need high doses of

' antibiotic to kill bacteria than doses that
By this step we can determine which inhibit the growth of bacteria.
concentration kills the bacteria not 3 ( e Drug that has low MBC means that
only inhibit it growth. we need small dose concentration
The MIC WAS 2 in tube number three o T N A R to kill bacteria

64| |32| |1a| & Pt %) X7 P e So drug with small MBC is more

but when we do the subculture M NP Y el b

‘\‘\\ 1 // effective in killing bacteria than

Bacterial growth drug with high MBC

without the antibiotic, we can see that
bacteria start to grow again that mean
that MIC do not kill bacteria it only
inhibits it growth

MBC is the lowest concentration of
antibioti that kills 99.9% of bacteria
(equals 32 in this example).

The MBC IS 32 in tube 7 >> no
bacterial growth >> bacteria killed by

this concentration of antibiotic. Copyright © 2018 Wolters Kluwer « All Rights Reserved G’@Wo[ters Kluwer




Practice Question

* You have 5 tubes and want to do 5 dilutions of antibiotic X on the
growth of E.coli. Tubes 4-5 do not have growth, but tubes 1-3 have

visible growth, the tube with the MIC would

Lowest Dose

(e
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* Subcultures of the last 5 tubes gave the following results. Which tube

has MBC?

Lowest Dose

Tareq Saleh

Practice Question
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Bacteriostatic vs Bactericidal

(dBacteriostatic: arrest the
growth/replication of a
microorganism

dBactericidal: kill bacteria (kill >
99.9%)

.

Number of viable bacteria
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Control
{no drug)

Bacteriostatic agent
added (such as
chioramphenicol)

PBactericidal agent
added {such as
peniciflin)

Time
Addition of drug

/
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Bacteriostatic vs Bactericidal

Actually, most cell wall inhibitors 2
bactericidal effect

Keep in mind that this classification is important .. why?? Protein synthesis inhibitors= bacteriostatic

effect
1- For categorization of antibiotics (bacteriostatic or bactericidal)

But...

DClaSSiﬁcatiOn IS t00 Sim leSth (does not reflect what actually happens in the patient)

D Microo rgan ism-dependent it means that an antibiotic can be bacteriostatic on bacteria

type a but can be bactericidal on bacteria type b =2so | cannot say if the antibiotic is a bacteriostatic or bactericidal
in general .

dSimilar efficacy for clinical infections
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in the lab you can determine the antibiotic if its bactericidal or bacteriostatic but in the patient
treating a bacterial infection with the help of immune system so if | use bacteriostatic antibiotic I’'m
helping the immune system and the same by using bactericidal .

Effect of The Site of Infection on Therapy:
The Blood—Brain Barrier

1. Lipid solubility of the drug:
-Lipid-soluble drugs e.g., chloramphenicol and metronidazole

-low-lipid-soluble drugs: e.g., penicillin

-meningitis

2. Molecular weight of the drug:

-low molecular weight more ability to cross the BBB
3. Protein binding of the drug:
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-amount of free (unbound) drug not the total amount of drug
4. ......

Patient Factors

1. Immune system:

- host defense system must ultimately eliminate the invading
organismes.

- factors influencing immunocompetence: alcoholism, diabetes, HIV
infection, malnutrition, autoimmune diseases, pregnancy, advanced
age, immunosuppressive drugs.

2. Renal dysfunction

Copyright © 2018 Wolters Kluwer ¢ All Rights Reserved "‘: Wolters Kluwer
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3. Hepatic dysfunction

4. Poor perfusion
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Patient Factors

Tareq Saleh ©
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(CATE-

GORY | DESCRIPTION DRUG
A No human fetal
risk or remote
possibility of
fetal harm
B |No controlled | p-Lactams
studies show p-Lactams with
human risk; inhibitors
animalstudies | Cephalosporins
suggest Aztreonam
potential Clindamycin
toxicity Erythromycin
Azithromycin
Metronidazole
Nitrofurantoin
Sulfonamides
C Animal fetal Chioramphenicol
toxicity Fluoroquinolones
demonstrated; | Clarithromycin
human risk Trimethoprim
undefined Vancomycin
Gentamicin
Trimethoprim-sulfa-
methoxazole
D Human fetal Tetracyclines
risk present, Aminoglycosides
but benefits {except genta-
may outweigh | micin)
risks
X Human fetal
risk clearly
outweighs
benefits;

contraindicated
in pregnancy

. Wolters Kluwer




5. Age
6. Pregnancy

7. Risk factors for multidrug-resistant organisms:

prior antimicrobial therapy in the preceding 90 days

hospitalization for greater than 2 days within the preceding 90
days

current hospitalization exceeding 5 days

high frequency of resistance in the community or local
hospital unit (assessed using hospital antibiograms)

immunosuppressive diseases  and/or therapies

Cost of Therapy: Is It Important?

Copyright © 2018 Wolters Kluwer ¢ All Rights Reserved
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Cefazolin |

Vancomycin §

Clindamycin

Linezolid |
Daptomycin [

Relative cost of some drugs used for the
treatment of Staphylococcus aureus.
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Determinants Of Rational Dosing
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A. Concentration-dependent killing

Tareq Saleh © Copyright © 2018 Wolters Kluwer ¢ All Rights Reserved

!:I Tobramycin
9’ Control
o
i
1/4 MIC
T 6
= -
s 5
D4 1 MIC
!
3 4 MIC
2 ] -
8
Time (hours)

Rate of bacterial killing increases

as the concentration exceeds 4-to
64-fold the MIC of the drug for the
organism.
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Determinants Of Rational Dosing
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B. Time-dependent B Ticarcillin o
- ontro
(concentrationindependent) killing :
1/4 MIC
3
E 6] 1 MIC
g5 AMIC
8 aj IC
3 64 MIC
.

2 3 6 3 |
Time (hours)

Rate of bacterial killing does not
significantly increase as the
concentration exceads 4- to 64-fold
the MIC of the drug for the organism.

Tareq Saleh ©
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Determinants Of Rational Dosing

C. Postantibiotic
effect = persistent
suppression of
microbial growth
that  occursafter
levels of antibiotic
have fallen below the
MIC

Tareq Saleh ©

Time-dependent antibiotics

[
o Parameters of Interest
©
= *Time above MIC
[}
(&)
[
O
@)
PAE
(Post antibiotic effect)
MlC L : ’. ......................................
inimal or modelate

(Time above MIC)

Time
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Concentration-dependent antibiotics

\' Parameters of Interest

*Cmae / MIC ratio
AUC / MIC ratio

Crml

PAE
(Post antibiotic effect)

Time
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Chemotherapeutic Spectra

Medically important micro-
organisms

Gram (+) cocci
Gram (+) bacilli
Gram (-) cocci

Gram (-) rods
Anaerobic organisms
Spirochetes
Mycoplasma
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Chemotherapeutic Spectra

* Narrow-spectrum antibiotics:

Chemotherapeutic agents acting
only on a single or a limited group of
microorganismes.

Isoniazid: narrow-spectrum
antimicrobial drug
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* Extended-spectrum antibiotics:
antibiotics that are modified to be
effective against gram-positive
also against a
number of gram-

organisms
significant
negative bacteria

Tareq Saleh ©

Chemotherapeutic Spectra

C

Ampicillin: extended-

spectrum antimicrobial drug

Gram (+) cocci
Enterococci

Gram (+) bacilli
Listeria monocytogenes

Gram (-) rods
Escherichia coli
Haemophilus influenzae

Proteus mirabilis

Salmonella typhi
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Chemotherapeutic Spectra

* Broad-spectrum antibiotics:

antibiotic that acts on both

grampositiveand gram-negative

bacteria

Tareq Saleh ©

Tetracycline: broad-spectrum
antimicrobial drug

(aram () Dacl||

EAram (—) COoc
Gram (-) rods
Anaerobic organisms

Mycoplasma

Other
Actinomyces, Rickettsiae, Amoebae

.
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Combinations of Antimicrobial Agents

A. Advantages of drug combinations:
- synergism: combination is more

MIC A

effective than either of the drugs used
separately.

- Unknown origin/empirical

- Organisms with variable sensitivity

MIC B

B. Disadvantages of drug combinations:

MIC B in
combination
with A

MIC A and
B alone

MICAIin
combination
with B

- Interference in the mode of action:
bacteriostatic + bactericidal
- selection pressure/antimicrobial resistance
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Prophylactic Use Of Antibiotics

“Prevention not treatment”
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Pretreatment may prevent
streptococcal infections in
patients with a history of
rheumatic heart disease.
Patients may require
years of treatment.

Pretreating of patients
undergoing dental
extractions who have
implanted prosthetic
devices, such as artificial
heart valves, prevents
seeding of the prosthesis.

Tareq Saleh ©

Pretreatment may prevent
tuberculosis or meningitis
among individuals who
are in close contact

with infected patients.

Treatment prior to most
surgical procedures can
decrease the incidence of
infection afterwards.
Effective prophylaxis is
directed against the most

likely organism, not
eradication of every
potential pathogen.
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Complications Of Antibiotic Therapy

A. Hypersensitivity

-ranges from mild skin rash to life-threatening anaphylaxis

BT~ R Red man
syndromeSteven-Johnson syndrome

Drug: vancomycin Drug: penicillins, sulfa drugs
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Urticaria
Drug: penicillin

Complications Of Antibiotic Therapy

B. Direct Toxicity

C.

Superinfections:

- mainly with broad-spectrum agents

- Overgrowth of opportunistic organisms

Copyright © 2018 Wolters Kluwer ¢ All Rights Reserved
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Normal

microbiota

keeps opportunistic

pathogens in check.
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Broad-spectrum
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Drug-resistant
pathogens proliferate
and can cause a
superinfection.
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Sites Of Antimicrobial Actions

CELL MEMBRANE

Inhibhitors of
metabolism
(Chapter 40)

. Sulfonamides
| Trimethoprim

»

THFA

¥

DNA
AN

P
S———

Ribosomes mRN AN '

e OG-0~

-

Inhibitors of

Inhibitors of cell
wall synthesis
(Chapter 38)

protein synthesis
(Chapter 39)

Tetracyclines

__ P-Lactams
Vancomycin
Daptomycin
Telavancin

— Fosfomycin

Aminoglycosides
Macrolides

Clindamycin
Chloramphenico!
Linezolid

CELLWALL

Inhibitors of cell

~™ membrane function
g (Chapters 38, 41, 42)

Isoniazid
Amphotericin B
Polymyxins

Inhibitors of
nucleic acid
function or
synthesis
(Chapters 40, 41)}
s ————
— Fluoroquinolones
— Rifampin

Tareq Saleh ©

Copyright © 2018 Wolters Kluwer ¢ All Rights Reserved

&. Wolters Kluwer



