Antimicrobial drugs

PHARMACOLOGY 3
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Principles of Antimicrobial
Therapy

Antimicrobial drugs are intended to eliminate foreign organisms from
healthy tissues of the patient without comparable effects on the normal
tissue cells of the host.

This essential property of these drugs is called selective toxicity.



Classification of Antimicrobial
Agents

1. According to chemical structure ( beta-lactams, aminoglycosides...)

2. According to mechanism of action



Cell Wall Synthesis Nucleic Acid Synthesis

Folate synthesis
- Sulfonamides
Beta Lactams Trimethoprim DNA Gyrase
Penicillins — Quinolones
Cephalosporins
Carbapenems RNA Polymerase
Monobactams Rifampin
Vancomycin
Bacitracin
50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Streptogramins
Cell Mgmbrane 30S subunit ptog
Polymyxins Tetracyclines

Aminoglycosides Protein svnthesis
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Table 28.1 » Mechanizm of Action of Antimicrobial Agents

Inhibition of bacterial cell wall synthesis B-lactams: penicillins, cephalosporins, and
carbapenems

Others: cycloserine, vancomycin, and bacitracin

Reversible inhibition of protein synthesis by disrupt- Bacteriostatic: chloramphenicol, tetracyclines,
ing the function of 30S or 50S ribosomal subunits erythromycin, clindamycin, streptogramins, and

linezolid
Bactericidal: aminoglycosides

Inhibition of nucleic acid metabolism by inhibiting  Rifampin and rifabutin
RNA polymerase

Inhibition of nucleic acid metabolism by inhibiting  The quinolones
DNA gyrase or topoisomerase

Inhibition of essential enzymes of folate metabo- Trimethoprim and sulfonamides
lism (antimetabolites)




Classification of Antimicrobial
Agents

3. According to whether they are bacteriostatic or bactericidal

Bacteriostatic




Classification of Antimicrobial
Agents

3. According to whether they are bacteriostatic or bactericidal

— Bacteriostatic agents primarily inhibit bacterial growth. Killing of the
organism is then dependent upon host defense mechanismes.

The disadvantage of these agents is that in the setting of inadequate
host defense mechanisms, any partially inhibited organisms may
survive, replicate, and produce recurrent disease when the antibiotic is
discontinued.

— Bactericidal agents are capable of killing the bacteria and are
preferable if the patient has neutropenia or immunosuppression.
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Classification of Antimicrobial
Agents

4. According to spectrum of antimicrobial action

— Narrow-spectrum agents are effective against a limited range of
microorganismes.

— Extended-spectrum agents are principally effective against gram-
positive bacteria, but they are also effective against a significant range
of gram-negative bacteria.

— Broad-spectrum agents are effective against a wide range of
microorganisms.

The use of broad-spectrum antibiotics should be limited, as they
predispose patients to superinfection (the appearance of a new
infection during treatment) by disrupting the body’s natural bacterial
flora.




Classification of Antimicrobial

Agents

4. According to spectrum of antimicrobial action

Medically important micro-
organisms

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

Gram (=) rods
Anaerobic organisms

Mycoplasma

Isoniazid: narrow-spectrum
antimicrobial drug

{ yaila
Mycobacteria
Tetracycline: broad-spectrum
antimicrobial drug

Ampicillin: extended-
spectrum antimicrobial drug

Gram (+) cocci
Enterococci

Gram (+) bacilli
Listeria monocytogenes

m (=) rods

Escherichia coli
Haemophilus influenzae
Proteus mirabilis

Salmonella typhi

Other
Actinomyces, Rickettsiae, Amoebae



Gram +ve (purple) and Gram -ve (red)Bacteria

(round)
Bacillus
(rod-shaped)
(«n& Yy /.
Streptopoccl t
(chain) Diplococci
(pair)

s



Selection of Antimicrobial
Agents

Selection of the most appropriate antimicrobial agent requires knowing:

1) the organism’s identity (by Gram staining, cell shape. More advanced
tests involve binding of specific antibodies and genetic analysis by
polymerase chain reaction (PCR) )

2) the organism’s susceptibility to a particular agent
3) the site of the infection

4) patient factors

5) the safety of the agent

6) the cost of therapy.



Selection of Antimicrobial
oents

Susceptibility to Antimicrobial Agents

Antibiotic disks
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Selection of Antimicrobial
Agents

Ideally, the antimicrobial agent is selected after the organism has been
identified and its sensitivity established.

Empiric Treatment

The selection of an antimicrobial agent for a patient who is diagnosed
with an infectious disease can be empirical, that is, initiated with a drug
that is most likely to treat the case at hand.



Selection of Antimicrobial
Agents

Resistance to Antimicrobial Agent

Bacterial resistance to an antimicrobial
agent may be intrinsic or acquired.

Acquired resistance can occur due to
spontaneous mutations or by the transfer
of drug-resistant genes.

—(@

Sensitive strain with Selection
resistant mutant
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Selection of Antimicrobial
Agents

Effect of the site of infection on therapy: the blood-brain barrier

Adequate levels of an antibiotic must reach the site of infection for the
invading microorganisms to be effectively eradicated.

Y



Selection of Antimicrobial
Agents

Patient factors

Table 28.3 » Patient Factors Affecting Selection of Antimicrobial Agents

Renal disease Drugs that are eliminated by the kidneys may accumulate in renal disease, causing tox- |
icity. This may necessitate a dose reduction of any antibiotic given.

Hepatic disease A dose reduction may also be necessary for antibiotics that are extensively metabolized
and excreted by the liver. Some antibiotics are contraindicated in liver disease.

Pregnancy All antibiotics are able to cross the placenta, so the risk of teratogenesis must be
considered.

Lactation The potential for a toxic accumulation of drug in the infant via breast milk must be
considered.

Immune status  Patients with compromised immune systems (e.g., those undergoing cancer chemo-
therapy or with HIV) will generally require higher doses and longer courses of
treatment.

Age Older patients tend to have decreased renal function; infants have poorly developed
drug detoxification mechanisms.

Abbreviation: HIV. human immunodeficiency virus.




Selection of
Antimicrobial Agents

'CATE-
'GORY | DESCRIPTION

Patient factors

DRUG )
A | No human fetal
risk or remote
possibility of
fetal harm )
B |Nocontrolled | pB-Lactams
studies show p-Lactams with
human risk; inhibitors
animal studies | Cephalosporins
suggest Aztreonam
potential Clindamycin
toxicity Erythromycin
Azithromycin
Metronidazole
Nitrofurantoin
Sulfonamides
C | Animal fetal Chloramphenicol
toxicity Fluoroquinolones
demonstrated; |Clarithromycin
human risk Trimethoprim
Trimethoprim-sulfa-
methoxazole
D | Human fetal T
but (except genta-
may outweigh | micin)
risks
X | Human fetal W
risk clearly
outweighs
benefits;
contraindicated




Selection of Antimicrobial
Agents

Safety of the agent

Antibiotics such as the penicillins are among the least toxic of all drugs
because they interfere with a site or function unique to the growth of
microorganisms..

Other antimicrobial agents (for example, chloramphenicol) have less
specificity and are reserved for life-threatening infections because of
the potential for serious toxicity to the patient.



Selection of Antimicrobial
Agents

Cost of therapy

For example, treatment of methicillin-resistant Staphylococcus aureus
(MRSA) generally includes one of the following: vancomycin,
clindamycin, daptomycin, or linezolid.

Although choice of therapy usually centers on the site of infection,
severity of the illness, and ability to take oral medications, it is also
important to consider the cost of the medicatiqn,

Cefazolin |
Vancomycin i
Clindamycin [l
Linezolid | EEEEG_
Daptomycin N

Figure 37.5

Relative cost of some drugs used
for the treatment of Staphylococcus
aureus.




Selection of Antimicrobial
Agents

Cost of therapy

For example, treatment of methicillin-resistant Staphylococcus aureus
(MRSA) generally includes one of the following: vancomycin,
clindamycin, daptomycin, or linezolid.

Although choice of therapy usually centers on the site of infection,
severity of the illness, and ability to take oral medications, it is also
important to consider the cost of the medicatiqn.

Cefazolin
Vancomycin i
Clindamycin ll

Linezolid |IEEEG_—
Daptomycin NG

Figure 37.5
Relative cost of some drugs used



Complications ot antibiotic
therapy

A. Hypersensitivity: penicillins (from urticaria to anaphylactic shock)

B. Direct toxicity: aminoglycosides can cause ototoxicity by interfering
with membrane function in the auditory hair cells.

C. Superinfections: Drug therapy, particularly with broad-spectrum
antimicrobials or combinations of agents, can lead to alterations of the
normal microbial flora of the upper respiratory, oral, intestinal, and
genitourinary tracts, permitting the overgrowth of opportunistic
organisms, especially fungi or resistant bacteria.

These infections usually require secondary treatments using specific AL
anti-infective agents.



¥
[

i w o o v o

il

e O T T

2% ch_pzfcgg,zn_sz,ggJ,g,,mm&Lh
»L,.Hypiﬁeﬂ )/I_L—%-J N\oic ¢ L7 Sz,

— P'Ph"z()h n

2.D2Ccr +u yjzﬁ)}y

L_S_-.?_q/eer_?gfe;@},zﬂ: _T-)’ ) ) ol f) Ao Bt 6T ep
— Vo )¢ ¢ oJ.S?; Ho D L b g 5aCa ALK b Q< b ¢ Lo Y um
p-sa_\.q.z_ﬂafaz) MJJLMMAI_,’_\:@ QL_MMJ_

Lﬂh—shﬂﬁ,_ofﬂJ 02 p ,L\f)?( )rua (}/(fﬂ J| l‘f" O = JULS/L—,J =

-

\__gji_m*@}w ) }J‘) 7 ge n‘?)nu{‘:’ n‘j’f/\/ %—fm}

%yLL%MMf‘MJM—
('uDQ(bﬁ);QL rdéb (AobDMl_e;,.Q_qu




ANIIDIUIIG
RESISTANCE &

Antibiotic resistance happens when bacteria change and become resistant to the antibiotics
used to treat the infections they cause. This is compromising our ability to treat infectious
diseases and undermining many advances in medicine.

We must handle antibiotics with care so they remain effective for as long as possible.

WHAT

YOU
CANDO

Only use antibiotics when prescribed
by a certified health professional

Always take the full prescription,
even if you feel better

Never use left over antibiotics

Never share antibiotics with others

Prevent infections by regularly
washing your hands, avoiding close
contact with sick people and keeping
your vaccinations up to date

www.who.int/drugresistance

e . "%v World Health
AntibioticResistance &% Organization



COLD? FLU? il
TAKE CARE Ff
NOT ANTIBIOTICS

A European Health Initiative




