Chemotherapy of
infectious diseases
Antimicrobials
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Atnimicrobials = Antibiotics
B

Antibacterial agents
Antifungal agents
Antiviral agents

Antimycobacterials (Drugs for tuberculosis TB)

Antiseptics and Disinfectants
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0 Antimicrobial drugs should have selective toxicity towards the
invading microorganism without harming the cells of the host

0 Antimicrobial therapy takes advantage of the differences
between microorganisms and humans

0 The selective toxicity for the microorganism is usually relative,
requiring careful control of the drug concentration to attack the
microorganism while being tolerated by the host
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]
0 Selection of an appropriate antimicrobial agent requires

knowing:
1. The microorganism

2. The organism’s susceptibility to a particular agent

3. The site of infection

4. Patient factors

5. The safety of the drug
6. The cost of therapy

0 Empiric treatment: Immediate administration of drugs prior
to bacterial identification and susceptibility testing
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_Bc:c’rerios’rc:’ric vs. bactericidal drugs

0 Bacteriostatic drugs arrest the growth and replication of
bacteria

1 Require intact immune system

0 Bactericidal drugs kill bacteria
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-
01 Minimum inhibitory concentration (MIC): the lowest

concentration of antibiotic that inhibits bacterial growth

00 Minimum bactericidal concentration (MBC): the minimum
concentration of antibiotic that kills the bacteria under
investigation
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Route of administration
.

0 Oral route is chosen for mild infections, and is favorable
for outpatients

0 Parenteral route is used for more serious infections, or
when the anti-microbial agent of choice has poor Gl
absorption such as vancomycin, amphotericin B and
aminoglycosides
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Concentration dependent killing

Rate of bacterial killing increases as the concentration increases
e.g. aminoglycosides like tobramycin

Administration by once-a-day bolus infusion achieves high peak
levels, causing rapid killing of the pathogen

Time dependent (concentration-independent) killing

Increasing concentration to higher multiplies of MIC does not
increase the rate of killing

e.g. B-lactams (Penicillins, cephalosporins), glycopeptides,
macrolides, clindamycin

Administration by extended (3-4 hours) or continuous (24 hours)
sTuiAfusiors achieves prolonged time above MIC andikillsdroreonymous
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There are Three in this Relationship

Infection

Host defence
—————————————————————
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Agents used in bacterial infections
N

0 Penicillins

0 Cephalosporins
0 Carbapenems

0 Tetracyclines

1 Aminoglycosides
0 Macrolides

0 Fluoroquinolones

1 Sulfonamides
1 Other
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Chemotherapeutic spectra
-

dINarrow-spectrum antibiotics

Acting on a single or limited group

e.g. isoniazid is only active against mycobacteria
1 Extended-spectrum antibiotics

Effective against gram positive organisms and also against a
significant number of gram negative

e.g. ampicillin

0 Broad-spectrum antibiotics

Drugs affecting a wide variety of microbial species
Can cause superinfections

e.g. tetracycline and chloramphenicol
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Combinations of drug antibiotics

]
0 It is advisable to treat patients with a single agent that is

more specific to the infecting organism to reduce possibility
of superinfections, decrease resistance and toxicity

0 In certain situations combinations of antibiotics are needed
for example treatment of tuberculosis requires the use of
drug combinations
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Drug resistance
N

1 Bacteria is resistant to an antibiotic if the maximal
level of the antibiotic does not stop their growth
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Complications of antibiotic therapy

N
00 Hypersensitivity

1 Example: Penicillins

0 Direct toxicity
71 Aminoglycosides ) ototoxicity

0 Superinfections
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ANTIBACTERIALS
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Cell wall synthesis inhibitors

[ e
0 Penicillins

0 Cephalosporins
0 Carbapenems

1 Vancomycin
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[}-Lactams

[3-Lactams o
Penicillin
Narrow Spectrum
Cephalosporin *Benzylpenicillin (Penicillin G)
*Cefalexin *Phenoxymethylpenicillin (Pen V)
*Cefuroxime *Flucloxacillin
*Cefotaxime Broad Spectrum
*Ceftriaxone *Amoxicillin/Co-amoxiclav
«Ampicillin
Carbapenem -Piperacillin with Tazobactam
«Meropenem (Tazocin)
sImipenem
*Doripenem
*Ertapenem
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Cell wall synthesis inhibitors

]
Ointerfere with bacterial cell wall synthesis

(Mammalian cells do not have cell wall)

0 Include vancomycin, penicillins and cephalosporins,
carbapenems
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Beta Lactams Against Bacterial Cell
Wall

Cell wall

Cell Membrane

Antibiotic against cell wall

Cell membrane

Rupture
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Penicillins

I s
1 Amoxicillin

0 Ampicillin

[ Penicillin G (Poor Gl absorption, Given IV or IM)
1 Penicillin V

1 Dicloxacillin

1 Adverse effects:
® Hypersesetivity
- Rash
Anaphylaxis and death

m Diarrhea
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Natural penicillins

> Penicillin V

Antistaphylococcal

uma Dicloxacillin
Methicillin
Nafcillin

Oxacillin

Extended spectrum

3 Ampicillin
—> Amoxicillin

e d Amoxicillin + clavulanic acid

Ampicillin + sulbactam*

Antipseudomonal

Piperacillin

Piperacillin + tazobactam*

Stable to penicillinase

Clavulonic acid, sulbactam are
B-lactamase inhibitor

B-lactamase is an enzyme
produced by bacteria which
degrades penicillins causing
resistance
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Figure 29,16 The in viwro growth of Escherichia coli in the presence of amaxicillin, with
and withowt clavulanic acid.
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Cceehohalosporms

wall synthesis inhibitors

e Classified based on their bacterial susceptibility

® Firsts generation
Cephalexin

Cefadroxil

m Second generation
Cefuroxime sodium (IV or IM)

Cefuroxime axetil (oral)

® Third generation
Ceftriaxone (IV or IM)
m Agent of choice for treatment of meningitis

m Ceftazadime
® Forth generation
m Cefepime
® Advanced generation
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Cephalosporines
N

1 Adverse effects

1 Generally well tolerated

m Allergic reactions
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Eq ch: penems

* Meropenem
* |mipenem

e Resistant to penicillinases

Monobactam

e Aztreonam

* Administered IV or IM
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Gram (+) cocci

Staphylococcus aureus*
Staphylococcus epidermidis
Enterococcus faecalis
Streptococcus groups A, B, C
Streptococcus pneumoniae

Listeria monocytogenes

Neisseria gonorrhoeae™
Neisseria meningitidis

Gram (-) rods
Acinetobacter species
Citrobacter species
Enterobacter species
Escherichia coli
Gardnerella vaginalis
Haemophilus influenzae

Klebsiella species

Proteus species
Providencia species
Pseudomonas aeruginosa
Salmonella species
Serratia species

Clostridium species
Peptococcus species
Peptostreptococcus
species

Propionibacterium species
Bacteroides species
Fusobacterium species

Actinomyces
Nocardia species

" J

Figure 29,15 Antimicrobial spectrum of imipenem. *Methicillin-resistant staphyloceoc
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Vancomycin
—

IV vancomycin is used in individuals with prosthetic heart valves
and in individuals undergoing implantation with prosthetic device

Glycopeptide

It is effective against aerobic and anaerobic gram positive
bacteria including MRSA
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Vancomycin
—

0 Adverse effects
Fever
Phlebitis at the infusion site

Flushing and shock can result from a rapid infusion, due to histamine
release it should be administered slowly, and with pretreatment with
antihistamines in case of infusion-related reaction

Dose related hearing loss has occurred in individuals with renal failure
who accumulate the drug

(Dose should be adjusted in renal impairment to prevent accumulation d
drug)

Ototoxicity and nephrotoxicity are more common when vancomycin &
coadministred with other drugs like aminoglycosides that cause these

effects
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Staphylococcus aureus”
Staphylococcus epidermidis
Streptococcus groups A.B.C
Streptococcus pneumoniae
Enterococcus faecalis

Gram (+) bacilli

Listerna monog ytogenes
Corynebacterium jeikeium

Anaerobic organisms

Clostridium species**

Al
"y

Actinomyces

Figure 29.17 Antimicrobial spectrum of vancomycin. *Includes methicillin-resisiant
strains. **Oral vancomycin only for C difficile.
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Protein synthesis inhibitors

S [ ——
0 Antibiotics that target bacterial ribosome

1 Tetracyclines
1 Aminoglycosides
1 Macrolides
1 Chloramphenicol
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Tetracyclines
N

0 Tetracycline
0 Doxycycline

0 Minocycline
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PEPTIC ULCER DISEASE

@ Helicobacter pylori is a common cause of
peptic ulcer disease.

® Treatment with a combination of bismuth,
metronidazole, tetracycline, and a proton
pump inhibitor is a highly effective regimen
for eradication of H. pylori

LYME DISEASE

® This is a spirochetal infection caused by
.The disease is
transmitted by the bite of infected ticks.

@ Infection results in skin lesions, headache,
and fever, followed by meningoencephalitis
and, eventually, arthritis.

® A bull’s-eye pattern rash with a red outer
ring, called erythema migrans is a hallmark
of Lyme disease

® Doxycycline is one of the preferred
therapeutic options.

MYCOPLASMA PNEUMONIAE

® Mycoplasma pneumoniae, or walking
pneumonia, is a common cause of
community-acquired pneumonia in young
adults and in people who live in close
confines, such as in military camps.

® Treatment with a macrolide or doxycycline
is effective.

Mycoplasma pneumoniae
Chlamydm species <‘z

Gram (+) cocci

Staphylococcus aureus

(including methicillin-
resistant strains)
Streptococcus pneumoniae

Gram (+) bacilli
Bacillus anthracis

Gram () rods

Brucella species*

® The organism multiplies in the gastro-

® Treatment includes doxycycline, which

CHOLERA

® Cholerais caused by Vibrio
ingested in fecally contaminated food or
water.

intestinal tract, where it secretes an
enterotoxin that produces diarrhea.

reduces the number of intestinal vibrios,
and fluid replacement,

Helicobacter pylori
Vibrio cholerae

Yersinia pestis

Anaerobic organisms

Clostridium perfringens
Clostridium tetani

Borrelia burgdorferi
Leptospira interrogans
Treponema pallidum

Mycoplasma

CHLAMYDIAL INFECTIONS

trachomatis is a major cause
of sexually transmitted disease in the
United States. It causes nongonococcal
urethritis, pelvic inflammatory disease,
and lymphogranuloma venereum,

Chlamydia psittaci causes psittacosis,
which usually takes the form of pneumonia.
Other clinical forms include hepatitis,
myocarditis, and coma.

® Doxycycline or azithromycin is used to
treat chlamydial infections.

Rickettsia rickettsii %

ROCKY MOUNTAIN SPOTTED FEVER

® This disease, caused by Rickettsia
rickettsii, is characterized by fever,
chills, and aches in bones and joints.

® Response to tetracyclines is prompt if
the drug is started early in the disease
process.

Figure 30.3 Typical therapeutic applications of tetracyclines.

gentamicin.

*A tetracycline +

STUDENTS-HUB.COmM
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Tetracyclines
—

0 Adverse effects

1 Gastric discomfort: drug can be
taken with food to reduce discomfort
(except diary)

1 Deposition in bone and
primary dentition in growing
children

1 Fatal hepatotoxicity

1 Phototoxicity

0 Contraindicated in pregnant or
breast-feeding women or in
children less than 8 years of age

STUDENTS-HUB.com

A4 \'4
K| &

Gl disturbance Deposition of
drug in bones
and teeth

Liver failure Phototoxicity

Vg

Vertigo Avoid in pregnancy
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Aminoglycosides
Een’ramicin

0 Streptomycin

0 Neomycin Y
— T2\

0 Tobramycin

0 Have synergistic effect with beta-lactam antibiotics v
0 Adverse effects A@
Ototoxicity

Nephrotoxicity
Neuromuscular paralysis "
with rapid IV injection especially in Myasthenia gravis ¥

Allergic reactions s | (P85
0 Serum levels should be monitored to avoid toxicity
S Centreindicated in pregnancy Uploaded By: anonymous



Macrolides
—

]
0 Erythromycin

Gl disturbance

0 Azithromycin

Jaundice

0] (%]

0 Clarithromycin

0 Adverse effects V. ))@J "
1 Epigastric distress
1 Ototoxicity v
1 QT prolongation ,.‘ ~l A Hrepeer
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CORYNEBACTERIUM
DIPHTHERIAE

® Erythromycin or penicillin is used
to eliminate the carrier state.

CHLAMYDIAL INFECTIONS

® Azithromycin or doxycycline are
preferred therapeutic options.

Streptococcus pyogenes

Streptococcus pneumoniae
Gram (+) bacilli

Corynebacterium diphtheriae

Campylobacter jejuni
Haemophilus influenzae
Legionella pneumophila

Treponema pallidum

Mycoplasma

Gram (-) cocci are preferred therapeutic
Moraxella catarrhalis options. |
Neisseria gonorrhoeae

: :
Bordetella pertussis MYCOPLASMA PNEUMONIA

LEGIONNAIRES DISEASE
(LEGIONELLOSIS)

® Undiagnosed and asymptomatic
infections are common.

® Fluoroquinolones or azithromycin

® Called “atypical” pneumonia
because causative mycoplasma
escape isolation by standard
bacteriologic techniques.

@ Azithromycin or doxycycline are
preferred therapeutic options.

Mycoplasma pneumoniae

Ureaplasma urealyticum MYCOBACTERIUM AVIUM COMPLEX

Chlamydia pneumoniae
Chlamydia psittaci
Chlamydia trachomatis

Mycobacterium avium
complex

® Clarithromycin in combination with
rifampin and ethambutol is preferred
treatment of MAC infections.
Azithromycin is an alternative to
clarithromycin in this regimen.

® Once-weekly azithromycin is used as

MAC prophylaxis in patients with AIDS.

-\

Figure 30.10 Typical therapeutic applications of macrolides.
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Chloramphenicol
—

0 Effective against a wide range of gram positive and gram
negative organisms

0 Use is limited due to toxicity

0 Adverse effects
* Gl upsets
* Superinfections (overgrowth of candida)
* Anemias
* Gray baby syndrome: occurs in neonates due to their low ability to excrete
chloramphenicol, accumulation of the drug leads to poor feeding, depressed breathing,
cardiovascular collapse, cyanosis and death
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Fluoroquinolones

]
0 Fluoroquinolones 1st generation

Nalidixic acid

0 Fluoroquinolones 2nd generation
Ciprofloxacin
Norfloxacin
Ofloxacin

01 Fluoroquinolones 3rd generation
Levoflaxin

0 Fluoroquinolones 4th generation

Moxifloxacin
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- ANTHRAX

® Ciprofloxacin is the drug of choice
for postexposure prophylaxis and
for treatment of anthrax.
Levofloxacin and doxycycline are
alternative agents.

URINARY TRACT INFECTIONS

a Czwoﬂoxacln and levofloxacin are
effective in treating uncomplicated
and complicated urinary tract
infections.

ANAEROBIC INFECTIONS

® Moxifloxacin has notable anti-
anaerobic activity.

Gram (+) cocci

S.pneumoniae
Gram (+) bacilli
Bacillus anthracis

ran ) (

Gram (=) rods

Enterobacter species

E. coli

H. influenzae

Klebsiella pneumoniae
Legionella pneumophila
Proteus mirabilis

P. aeruginosa

Serratia marcescens
Shigella species

Anaerobic organisms

spirochetles

Atypical organisms

M. tuberculosis

RESISTANT RESPIRATORY
INFECTIONS

® Levofloxacin and moxifloxacin are often
effective in treating respiratory
infections due to their activity against

S. pneumoniae.

@ Ciprofiloxacin is not the drug of
choice for pneumonia or
sinusitis, because it has weak activity
against S.
a common causative agent.

® Fluoroquinolones have activity against
atypical organisms, such as Legionella,
associated with upper and lower
respiratory tract infections.

GASTROINTESTINAL TRACT
INFECTIONS

@® Ciprofloxacin is highly efficacious in
treating acute diarrheal ilinesses
due to enteric pathogens.

Figure 31.2 Typical therapeutic applications of fluoroquinolones.
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Diarrhea Nausea Headache Dizziness Tendon rupture
A
.
xX A
I\ i
Arrhythmia Seizure Peripheral Phototoxicity
neuropathy

Figure 31.5 Some adverse reactions to fluoroquinolones.
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Fluoroquinolones
—

» Adverse reactions: (well tolerated in general)
* Nausea, vomiting and diarrhea
 Headache and dizziness
* Phototoxicity
* Connective tissue problems
* Contraindications:
* Should be avoided in pregnancy and nursing mothers and
children under 18
* Should be avoided in patients susceptible to arrhythmias;
may prolong QTc interval
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Cotrimoxazole (Sulfonamide)

-W
otrimoxazole = Sulfamethoxazole + Trimithoprim

MRSA LISTERIOSIS
@® Ampicillin or cotrimoxazole is
® i:gs":gﬁf: g’:;ss:?::it:::: " ‘ - effective in treating the septicemia
SA sk and meningitscaused by Lsteria
i Gram (+) bacilli
RESPIRATORY INFECTIONS _
PROSTATE AND URINARY
@ Cotrimoxazole is effective Gram (-) cocci TRACT INFECTIONS

against H. influenzae. Gram (-) rods @® Trimethoprim concentrates

@ Cotrimoxazole is an alternative E. coli in prostatic and vaginal fluids,
treatment for Legionella | 2 H. influenzae , making it effective in treating
; L Legionella pneumophila infections at these sites.
B irabili
Sr?;;x;: mirabills @ Chronic urinary tract infections
; respond to cotrimoxazole.

Shigella species

PNEUMOCYSTIS JIROVECII PNEUMONIA i t
ANnaerodic organisms
@® Thisis a common opportunistic infection Spirochetes GASTROINTESTINAL INFECTIONS
complicating AIDS. Cotrimoxazole is the Mycoplasma

most effective therapy. Chi fia ® Cotrimoxazole is useful in the treatment
of shigellosis and nontyphoid salmonella.

® Prophylaxis with cotrimoxazole is - -
recommended for HIV-infected paﬂents P. jirovecii ® The drug is also effective in the
with fewer than 200 CD4+ cells/mL. 4l Toxoplasmosis gondii management of carriers of S. typhi.

Figure 31.11 Typical therapeutic applications of cotrimoxazole (sulfamethoxazole plus
lSiméIﬁNjDEileB.com Uploaded By: anonymous




v
Cotrimoxazole {@;

Cotrimoxazole = Sulfamethoxazole + Trimithoprim v

<

Adverse effects 0
Crystalluria (stone formation) Hematologi %’9\
Adequate hydration prevents the problem v o .
Hypersensitivity

Hemopoietic disturbances
Hemolytic anemia in patients with G6PD deficiency
Thrombocytopenia

©

Granulocytopenia VK
Kernicterus: Sulfa drugs displace bilirubin from albumin binding in newhgrns,. ‘
bilirubin can cross the baby’s BBB as it is not fully developed

Figure 31.13 Some adverse reactions to cotrimoxazole.
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Metronidazole (Flagyl)

Antibiotic
Amoebicide
Anti-protozoal

Adverse effects:

* Nausea, vomiting, abdominal cramps
 Unpleasant, metallic taste
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Antifungal drugs

]
* Infections caused by fungi are called mycoses and they

are often chronic

* Mycotic infections can be superficial and some involve
the skin (cutaneous mycoses extending into the
epidermis), but fungi may also penetrate the skin,
causing subcutaneous infections, and they may cause
systemic infections

e Systemic mycoses are the most difficult to treat and
are often life threatening
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Antifungal agents
N

* Amphotericin B
« Ketoconazole

* Fluconazole

* |traconazole
 Miconazole
 C(Clotrimazole

e Caspofungin

* Nystatin
 Terbinafine
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Antiviral agents
—

* Non-HIV agents
* Acyclovir for herpes simplex and varicella zooster
* Oseltamivir for prevention and treatment of influenza A,
B and A type H5N1 (avian flu), A type HIN1 (swine flu)

* Ribavirn for respiratory syncytial virus (RSV), also for
chronic hepatitis C

* For chronic hepatitis B inteferone alfa-2b, lamivudine

* HIV agents

* Reverse transcriptase inhibitors
* Protease inhibitors
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