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Antimicrobial Drugs

« 1928: Fleming

discovered Penicillium
penicillin, ORI
produced by innibition
. ey of bacterial
Penicillium growth

« 1940: Howard
Florey and Ernst
Chain performed
first clinical trials
of penicillin

Normal
bacterial
colony

Figure 1.5
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Figure 20.1
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Gram-Positive Rods

Bacillus subtilis Bacitracin

Paenibacillus polymyxa Polymyxin

Actinomycetes
Streptomyces nodosus Amphotericin B
Streptomycems venezuelae Chloramphenicol
Streptomyces aureofaciens Chlortetracycline and
tetracycline
Saccharopolyspora erythraea Erythromycin
Streptomyces fradiae Neomycin
Streptomyces griseus Streptomycin
Micromonospora purpurea Gentamicin
Fungi
Cephalosporium spp. Cephalothin
Penicillium griseofulvum Griseofulvin
Penicillium chrysogenum Penicillin
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The Action of Antimicrobial Drugs

1. Inhibition of cell wall synthesis: 2. Inhibition of protein synthesis:
penicillins, cephalosporins, chloramphenicol, erythromycin,
bacitracin, vancomycin tetracyclines, streptomycin

= -, Transcription Translation
'DNA } 8 » g
TP
Protein
Replication mANA

Enzymatic
N 3. Inhibition of nucleic activity,
e XA N acid replication and | synthesis of
§ > transcription: ¥ essential

quinolones, rifampin metabolites

@t K%Cy\ﬁj

4. Injury to plasma membrane: 5. Inhibition of synthesis
polymyxin B of essential metabolites:
sulfanilamide, trimethoprim

Figure 20.2



The Inhibition of Protein Synthesis

Growing
polypeptide
Protein
synthesis Tunnel
site

v 3’

(a) Three-dimensional detail of the

protein synthesis site showing the

30S and 50S subunit portions of the

70S prokaryotic ribosome

Messenger | | W

RNA

Streptomycin

Changes shape of 30S portion,
causing code on mRNA to be

read incorrectly

by Antibiotics

Growing polypeptide
Chloramphenicol
Binds to 50S portion and

inhibits formation of
peptide bond

Protein synthesis site

>

e

705 prokaryotic Tetracyclines
ribosome Interfere with attachment of
tRNA to mRNA-ribosome
Translation complex

(b) Diagram indicating the different points at which chloramphenicol,
the tetracyclines, and streptomycin exert their activities

Figure 20.4
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Penam Cephem
o R e
o N l 0” N\)
Carbapenem Oxacephem
O
3
O O

Clavam Monobactam




TABLE 9-3. CLASSIFICATION OF SOME CEPHALOSPORINS
AND CEPHAMYCINS

First Generation Second Generation Third Generation
Cephalothin Cefamandole Cefotaxime
Cephapirin Cefoxitin® Ceftizoxime
Cephalexin? Cefuroxime Ceftriaxone
Cephradine® Cefaclor® Ceftazidime®
Cefazolin Cefonicid Cefoperazone®y,
Cefadroxil® Cefotetan® Moxalactam®?
Ceforanide

@ Oral agents.

b Cephamycin.

© Good activity against Pseudomonas.

d Not recommended for clinical use because of toxicity.




Inhibitors of Cell Wall Synthesis

Cephalosporins -

First-generation: Narrow spectrum, gram-—
positive

Second-generation: Extended spectrum —
Includes gram-negative

Third-generation: Includes pseudomonads; —
Injected
Fourth-generation: Oral —



* Production by the bacteria

of enzymes inactivatinges=-=
the antibiotic.

Example :

Penicillinase in staphylococci,
extended spectrum RB-lactamase
(ESBL) in Enterobacteriaceae.




* Impermeability of the
bacterial outer membrane
by alteration or quantitative
decrease of porins.

Example :
Imipenem-resistant Pseudomonas
aeruginosa.



Tetracycline

* Efflux mechanism:
expulsion of the molecule
by active transport.

Example : ice70 -3 s}
Tetracycline-resistant staphylococci




e Modification

of the antibiotic target.

Example :
Modification of Penicillin-

Proteins (PBP) of :

inding

- oxacillin-resistant Staphylococcus
aureus (known as MRSA¥).
- penicillin-resistant S. pneumoniae.

* methicillin-resistant Staphylococcus
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MIC: Minimal inhibitory concentration -
MBC: Minimal bactericidal concentration e
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The Disk-Diffusion Method

Figure 20.17
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» Just before use, excess surface moisture is present, the plates
should be placed in an incubator (35 °C)

» Lids ajar until excess surface moisture is lost by gza=c=gtion
(usually 10 to 30 minutes).

» The surface should be moist, but no droplets of moisture shoula
be apparent on the surface of the medium or on the petri dish
covers when the plates are inoculated



» Media containing excessive amounts of thymidine or
thymine can reverse the inhibitory effect of
sulfonamides and trimethoprim, thus yielding smaller
and less distinct zones, or even no zone at all, which
may result in false-resistance reports.

IMIC2370 - 38 - sl

» MHA that is as low in thymidine content as possible
should be used. Should problems with quality control
of sulfonamides and trimethobrim occur
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» To evaluate a new lot of Mueller-Hinton agar,
Enterococcus faecalis ATCC® 29212, or alternatively,

Enterococcus faecalis ATCC® 33186, may be tested
with trimethoprim-sulfamethoxazole disks.

» Satisfactory media will provide essentially clear,

distinct Zones of inhibition 20 mm or greater in
diameter.
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» Principally magnesium & calcium, will affect results of
Aminoglycoside & Tetracycline tests with Pseudomonas
aeruginosd .

[Mic2370 - 38 - slide]

» Excessive cation content will reduce zone sizes,
whereas low cation content may result in unacceptably
large zones of inhibition.
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Direct Colony Suspension : DCS

» As a convenient alternative to the growth method, the inoculum can
be prepared by making a direct broth or saline suspension of isolated
colonies selected from an 18- to 24-hour agar plate (a honselective
medium, such as blood agar, should be used). The suspension is
adjusted to match the 0.5 McFarland turbidity stanczss 5

» This approach is the recommended method for testing the fastidious
organisms Haemophilus spp. , N. gonorrhoeae, Streptococci,
and for testing Staphylococci for potential methicillin or oxacillin
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» A 0.5-mL aliquot of 0.048 mol/L BaCl2 (1.175 % w/v
BaCl2 « 2H20) is added to 99.5 mL of 0.18 mol/L H2S0O4
(1% v/v ) with constant stirring to maintain a

suspension.

» The correct density of the turbidity standard should be
verified by using spectrophotometer with a 1-cm light

path and matched cuvette

ermine the

absorbance. The absorbance a% 8625 nm should be 0.08
fo .13 (CI SI 2006) for the 0 A McEFarland standard
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Inoculum : Correct
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»If blood was added to
the agar base (as with
streptococci), the zones
are measured from the
upper surface of the
agar illuminated with
reflected light, with the
cover removed.




Measure zone of

complete inhibition




Measure Zones

Proteus spp.----
ignore swarm




» However, when discrete
colonies grow within a
clear zone of inhibition, the
test should be repeated
with a pure culture or
subculture of a single
colony from the primary
culture plate. If discrete
colonies continue to grow
within the zone of
inhibition, the colony-free
inner zone should be

measured.
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! Quality Control Reference Strains

» Escherichia coli ATCC® 25922

» Escherichia coli ATCC® 35218 / B-ihibitor.co
» Haemophilus influenzae ATCC® 49247

» Haemophilus influenzae ATCC® 49766

» Klebsiella pneumoniae ATCC® 700603 /ESBL
» Neisseria gonorrhoeae ATCC® 49226
» Pseudomonas aeruginosa ATCC® 27853
» Staphylococcus aureus ATCC® 25923
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Table 3. Acceptable Limits for Quality Control Strains Used to Monitor Accuracy of Disk Diffusi
Testing of Nonfastidious Organisms (Using Muesller-Hinton Medium Without Blood or Oth

Su ements
Escherichia Stapbiyvi s e eral = herchi
Antimicropial Disk Content con @ eSS - coi
Agent ATCCT 259227 ATCCcT 25923 A1-53 27853 ATCCT 352187
Agrdkacm 1925 20-26 1826 -
Avmoxicillin—<la vulanic acid 20/ 10 g 18-24 28365 1v-22
Asvyicallin 10 3r 168-22 27-35 |M10237U -38- slidei a
Armpicillin-su lbactam 10/10 ng 159-24 26-37 13-19
Aithromycin 15 g - 2Z21-2 - -
Axlociaun TS g - - 24-30 -
At e vy 2O s >R D& — 229 —
Carbemcillin 100 g 23-29 - 18-24 -
Cefacior 20 o 23-27 27-31 - -
Ceftamandole 20 ng 26-.32 26 -3 - -
CTefszohn 0 g 21-27 29-35 - -
Cefdnir S ug 2228 2532 - -
Ceoefditoren S ug 22-28 20-2e - -
Cefepime 30 ng 31-37 2329 24 30 -
Cefetamnmet 10 pwg 2a.29 - - -
CTefixinwe S g 223-27 - - -
ol 30 o 26-22 25-3= - -
CTefonicia 30 ug 25-29 2228 - -
Cefoperarzone TS g Z28-3= 2233 2329 -
CTeafotaxmmes 30 ug 25-3S 25-31 18-22 -
CTefotetan 30 g 28-3< 1723 - -
CTefosatin 30 ug 23-29 2329 - -
- 10 g 2328 1225 - -
Cefprozil 30 1ng 21-27 27-33 - -
Ceftazidime 230 g 25-32 18520 2229 -
L oftibu torn 20 s =27 .38 - - 3
T friz o T 30 g 30-36 27-35 1217 -
Ceftobi prole 30 g 3I0-36G 26 34 2430 -
CTefinaxons 30 ug 29-35 22-28 1723 -
CTefturcime 30 ng 2025 27 35 - -
CTephalotthan IO ng 15-21 29-37 - -
CThioramph enicol 30 ng 21-27 19-26 - -
CTmoxacin 100 ng 26-32 - - -
CTiprofio xacin S ng 30-<20 22-30 2533 -
CTlarithromycin 15 ng - 265.-32 - -
Chnaflioxacin s g 31-<0 28-37 2735 -
Clndamycin® 2 ug - 2430 - -
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Antimicrobial Agent QC Strain Observation Probable Cause Comments/Action
Aminoglycosides Any Zone too small pH of media too low Acceptable pH range = 7.2-7.4
Avoid CO; incubation which
lowers pH.
Aminoglycosides Any Zone too large pH of media too high Acceptable pH ran|MIC2370 - 38 - slideh
Aminoglycosides P. aeruginosa Zone too small Ca++ and/or Mg ++ Use alternative lot ia.
ATCC® 27853 content too high
Aminoglycosides P. aeruginosa Zone too large Ca++ and/or Mg ++ Use alternative lot of media.
ATCC" 27853 content too low

Amoxicillin-clavulanic
acid

E. coli ATCC™
35218

Zone too small

Clavulanic acid is labile
Disk has lost potency

Use alternative lot of disks.
Check storage conditions and
package integrity.

Ampicillin E. coli ATCC~ Zone too large Spontaneous loss of the See comment (1) QC organism
35218 (should be no plasmid encoding the maintenance.
zone — beta-lactamase
resistant)

Beta-lactam group Any Zone initially Disk has lost potency Use alternative lot of disks.
acceptable but Check storage conditions and
decreases and package integrity.
possibly out-of- Imipenem, clavulanic acid and
range over time cefaclor are especially labile.

Aztreonam K. pneumoniae Zone too large Spontaneous loss of the See comment (1) QC organism

Cefotaxime ATCC® 700603 plasmid encoding the maintenance.

Cefpodoxime beta-lactamase

Ceftazidime

Ceftriaxone

Cefotaxime/clavulanic

K. pneumoniae

Negative ESBL

Spontaneous loss of the

See comment (1) QC organism

— -

acid ATCC® 700603 confirmatory plasmid encoding the maintenance.
Ceftazidime/clavulanic test beta-lactamase

acid
Penicillins Any Zone too large pH of media too low Acceptable pH range = 7.2-7.4

Avoid CO; incubation which



S. aureus

Zone too small

Probable

pH of media too low

Acceptable pH range =7.2-7.4

———

— -

Media depth too thin
MHA nutritional

ATCC® 25923 Avoid CO; incubation which
lowers pH.
Macrolides S. aureus Zone too large pH of media too high Acceptable pH range =7.2-74
ATCC* 25923
Quinolones Any Zone too small pH of media too low Acceptable pH range =7.2-7.4
Avoid CO; incubation which
lowers pH.
Quinolones Any Zone too large pH of media too high Acceptable pH range =7.2-7.4
Tetracyclines Any Zone too large pH of media too low Acceptable pH range =7.2-74
Avoid CO;incubation which
lowers pH.
Tetracyclines Any Zone too small pH of media too high Acceptable pH range =7.2-74
Tetracyclines Any Zone too small Ca++ and/or Mg ++ Use alternative lot of media.
content too high
Tetracyclines Any Zone too large Ca++ and/or Mg ++ Use alternative lot of media.
e content too low
Sulfonamides E. faecalis Zone <20 mm Media too high in Use alternative lot of media.
Trimethoprim ATCC® 29212 thymidine content
Trimethoprim-
sulfamethoxazole
Various Any Many zones too Inoculum too light Repeat using McFarland 0.5
large Error in inoculum turbidity standard or
preparation standardizing device. Check

expiration date and proper
storage if using barium sulfate
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