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.So, According to microorganisms they active against Antibacterial
.According to mechanism of action they Act as a cell wall inhibitors
.According to their chemical structure they B lactam Antibiotics



Inhibition of Cell Wall Synthesis

B-Lactam Drugs
They share « Juieuially 48 Uy g ¢ e aa £ s 90 (is B lactam Antibiotics 2 -

.aB Iactam ring in their structure
[v] essitial for Antibacterial Activity s Wl B lactam ) ¢l 4l g -
The main group of AB that act on bacterial cell wall is the ‘beta lactams’; so

called due to presence of a B-lactam rmg
B lactam ring in their structure JU (Wluudd! (e Buuad) 145)LaS in general p.eK

.|Y| EXCEPTin R group
Irreversibly inhibit enzymes involved in the final steps of cell wall

synthesis
These enzymes mediate formation of peptide bridges between

adjacent stands of peptidoglycan (cross link, PBPSs)

Drug binds to enzyme, competitively inhibits enzymatic activity
B-lactam drugs include: Penicillins, Cephalosporins,
Carbapenems and Monobactams




B-lactam antibiotics

. H1—C{;H— ® o %\fgﬁg
Basic structures of four Amidase—~ /& N———COOH
groups of B-lactamantibiotics and clavulanic acid. The Hammaﬁf/’
structures illustrate the B-lactamring (marked B) and the sites beicil nocloue
of action of bacterial enzymes that inactivate these
antibiotics (A, thiazolidinering). 0 o
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: Two ring in their structure sais Guladyl) - . UN\SDSH

A is B lactam ring, B is Thiazolidinering

Monobactam nucleus
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Mechanism of action of 3-lactam antibiotics

 All B-lactam antibiotics interfere with the synthesis of the
bacterial cell wall peptidoglycan

e B-Lactam antibiotics, structural analogs of the natural D-Ala-
D-Ala substrate, covalently bind to the active site of PBPs

* They interfere with the last step of bacterial cell wall

synthesis (transpeptidation or cross-linkage) p/' ;e(zjt(raacpﬁgtr;de
- |
[ ‘\ Peptide crosslinks
* This results in cell lysis pedEtars preveiit fue

cross-linking peptides
from binding to the
tetrapeptide
9 side-chains v

© Elsevier. Rang et al: Pharmacology 6e - www.studentconsult.com

How B lactam play role in inhibition of cell wall synthesis ?

prevent the cross linking peptide As caliy 2 -
v
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Cross linking 4wl sdis 54 A (5S Lt B g ol jlaal) ayiuat o) -
inhibition of cross J«xi: B lactam Antibiotics <! 2254 ¢ peptide
bridges of cell wall by inhibition of formation of peptidoglycan

inhibition of transpeptidase s jua 8 dlia Lpad ccross bridges

.|| by B lactam Antibiotics

a2 Y Jals s Jaxdy PBPS (penicillins binding proteins) 2 Jaaallié
.transpeptidase -!

A Ao Jasi s I D alanin db 4 )8 jiv B lactam ) iaié
B lactam s Jua La 3,288 (Cross Iinkingéﬂ’-ﬁ Transpeptidase
§ua 83% 9 D alanin W _Sie Transpeptidase ) Lgé Jasi 4 3392 ga
inhibition of cell wall = 3 3 Cross linking Y4 4ala (fuda ¢ Y
.|| synthesis

Tetrapeptide
side-chain

Peptide crosslinks

B-Lactams prevent the
cross-linking peptides
from binding to the
tetrapeptide
side-chains

© Elsevier. Rang et al: Pharmacology 6e - www.studentconsult.com




Mechanism of action of B-lactam antibiotics

A bacterial cell wall is composed of a macro- New NAG and NAM subunits are inserted |nhibiti0n Of Ceu @439 I La -‘RA, -
molecule of peptidoglycan composed of into the wall by enzymes, allowing the ‘.is . u L’.le ¢ R
NAG-NAM chains that are cross-linked by cell to grow. Normally, other enzymes == G = ‘wall SynthESIS
peptide bridges between the NAM subunits. link new NAM subunits to old NAM " . - . . e
subunits with peptide cross-links. R L;""‘:“Jh &lﬁ.ﬂ\ SSEN Db

inbalance of fluid and L _3<yl
bursts of cell s jxad cwater
< gaiid ¢ from osmatic pressure
NAM V| sl
2:>Gss-link — bl v gy -
v’| Bacteriacidal

Growth

Y

Normal bacterial
cell wall
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Penicillin interferes with the linking enzymes, The cell bursts from osmotic - baCteria
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1928: Scottish biologist, Alexander Fleming
discovered that the Staphylococcus culture he
had mistakenly left growing in open was
contaminated with a mould which had
destroved the bacteria.

After isolating a sample and testing it, he
found that it belonged to the Penicillium
family.

Later the mould was classified as Penicillium
notanum.

At first, it was difficult to convince people
about its potential uses.

A.Fleming
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Penicillins

W L) 2 aialld resestance Jard LSl Lald  Activity Ul 4aga i3S Uia B lactam ) -
[] Activity for penicillins gxe Jhy pald Al 5 B lactam -1 gl abas 5,081 <)

ne mostwidely effective and the least toxic drugs known.(interfere v
with a site or functionunique to the growth of m.o)

v %o)oJ|3Jol>J| bl ol duilly ol B i) Safe drugs. v

o b K g ayizig dies Oliduid 0o (if we exclude the allergy rxn)
©) L)l g i sl Hypersensetivity Jb @Ko

Mainly excreted by the kidneys. v
Suffix : cillin v/




CLASSIFICATION OF PENICILLINS ON THE BASIS OF

v

v

v

v

SOURCE ROUTE OF SPECTRUM OF ‘ RESISTANCE TO
ADMINISTRATION | ACTIVITY ENZYMES

NATURAL ORAL NARROW RESISTANCETO
Penicillin-G Ampicillin SPECTRUM p-LACTAMASE
Penicillin-V Amoxycillin Methicillin Methicillin
SEMI- Penicillin-V Oxacillin Nafcillin
SYNTHETIC || Oxacillin Nafcillin Oxacillin
Oxacillin Cloxacillin Dicloxacillin Cloxacillin
Cloxacillin Dicloxacillin BROAD Dicloxacillin
Dicloxacillin PARENTERAL | SPECTRUM NON.-
Methicillin Penicillin-G Ampicillin RESISTANCETO
Nafcillin Methicillin Amoxycillin p-LACTAMASE
Ampicillin Nafcillin INTERMEDIATE | | Penicillin-G
Amoxycillin Carbencillin SPECTRUM Penicillin-V
Carbencillin Piperacillin Penicillin-G Ampicillin
Piperacillin Ticarcillin Penicillin-V Amoxycillin

EXTENDED Carbencillin

SPECTRUM

‘ Carbencillin
Ticarcillin
‘ Piperacillin
Mezlocillin

" RESISTANCE |
TOACIDS

ACID

STABLE
Penicillin-V
Ampicillin
Amoxycillin
Oxacillin
Cloxacillin
Dicloxacillin
ACID
UNSTABLE
Penicillin-G
Methicillin
Nafcillin
Carbencillin
Piperacillin

Ticarcillin

sae Ao lalaie) unliall Classification gis -
s el
: source ) A& lais) 1

¢ JS&u Synthestic L <Semisynthetic b <Natural b ¢S A

Jals

L cpiil) J g ¢33 La Wi ¢ penicillin G and V : & Natural -
.|| Semisynthetic
: Route of administration 4 i laaic| .2

.Some are given orally and some given parentally

: Spectrum of Activity 2 s aaic) 3

Ampicillin and 3 152322 058 5) Broad L <Narrow L sais

b gais Laiw « (Amoxicillin are broad or Extend spectrum
Anti-pseduomonal ! s g St (e gald £ 55 Extended
-penicillins

: Resestance to Enzyme - s laais) 4

secretion Jexii b 138 ) Resestance to B lactamase iz
«(of B lactamase to degradation of B lactam in penicillins
Jars a3 3 A23) Non resestance to B lactamase sis g

No activity for ks degradation of B lactam ring

(V] penicillins
: Resestance to Acid 2! s laais) 5

Route of ) A3y Slal AN Gastric Acid <) s
.|| administration for penicillins




Chemically penicillins consist of a 6-amino penicillanic acid nucleus with attached
side chain (R). Members of penicillin family differ from each other by side chain (R)
attached to 6-amino penicillanic acid. Antibacterial spectrum, bacterial enzyme
susceptibility, GIT absorption depend upon side chain attached to 6-amino

penicillanic acid.
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P Laal) cladals g el (g laa b 138 lée
*What is the importance for B lactam ring
©) IR @i Ly All of the Above bali 75 5 Gia -

B lactam Antibiotics = <lislad) dracd cop L) & A Lgivar]
V| essitial for Antibacterial Activity

R group ) 4l Luwilly dlla) J) guud) (i
Resestanceto <Route of administration (- 4ags L) Said

P Spectrum of action <Resestance to Enzyme ¢<Acid
V| R group - Waal,




lassification of penicilli

D sl LS o o o A -

(- Natural Penicilli .
mmm m
Penicillin G( parenteral)
Penicillin V( oral) Piperacillin
2-The extended Specfrum
icill
] cill .
Aminopenicillins - Penicillins (anti-staphylococcal)
Ampicillin
Amoxicillin Cloxacillin.




1. Natural Penicillins

« Theyare susceptibleto inactivation by Blactamases
(penicilinases)

* Namow-spectrum

: This class of penicillins charectraise by
.s from Natural Source’it .1

(] on limited Number of microorganisms Jxidi: 2:) Narrow spectrum .2

3 penicillin V (Phenoxymethylpenicillin) 2! &= penicillin G (Benzyl penicillin) 3! &= 3.2 (2 -
. Oral s



(Benzylpenicillin) (Phenoxymethylpenicillin)

cill
-also called Crystalline penicillin. —  Penicillin V is more acid-
stable than penicillin G

-itis powder form.

-can be given IV (bolus or infusion) or IM.
- Has short duration (1-2 h).

Destroyed by gastricjuiceifitis given orally

—  Given oraly (every 4h).
—  Oral penicillin
— ltisindicated in the treatment of:

. Tonsilllitis.
so, NOT given orally. .y
C . Pharyngitis
- ltis indicated in the treatment of:
» Syphilis. @ bacteria —Gram - bl
> acute Tonsilllits.

> tetanus




Derivatives of penicillinG

Long-acting forms:-insoluble salt of penicillin G thus slow abs with long
duration.

) sasdind) ACial) (sl | lay olde ¢have a short half life 43! penicillin G 2 4<éa -
penicillin G in body <) j« J3ki (lis Insoulble salt

1 ProcainepenicilinG _(12h) . (o all 34 £ 330 (0 S o G Ll 1| IS -
: . | sla Aalual) ) pal8d ¢ 1G Oleady (5 9 IS dpdanss Sy Slual Jpaid

2 mwm.nﬁ(4 V\M{S) ] long acting forms of penicillins sl agib (ilSEAl J g8
Il G

- Effective in treatmentin syphilis.
= . . i rlong <i\S rheumatic fever 2L A -

- Prophylaticin meumaticfeverpatients, = """ [ sctins forms of peniilin

bas g & jlad cshort acting <! ui gz QA-H L s Endocardia -\ < si: type of bacteria gxis Ja 43) 5 Sl -
V| long acting forms of penicillin G -1 zlady ) Sl (e Clas

. Bothare administered IV andserveas depaot forms.
« theyare suspensionformulationthatis pever given by 1V route.

increase the patient s Jaxi; &&\Mi ¥ &M; ¢ J% 5! o Lal il -
.compliance




= «short acting forms <) aadid Usd g3 syphilis S &la aa -
2y Uald ¢«Conditions that causes syphilis ) s alais]
.long acting forms 4!

I Ledasdsiy U ¢cgyphilis gais o fia 4d) 1 gd el 4d) 5 i) -
.short and long acting forms

.slow release of drug insitesscseaapEIEIdEpoTTorms Ikl



i85 o1l Juad)p Jull) S LAl il bl g cale e S gl Amoxicillin ) S e -
.common highly use 43 g 3 5 B 43a Jis) iy 2a Amoxicillin ) 4o -

They are susceptible to inactivation by B-
lactamases (penicillinases)

Penicillin G 31 ) agz) dad «QD 7 sk (ilglibla 7 i A3y ) cal e Aa by
.and V, they are degradation by B lactamase



Ampicillin
lebu T Kagd) bt =(1%¢)
* (IV, Oral)is givenevery 6h
(4x1).
*lt is used in Bacillary Dysentery.
el 5 s Db sallaal) 3 padony 92 (s -
1g fggmnary ysentery that causes by samonella

5raﬂﬁﬁﬁgmji§t§m§s Spectrum of Activity -

oli, iInfulanza, some grame +bacteria

2+ Diarrhea is common side effect
VWHY??77?77?

4l) Absorption ) (Lés 5 «GIT infection 3 gl (lds sl aadiey 58 o) half life s2is Amoxicillin J) (s -
V| Juadl

Amoxicillin

have long duration of s 43} I L dala J& Ampicillin ) 4xds

action than Ampicillin

Oy is gven every 8h (3x1).
¢ better absorbed orally than Amox with less
diamrhea.
OS (AlCiia (ada JS) 0 90 JSY) pe 23 A Amoxicillin & -
Apald 3 Lo | 924l Other penicillins
% Is employed prophyviactically by
dentists for patients with abnormal
heart valves who are to undergo

extensive oral surgery..

< usedin treatment of peptic ulcerto
eradicates H.Pylon.

s QOtitis media.

\/

** urinary tract infections,




£ 3 gall A Jaiady Uald colaa¥ly Johl 334 opl8y = algd (Amoxicillin 1) Jadl paluatial g4 lic g -
.[v| Bacillary Dysentery 2! z>s 2

Alter or Ja: a= Gl tract ) 2 Amoxicillin and Ampicillin 3/ Ly U 3aall gl o8 -
I ¢aguaany s 4384 (S ([v/| Causes Dihharea (Al s <degradation of flora growth
.|| Ampicillin cause diarrhea more than Amoxicillin

Antibiotics which 2} 41931 gl e aa) s Amoxicillin &) -
. || can be used in triple therapy of H-pylori

upper respiratory infection and urinary tract 3! g3 (2 addiey Amoxicillin ) Qlas -
V| E-coli 3 il 4525 Spectrum of action 2! (2 <infection

) O £ i) A quandy AN L IS ASY ¢ Co-Amonxicillin O (= ST o sliady Otistist Sb A -
.|[Y] infection is NOT B lactamase producing bacteria




Some bacteria produce B-lactamaseenzyme that breaks the critical

lactam ring
Penicillin Resistance
R fi-lactam ring R
>:o >:0
H H
S fi-lactamase S
_‘/ >
“ty,, P-lactamase breaks a bond "W
N 7" in the p-lactam ring of H 4
0 penicillin to disable the OH
COO- molecule. Bacteria with this CO0-
- enzyme can resist the effects e ,
Penicillin of penicillin and other Penicilloic acid

f-lactam antibiotics.

gyis 43) penicillin Resistance 3 4lséa -
secretion of Jead gl Ll ke jla by s
B lactamase Enzyme that can be
degradation of B lactam ring which was
.|| responsable for Penicillins Activity

And in the END : the penicillins will lose
v’| the Antibacterial Action




B-lactamase inhibitors
07 AL (8l g Lia) g Liad IS 651 il 5 (5 jlua 08 (ppagle Juadia
B lactamase inhibitors : L=«! penicillins 2 (e 333 Al | galls Alalual) | gald ¢ g3 Conuy ) 9

Substance don’t have antibacterial activity but

they have the ability to inhibit the B- lactamase (G i)
enzyme.... &
10° - Clavulanic /7
acid
only
Ex. Clavulanic acid § 10°F
% Amg,;iii:ﬂm
clavulanic acid Binds to beta-lactamase and ="
competitively protects amoxicillin 2
*They potentiating amoxicillin against beta- =" geisa s
lactamase producing bacteria.
* |t is called “suicide inhibitor” 1 -

Suicide - Clavulanic acid <! sam; d G g -
(@ Csp )gma) Cpangg 2y AN 13l ) 58 54) inhibitor



Lhghd v st daie

) e 43 4 Antibiotics 3 e £ 55 (sF 1) daddieia (e Ul ¢No drug dais 58 35aY)

.Number of vialble bacteria

Sual s2) s decrease Number of vialble bacteria’Clavulanic acid alone it-) Laii ]
B lactamase = Jax; 5 al) saic ¢l s L <Not have any Antibacterial Action

.(inhibitors

Ol g1 Sl (e Ly Sl e J 3 amh dadi ¢ 98 « Amoxicillin alone <) Laadiu) 13

.Bacteriacidal Antibiotic i

Combinations between Clavulanic acid and Amoxicillin we will blas g Lliza ‘3’33 13}

v

see a rapid or a high depressionin a bacterial Number

Tl ) a3y o pead) b gagd) Ab (gaie juas Combinations ) 3 Jes Gy Gl
inhibition of B lactamase Enzyme and keeping the J«x Clavulanic acid 2! 4%

v

Amoxicillin have his B lactam ring and kill the bacteria

Number of viable bacteria

102

Control

&(no drug)

Clavulanic
acid
only

Amoxicillin
only

Amoxicillin plus
clavulanic acid

Time




d Formulation with a B-lactamase inhibitor, such as :
« amoxicillin +clavulanic acid
« ampicillin +sulbactam.

 protects from
» enzymatic hydrolysis

Spectrum ) gl da p saic La Combinations ) s e -

» extends their antimicrobial spectra. .of Activity
J without the B-lactamase inhibitor, MSSAIs
Fes | stant to La L3l (sla 9 < MSSA = Methacillin suctucple Staphyl Aureus !

Amoxicillin only Lleadind o) A

ampicillin and amoxicillin.

L8 9 MSSA to MRSA (Methacillin Resistance Staphyl Aureus) 3 (s cd3ad g8 o<l -
.B lactam Derivatives 2! (» s ) ¥ g 2a pdli e (92



3- Anti staphylococcal penicillins

.B lactamase Enzyme 3 it LSy Jisi 4 Staphy <) -

* Also called antistaph or peniclinase resistance penicillins. .resistance to B lactamase dasis 4 sana 31 ssiad s -

* Ex. Methicillin, Flucloxacillin, Cloxacillin SIDE effect Like sis 43¥ 39354 laa jua Methacillin ) pladiu -

« Given IV &orally. (every 46 hr) -Nephro toxicity
They are restricted to the treatment of infections caused by penicilinaseproducing

Skin infection & s Ll Staphyl bacteria W ¢ 93l Ad) G jad Adabuwyy Ui -

staphylococci(namow-spectrum). o infection 1) (a £ 53 4 e Luils &l ysea LgiLie
«  Because of its nephrotoxicity caused by methicillin nowadays this drug is not used
clinically.
« Stains of staphylcoccus resistantto these drug called :  methicillin- resistant staphylococcus
aureus (MRSA). Anti Staphyl U &a slis Jaxi e i€ dad 3 4) 0 Jslaall cos€IS 1y g 05 51 -
penicillins

A serious source of nosocomial (hospitalacquired) infections.
VRSA commonly respond to vancomycCin. (¥ eled daglia b iy gais juay () Alad) slgs -
v| Vencomycin b Lgalladiy
i L) B il iy <l ¢infection 4 jall jual) ddlaia it ;{J‘A Al g la o] -
s ) Laie La dd) gpalad ldis 138 g (ila pual) (63 pand Jale J WL 985 Lk <Staphyl bacteria !
e




: Oada¥l J) e

Which is the drug of Choice to treat
MRSA ?

Vencomycin



4- Anti pseudomonal Penicillins:

.Bacteria that causes of respiratoryinfection ) 4 ¢ 58 3 guaiall -
* EX. piperacillin

Ps.aeruoainosa:. G-ve bact L acks porins = Making these

organism resistant to many antimicrobial agents.
‘Pse.aeruginose ->very difficult to deal with & produce resistance
easily.
*Given parentally not orally.
.orally 4k Le gz (R group - s -
.degradation by B lactamase Enzyme W4 »<: 3 15 -

piperacillin with tazobactam,

J) 43Y <B lactamase Enzyme 3 (» 4tea Ly Combinations <) & -
.|| Tazobactam is resistant to B lactamase Enzyme
eextends the antlmlcroblal spectrum to include penicillinase-
producing organisms.




Penicillins vary in their resistance to gastric acid and therefore vary in their
oral
bioavailability.

Variationin R group - caws UiSa -

Examples of compounds relatively stable to gastric acid and suitable for oral
administration are penicillin V, dicloxacillin, and amoxicillin.

Absorption of most oral penicillins (amoxicillin being an exception) is

Impaired by food (administered at least 1-2 hours before or after a meal).
Oiela gl dAelan oS3 bl JSYY J48 -

Penicillins are polar compounds usually excreted unchanged in the urine
(inhibited

by probenecid). Exceptions are nafcillin and ampicillin, excreted mainly in
the bile.



Oxacillin, dicloxacillin, and cloxacillin are eliminated by both the
kidney and biliary excretion, (no dosage adjustment in renal failure).

The plasma half-lives of most penicillins vary from 30 min to 1 h. Procaine
and benzathine forms of penicillin G are administered intramuscularly
and have long plasma half-lives (active drug is released very slowly into
the bloodstream).

Most penicillins cross the blood-brain barrier only when the
meninges are inflamed.

v| meninges - gl Lgaaiio -

May be used in combination with aminoglycosides; there is a synergistic
effects

Combination with Tetracyclines because Antagonists J<& sl ¥ g lgllars La -
(Lo 1a | sl2idy) Effect



Adverse reactions of penicillins

1-Hypersensitivity reaction :

v" ranging from rash to angioedema & anaphylaxis.

v" Cross sensitivity with other BHactam as cephalosporins.
v" Should be avoided if history is positive.

Tnlaxsgip5¥ o ubusid] 0 dusluss e of @] 90 39030l -



Hyvpersensitivity reaction

All AMAs are capable to causing hypersensitive reaction, and
this this reactions are unpredictable and unrelated to dose.
E.g.: Penicillin induced anaphylactic shock (prick skin testing)

Inj. Penicillin induced Perform sensitivity test before
anaphylactic shock administering penicillin Inj.

Al ¥ Jaady ctest of penicillin sensitivity on skin 2} Jead <iS %SM&M d -
..Positive Control &AL ¢ e 4501 (cpludy Lgnd A oY)

.sensitivity of penicillins s Wliaa ajgi ol FLL) ja g



2-Diarrhea (most common): it is a common problemmainly with (Ampicillin).
Pseudomembranous coliis may OCCUI. kills or Alter growth of Normal flora which ) Guw Us juaslisa -

.|| responsablefor cause diarrhea

3. Piperacillin-tazobactam, when combined with vancomycin, has
been associated with greater incidence of acute kidney injury
compared to alternate [3-lactam agents.

—Vencomycin and piperacillin i sxa: ) Combinations 4! -
A e Llad £ sias da (lie <Acute kidney injury i« tazobactam
.|¥| Combinations




Il. CEPHALOSPORINS

Another group of B lactam

prefix : Cef or Ceph
- A wider spectrum than penicillins.
- Moreresistance to B-lactmases enzyme.
- Eliminated by kidney.
.secretion by biliary excretion 4J sas lgie 39 -
- More expensive than penicillins.

-Safe in general for Pregnancy and lactation Women .



Cephalosporins

Gram + activity  1st Generation B-lactamase sensitive
2nd Generation

Gram'—activity 3rd Generation B-Iactamas'e CHNEDT

4th Generation: good Gram + and Gram - activity;
more resistant to B-lactamase

They present in generation
first ) (e g 55 La J8 Gy
generation to other modern
Jd) &35 7 generation
Spectrum of Activity against
Jaall ¢l «Gram-bacteria
against gram-and &> &I
. gram+ bacteria

2100 Sl J sad Uil La
resistance to B--) &z
. lactmases enzyme




Cephalosporin

First generation (Cefazolin, cephalexin)

Second generation (Cefaclor, cefuroxime,

and cefprozil)
Orally drugs used to upper and lower respiratoryinfection

Third generation (ceftriaxone, cefotaxime,
cefpodoxime, cefdinir, cefixime)

Fourth generation (Cefepime ) Long acting

Qbﬁcﬁgéejmgsl.'\d\ OJ'LQA. J\QLEJMAMUAMJJ -
.fourth generation 4! (=

Advanced generation-5t (Ceftaroline)

surgical prophylaxis

active against H influenzae, sinusitis,
otitis, and lower respiratory
tract infections

Meningitis, endocarditis, empirical
therapy of sepsisin both

the immunocompetent and the
immunocompromised patient

JugiuidAlS&a-

Pneumonia, Empiric therapy in
febrile neutropenic patients, UTI

complicated skin and soft tissue
infections and community-acquired
pneumonia



Third-generation
cephalosporins

[N / Gram (-) cocci
= ——=

Neisseria gonorrhoeae

Gram (=) rods

Enterobacter aerogenes
Escherichia coli

Haemop hilus influenzae
Klebsiella pneqrponiae

adequate therapeutic levels in the CSF,
regardless of inflammation, are achieved
only with the third-generation
cephalosporins.

Are effective in the treatment of neonatal
and childhood meningitis caused by
H.influenzae. meningococcal meningitis.
drugs of g, s Third generation -
.[¥| meningitis 4! z2=«! Choice
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cefotaxime for injection, USP
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2 grams
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for injection

2 grams
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