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chronic J' s untreatable _is

TB is curable and preventable.f)
C <
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Caused by Mycobacterium tuberculosis (MTB) bacteria (infectious).

mainly <=
* Generally, affects the lungs, but it can also affect other parts of the body.
lung J) e L il je V) Liegs Lial Ls I s miliary symptoms Less juan allall sl
“ Dl ol U8 (65, sy TB ) 5iY el laligan
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Most infections show no symptoms= latent tuberculosis (LTB).
LP Ll ye Wd oS s (flu like symptoms 4sle allai (Sas ) 4gladl (al jel (o) ddle allaia la oy J5Y 48 Clall padd §f Jay
lung Ju U inactivated macrophages Ju 4liS JilSi Lo Ll ()5S 63 alial ¥ ) sa Jadisid e 8 500 atent

* Typical symptoms of active TB: chronic cough with blood-containing mucus, fever, night
sweats, and weight loss. ) s main J) Jst bk trind 0S5 e ehins £ i Lo el 2

JS‘:‘:‘ }““.'.’ 3 L@—‘B ‘)JISS:' bl L_;h ",)EL.' ‘)L"ASA\ ds‘,)""'é" L_éa.“ Aa 3 B J‘ L“"""“ 5 Az ék:' u““h'” U“)‘CY\ ¢ a h‘j UA;&J )MSA\ }j chronic cough with blood-containing mucus
aal jel albi il o sed lung Jb S TB s _uS Jlaial ( Wioemophysis)

e Air-borne (active NOT latent). 15 SEPIA N A s i
, . » 3 tivat - e e
(;sj\ _9\ aiy! (e CJLJ ‘A\ J\J‘)SLJ person to person dﬂ.\.u \_’4 \hi::;) JERIN alztle\;i ljn D) = late S Sen 0 s gn sl S Sea

ous necrosis < 4klal 3 5k

Night sweat Weight loss

* Historically known as consumption due to the weight loss associated with the disease.
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General signs and symptoms: fever, chills, night
sweats, loss of appetite, weight loss, and fatigue.

Sig nS & Sym pto mS Significant nail clubbing may also occur.

Symptoms of
sl Jy pulmonary J) g8 g2 sagy ) giSall Tuberculosis = Grey lines = More specific
d PlllmOllal‘y In lung r.) haemge\b 1S - Z: Colored lines = Overlapping
Even with the (Established)

* Chest pain, prolonged cough producing sputum i 5. pulmonary tuberculosis

will be no symptoms Productive cough

About 25% of people may not have any sympto/n?s b o)y S

test 5 Cla b agll 5

aals Ret f
. nger lung lobes are more frequently affected by _ dormans
tuberculosis than the lower ones tuberculosis
b e ally s TNs J) (e iy s Ll . / Cough with
¢ Ethﬂp“lmonary Outside the lung ~» (“Aj\ ;iju} i s Primary increasing mucus
pulmonary Coughing
tuberculosis

up blood

In 15-20% of active cases, the infection spreads outside peren
the lungs .. O8S JSUL 5 bacteremia s abnormalities

Extrapulmonary TB occurs more commonly in E@O le
with a weakened immune system and young children.

L iy juay s4ial ) by TB Jl 4bms aclid) o S5 Ll 53 Ly kel (Flbo Tuberculous
Tuberculous gl urisy: the pleura S 055 pleuritis
Q’% (4.‘\_)5\.\ La ) e Laall) Leod g}.@.ﬂ\ d.:\’:a.J pleura M T2 OSae Chest pain

uberculous meningitis: CNS
. et T

Urogenital tuberculosis: the genitourinary system

il Ll el e o

Extrapulmonary
tuberculosis
Common sites:
Meninges

Lymph nodes

Bone and joint sites
Genitourinary tract
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Infection eliminated Latent TB Subclinical Active
p infection TB disease TB disease

With innate or With acquired —
uaz\a.ﬁsﬂ\_i JL:LAA ):L\S ﬁgure d‘ ALA immune response” IMmmune response
S patlentd\ L.!)n_l u),_‘ u] Mycobacterium

tuberculosis

Overview - ) g,

/\ ~. Granuloma
Lung .

Heart ————=

L=

* Diagnosis: - _— . i -

b 2 1B 4,/"-] l'."':._ .-"/.-] |
7 / ) /
{

Q//\ IGRA Negative Positive Positive Pasitive
L s 555 5o actlve TB : Che St X_raysj Culture Negative Negative Negative Intermittently positive
‘J\-.' )\-.m 5 palss . . . . Sputum smear Negative Negative Negative Usually negative
macrophages miCroscopic eXamination s No No No Sporadically
2o 3y 3 5 JISY Symptoms None None None Mild or none
and culture of body S — . PR R
ﬂUidS }ﬁé J\ Sputum }\ (:J :X_us ;‘}u latent as prevention d\ GJLC\ USM Nature Reviews | Disease Primers

2oz Latent TB: tuberculin * Prevention: vaccination with the bacillus

5 caseous Necrosis

i skan test (TST) or blood Calmette-Guérin (BCG) vaccine.

latent (s
bl iy o

ssaul” tests.

mycobacterium J! (s G5 o= eobe tuberculin J) Lt
6 oAl OlSa ey 7 5 alal) i aiiag 4y U TB
dagiioaal a8 Leld diameters J) ews 54 5l reactions
Ve+ }\ ve- &\).u: ua;.uaj\ e
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Treatment
%

. . 23S L J g gy IS
* Generally, includes four first-line drugs

mono shx (a
4aslie jlad therapy

first line for TB L 5 san ae Lpdany 43 93 4o ) (g2ic
To avoid resistant

bt b Uy 4 5332

e ga )53 (e S

* Second-line drugs are typically less effective, more
toxic, and less extensively studied. uw fistiines svss

LS e agale 4l gerall il al) TB J 2= more effective
more aolerse effecks R e ple Ay o
= @ ol s alad )y JiSIadle First line J) W)

B
( &V

Vg0 00 b

* Second-line used for patients who cannot tolerate
the first-line drugs or who are infected with resistant

TB . ()server hypersensitive reaction padic Y (Kas
very rare »3=ll 3k 5 first line J) against

first line J! resistant paic gl 4)

* M. tuberculosis grows slowly and requires treatment
for months to years.

compliance J) )Y idiuadl patient J) 0 sSs p Y
Sofian Al Shboul ©

maly 5 ST ladey 5 Jatent bl 05 JAn L Jg) WSs @Y
slatent aan 5 ek sacliall Hlea ol anla) ¥ amy sactive

{Ethambutol MYAMBUTOL
L

{Rifabutin MYCOBUTIN

Laila i (45 3 agie 3 First line 4253 6 Jsa ¢l
453 3 JAS G il sed ol )l Ll TB Ul pgalans

DRUGS USED TO TREAT TUBERCULOSIS

Isoniazid cenericonry Tie most commor
Pyrazinamide GENERIC ONLY

° ° ] R o o N
Rifampin RIFADIN —> &7 202 NN
ST NCINERRIY o

Jl e il L rifapentine J 5 rifabutin J)

_Rifapen tine P RI FTI N resistant s\ sa: drug JSI s Y rifampin

DRUGS USED TO TREAT TUBERCULOSIS
(2ND LINE)

Aminoglycosides
Aminosalicylic acid PASER
Bedaquiline SIRTURO )
Capreomycin CAPASTAT —> syFuw (4o
Cycloserine SEROMYCIN

Ethionamide TRECATOR
Fluoroquinolones
Macrolides —=

o2 \shes



must be treated with several drugs.

L,) hel a iV asl )50 G el sl

Treatment gty

olo\ley  4sliactive Tb Jiregimens 2 saie

v'Two main regimens for pulmonary TB:

. 16 J it 21 .
1) Traditional regimen (=6 months): 1soniazid,
rifampin, pyrazinamide, and ethambutol

almost approved 5 seaiud (b 8 jla b £

2) Shortened, four-month regimen: i1soniazid,

rifapentine, pyrazinamide and moxifloxacin (NOT

levoﬂOXaCII‘l . OsSE LS a3V g anhadiny dag pd A Hedl m ¥l ¢l regimen J) ala (S
~7 ¢ el Gl gU regimen OV a5 4l )5 G el ae B 5

Nonpregnant, age >12 years, body weight >40
kg, drug-susceptible pulmonary TB, in absence of
GXtI'apU, mOIlaI'y INvo \IeIIleIlt\__a cNs involvement sxic (s jall §f  Jix

regimen J ala e o il

v'Both regimens have two treatment phases: 2 months
then 4. and 8 weeks then 9 weeks

Isoniazid
Rifampin
Pyrazinamide

Ethambutol

Intensive

phase

A

Continuation

phase

-~

0

N

1T 2 3 4

Months

5

6

S 5 JsY regimen JV o A

Jhglidas il JS e (oile g yall 5l Ul
ey i (ald el 0 )Y regimen
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Intensive  Continuation

phase pllise
Isoniazid e
Rifampin
Pyrazinamide
Ethambutol

IS

J) sen) AU phase @ dan cnedll 2

sladll el Lgdaa o M 5 continuation phase
<l persistent or resistant organisms ¢! e
@ie ywa b Cusy intensive phase J) 2 (e
drugs 2 o w5 el 4 4% 5 relapse

Tsoniazid + Rifampin

s Sallals g4 4 J) o il & 3lall dylan Ua) 6 Bla
sl als jall ey 5zl (e month 2 J )
S sl 6 153 (e 5SI Lad ey s intensive phase
g4aual g al el 5 6 organism J) e O 6K Als ye
a.J.JﬁGM\ OAL;LA d&ﬂ‘k“—\;ﬁ&-\‘&.ﬂ:\.\aﬁ
‘o) ' wzinamide +EHhambutol
Tsaniazid + R)fampin + pyrazi
infection d ) crs < el a ¥
vet 4iagii dalla g oliand 5 Gy pall ool Z3lall (e el Caudl 22y ik
10 23l second line & Jsk e blé multi drug resistant TB sxie i) <oy ()5



Strategies for addressing drug resistance

* Under selective pressure from inadequate treatment, (monotherapy),
small number of organisms (naturally resistant to a particular drug) can

. . peithe) i ) TB sme oy e (ol (i f dumy ISl 5l o halal) #3lall Jiny
emerge as the dominant population. 57use s mud e uead with several drugs S5 o) 5 monotherapy
J ladie Gl saa g g Juia A I TB JV S e (o=md gilael A monotherapy

Y5 elgd el JiSH 7 4 5 ) ML monotherapy J) sl aa 4 g3 natural
) o) gall Al e g

* Multidrug therapy 1s employed to suppress these resistant organisms
g(Active disease always requires treatment with multidrug regimens)

. . . z . Ladic jla_uuTBGadmuy\%loow\dmumﬂuau@\jﬁwﬁs\sbc\ )\J&ﬂ.uzuhud
monotherapy el o (salxd Jatent J) Wl active TB J) ba sas : o A g T : ; § ¢ ;
py kel Sl TS A Ly 3y Al aie ) 5 0 e (o V) O resistant

* Therapy should continue for longer time even 1f clinical improvement
OCCUITGd, Whyo to eradicate persistent organisms and to prevent relapse.

longtimeJ\@U@gjﬁuj&)\C}Jﬂd)lnl;gl\jﬁorganjsmd\w@ﬁd@éﬂo\.&: “,A.\;_\"""'a_mﬂ.s" Al Gl e W g Chtaad :jl‘;\;&\scm.d\w)ﬁdas‘ejy
soaleYl aa s 5 relapse Jaxi jual 5 4le daslie Jasd (Sae z0le Gl le 53 55 5l Cumn clgale Gl da e (8 5l 5 Lilgd agie alsl) i) (s therapy




ao¥ il allady s e th patient d) s S35 5 adlal 5 i g 4 sdlally
Compliance JI (s 35t (lée Must be admitted to the hospital

Tre atl I l e n t For patient with multi drug resistant 581 i) e sall s ay L sl s people 2 aY sl dmal ol Ko ia

4l aal su JAN1 5 resistant i 4 o ol sall 23] La o (Sacas Al Lﬁl-@J 22

i S ) il iy (Sas 7\
* Treatment should be for at least 18-20 months \/
[ Vaieleres

* Second-line regimens for MDR-TB (TB resistant to at least isoniazid and

J'S.S\ i\‘t\:&a . ) . malki olfaj fesistant T8 é)
z_\m&; < rlfam an): e 6 Jaishe) A =3l Jid first line ) i S second line O lal Lisa
Soway . . . . Lo o gl sl = Slally colaasis) o) sall J 508
j‘fgfstam 1) Fluoroquinolone (levofloxacin or moxifloxacin) PPR iy By
Ay eqe . . ok (S0 MDR tb (<l
sonizia 2)  Bedaquiline@ Linezolid Combirokion 2 4 {1 ¥ another combinations e 453l Ul yaal il Jal

3) Clofazimine@)Cycloserine B
4) Pyrazinamide@® Ethambutol - % specific combirafion For TE

¢ ageadinl (Raead first line J) (e s Gl
Ll 55l §lé rifampin J) 5 isoniazid J) o= oed) ge0¥ Culae) (s 5 rifampin J) 5 isoniazid J) ge el s (e J Cudac ) U 53Y
ethambutol J) s pyrainamide J! i+ o= combination sexbe! aa )l jads JEIL () 52 JAY O jla 4agliall 5 (Sand Clas
Capreomycin, kanamycin, macrolides: no longer recommended for inclusion in MDR-TB regimens

spectrum a¢ll 5 JSLia slany agil lgia s e iSY

st |
peia (R (o (plalS (5la 45 guall 2352 5Y MDR b J1 gl g sl ARl e
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o s Lo a0 (e 5 dage Slay 331 b

InhA & KasA are essential for the synthesis of mycolic acid
Isoniazid (INH) 1/4 by

S rnycohc acid J gial geluy Glay 3l J g8
J el cell wall J) sl aeluy 5 aiha
Mycobacterium tb

MOA:

(0-olra

Isoniazid (pro-drug) >> activated by a ‘S(SNIEZ?D st Clslaeersiiss
mycobacterial catalase—peroxidase (KatG) Active JNH SR
>> enzymes acyl carrier protein reductase eSS InhA (acyl cartier protein
(InhA) & B-ketoacyl-ACP synthase (KasA) o (e
>> Inhibits mycolic acid >> disruption in the s
bacterial cell wall.

chemical 2525 4a5 inactive O3S 5 aeall e isoniazid J) Jan e Block Mycolic Acid Synthesis

katG J > activation slmar sl 4l 52U structure Jv group
active s 4ddiy 5 sic chemical group J csla Jad

specific iz isoniazid Jé mycobacterium tb JU 2sa e KatG J) 2
DJPJAJ&SLIJ.L\S.\MLELQ OsS Ll Y Jadias La g3) Cmy Ly il L;\.@J

e JUb InhA and KasA J) «oas sz 508 o ol sall Jaidy G agall

cell wall J ), <ba 5 mycolic acid

¥ Ly O'iusm{f?'L'O'U in He bad@liu}

el wadl

Sofian Al Shboul ©



ISONIAZID
@Z @ atalase peroxidase
' in mycobacteria)
Active lﬂNH
] | ‘}L | . t |
IsonlaZId I N I I 2/4 _ INhA & Kas cy carrier protein
- reductase
@B ketoAcyl Carrier protein
Any mutation in one synthetase)

of these enzymes will
lead to resistant

Antibacterial spectrum W &
“*Specific for treatment of M. tuberculosis
s Effective against: 1- rapidly growing bacilli 2- intracellular organisms.

: e e § i llular &5 extracellular & M.tb J) (e (e 5 (& 8Y
active tb Ju aadiny S el (lie .AL@ mtrace N : . g
¢ intra J) ol effectiveness S ¢l 5all

Resistance (follows chromosomal mutations): \
drug

1) mutation or deletion of KatG (producing mutants incapable of pro
activation) ac Hvabion P2 23l mukakion Sho Swp s &

SoviaziodN

Block Mycolic Acid Synthesis

. . . . /\nhﬂ S‘j‘j\:ﬁ‘j‘; éijig\eﬁ juf-::z ‘ Sl gLy
2) varying mutations of the acyl carrier proteins <, , it soschromosom muaion

inhA and J' Wa I properties of the enzymes

3) overexpression of the target enzyme InhA. sosliod ool o vl il Kash

isoniazid J 4s stie L oSill (gla juaia
AL (Y transcription and translationd) <lilee <l 3) a3 ol miiat Clilee (je 2 3 jaad LSl sla sl o) JIA gaie jla ey
e jla i Cull Jael Gy el de a glS u bl § Ol daa 81w V) Al (e 5 J el Cilae o) gall (e 4e ja Cudac ) L 8
resistance against isoniazid & Jba JUL toxicity J) A jal Jea o Sle ja n ) dals jal Jia g0 cligh 20 Silay 1Y)

Sofian Al Shboul ©
10



Isoniazid (INH) 3/4

PharmacokKinetics saminisuted oriy
«*readily absorbed after oral administration (impaired if isoniazid is
taken with food (fat) 15 Els S lu i Tl AT
oincluing CS (cws)

s Diffuses into all body fluids, cells, and caseous material (necrotic tissue

resembling cheese that is produced 1n tuberculous lesions).
m O active th J) gaie pay Lo 2y 53 USa M 5 caseous material ) (e saa g 5 anall Jl g e (g sludlly g 550
Auay Al J) il o Salld Jatent el 517 4 sne ual b S caseous necrosis J) deamy 5 LSl daglay 5 sy aclial)

Liss A tb J Ao =8 5 caseous material J) sle (335 53l o )Ml sxie jsoniazid

“*Undergoes N-acetylation and hydrolysis

liver Jb metabolism J 53 <oy (ialSl J 08 sl L J )

Sofian Al Shboul ©
11



Isoniazid (INH) 4/4 ... ...  isoniazid Side-effects

done on a weekly basis for ? 2 '
. . Epilepsy Q f £ D
/7 patients with o ’W — - Change in memory
v

Adverse.e.ffeCtSﬁ liver Jb metabolization sl jua: Y . S e e gt ) (S Hallucinations
» Hepatitis (most serious adverse effect), If hepatitis goes = /s <5 hepatitis Anemia
y e Bt . = fatal 05 e
unrecognized, and 1f 1soniazid 1s continued >> fatal.
» Risk factors for hepatitis: > 35 years old, patients who also take

4 rifampin, or among those who drink alcohol daily. chronic alcoholism uptake J

hepatitis Jax JLS 58 6 y L_ﬁdeﬁb. JS3 s liver cirrhosis Jax
. CPAS hod

» Peripheral neuropa%hy (paresthesia of the hands and feet) >>

L‘\Peripheral
neuropathy

L,. Gynaecomastia

relative pyridoxine deficiency caused by i1soniazid (can be avoided by | Arthritis
daily supplementation of pyridoxine (vitamin B6). - Ji, SIS e
»MED {NAZ, ‘ ) -

Le s B6 Jl (» supplement ars 4 paiill (50 ) Glie Ul vit B6 Jb 252 s« component st pyridoxine J!

» CNS adverse effects: convulsions in patients prone to seizures. — scizures@s!
Lo g small s i

— laatd - . . > . ~ .
o ) — 7 S apdnee S Sas gl isoniazid J) adasds
» Hypersensitivity reactions: rashes and fever. alet S sV 4sst e 3 Phenytoin
%’JL«A d":) L)ﬁ’o <« Works on ¢NS SCVere ).L\x.ﬁ A\-AQ M\A
) . ) ﬁ . antiarrhythmic drug s g »all :5 ‘g&\ A N ‘531_’ e MJ\AAL}

» It inhibits the metabolism of carbamazepine and phenytoin >> _. .

potentiate the adverse effects of these drugs (nystagmus and ataxia).

3 yia Julb ageli metabolism O dawii Jass =5 1 7 isoniazid J) ge pesadl 5l Uil LS, conalitiam > lack of Uo‘un‘-og

toxicity 5 adverse effects sl (Sas it 5 oot pellant o o ST punlly e of wvoluntal coordinakion oc

ici Sl agil L gaas
narrow therapeutic index e ba g C&C ma\}gmeﬂ" MUC le movemen

Metabolites

Sofian Al Shboul ©
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Rifampin 1/4

gl aaler S (S Sy not specific against M.tb Sl
a resistant 4 ey 5il aaje JSIaay IV ala 54l LS

*shas broader antimicrobial activity than isoniazid and can be used as part
of treatment for several different bacterial infections.
“*Never given as a single agent in the treatment of active tuberculosis,

: -z b Lo active b i cla Sl
Why? @3 skt <Yy QSJMJ . . . Y rifar;(;ilr:/z\ Lo sl morfgtherapy
Because resistant strains rapidly emerge during monotherapy <f

“*Used prophylactically for individuals exposed to meningitis caused by

L>ue(Fgo /ol izziness

meningOCOCCi or H' inﬂuenzae' 6_\ dizziness s vertigo u=l_e) s active th g i el ()

| o a9 @ prophylactic & rifampin J aehad
lele i ¢l 5 no protein synthesis UL s translation ¥ s transcription 8 W gi? sell active sY el sl da agabel (Saa th abdic L gl s

MOA: blocks RNA transcription by interacting with the B subunit of
mycobacterial DNA-dependent RNA polymerase.

Sofian Al Shboul ©
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Rifampin 2/4

Resistance: caused by mutations 1n the affinity of the bacterial DNA -

dependent RNA polymerase gene for the drug.
RNA transcription 3 block _san Lo UL ) gall aile o jaia L mutatim

Pharmacokinetics (oral)
» Distribution to all body fluids and organs. isoniwiaussons s o
> Taken up by the liver and undergoes enterohepatic recycling. i s

O

= »Urine, feces, and other secretions have an orange-red color, so patients
should be forewarned. Tears may even stain soft contact lenses orange-

ol e S
| . ) agi ol 4 B (g e Carad g Clinae Jasti Ll

o a2 G 3 =
red- hx pans il ol dpkac) “ Jerry on rifampin AR .

al o4l secretion J!

: S)>F
Whaos o

Sofian Al Shboul ©
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Rifampin 3/4

osnniadyerse effects > Fla) blood workout 1 05 i 3 Ui 55 gl 3 8 2
»Nausea, vomiting, and rash.
» Hepatitis and death due to liver failure are rare. isonivio i os b oeis 5 o
»a modest increase in the incidence of hepatic dysfunction when rifampin
is co-administered with isoniazid and pyrazinamide. {55 T N ©
» When rifampin is dosed 1nterm1ttently, especially with higher doses, a
flu-like syndrome can occur, with fever, chills, and myalgia, sometimes

extending to acute renal failure, hemolytic anemia, and shock.

/\—/W Sas s flu like pal el Casdis jual (Saeddle Sile ja g alatia jue g adafia JU4L 034 3 d g rifampin J) slac) (e 6 558 day

Sofian Al Shboul ©
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. . ndacin >
Rifampin 4/4 Rlomsn o ot

Drug interactions

induces a number of phase I cytochrome
P450 enzymes and phase Il enzymes >> 1t
can decrease the half-lives of co-
administered drugs that are metabolized
by these enzymes

metabolism by cytp450 s wa US 5 s apkae) (San o) 93 () JUIL p450 I i
e o 43 53Y) e paldion auall UL 5 4xg ju aeeli metabolism J) e spali
45 gl effect J) <asdl Lo (Sae i 5 half lives J) Jas 1)

Sofian Al Shboul ©

et bolized @ cytpUse de\SS St Yo |

Prednisone corticosteroids
Propranolol p -blockers

Sulfonylureas

Warfarin oval Gnticoaqulant

P-450 0 (um ‘l"""Rifampin

Metabolites
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I cldliia
rifabutin

Rifabutin & R|fapent|ne rifampin JI J

Sal e sl
45V (Bl ae dpdany Y
rifampin J Jx o

Rifabutin > have fids § T —> Rafabubn T

Qderivative of rifampin: preferred for TB patients co-infected with HIV who are
receiving protease inhibitors OR several of the nonnucleoside reverse transcriptase
inhibitOI‘S . rifampin JI e J8 <)

less potent inducer of cytochrome P450 enzymes >> lessening drug interactions.

JAdverse effects similar to those of rifampin but can also cause uveitis, skin

hyperpigmentation, and neutropenia. > nausta / vonikvey /mush - -. L Qocm of ege
TR IN T AT e J, neutrophil inL lamma Fion
Rifapentine

v'longer half-life than that of rifampin. God % paleitts complarce .
v'In combination with isoniazid, rifapentine may be used once weekly in patients with

LTBI and in select HIV-negative patients with minimal pulmonary TB.
Sae LiSa Jatent th addie Al oyl - .
J) pgabaniy Lol &t—q Intones therfjpyi;b—" > Y 6 L 5 ); ﬂOF verc
Jl s2e ariy 5l e 9 J isoniazid we ghould 85(/& Rifabulfm

& sl JS o 3e jed 12 334l G rifapentine
Sofian Al Shboul ©
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Pyrazinamide oo

duration J&é 518 ) e 45 lia
alli el of action

* Orally. short-course agent used in combination with isoniazid, rifampin,
and ethambutol.
;\MOA:@uﬁlcleawr! ) s o 5 5
=.7ye pyrazinoic acid is the active form (enzymatically hydrolyzed by

‘e pyrazinamidase) o3 e e Y resistant 2 st e in
* Active against tuberculosis bacilli P aed S o s =
* Penetrating the CSF.  extra putmonary 3w i 1,
* May contribute to liver toXicity. os oo o9 hepaitis doo
(g((a. Uric acid retention is common. ° <&'=« hyperuricaemia 3 uric acid in the blood J gl s U1 5 gout Jass o

dalby b o avall g 42a » retention = uric acid J) gl execrations

* Most of the clinical benefit from pyrazinamide occurs early in treatment.
Therefore, this drug is usually discontinued after 2 months of a 6-month 2

regimen. (> O (et ol 2ny) el W) Sl Ol s o Ul 0SS 0 e il el action J

Good absorption @z

isoniazid and J! « o= UlS 5 pyrazinamide J) 5 ethambutol

1z TR NG i e i s b e e iy G 5l 8 pyrazinamide J) L) Gl sl rifampin
Sofian ,i‘l éﬁﬁoﬁ’@“w DS ST 1 sty 5 lam st et el b ass short course agent S oy = Sl dglay
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Ethambutol

isoniazid J) 4

Moh %

cell wall Jb aale
ablail Ll gynthesis

« It inhibits arabinosyl transferase (enzyme important for the synthesis of the mycobacterial cell wall). giis‘:f\aélud‘ =

* Specific for mycobacteria rifampin J' s specific e 325 K ,

* Used in combination with pyrazinamide, isoniazid, and rifampin pending culture and susceptibility data.

v
* If the 1solate is determined to be susceptible ylﬁsomamd, rifampin, and pyrazinamide>> discontinue
ethambutol ethambutol J) i) (Sae paldd SOETT 50 ae @glatis 2ol g jall 5l lany 2Ol L) B

° Primarily excreted in the urine. The only one that dose not cause hepatitis

« adverse effect: optic neuritis>> diminished visual acuity and loss of ability to discriminate between red and

green. Ls Costw doe (> reo%1, R ol BT 55D (foo
. . L0 S L . o
 The risk of optic neuritis increases with higher doses and in patients with renal impairment.  high risk e+l o s

Visual acuity and color discrimination should be tested prior to initiating therapy and periodically thereafter.

. L 2 AS) diy inamide Ju oS . . . . .
« Uric acid excretion 1s decreased by ethambutol, and caution should be exercised in patients with gm?

o ka3 (38 5 maAY) 5 eV Gk 13 G el g i Y sl sall e Lo U ﬁ‘“ﬂ#ﬂ f{\“ﬂ%ﬁ‘eﬂ
o) sl ol e rial (lie J L5,)\-€-‘-‘-“‘-‘d 5 A
. razinamide
dias 53l Coymy (pamy e e ol a0 38 S IS0 Juay saie S L 4l Y
Ll i3 ethambutol J) ¢« toxicity J!

Sofian Al Shboul ©
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Ethambutol

Isoniazid

Pyrazinamide

Rifampin

ADVERSE EFFECTS

Optic neuritis with blurred vision,
red-green color blindness

Hepatic enzyme elevation, hepatitis,
peripheral neuropathy

Nausea, hepatitis, hyperuricemia, rash,
joint ache, gout (rare)

Hepatitis, Gl upset, rash, flu-like
syndrome, significant interaction
with several drugs

COMMENTS

Establish baseline visual acuity and color vision; test monthly.

Take baseline hepatic enzyme measurements; repeat if abnormal
or patient is at risk or symptomatic.

Clinically significant interaction with phenytoin and
carbamazepine.

Take baseline hepatic enzymes and uric acid measurements;
repeat if abnormal or patient is at risk or symptomatic.

Take baseline hepatic enzyme measurements and CBC;
repeat if abnormal or patient is at risk or symptomatic. Warn
patient that urine and tears may turn red-orange in color.

Sofian Al Shboul ©
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- Alternate second-line drugs

. ir@8aliculic & id . .
« Streptomycin ("7 o )« Linezolid
* Para-aminosalicylic acid * Clofazimine
s Capreonyeth

* Cycloserine

* Ethionamide

* Bedaquiline

* Fluoroquinolones,
= Macrohides




Alternate second-line drugs:
Streptomycin & Para-aminosalicylic acid

Streptomycin: ( aminmlicylic ocid )
* (Greater action against extracellular organisms.

* Infections due to streptomycin-resistant organisms may be treated with
S kanamycin or amikacin = # sminoglyeoside family J oo s

\AJ~)2> R amikacin J) 3 agxbay streptomycin J' resistant

case <* AE: Vertigo (feel like the world 1s spinning), hearing loss and GlIs

CNS effect 4agis
ehiect == \_/ /j’u (5@)) \D:'LSQJ La ﬂauy@\ /Uom)hy

Para-aminosalicylic acid ™

9 bl a0l st s dna Ul e

* works via folic acid inhibition.

* PAS remains an important component of many regimens for MDR-TB.

second line &€ MDR tb Ju 28 (Sae




<’ Alternate second-line drugs:
Cycloserine

C ClOSQl’ine L)) <8 cycloserine Jé ddlSie jpay Jia leel cell wall LS 4alisiy a.a 0= e ke 5» alanine J)
y integrity of the cell wall leading to cell death ) w33 7 Julb cell wall Jba.a J) 2

* Disrupts d-alanine incorporation into the bacterial cell wall.

 Primarily excreted unchanged in urine. (accumulation in renal .

. . § 5 slad alis metabolism in the liver s\ sas L = Aa oS jeas ) renal insufficiency svie G sall )
IIlSU.fﬁC1enCY) o Lo JUlb renal J e DS 58 Lo g @l 75 renal Jb ¢/ 5l

u'é,-.“)AﬂliVeruéﬂdﬂ“‘—‘ UW

* Adverse effects:CNS disturbances (for example, lethargy, difficulty

penetration sdxie Y th drugs J) IS o3 g 5

concentrating, anxiety, and suicidal tendency), and seizures may occur.
Or people with depression _)B?:U ZL’ % ) QJ\’j)

Sofian Al Shboul ©
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Alternate second-line drugs:
Ethionamide & Fluoroquinolones

Ethionamide

isoniazid J) 4 isoniazid J! et MOA JI s

* Structural analog of 1soniazid that also disrupts mycolic acid synthesis.
* Metabolism 1s extensive, most likely in the liver, to active and inactive — 0.

1 Highly dependent on liver metabolism . - ol W al At . .
metabOIIteS . & lizller fEI)mction O il ) a3 <ngh]y hegatotoxwlty I Slisen 518 Jlay Jsh Wl liverd g 7

.. isoniazid J ¢ .. C7 thyroid gland _ , active'metabolited
* Adverse effects: nausea, vomiting, and hepatotoxicity. Hyﬁothymldlsm 5| action Jess ¢ »
.. gynecomastia, alopecia, impotence, and CNS effects also have been e mewboice

Y inactive J J st

dglae | Cuiaty SV ENIES G Glay Jhy A uas 5 urin J
males O reported‘ ) young J 4xdasi cuiatiy Uil Some times it could cause endocrine side effects excretion
person

FlllOl‘O qllanlOIleS LSl G UL 5 dna J) i pedan UL dna Jb supercoiling J) <lé e daily 9S A topoisomerase and gyrase J) s e

., fluordoquinolgnes Jl dlile (o Gq—""—_ . . .
 Like moxifloxacin and levofloxacin, have an important place in the

treatment of multidrug-resistant tuberculosis. Second line

* AE: tendinopathy, GIs and Peripheral neuropathy
tendons Ju —axa ( P /\) q >

aed B0 iy (Saa
Sofian Al Shboul © -



Alternate second-line drugs:

(e (AL aals second line J) e 2l g JS

Bedaquiline -
e ) g Jand L il jadia L
Sl 5 e s () e

* an ATP synthase inhibitor. — 7.
* It 1s approved for the treatment of MDR-TB. a8 Secondt Lint
52 Black box warning for QT prolongation, and monitoring of the S e Ly

. . . 5 sk Sal 5 il JSLie saie gy yall
wLz-s electrocardiogram is recommended. L= w pebcs o /[ A —= Ol law e all
.

J,f'&jj‘h ej‘ﬁi 56l G QL JSLie svie iy LeTlie dule @luds Jaiy QL (KL (o yall gic Le o} a0 Cig s cardiac arrest

e 9ol . . . . .

? * Elevations in liver enzymes have also been reported and liver function
should be monitored during therapy.-, s 2 el opess Jom AT and ALT J 5

A Cailla 5 )51 o320 Y ol s (S 13 disfunction

 This agent 1s metabolized via CYP3 A4, and administration with strong D
CYP3A4 inducers (for example, rifampin) should be avoided. -

» AE: Nausea, arthralgia, headache and chest pain o2z o pvls Jo im0 2 =

_ J 2 am ae agiadl I UL eyt p450 J) e il aa) @k oo
Jualia gl QT prolongation ) e () any 150l 3aly e ¢Sae Ul bedaquilined! g5 metabolism
Y1 ala aiadl & 33U therapeutic failure sie 2iv b 52U action

Sofian Al Shboul ©
26



Alternate second-line drugs -

ADVERSE EFFECTS COMMENTS

Fluoroquinolones Gl intolerance, tendonitis, CNS toxicity Monitor LFTs, serum creatinine/BUN, QT interval prolongation.
including caffeine-like effects Avoid concomitant ingestion with antacids, multivitamins or drugs
containing di- or trivalent cations.

Ethionamide Gl intolerance, hepatotoxicity, Monitor LFTs, TSH. A majority of patients experience Gl intolerance.
hypothyroidism Cross-resistance with isoniazid is possible.

Para- Gl intolerance, hepatotoxicity, Monitor LFTs, TSH. Patients with G6PD deficiency are at increased

aminosalicylic hypothyroidism risk of hemolytic anemia.

acid (PAS)

Cycloserine CNS toxicity Close monitoring is needed for depression, anxiety, confusion, etc.
Seizures may be exacerbated in patients with epilepsy. Monitor
serum creatinine.

SofialTArSnoouTr©
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Which of the following antimycobacterial drugs 1s
inactivated by hepatic acetylation, the rate of which
depends on genetic background?

A. Streptomycin

B. Ethambutol

C. Rifampin
D. Isoniazid

E. Pyrazinamide



* A 56-year-old man reports tingling sensation in his limbs
and that his arms sometimes feel heavy. He was recently
diagnosed with pulmonary tuberculosis and has been
receiving isoniazid, rifampin, pyrazinamide and ethambutol
for two months. Which of the following drugs would be most
appropriate to treat his current symptoms?

A. Vitamin A
B. Vitamin C
C. Folic acid
| ~D. Pyridoxine B6 4k PNS s 5
E.Vitamin E

lubs 5 jsoniazid J) Ll o
¢ <l jua PAS J)
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