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They are called “mycobacteria” becauge they were originally thought to be fungi due to their gimilar

appearance under the microgcope. However, they are actually a type of bacteria, not fungi.
Medically important Mycobacteria

*M. tuberculosis _L
Causative agents of tuberculosis in man
*M. bovis J

*M. Leprae — - Causative agent of leprosy

*Atypical mycobacteria

Gelgaglﬁ'al characters of Mycobacteria: Lipoarabinomannan (LAM)
~Slender rods. non-spore forming. strictly aerobic. Upids

~ Difficult to stain with ordinary stains (e.g. Gram

stain) because of a high lipid content (mycolic acid) Myoocc
(40-60%) in the cell wall. — o e A
0 o Gaal 5 el o
»Stained with special stain Ziehl-Neelsen (Z.N) that 1§
depend on application of heat and concentrated dye. j SASopEm
~ Once stained . they retain the stain and resist e L i ~Pegtidogiycan
decolorization with acids, that is why described as ‘1{1&‘ 1‘&10]‘}1‘.\ i t'“ }m ) Plasma
uml“ﬁtunho&cu-llulrlmn“‘h Mm

«acid fast bacilli “ CAEB). X Cram pogitive/ Gram negative Wik
Ly oleha 836 e 8,k Ziehl-Neelsen J!
oyl Ldla 5 organiom Jl deal yaal Lol primary gtain asaiow s sglasll
Aoyl oo oyslll Jaiis acid JI g3 decolorization with acidg sl §glasl
Slalins (piduia cradinl 05 ehigd 3,55 Lesl 0o Baa countergtain AL 5glaall
bae sl
When the Ziehl-Neeleen ctain ig applied to a sample containing acid-fast bacteria, the
carbol fuchgin penetrates the cell wall and staing the bacteria red. During the
decolorization step with acid-aleohol, the acid-fagt bacteria retain the stain due to the
waxy layer in their cell wall, while other bacteria loge the ctain and appear colorlese. Thig
property of retaining the stain degpite exposure to acids ie why acid-fast bacteria are
degcribed ag “acid-fast bacill”
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MYCOBACTERIUM TUBERCULOSIS

“Tubercle bacillus”

“Koch bacillus”

Morphology:

» Thin straight or slightly curvedrods. bacill

»Non motile. non-sporing and non-capsulated. 0‘#

»They stained by Z.N (Hot) or Kinyoun (Cold) o AP
Light microscope ," ﬁ

stain and appear as thin pink rods arranged singly = —

or in small groups in a contrasting blue
Organigm = yellow

/' Background = black
»They can be stained by (fluorochrome

background.

(fluorescent) stains (e.g. auramine, rodamine).

So, it’e affecting the area with
Cultural characters: ™ e oqgen in the body. »

» They arc obligate aerobe (upper lobe of the lung).

» They are slow growers, growth appears after 4-6 weeks

(doubling time 18 hs in contrast to <1 hour in most bacteria ).

» Types of media:
Qelective media
1) Egg based media such as Lowenstein-Jensen (L-J)

medium & Dorset’s egg medium.,

el &6 = ¢l growth JI .
2) Agar based media e.g. Middlebrook's 7H10,7H 11 agar.

3) Fluid media e.g., Middlebrook's 7H9, LaJ med i
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Resistance & Sensitivity: 9 el

*They are highly resistant to : high lipid content in cell wall

* Dryness (survives in dried sputum for long periods).

= Chemicals, many acids and alkalis.

« Antibiotics.

*They are Killed by:

= Sunlight

* U.V. rays

* 5%phenol

« Heat (60°C for 20 min.) (Pasteurization can Kill them in milk).

Virulence Factors:
1. High lipid of cell wall (Mycolic acids), responsible for:

Resistance to: Antibiotics, acidic and alkaline compounds, Osmotic lvsis via

complement.
2. Cord factor: Virulent strains grow in a characteristic
“Serpentine” cordlike pattern.
3. Exported repetitive protein Erp & PKnG: Main pafhogegegig

Inhibit phago-lysosomal fusion. e

The cord factor contributes to the integrity of the '
mycobacterial cell wall, which i important for
regicting hogt immune defenses and antimicrobial
agents.

The cord factor enhanceg the ability of M. tuberculosie to

interact with and invade hogt celle
- 8 i ; )
lnle _i1j (xg Jiig



Pathogenesis: —

»~ Tubercle bacilli do not contain or produce toxins. ... ,' \eceson B

N ’o g
# Their pathogenicity depends upon the fact that vw\ s
‘-' N "

the organism survives and multiplies in

sozvs \
macrophage within a vacuole called a “
phag | Ew Mo\
phagosome as 1t produces a specific protein that /\ '
L] :\~‘ ™

prevents phago-lysosomal fusion and so, escape L e
the degradation by lysosomal enzymes. M. tuberculogie can epread throughout the body, | cadn et
leading to widegpread dissemination and'the__ ) i

» It 1s andntracellular organism. development of miliary tuberculogie, a gevere and A0CYIous

often fatal form of the digeage characterized by
Immuni ty Aga inst Tuberculosis: fomaton of numerou emal fuberc'leg in
mulhp[e organg.
* On primary infection, the patient develops:

1- Cell mediated immunity (CMI) (Delayed-type
= type 1V hypersensitivity) ( Granuloma formation)
that leads to localization of tubercle bacilli, retards
their multiplication, limits their spread.

Patients deficient in cellular immunity, such as AIDS
patients, are more susceptible to  disseminated

(miliary) tuberculosis.

- Circulating antibodies forms but has little role,
PO IYNOR I CRENTIOR SY IS -
[ Initial [nfection: When M. tuberculogis entere the body, it ie usually phagocytosed by macrophages,

which are gpecialized immune celle tagked with engulfing and digesting pathogene. However, M. tuberculosie Overa“; QraﬂU[Oma formation ie
hag developed mechaniemg to survive and even replicate within macrophages, allowing it to evade the immune critical g gp90+ of the immune
gystem’s initial regponge. '

2. Activation of Cel-Mediated Immunity (CMI): Ag the infection progresses, the body’s adaptive regponse to M. tuberculogie
immune regponge i¢ activated, primarily through cell-mediated immunity (CMI). Thig involveg the activation of T infecﬁon, p[agmg a central role in
lymphoeytes (specifically CO4+ and CO8+ T celle) by antigen-pregenting celle, euch ag dendritic celle and o
macrophages, which pregent M. tuberculogie antigens to the T celle. containing the pa’rhogen and

3. Formation of Granulomag: Granulomag are organized structures composed of immune cellg, prevenﬁng ite diecemin ation,

primarily macrophages and T cells, surrounded by a cuff of fibroblaste and connective tissue. The formation
of granulomag ig initiated by the aggregation of activated macrophages and T cells at the gite of infection.

4. Recruitment of [mmune Celle: Chemokines and eytokines releaged by activated immune cells attract
additional immune celle to the site of infection. Thig includes monocytes, neutrophile, and other leukocytes,
which further contribute to the formation and maintenance of the granuloma.

5. Central Core Formation: Within the granuloma, infected macrophages containing M. tuberculosie
undergo fugion to form multinucleated giant celle. Thege giant cells attempt to contain the infection by walling
off the bacteria within the granuloma’s central core.

6. Encapaulation: Fibroblagte and connective tiseue surround the granuloma, forming a barrier that
helpe contain the infection and prevent ite spread o eurrounding tiscues.



Humdan Tub@erculosis (TB)
»~Caused mainly by the human and bovine types.

Human type is transmitted airborne by (imhalation of respiratory aerosol

(droplet nuclei <=5Sum) which expelled from active TB patient when cough,

speak, sneeze,.. These nucler remain suspended 1n air for several hours. Its

initial site of infection is the lung.

»Bovine type is transmitted mainly by ingestion of unpasteurized milk of

infected cattle (zoonosis) and its initial site of infection is the intestine.

S0 Jo¥ sl Jaas organigm JI U
Primary pulmonary tuberculosis:
» Characterized by a small lesion called *Primary complex™ which consists of:
O« Ghon focus (T.B. granuloma) in the lung (mid-zone).
* L®ymphangitis and lyt%)phadenitis of the draining lymph nodes.
» TheT.B granuloma become surrounded by fibrous tissue ( Tubercle),
undergone central caseation necrosis (cheese like).

» Fate of primary lesion:
= In most cases, it 1s asymptomatic and tubercles heal by fibrosis and calcification
leaving the person immune and hypersensitive (tuberculin positive).

= Small foci containing dormant viable organisms (Simon foci) may be formed
and often become sites of reactivation (Latent TB)

* Only small % (immunocompromised) progress into active or disseminated T.B.

Disgeminated tuberculogie oceurg

when the infection gpreads beyond

They can pergist in the body for years without cauging symptomg, a P ]
. _ the lunge to other organg, such ag

condition known ag latent tuberculosie (Latent TB). _ _

the kidneyg, boneg, or brain.

Reactivation: [n gome cageg, particularly when the immune system

weakeng or becomes compromigsed, such ag due to other illnesges or

medicationg, the dormant bacteria in the Simon foci can reactivate.

Thig reactivation leads to the development of active tuberculosis,

where the bacteria multiply and cauge symptom.



Secondary pulmonary tuberculosis:

» Is the most common form of climical tuberculosis.
» It may be: reactivation of old primary lesion or reinfection.
» Occurs mainly inimmunocompromised. debilitated or diabetic patients.

» Spread of the organism occurs by two mechanisms:
More oxygenated

1) Local spread: -To other parts of the lungs (upper lobe), OR

-A tubercle cavitate, erode a bronchus. empty its contents, and spread the
organism to other persons if expectorated (Open TB).

2) Hematogenous spread: which result in miliary T.B. i pacieria can gpread beyond the

lunge through the bloodstream. Miliary
*Cavitation™tubercleg can enlarge and coalesce, forming larger cavitie tuberculogie can affect multiple organ
within the lung tiseue. aysteme and ie ageociated with 4 more
*Bronchial Erogion™ Ag thege cavities grow, they can come into contact
with nearby etructures, including the bronchial tubes
*Emptying Contente™!f a cavity erodeg into a bronchial tube, ite contents,
including bacteria, dead cells, and other debrig, can be expelled from the
lungs when the infected person coughg, sneezeg, or even talks.
*Qpread to Others (Open TB)™ the infected person is now actively
expelling infectious material into the air. [f another person inhales these

gevere and diegeminated form of the
digeage.

infectious droplete, they can become infected with tuberculoic.

Symptoms of active TB disease:

Coupgh lasting Coughing up blood or Chexst paln Wae abkrness
3+ weeks sSputumm roflegmm from or Tatigue

rtf(,) insicle the lungs)
'— .‘
= =

- -
— =
-
No appetite Weight loss Fever and/or chills Night swearts

g Note that the sputum is yellowish green
or may be coughing blood (hemoptysis).




Laboratory Diagnosis

Specimens: Sputum (3 consecutive days) or broncho-alveolar lavage.

I- Direct microscopic examination:

*Z.N stain & Kinyoun:low sensitivity (Require large number of bacilli).
-Positive film is highly suggestive. negative film does not exclude T.B.

“Flourochrome stain: More sensitive and allow more rapid screening than Z.N.
2- Culture:
-Culture is the gold standard and the most conclusive method.

-L.J medium (up to 8 weeks) or more rapid Middlebrook 7H9 (=3 weeks).
3- Polymerase Chain Reaction (PCR): Rapid & sensitive.

Tuberculin Test “Mantoux test”

Principle: It 1s skin allergic test used to detect cell mediated

immunity to tubercle bachli, Weh Desome deisqjable few

weeks after natural infection or BCG vaceine., o - i3,
saie Gaddll S S U

Procedure: th g Jola 3,1
Intradermal injection of 0.lml of PPD (Purified Protein
Derivative).

Read the test 48-72 hours.
Measure the diameter of the induration using mm ruler.

“Only the induration”. which 1s localized hard papule, is
measured, even if there is surrounding erythema).

Tubercu



Interpretation of Tuberculin test

An induration off§ or more mm An induration of 10 or more mm | An induration of 15 or more mm

Considered positive for: Considered positive for: considered positive even in

1. People with previous history of [1. People in endemic areas where absence of any risk factor for

TB. TB is common. TB.
2. Close contacts of TB patients. |2. Healthcare workers.
3. People with HIV infection. 3. People with certain medical

4. Unvaccinated children vounger

than 4 vears old.

Positive Tuberculin dose not differentiate between active or latent T.B
» Negative Test:
A negative test means that there is no infection at all or a very old healed one.
Tuberculin is a good negative test.
» False Negative Test:
1. Anergy: is the inability to react because of a‘weakened immune system, e.g.
Severe T.B, HIV infection, Some viral infections or cancer.
2. Recent T.B: it takes 2-10 weeks for tuberculin test to become positive.
» False Positive Test:
| -Infection with other non-tuberculous mycobacteria.

2- BCG vaccine (The test reactivity induced by vaccine wanes with time).




Treatment:

» First line anti-tuberculous drugs: more cffective with less side effects.
Isoniazid (INH), Rifampicin, Pyrazinamide, Ethambutol.

»Second line anti-tuberculous drugs: lcss cffective with more side effects.
Fluorquinolones, Streptomycin, Amikacin, ...

»Second line drugs can be used in patients whose infecting strains are resistant

to the first line drugs.

Treatment of TB should be:

1-Long Duration:

Response of tuberculosisto treatment is slow. this is due to the facts that:

~ Intracellular location of the organisms.

»Caseous material interferes with penetration of the drugs.

»The slow growth of the organism.

~Nietabolically inactive “persisters” within the lesion in chronic cases which

may not be eradicated easily by antit-uberculous drugs (source of reactivation
in the future).

2- In Combination: 2-4 drugs simultaneously t0: Qynergictic Effecte
»Reduce development of resistance.
» Redllce tOXiCitYOf the dmgs Thig ie becauge the impact of each drug’s side effects ig diluted when combined with other

druge. So, even if one drug in the combination hag side effects, they might not be ag severe
becauge they are balanced out by the other drugg in the regimen.
Additionally, some druge may actually counteract the cide effecte of others. For inctance, if
one drug cauges gastrointestinal digturbanceg, another drug in the combination might have
a protective effect on the stomach lining, reducing the everity of thoge digturbances.



Resistant mutants Worldwide problem

» Multidrug resistant TB (MDR-TB): means tubercle bacilli resistant to both
isoniazid (INH) and rifampicin.

» Extensively (Extrgme(ljylj) drug resistant TB (XDR-TB): It is defined as
econa line
MDR + resistance to fluorquinolones and at least one second-line injectable

drugs. Results from inadequate treatment of MDR-TB.

» Because drug resistance is a problem, antibiotic sensitivity testing should be

performed for all isolated organisms.

Prevention:

Vaccination: BCG “Bacillus of Calmette-Guérin™ vaccine:

»This is aliving attenuated vaccine prepared from a'bovine strain.
» 1t is given as a single dose of 0.1 ml by intradermal injection in the
left deltoid region.

~1It is given to all children during the first month of life.

~It is also given to adults exposed to infection e.g. nurses, doctors
and contacts of the case.

» It should NOT be given to immunocompromised people.

~ It loses its effectiveness over time. usually within 5 to 15 years
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ATYPICAL MYCOBACTERIA

Non-tuberculous mycobacteria “NTM"
Mycobacteria other than tuberculosis "MOTT”

~ They normally found in soil and water.

» Transmission is from the environment. NO person to person transmission.

» They are of low pathogenicity for man but occasionally they cause
opportunistic infections especially in immunocompromised persons.

» They cause pulmonary diseases which are indistinguishable clinically,
radiologically and histologically from that caused by the human tubercle
bacilli, but tend to be more chronic and difficult to be eradicated.

» ¢.g. M. Avium Complex (MAC) (M. avium, M. intracellulare, M. chimera).

. Clinical Pregentation: The symptoms of pulmonary digeages cauged by atypical mycobacteria can clogely resemble

“ thoge of tuberculosic. Thege aymptomg may include cough, fever, night eweats, weight logs, fatigue, and shortness of

breath. Since thege symptome overlap with those of TB, it can be challenging to differentiate between the two baged
golely on clinical presentation.

2. Radiological Findinge: Both TB and digeases cauged by atypical mycobacteria can produce gimilar radiological
abnormalitieg in the lunge. Thege abnormalities may include nodules, cavitieg, infiltrateg, and fibrogie. Ag a reqult, the
radiological features observed on chest X-rays or CT scang of patiente with NTM infectiong can be difficult to
distinguigh from thoge geen in TB cageg.

3. Higtological Features: Histological examination of lung tiseue gamples from patients with NTM infections may
reveal granulomag, which are aleo characterigtic of tuberculogie. Granulomag are clusterg of immune celle that form in
regponge to chronic inflammation caused by the mycobacterial infection. Additionally, other higtological featureg euch

a¢ cageating necrosie may be pregent in both NTM and TB infections, further complicating the differentiation

between the two.
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) A 56-year-old Indian woman with a chronic cough, night
sweatg, and weight loge for 4 monthe goes to a pharmacy
for a medication. [n addition to a cough euppreseant, the The anewer ie E- Tuberculocic.
medicine ghe can buy over-the-counter in her country

containg igoniazid. Her eymptomg initially improve

dramatically, but return in a few weeke and her illnegg

continues to progrese. What ie the mogt  likely diagnosie?

(A) Agthmatic reaction to the medication
(B) Chronic bronchitie

(C) Mycoplagma pneurnonia

(D) Preumococeal pneumonia

(E) Tuberculogie

2) Which one of the following i characteristic of
mycobacteria?

A. They contain mycolic acids.

B. They are regigtant to inactivation by heat.

C. They grow extracellularly.

D. They are anaerobic.

E. They are gpore forming.

3) The treatment of tuberculogie

A. ig initiated with a single “firgt-line" drug.

B.ig initiated after the resulte of sengitivity testing ie
available.

C. ie mogt effective in patiente with chronic or arregted
tubercles.

D. may lagt 2 to 3 weeke.

E. should be directly observed whenever posible.

Correct choice

A. Mycobacteria are unique in

that their cell walls contain high concentrationg of
mycolic acide. Mycobacteria are not particularly
heat registant, ag witnesced by their susceptibility
to pagteurization. They are aerobic, intracellular
organiemg that do not form eporeg.

Correct angwer = E. Where directly observed ther-
apy uged, the incidence of new cages falls drama-
tiacally and success of therapy is much more
likely. The standard procedure ¢ to begin treat-
ment with two or more drugg to prevent emer-
gence of regigtant straing. Sengitivity tests are an
important guide to modifyying treatment, but sengi-
tivity data are not required to initiate therapy. [n
chronic or arregted tubercles, the organisme are
nonproliferating, and therefore are not susceptible
to many antimicrobial agente.

m@@iﬁlldﬁﬂ



Mycobacterium tuberculosis

Pathogenesis/Clinical Significance

M. tuberculosis survives and grows in host macrophages, where it can

remain viable but quiescent for decades. Immunosuppression can lead to
reactivation. M. tuberculosis produces no demonstrable endo- or exotoxins.

Tuberculosis is the principal chronic bacterial disease in humans, and is the
leading cause of death from infection worldwide. Transmission is by aerosol
droplets produced by coughing, and depends on crowded conditions and

poor ventilation.
e Tuberculosis:

Tubercles (productive granulomatous lesions) form in the lung following

infection by M. tuberculosis. Their formation is mediated by the host

immune response. The lesion may arrest and become fibrotic and calci-

fied, or it can break down, resulting in spread of the infection via the

lymph and bloodstream. M. tuberculosis can seed different tissues, caus-

ing, for example, chronic pneumonitis, tuberculous osteomyelitis, or

tuberculous meningitis. If active tubercles develop throughout the body,
this serious condition is known as miliary (disseminated) tuberculosis.

Treatment and Prevention Laboratory Identification

e Treatment: A long course of com- e Acid-fast bacteria can be
bined antibiotic treatment (6 months observed in clinical speci-
or more) with isoniazid, rifampin, mens treated with Ziehl-
pyrazinamide, and ethambutol is Neelsen stain.

required for a cure. . .
q e Nucleic acid probes can

be used to detect M.
tuberculosis DNA that has
been amplified by poly-
merase chain reaction.

e Prevention: Bacille Calmette-
Guerin vaccine is available, and is
used for tuberculin-negative individ-
uals under sustained heavy risk of
infection. Isoniazid is used prophy-
lactically, for example, for tuberculin-
positive, asymptomatic individuals,
who need immunosuppressive ther-
apy for other illnesses.

e The organism can be cul-
tured on specialized
media such as
Lowenstein-Jensen agar.
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Bacteria — Mycobacteria

Mycobacterium Leprae - The good, the bad, and the lion faced

1.

ok wnN

®

Thrives in cool temperatures leading to growth in extremities
Acid Fast Gun slinger - Acid fast, carbol fuscion stain
Tassels on coat and jacket - Mycolic acids
Armadillo County - Armadillos are the major reservoir - commonly called Hanson'’s disease
Hanson the Armadillo — Hanson’s Disease
Clinical presentations
a. Tuberculoid # 1
i Jail Cell 1 - Helper TH1 cells stimulate macrophages to engulf the bacteria in cell mediated
immunity
ii. Well demarcated bald spot - Mild symptoms, well demarcated hairless lesions on skin
jii. Shovel in mound of dirt - Lepermans skin test - test for immune reaction, similar to TB Test,
wheel will form if positive
b. Lepromatous presentation #2
i Jail Cell 2 with laughing prisoner- TH2 cells promote humoral (humorous) response
ii. Prisoner breaking out of cage - Bacteria being unable to contained in macrophages
iii. Touching each other - High chance of transmission human to human

iv. Prisoner are wearing glove and stockings - Distal portions are affected in a glove and stocking
pattern

V. Extensor surfaces w/ patches - Numerous extensor surfaces are cooler and present with
disease of demarcated lesions

Vi Mask on the gunslinger - Leonine faces, facial deformity.

Treatment - multi drug therapy for long time
Deputy carrying a rifle - TH1 Dapsone and rifampin for 6 months (deputy and rifle)

Deputy with rifle and white cloth, and cloth escape rope - TH2 Dapsone, rifampfin, and Clofazimine for 2-5
years



