Emerging Multidrug Resistant
Mycobacterium
A Serious Challenge to Tuberculosis
Control

Essay

Submitted for fulfillment of the Master Degree in
Microbiology and Immunology

By
Heba Mostafa Abd El Kader Dahroug
M.B.B.Ch

Supervised by
Prof. Dr. Tarek Mahmmoud El-Etreby
Professor of Microbiology and Immunology

Faculty of Medicine Cairo University

Dr. Laila Aboul Fadl EI Guizawi Dr. Zeinab Abdel Khalek Ibrahim
Assist. Prof. of Microbiology and Immunology Lecturer of Microbiology and Immunology
Theodor Bilharz Research Institute Faculty of Medicine Cairo University

Faculty of Medicine
Cairo University
2006



A ol 4y 52D Aa gliall Al Ly 385 £ 93
Gl daglia rald o o LA 0l g

Fasie Al
Ll e
zooad DM 2o ilaiaa da
dalall 5l ugnlIS;
il nslpss ol 3 il Bt Lo sl

Cilpd) s

@J’J‘\J\ dgaaa (3l .o
delially Laglon g Saall M
) el b 48

(‘*‘MJ"E AL ae L Sl Juadl) gl A L)
Ao lially dplall Liaglonsg ySaall (2 e Lially dadall Linglong Soall o lisa 3l
e O SlaDU Glels )sasdi g

(ol A0S — B Aaala

Yool






Acknowledgement
First of all greatest thanks to Allah.

I wish to express my deepest gratitude and appreciation to Prof.
Dr. TareR, El-“Etreby, Professor of Microbiology and immunology,
Faculty of Medicine, Cairo University, for his wise direction and
great encouragement.

My deepest thanks and appreciation to Dr. Laila EL-Guizawi,
Assistant professor of Microbiology, Theodor Bilharz Research
Institute, for her encouragement to go through the work and her
Supervision.

Deepest thanks and appreciation to Dr. Nevine Fam, Assistant
professor of Microbiology, Theodor Bilharz Research Institute, for
her sincere supervision and tremendous guide throughout this
work, Much of her time and effort was devoted to establish this
worR,

I am greatly honored to express my endless gratitude to Dr. Zeinab
Ibrafim, lecturer of Microbiology, Faculty of Medicine, Cairo
University, for her supervision guidance, patience and
cooperation.

Also wish to express my thanks to Prof. Dr. Aisha Abu Aitta,
head of Microbiology Department, Theodor Bilharz Research
Institute, for her ultimate support and for facilitating all ways to
accomplish this work,

Last, I would like to thank, all staff members of Microbiology
Department in Theodor Bilharz Research institute for their

generous help and encouragement.



List of Abbreviations

- Acquired immunodeficiency diseases
: Bacillus Callmette Gurien
- base pair
. Cetylpyridinium chloride
: Deoxy ribo nucleic acid
: Directly observed therapy-short course
: Ethambutol
: Ethionamide
: Epsylometer Test
Fatty acid synthase |
: Food and drug administration
: Fluoroquinolones
. Gatofloxacin
: Guanine — Cytosine
: Human immunodeficiency virus
: High performance liquid chromatography
: Immunochromotographic test

. Isoniazid




. Catalase peroxidase
. Lipoarabinomannan
: Line probe assay
: Lowenstein Jensen media
: Moxifloxacin
: Molecular beacons
: Multidrug resistance tuberculosis
: Mycobacterial growth indicator tube
: Mycobacterium other than tuberculosis
: Mycobacterium tuberculosis
: Amplified mycobacteria tuberculosis direct test
: Microplate tetrazoluim reduction assay
: Sodium hypochlorite
: Nucleic acid amplification
:NADH dehydrogenase
: Para amino salicylic acid
- pyruvate carboxylase
: Polymerase chain reaction

: Phage amplified biological assay

: Pyrazonic acid

: Quinolone resistant drug region




RFB : Rifaputin
RIF : Rifampicin

RNA : Ribonucleic acid

RpoB : B chain RNA polymerase

S oxide : Super oxide

SDA - Strand displacement amplification

Sig F : Sigma factor

B : Tuberculosis

Tricarboxylic acid: (TCA) cycle

USP : Universal processing of sputum
XDR-TB : Extensively drug resistant tuberculosis

ZN : Zeilhl Neelsen




Abstract

One third of the world’s population is already infected with tuberculosis
(TB). Presently TB re-emergence and spread is of world wide concern. A
growing percentage of TB cases are multidrug-resistant (MDR-TB).
Understanding of molecular mechanisms of antimicrobial resistance has
led to development of several molecular strategies designed for rapid
detection of mutations associated with resistance. Development of
efficient laboratory strategies for rapid and reliable antimicrobial

susceptibility testing of MTB is of prime importance.
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Diagnosis of Mycobacterium tuberculosis
infection

(A) Specimen collection

Specimens should be collected in sterile disposable containers with
maximum precautions to avoid contamination with environmental mycobacteria
or non acid fast bacilli (Hale et al., 2001).

Sputum specimens

In sputum specimens early morning expectorations of 5-10 ml each are
preferable to be daily collected for 3 consecutive days. Specimen quality is
important. Sputum should be brought by deep productive cough or if necessary;
after inhalation of warm sterile aerosolized 10% sodium chloride solutions.
Laryngeal swabs, bronchial brushings and gastric lavage fluid are useful when
sputum is difficult to collect. Broncho alveolar may stimulate sputum production
immediately (Woods and Ridderhof, 1996).

Other specimens

Stool specimens should not be larger than 10 ml and should be placed in
sterile, disposable, 50 ml plastic centrifuge tubes. A 24 hours urine sample is
taken on 5 consecutive days. Spinal, pleural, joint and other normally sterile
body fluids should be collected aseptically in 50 ml plastic tubes containing
Middlebrook broth, with 1ml of specimen per 4 to 5 ml of the medium (Woods
and Ridderhof, 1996).
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Blood is the primary specimen for bacteriologic diagnosis of disseminated
mycobacterium infections, particularly in HIV patients. Blood can be collected
in special tubes or vaccutainers which after being labelled can be placed in 50

ml plastic centrifuge tubes (Schatz et al., 1994).

(B) Decontamination and concentration methods

Because of the fear of contamination of specimens by rapidly growing
normal flora organisms, most specimens must therefore be subjected to a harsh
digestion and decontamination procedure that liquefies the organic debris and
eliminates the unwanted normal flora. Several methods are available, each
method has its limitations and advantages and it is recommended that

regional/central laboratories standardize on one method only (Perkins, 2000).
a) Sodium Hydroxide Method (NaOH)

This method is used widely in developing countries because of its relative
simplicity and the fact that the reagents are easy to obtain. However the NaOH
procedure is very robust and may kill up to 60% of tubercle bacilli in clinical
specimens (Pfyffer, 2003).

b) Oxalic Acid Method

This method is often helpful for urine specimen consistently contaminated

with bacteria as Pseudomonas species (Hayes, 2005).
¢) Sulphric Acid Method

This decontamination method used affects the recovery of nontuberculous
mycobacteria in particular. This method is sometimes helpful for urine and other
thin watery body fluids that consistently yield contaminated cultures when

processed with one of the alkaline digestants (Buijtels and Petit, 2005).
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d) Cetylpyridinium Chloride Method (CPC)

The cetylpyridinium is used to decontaminate the specimen and sodium
chloride affects the liquefaction. The CPC method provides a significant
decrease in time required to process sputum specimens and increase the number
of cultures positive for MOTT and it also shows less contamination than other
methods (Pardini et al., 2005).

e) N-acetyl-L-cysteine (NALC)

NALC acts as strong mucus digester and the processed smears have less
debris and a greater concentration of AFB. The mucolytic agent NALC enables
the decontaminating agent (NaOH) to be used at a lower final concentration of
1%. Sodium citrate is included in the digestant mixture to bind the heavy metal
ions which may be present in the specimen and could inactivate the acetyl-
cysteine. Properly performed, this method provides more positive cultures than
other methods resulting in the killing of approximately 30% of tubercle bacilli.
However, since the method is costly it is not applicable in the vast majority of

TB laboratories in developing countries (Angeby et al., 2000).

In these countries, limited resources allow only direct microscopy
(unconcentrated sputum) as the best available option for TB diagnosis. The
technique has a low sensitivity; however N-acetyl-L-cysteine method has been

shown to be a more sensitive method (87%) (Nguen et al., 1999).
f) Other Methods

In recent years, interest in improving the direct smear microscopy

technique in developing countries has arisen (Habeenzu et al., 1999).
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Miorner et al (1996) demonstrated that the simple liquefaction and
overnight sedimentation of sputum with sodium hypochlorite (NaOCI) would

significantly augment smear sensitivity up to 70 %.

Another method to improve the efficiency of direct smear microscopy
through liquefaction and sedimentation of sputum by chitin is applied. The
presence of acetyl amine group in chitin suggests that chitin might be used as a
mucus digester. Therefore, chitin is added to the denser part of the mucoid
portion of sputum and results in the rapid liquefaction of sputum (Kumar et al.,
2000).

Overall, both the chitin-treated sputum and the NaOCI liquefaction
methods are easy to perform and they offer greater sensitivity (80 %) than that
of direct microscopy (46 %). In addition, because they do not require any special
equipment they can be easily used in TB laboratories in developing countries
(Farnia et al., 2002).

(C) Staining Techniques

Mycobacteria contain unique mycolic acids and lipids in their cell walls.
Primary stains bind tightly to these compounds and are not removed by exposure
to strong mineral acids or acid-alcohol; therefore, mycobacteria are called "acid-
fast bacilli" (AFB). The first step in the diagnosis of mycobacterial infection is
microscopic examination of a smear prepared from a concentrated specimen and
stained for acid-fast bacilli .The sputum smear is an inexpensive test that can be
carried out rapidly (Woods, 2002).

Ziehl-Neelsen, fluorochrome, and Kinyoun staining methods are

available. The International Union Against Tuberculosis and Lung Disease
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(IUATLD) and WHO recommend the Ziehl-Neelsen method under most

circumstances (Frieden et al., 2003).

1

Fig. (4): MTB ZN stain (William, 2000).

The carbol fuchsin stains (Z-N and Kinyoun method) are examined with a
light microscope. The fluorochrome stains most commonly used (auramine-
rhodamine or auramine-O), are examined by fluorescence microscopy.
Mycobacteria are most easily detected by fluorochrome stains, with which the
bacilli fluoresce as a bright yellow-green or orange-yellow (depending on the
stain) against a black background. Because of the increased sensitivity and
shorter time, fluorochrome stains, recommended by the CDC, are preferred for
TB screening but should be confirmed by Z-N stain. Both AFB smears don't
allow identification of the infecting mycobacterium to the species level (Woods,
2002).
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