CHAPTER III

LITERUTURE REVIEW

MYCOBACTERIA

The genus Mycobac ' 3 "@e class Actinomycetes, Order

Actinomycetales, and Fami obacteria are acid-fast, alcohol-
fast, aerobic or microaer

straight bacilli, 0.2 to 0.6

tile bacilli, slightly curved or
gs with braching filamentous or

(0 rods or coccoid elements.

Mycobacteria prod Is Uil grugture with a total thickness of about 20
nm. The peptidoglycan cofitai bR Vi “acid instead of the usual N-
acetylmuramic acid (30). Sixtyfpewdénis-of 4 ight of the mycobacterial cell wall is

occupied by lipids that consist mai Al of unusi ong-chain fatty acids containing 60-90
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Figure 1. Diagrammatic section of the mycobacetrial cell wall (32)



Mycobacteria are not readily stained by the Gram method but are considered gram
positive. Special staining procedures are used to promote the uptake of dye, and once stained,
mycobacteria are not easily decolorized even with acid-alcohol. This resistance to
decolorization by acid-alcohol is termed acid fastness. Acid fastness may be partly or

completely at some stage of growth by some proportion of the cells of some species. Cells of

rapidly growing mycobacteria may be less than 10% acid fast.
\ ;

With the advent of bet ﬁ\‘{; /)lecular techniques for culture and
identification, close to 100 mycebacieiial sp Sﬂbeen described. Mycobacteria are

devisible into the rapid growers, slew ers. and these 4.:\ et cultivated in vitro as show in
Table 1 (33-35). ' :

Mycobacteria are infectighs@gents-of-serios human disease, such as tuberculosis and
mplex and Mycobacterium leprae,

O
\‘\' ereas Mycobacterium Other Than

NTM) are opportunistic pathogens of

leprosy which caused by Myéoh,
respectively. Those species arejf: ¥
Tubercle (MOTT) or Nontuberg ou

humans, which usually cause unocompromised hosts and chronic

underlying diseases particular ﬂ:‘:ﬂ amunodeficiency virus infection and
AIDS (32). L— V!

[T )

The Mycobacterqu causing disease in human bein@can be divided into two major

et -1 e Mﬁ%‘mw
Thanm Mtﬂ@ﬂa} &JDWW wma fiveal problem in

immunoconipromised patients, particularly in AIDS patients, is Mycobacterium avium -
intracellulare complex (MAC). In non AIDS patients, MAC mainly causes pulmonary
infection in adults with chronic respiratory disease and cervical lymphadenitis in children,

whereas disseminated disease are highly frequent in AIDS patients (1-5).



Table 2. The species of mycobacteria (33-35)

Slowly growing
M. tuberculosis
M. microti

M. celatum

M. interjectum
M. canettii

M. malmoense
M. triviale

M. ulcerans

M. genavense
M. lentiflavum
M. kubicae

M. botniense

Rapid growing
M. chelonae

M. smegmatis

M. neoaurum

M. komossense

M. thermoresistible
M. goodii

M. diernhoferi

M. archense

M. rhodesiae

M. porcium

M. sphagni

M. bovis
M. kansasii
M. simiae

M. scrofulaceum

M. senegalense~
M. o

M. ol
M. agr "I

W
M. chub uense

methylovorum

M. africanum

M. marinum

M. asiaticum

M. austroaﬁtcan um

M morzokaen

M. shimoidei

M. cookii

M. gordonae

M. paratuberculosis
M. avium

M. hiberniae

M. conspicuum

M. branderi

M. heidelbergense
M. doricum

M. shottsii

M. peregrinum
M. immunogenum
M. mageritense
M. alvei

4 M. septicum

M. chitae
M. duvalii
M. gilvum

ﬁmm NI ﬂ;;;:z::::m

Mob

:’::;:;z,;,,a RLASITI M U2 N9 ﬁm

M. frederzksberge se

Non-cultivable

M. leprae

M. hodleri

M. murale

M. vanbaalenii
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Table 2. Classification of NTM recovery from human based on principal site of

involvement (36)

Pulmonary disease Lymphadenitis
M. avium complex M. avium complex
M. kansasii M. scrofulaceum

M. abscessus \ J Ortuitum
M. xenopi N Z,‘ "UbSCessus
M. szulgai
M. malmoense

M. simiae

Disseminated disease

M. avium complex
M. kansasii
M. abscessus

M. fortuitum

M. chelonae
M. xenopi

M. genavense

V. smegmatis
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GENERAL CHARACTERISTIC OF MYCOBACTERIUM AVIUM COMPLEX

The members of MAC which cause disease in humans are classified in the same class
Actinomycetes, order Actinomycetales, family Mycobacteriaceae and genus Mycobacterium.
The MAC are Runyon group III slowly growing nonphotochromogenic mycobacteria,
obligatory aerobic, rod shape, with round extremities, about 1-2 pm long and 0.2-0.5 um in

thick, non-motile, without capsule a ing. MAC cell wall is related to gram-

positive bacteria, which have n MAC can not be stained with gram

stain reagents because their eontent, which prevent most dyes

from entering the cell. M hpid. ' iponent of the cell wall, which

-

formed lipid-dye comple
Ziehl-Neelsen (ZN) and

ine-O, when there were stained with

B edure, respectively. The acid-fastness

bacilli provided the basis fogfnaking alpresumptive ide -n on of these organisms.
. f b ]
J ., o\
\ _

MAC does not grows gt ofdin Gl : edia b t only on enriched media, which
containing an egg-potato basé or % '_ : asé MAC is a slow grower growth rate,
the generation time of mycoct' "' e ohitions of culture being 17-18 hr,
therefore 2 to 6 weeks are requi isible colonies on solid media (37).
On subculture, coloni f n-an egy o media at 14 162 days are about 1 mm in

e ¥

diameter, smooth, and be €ifuse. Some strains of MAC

can produce a feeble yello E" igment (38).

Taxonormﬂyu %J w ﬂmqﬁ WEJ ’M] §4 intracellulare, M

paratuberculosis, A/ﬁ"lepraemurzum andethe “wood eon” bacillus. eRecently, it has been
proposed t@ mWﬂzﬁeﬁu %d %’%’%}%H qba Hbe placed in one
species withithree supspecies (M. avium subsp avium, M. avium subsp paratuberculosis, and
M. avium subsp silvaticum [wood pigeon bacillus]) (39); it has been suggested that M.
lepraemurium be reduced to a supspecies of M. avium, as well (40). Only the M. avium
complex organisms that cause human infections are discussed and include M. avium, M.
intracellulare, and M. paratuberculosis. Unfortunately, the nomenclature is somewhat

confusing. Although M. avium and M. intracellulare are clearly different organisms, these
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organisms so closely resemble each other that the distinction cannot be made by routine
laboratory determinations or on clinical grounds. Futhermore, because the isolation of M.
paratuberculosis in a routine laboratory setting is exceedingly rare, the term M. avium
complex is most commonly used to report the isolation of M. avium-M.intracellular. In
general, M. avium complex (MAC) is used and includes only M. avium and M. intracellulare

(41).

MAC strains vary in path :‘f nicity, whiCH a7 ypes 4 and 8 are the most common
organisms to infect patients_W At : @ers of the pathogenicity of the

organism include the presené itibiotiC “Susceptibility patterns, restriction

fragment length polymor \\\} S
Studies suggest that trangj o1
resistant, isolated more freg ntd ents

virulent in macrophage and agimal 1y (44346). \

yme electrophoresis pattern.
by virtue of being more drug
AIDS, and appearing more

EPIDEMIOLOGY

Mycobacterium avium « complex (M --———_} equent isolates among the

e

nontuberculous mycoba . dtients. It is ubiquitous in the

'"

environment, can be recovered from fres

|
valer, sea water H, dairy product as well as from
a wide variety of animals including chicken, p %log, cat and insect (1, 47, 48). The source

of MAC infection ﬂhuaﬁl % % wyd}ﬂ ﬁhave been implicated as

possible environmeiifal sources of MAQ(49 50). Inf ctlon caused bvhls organism is not

s RARAR NGO NN INYIA

Pnor to the emergence of the AIDS epidemic, MAC infection most often manisfested

in human as localized pulmonary disease which in occurred in 2,000 to 3,000 patient
annually in the United states (51, 52). Most noticeable among other localized manifestations
was cervical lympadenopathy in children. (51, 53). The epidemic of disseminated MAC

infection is concurrent with the AIDS epidemic. MAC infection was recognized in AIDS
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patients in 1982 and after that the number of cases increased dramatically (1). The prevalence
of disseminated MAC infection in HIV infected patients varies widely in the medical
literature reviews. Havlik et al. reported the incidences in cases were from 5.7% in 1985-
1988 to 23.3% in 1989-1990. It is well known that 25-50% of patients with AIDS were
infected with MAC in the United states (7, 54, 55). Martin et al. (56) reported the incidence,
trends and clinical significance of acid-fast bacilli (AFB) isolates at Bridgeport hospital from

1995-1999. One hundred twenty-tweo 38 Jof nine different type of mycobacteria and
nocardia were from 117 patient atitntsB0% of patients were HIV-positive, 34%
were HIV-negative and the “@n The predominant isolates were

MAC (60%) and M. tuberculo® TR (21. sources accounted for 74% of
the isolates. The incidenc ' .1 cases/100,000 total patient

discharges/year. In con dencg o ed from a baseline rate of

10.5% to 21.6% and 2.

, Suwanagool et al. reported
the prevalence of dissemim

per cent 0f advanced AIDS patients from

Siriraj hospital (11). In 1999 €huchottawon ettal. studied on AIDS patients who had fever

with unknown etioﬂ;)uoﬂﬂQ %eg %ﬁr%ﬂ%ﬂs@d founded that 17.4% of

patients were infecféd with MAC (12). Fhe results of these studies d@onstrated that MAC

infection, W‘W fli- ﬁﬂ?ﬂmﬁﬂﬁwg}qcﬁﬂm infection in

Thailand wag rather high and comparable to that in the western countries.

The predominant isolates from AIDS patients were M. avium (97%), although M.
intracellulare (3%) also causes infection. However, 40% of pulmonary infection in

immunocompetent patients was estimated to be from M. intracellulare (13, 42, 55).
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MAC infection was associated CD4 lymphocyte counts values, exposure to
environment source of the organisms, mycobacterial immunity of individual persons (due to
prior infection with M. tuberculosis, enviromantal mycobacteria or BCG vaccination) and
chemotherapy of other microorganisms (57). There were no differences in the frequency of
disseminated MAC infection according to age, gender, race, geographic region or the route

of HIV transmission (9).

Localized disease lymphadenitis, pneumonitis,

hepatic dysfunction, skin legi®nsgc a/, J :-#- \
- ‘ AR AN
disease have somewhat highé 4 I-Iyiphocy ﬁ\\\ bani; thioe witl ilisssiiugted

disease. It is logical to assime

sses. Patients with localized

7€d discase and perhaps those who are
colonized are at high risk #or

established (57).

alth ough this has not been clearly

Eabns -

Disseminated MAC disease -»éf-é hea 2 wejght oss, night sweats, diarrhea,
abdominal pain, anemia, or an elevated serum co centration of\glicaline phosphatase (1, 8, 54,
58). Patients often have inifaabdominal lvmphade d epatosplenomegaly. These
symptoms, signs, and laborag'y abnormalities are nonspecifié,however, and may be caused
by a variety of infectious andgngoplastic processes: Althou MAC may be a marker for

severe immosupprﬂi%ﬁ@mt%'@ewaowa&‘ko ﬂzﬁed by another process,

case-control studies hye demonstrated th%t MAC can cause systemic Symptoms, especially

=™
in patients with
improvement 11 s t

ﬁ ?m Wlﬂn%ﬂcﬁ}r& E}cteremia with
s upport a
The principal predictor of an increased risk of MAC disease is the peripheral-blood

—

§ a cause of morbidity.

CD4 T-lymphocyte count 157854 59). In several published series, the median count in
adult patients with disseminated disease ranged from 10 to 50 cells per cubic millimeter, with

very few patients having counts higher than 100 cells per cubic millimeter (1, 7, 8, 59, 60).
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Additional factors correlating with the development of disseminated MAC disease include
the time since the diagnosis of AIDS, the presence of substantial anemia (hemoglobin level,

<8 g per deciliter), previous opportunistic infection, and any interruption in zidovudine
therapy (7, 8).

No prospective study has precisely defined the effect of untreated disseminated MAC

disease on prognosis, but several coh ontrol studies suggest that this entity is
associated with reduced survi ' suggested that the median survival
among patients with untreate 7 Ciiiinated mwas 4 months, as compared with

11 months among patlent Oq . Another study calculated the
median survival in these t spectlvely (59). A prospective
cohort study of more than lisease showed that patients in
whom MAC disease develgped Mz ‘ y 1.;\ cre asedyrisk of death, even when other

predictors of mortality were \ uch studies clearly indicate an

association between dissemin

conclusively attribute the moftalify to Mﬁf
l }‘,l."_. -'_J_" :

8 reduced survival, they do not

TREATMENT OF MAGINFECTION
v!.,

2=

\‘
There are 2 principm in the treatment of MAC infecmn : never use a single drug and
always include an extended%peetrum macrolide4n the regimen. This applies to both HIV

e and o A0 edopllns) T st Ve o, ctrtcomycin is e

most active drug arm azithromycin is apealternative. Rhambutol and abutm are added to
e ERIRAIRTURATINYT ﬂ )

Therapy of disseminated MAC disease

The goal of therapy for disseminated MAC disease is to reduce the amount of
mycobacteria in patients or to eradicate it from patients altogether and thereby improve the
quality or duration of their survival. A previous analysis of survival of patients with

disseminated MAC showed or revealed decreased survival compared with AIDS without
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disseminated MAC (61). In monotherapy studies, clarithromycin reduced MAC bacteremia
by 2.5 logs, compared to 1.5 logs for azithromycin, 0.4 logs for ethambutol, and no change
for rifampin or clofazimine (62). Clarithromycin or azithromycin have been associated with
increased survival among AIDS patients with disseminated MAC (63). But azithromycin is
less active than clarithromycin (64). Rifabutin, a rifamycin derivative, has demonstrated

activity against MAC, but adverse drug reaction (esp. uveitis) and drug interactions (rifabutin

reduced the blood level of zidovudine
MAC (65, 66).

cin) limit rifabutin use in disseminated

Clarithromycin or
disseminated MAC becau

ecommended for treatment of
i arithromycin and azithromycin
resistance in MAC (18, 6 : /CH lance developed in 21% of the patients

within 12 weeks; the rate>1 ‘Presently, it is recommended that

b

therapy for disseminated , ‘_.' . * % 0 \ g bid and at least one other
agent (67). Ethambutol (15 v & ] .e\ fa imine (100 mg/kg/day), is the
agent most often combined larifhirom Gir (68 But adding both ethambutol and
clofazimine to clarithromycin forffre: iient MA I controversial (68, 69). Azithromycin

can be used as an alternative for lan'throycin (70). For the patient

mo/Ke-should be added (69). For the
vl l

with far advanced disse __ Hate:
disseminated MAC patie 'Vi atfithromycin or azithromycin,
rifabutin 300 mg/day or mpicin 600" mg/day plus e [H butol 15 mg/kg/day plus
ciprofloxacin 750 mg bid is suggested. If there ig.fecurrence of disseminated MAC during

therapy, antibiotic ﬁ%@y’}%@l%eﬁw’}ﬂtﬁ addition of amikacin

should be considered fifior to susceptibility.;est results (@.

RINNINUNIININY
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PROPHYLAXIS OF MAC

Most evidences suggest that disseminated MAC infection is the result of recent
acquisition from environmental sources such as water, food and soil, the recognition habitats
of these organisms. It is not possible to avoid being exposed. Prevention of disseminated

MAC is an important goal in the management of HIV infection and low CD4-T lymphocyte

W/so frequently and appears to increase

ophylaxis and Therapy for

counts, since disseminated MAC di

morbidity.

The Public Healt

Mpycoabacterium avium ce cyfeg p \\ >'with rifabutin (300 mg/day) for
patients with AIDS with, 0 o \\& lls per cubic millimeter (71).
Rifabutin has been a signifigant@dys ‘” \C infection. Its efficacy is only

modest, and there are a n g “dr 4 S \ \. the numerous potential drug
interaction, high cost, probleg , impliance assosiated with daily therapy and the

fampin.

On the basis of new mac _gi,fgg{:_'“‘» anfiierobial agents with demonstrating in vitro

and in vivo activity againstMAC infectio: Pierce etalreco h_' ended clarithromycin at 500
PEPEEE— A
mg / twice daily for .V, : gt_‘ with all CD4 count status.

¥ J
Clarithromycin prophyla 1' is safe and can reduce the L’ of disseminated MAC and
prolong survival in these patients (7 ﬁ ). In the study of the National Institute of Allergy and

Infectious Diseas %&q '&LV}G@ \arﬂuﬁty Program on Clinical

Research on AIDS &CTG 196/CPCRA 009), clarithr ycm was fou@to be more effective
than rifab wqﬂﬁlﬁWc&j%ﬂq %m}ﬁ \ﬁ not better than
clarithro ﬁ’n alone. Azithromycin (1200 mg once per weekly) was also found to be another
prophylaxis regimen for MAC in AIDS patients (73).Current guidelines suggest that all
patients with CD4 cell count of less than 50 cells per cubic millimeter receive MAC

prophylaxis. Azithromycin and clarithromycin are considered preferred prophylactic agent
(74).
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CLARITHROMYCIN

Clarithromycin is a semi-synthetic macrolide antibiotic, structurally similar to
erythromycin (a 14-membered macrolide) and have modification that improve their acid
stability and increase their potency, half life, achievable concentration in tissue, and

bioavailability without causing toxicity. Chemically, it is 6-0-methylerythromycin (Figure 2).

The molecular formula is C33H69013, 3

ethanol and acetonitrite, and practicalty ins ﬁ This macrolide is bacteriostatic
agents and inhibit the gro eToorganisr 31':\ g to the 50S subunit of the

prokaryotic ribosome, blo ansferase step.
Clarithromycin is imgbrt; fa ent inghe tre all form of MAC disease,

infections caused by rapid | i A, A} ) sy In addition, clarithromycin

disseminated MAC (72). Indeed,

is effective and approved prép aciic.agents-fo enting
‘ tm Of nontuberculous mycobacterial

amamm){m?ﬂmaﬂ

?

Figure 2. Chemical structures of macrolide antibitotics. Erythromycin, a 14-membered

macrolide (R = H) and its semi-synthetic derivative clarithromycin (R = CH;)
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MECHANISMS OF MACROLIDE RESISTANCE

Various macrolide resistance mechanisms, intrinsic and acquired, encountered in

different bacteria, belong to one of the following categories:

1. Modification of the target

1.1 Methylation of rRNA

This mechanism of

¢! @t described in terms of specific

modification of the target , (e e most prevalent in pathogenic

TN

bacteria (77). It is mediat 181t1Qn 'O

NN

, encoding a methyltransferase

which methylate the N( itfo; : »_ ¢ \\~ 58, E. coli numbering) in 23S
rRNA gene (78). More tha s from a v \ by of sources have been described but
they all show large similarit in 'v".  ‘they \n ive from common ancestor (78,

W
ne reated by the methyi(s) into the
macrolide binding site, whic | v‘ et pos tioniing of the amino-sugar, thanks to a

79). Resistance is more pr

modification of the binding sit 'he expression of the methylase is either

constitutive or 1ndu01ble Becausemat ‘ it protein synthesis, this mechanism
implies that the effici ciency o _iserifl ,,,.- endent on the macrolide
concentrarion. If the co V- . ill be occupied to allow for
the concentration is 5[“3, high, the antibiotic will rather
inhibit the translation of the érmsmRNA (81)

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ%ﬂi

1.2 Mutation of 23 ‘rTRNA

ﬂ fI y—;%q&g ﬂ E’ ﬂ?ﬂhﬁ, substitution of
adenine 2058 with a guanine (G) in peptidyl tranferase loop of 23S rRNA gene is the most

common one in bacterial pathogens (80, 82). It usually defines a macrolides and

sufficient erm synthesis. O!I versely, 1

lincosamides phenotype of resistance, with high MICs for erythromycin, azithromycin, the
16-membered macrolides and lincosamides, a slightly reduced susceptibility to

clarithromycin, but no streptogramins and ketolides (83). This mechanism is so far mainly
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found in Helicobacter pylori, Mycoplasma and Mycobacterium spp. probably because these

bacteria possess only one or two copies of the rRNA operons (82).

1.3 Mutation of r-proteins
Mutations in the protein L4 and .22 have also been recently associated with the
appearance of resistance to macrolides in clinical strains of streptococci (84, 85). Mutations

in the L4 protein are located in a consefye notif which interacts with the rRNA (84) and

resistance to macrolides (8

2. Small peptides

This mechanism has béen
IRNA fragments able to bind a 1big!

“. coli while searching for small
ereafter that deletion of some of
these small fragments render cel S tesistan mycin but that translation of these

fragments was sufficien .."._ ........ = e, indica a::."-:..s,; 'was the encoded peptide
rather than the RNA whi h 2 87,-68). These peptides act in cis,

so that they confer resistan only to the ribosome on which L

€y were translated and their

sequence defines the macrolide$ tawwhich they co E-peptides conferring
resistant to erythroﬂcuaﬂ er&m ﬂm ﬂ‘ince M-(L)-L/I-(F)-V,
while K-peptides confe rring high resistange to ketolld have the congensus sequence M-
K/R-(F/L/V sa *&ﬁﬁ‘ﬂi’ﬂ % qq"g %Hd’]e@ sHat of a “bottle
brush”, wheﬁm ¢ ribosome produces a short peptide that binds to the macrolide, kicks it out

of its binding site on the ribosome, and thereby, makes the ribosome available for protein
synthesis (90, 91).
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3. Antibiotic inactivation

Unlike target modification, this mechanism confers resistance to structurally-related
antibiotics only. At the present time, phosphorylases and esterases conferring resistance to
14-, 15- and 16-membered macrolides have been mainly reported in Enterobacteriaceac.
Enterobacteria are intrinsically resistant to high levels of erythromycin and two types of

ified in E. coli strains. These esterases

are encoded by two genes, ere(A nd ere(B), A of which has been shown recently to

be organized as an integron gene cassette th m@hich has been demonstrated (92).

The clinical significance of( e . minor, since these bacteria are
not the primary target t -\

of S. aureus producing
phosphotransferases hav : ‘ ‘ ed (S \\ suggests that this mechanism

may become more signific
4. Efflux

d as'a general mechanism developed by

cells to protect themselves against-the”invasi diffusible, foreign substances. In this

respect, constitutively exptessed pumps able ’Jn es are probably responsible
e Y

olides (94, 95). Moreover, these

therefore often involved in

for the poor susceptibil f; :

pumps have a wide :" trum of substrates, and are
multiresistance phenotypes (95)xIn gram-positié bacteria, the :xiression of efflux pumps

contering resioféy o) Frob ] £ eed W 89 ki

antibiotic. Two mai¥ classes of pumps have been degibed so far. Ixhgontrast with what is

described Wﬁigﬂv@ ﬁséjm %TW@ lﬂo&]ﬂcanﬂrhus, the Msr(A)

pump of Staphylococci species and which 1s inducible by 14- and 15-macrolides, confers

of the bacteria to the

resistance to these macrolides (96). This pump belongs to the superfamily of ABC
transporters (ATP-binding cassette) (95) which require ATP hydrolysis as energy source. The
mef(A) and mef(E) efflux systems of streptococci, described in several species of streptococci
including S. pneumoniae and S. pyogenes as well as in enterococci, are inducible and confer

resistance only to 14- and 15-membered macrolides (94, 97, 98). They belong to the MFS
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(major facilitator superfamily) of transporters (95) driven by protion-gradient motive force,
The mef{A) gene is located on a conjugative transposon, and can therefore easily spread

between bacteria or even between streptococci species (99, 100).

CLARITHROMYCIN RESISTANCE IN MAC

Ribosomal mutation are ; Fantibictie resistance among bacterial species,

al -poﬂgram-negative bacterial contain
. .

, @ mutation involving only one

in part related to the finding
multiple copies of the 23S r

of these genes would ha linical one) than mutations

studies in MAC have shown

that they contain only a singlafhr alc f \ RNA gene (21, 101) and hence

In MAC, clari il re Sulishrom mutation of the peptidyl transferase

involving other genes that

S during single-drug therapy (21, 24).
This type of mutation was first rep ozted i ‘-;:V Felinieal isolates of M. intracellulare (24),
After this report, many othet clarithromycin resistance stra OUMAC (clinical isolates or in
characterized and sh oﬁ: utation in 23S rRNA gene
either A-2058 or A-2059, a €€ possible base substitution have been observed at position
2058, whereas a substitution af position 2059 is fhére restri ive (Table 3) (21-25). Cross-
resistance between t%rﬂlanﬂ&n@mgl'm%ih laboratory mutants

and clinical isolates (20] 24). ¢

NN
A-ZOEQSH:;A@O& Q/Eegymacrolide binding for several reasons. The same

position in rRNA is the site of methylation by erm gene (102), the most common mechanism

vitro selected mutants) 0

of macrolide resistance among gram-positive bacteria, which acts by blocking ribosomal
binding. In addition, erythromycin binding affinity to the 23S ribosome has been shown to be
reduced with mutations involving E. coli A-2058 (103), presumably related to

conformational changes in the peptidyltransferase loop (21, 103). The effects of base pair
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changes at A-2059 on ribosomal structure or macrolide binding are not as well defined as
with A-2058. Resistance to erythromycin in Mycoplasma pneumoniae (104) and of
lincosamides in chloroplast (105) has also been reported following point mutations at
locations homologous to A-2059. Thus, this position appears to play an important role in

macrolide binding in addition to the previously recognized A-2058.

ﬂuwv&@niwmm
awwaﬁﬂsmwnwmas

Figure 3. Peptldyl transferase loop of 23S rRNA according to the model Noller. The
nucleotide positions are based on E. coli numbering. The base substitutions

observed in clarithromycin-resistance MAC isolates are indicated.
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Table 3. Mutation in the 23S rRNA gene detected association with macrolide resistance
in MAC [modified from (82)]

E.coli 23S Nucleotide(s)
rRNA Organism Phenotype Reference(s)
position® Wild type Mutant

2058 M. avium Clr® 21,222,295
M. avium CIr* (22)
M. avium s Cir* (23)
M. intracellula - CIr® (24)
M. intracellulg CIR 22)
MAC cI® (22)
2059 M. avium X, AZMR (24)
M. aviur CIr® (22, 25)

M. intracellulé
MAC

,AZMR (24)
11 (22)

*Nucleotide positions are numbered

pr———

R' 1 1 1 > R' 2o e = i : )
Clr™: clarithromycin resistance; AZM : &_;L*)""‘x ¢

AULINENINYINT
PR TUAMINYAE
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METHOD FOR DETECTION OF CLARITHROMYCIN RESISTANCE IN MAC

Phenotypic method

1. NCCLS recommended methods

Radiometric broth macr

The radiometric videl, :b A metheds, especially in the developed
countries. The BACTEC s
inoculating in bottled containd'r. ‘ Joncentratio Mycobacteria easily grow in the
BACTEC 12B medium is compound is metabolized,
ibition of growth in BACTEC

h h-ependent production of CO,. The

resulting in the production o
12B medium is measured as :
instrument quantitatively detects _ﬁ- off<ZCO released, expressed in terms of a
growth index (GI), and- en automatically replaces the head .- e with 5 to 10% unlabeled
CO; in air, thereby mai ‘!'— \.,. ere. The rate and amount of

14COz produced are direct “ proportional to the rate and a .[-: nt of growth. This method is
not without problem; in particalar; a mixture gcobactenal &imes or the presence of

contaminant, both ﬂwulﬂ ’J' w)&;% Ejsqlﬂ ot early detectable. The

BACTEC system re&llred expensive equg)ment and ha ardous waste ﬁ@] radioisotope.

e A AINTUNRTINGTN Y

The broth microdilution method is an adaptation of the macrodilution broth method
using small volumes for susceptibility testing . Its utilizes microtiter plastic plates containing
80, 96, or more wells depending on the number and concentration of antimicrobials included
in the test. Middlebrook 7H9 or Mueller-Hinton broth supplemented with OADC or ADC
can be used for determining the susceptibility of MAC (106). The advantage of the system is,
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it utilizes small volumes of reagents and allows large numbers of bacteria to be tested
relatively quickly and inexpensively. The disadvatage of this method is laborious and time-

consuming for routine use.

2. Conventional method, agar dilution method

In Europe, an agar dilution ne ¢ ueller-Hinton agar supplemented with
OADC is used for clarithromycj - The principle of this method is
comparable to the microdilutiof Brath methe . T@ utilizes agar instead broth. The

disadvatage of this method i B bout 3-weeks) for detection of

iy |
MEOS

The E-Test is el _method for di S€t "quantification of antimicrobial

Epsilometer test (E test)

# aow -

susceptibility using an agar diffusion i’f d."Thé St comprises a plastic strip 50 x § mm,

of which on one side is a predelinet et

e

exponential gradient of stabilized
antimicrobial along the l ath of the strip and on the L expenential MIC reading scale
(mg/l). When the strip is 4 ar plate, inoculated with the test

organism, which are rapidly .nsferre to the agar medium fre

the carrier strip. After the

adequate incubation an elliptical zene of inhibitiofids produc and_the 'MIC' is read where
the zone of inhibit %g)atwsﬂﬂhﬁawﬁiﬂﬁ method is speed of
preparation, allows sﬂsitivity testing of gsingle isolatﬁi including almost al] fastidious
species. The W w N% ﬁ”}%%&l}rﬂ augd for critically
ill patients. (e. icemia, endtjﬁtis, meningitis, anaerobic infections). In 1996, Lebrun
et al. (27), who compared the E test with the agar dilution method to assess the in vitro
activites of clarithromycin against MAC, found that 70% and 100% of the results correlated
within +1 and +2 log, dilution step, respectively and no major errors resulting in
misclassification in susceptibility or resistance categories were detected for the E-test MIC

method. In 2002, Thiermann et al. (23), who assess the phenotypic reproducibility, found that
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E test 56/59 E test replicates were within +1 log, dilution step and 3/59 were +2 E test log,
dilution step. Both studied suggested that the E test is easy to perform, produces result
quickly and is accurate method for determining susceptibility of MAC strains to

clarithromycin.

Disk Diffusion method

Diffusion of an antimicrobial age isc in contact with the moist agar surface

previously inoculated with a ba ardised inoculum density) gives rise

'@hibitory concentration is not done

threasonably accuracy if the characteristics

to zones of inhibition. Althoug
in practice, the MIC can a
of antimicrobial diffusio e diffusion test still is the most
worldwide. The diameter of the zone of
the suseeptibility category ('Susceptible',
'Intermediate' or 'Resistant’ flef oo ics’ - d "s‘;_ by a statistical evaluation
\ an eter of the zone of inhibition. In

isk diffusion method of determining the

(regression analysis), comipari
1998, Jaboe et al. (107) e

susceptibility of MAC to cla tl aring its results with those of broth
e of Middlebrook 7H11 agar, followed

by the application of a.4%<microgram _clarithromycin disk. Zc de sizes were read after 5-7

microdilution. Isolates were inoculated

LY
days of incubation. Defiding 0f">10 mm, disk diffusion test
results agreed with the re :Il s by the broth microdilution [! od for 50 of 51 (98%) isolates
tested by both methods. This'stadied suggested@iat agar disk diffusion is promising method

S s v el foto
o R SRR 1917 V12 8 8

Micr@plate Alamar blue assay (MABA), a colorimetric drug-susceptibility testing
method that uses a redox indicator that changes color from blue to pink to indicate bacterial
growth. In 2004, Vanitha and Paramasivan (108) investigated the realibility of the MABA for
susceptibility testing of MAC to clarithroycin by comparing the results with those obtained
by the BACTEC radiometric method. They found that the overall agreement between MABA
and BACTEC was 86%. MABA has 86% sensitivity and 80% specificity. This study
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suggested the MABA is a reliable and inexpensive method for drug susceptibility testing of
MAC.

Potassium tellurite method
The potassium tellurite method is based on MAC possesses an enzyme that reduces
potassium tellurite in less than 3 days and results in formation of black precipitate. In 2001,

Afghani and Fujiyama (109) was to de iermined whether reduction of potassium tellurite by

ans of te S stisgeptibility of MAC to clarithromycin.
Minimum inhibitory concentf# OTS—( mn
determined by the tellurit compared-wi se tested by a recommended
microdilution method. The \\\\\\ ottelated within +2 log, dilution

S

ical isolates of MAC were

clarithromycin.

Mycobacteria growth indicator/tu os [Ty %
[2 ‘_ 28 ' A \
In 1995, -the MGI s '\ff'f“‘-'“ Jue
mycobacteria from clinical §pécij 0. 111). The MGIT . "‘ lum consist of a modified
N

Middlebrook 7H9 broth‘_ uenching-based oxygen sensor

or the _growth and detection of

(silicon rubber impregnate‘.ith a ruthenium pentahydrate). %

¢ fluorescent compound is

sensitive to the presence of oxygen dissolved b/ the gj fluorescence of the
Ejorus:t]\c i

indicator is quenchda|if] . breskntd] 9t Joloken, b

actively respiring mimoorganisms utilize‘the dissolveg)xygen. Fluoreseence is detected

using a 365- HW&%]WWWS&Q ai@le as a manual
or a fully alﬂn ted, continuo

ncreases as soon as

usly monitoring system called BACTEC MGIT 960. This
method may be used to determined the MIC of drug for MAC by inoculating in bottled
contain a range of drug concentration. In 1998, Piersimoni et al. (28), who compared the
MGIT system with radiometric BACTEC 460TB method based on the threshold adopted for
interpretation of BACTEC system-determined proposed by Heifets. They found that

excellent agreement was demonstrated for MAC isolates for clarithromycin and 100% of the
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result correlated within 12 log, dilution step. This study suggested that this system is reliable,

rapid and easy to interpretation.

ESP culture system
The ESP culture system is a nonradioactive system for detection of mycobacteria

growth. This system is based on detection of pressure changes (gas production or gas

tric, broth-based ESP system for
determining MAC suscepiib _ _ ptibilities r ined and comparison made
between the agar proportiou#l pie 2 !: 11 S n for clarithromycin, ethambutol,
sparfloxacin and cycloserine hs V § i 0, c M C generated by the ESP system
user identical to or lower ) 4 detetni u by, the agar proportion. This studied
suggested that the ESP syStemd is ‘.{eﬁxdh - 1’,«* € method for determining MAC

s = .
susceptibilities. . -‘“‘“ -

o A " 5
T T

Flow cytometric susceptibility test metho

organisms exposed to flu@fescein diacetate (FDA) to rapié

pY
The flow cytome ¢d"On the ability of mycobacteria

hydrolyze the compound to
fluorescein by intrinsic esterises: In nonviable fa§cobacteria or r%. cobacteria susceptible to

animyeotacteral fferd Sokrelvil] §7Ph & b 4k k

activity of the organﬂms The use of floy cytometry allows rapid mea sugement (1 min or less

per samplﬂosﬂﬁﬂeﬁ ﬂhﬁj @H &Hﬁ ’1@% Ej’a a &]nong susceptible

organisms arig those resistant to, or untreated with, antimicrobial agents. In 2000, Vena et al.

he decreased metabolic

(113) investigated the reliability of the flow cytometric susceptibility test method and to
compare the results with those achieved by the radiometric method (BACTEC). They found
that agreement was 97% between the results of the method. The result of flow cytometric
susceptibility test were available 24 h after inoculation of drug-containing medium. This

studied suggested that the flow cytometric assay is rapid, safe simple and reproducible.
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Genotypic methods
1. Polymerase chain reaction (PCR) - DNA sequencing

DNA' sequencing remains the “gold standard” for identifying the products of

amplification reactions was generally performed by polymerase chain reaction (FCRY.

iy,

PCR is a technique for m specific DNA sequences by the

1.1 The polymerase chain reac ion.

out the synthesis of a com f DNA inthe 5* 0 3’ direction using a single-

stranded template, but starti

J‘-‘- A
"-;_7

Polymerase chain @ * ; iple and automation

Q

@uﬂi;ﬁ%w§$81ﬂi
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Figure 4. Primer extension, DNA polymerase extends a primer by using a

complementary strand as a template (114)
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1.2 DNA sequencing (Dideoxy sequencing)

The dideoxy enzymatic method as originally developed by Sanger F. utilizes E. coli
DNA polymerase I to synthesize a complementary copy of a single-stranded DNA template.
After primer extension (Figure 4), DNA polymerase extends a primer by using a
complementary strand as a template is annealed to DNA template (115), the deoxynucleotide

added to the growing chain is selected by base-pair matching to the template DNA. Chain

growth involves the formation of a phosphodiestes bridge between the 3’-hydroxyl group at
the growing end of the primer and the Osphatesioup of the incoming deoxynucleotide.
Overall chain growth is in the rection 5

y of E. coli DNA polymerase |

The Sanger sequenci d ¢ t \\\‘\\7\\‘

to use 2’, 3’-dideoxynucle 45 3 ate he f‘\\gk\
at the 3’ end of the growin ' | .Chaits \3\,\\‘ ,\ '

T or C because the primer chai oKs ¢ ydra \\\ grotp (Figure 6) (116).
A

ynucleotides is incorporated

inated selectively at G, A,

In an automate sequefic 1€ seqlien ing is a method of dideoxy
7 molecules are repetitively utilized a
generate a sequencing ladder. A di : tion ixture (template, primer,
dNTPs, ddNTPs, and a u»— _;,.:;;;;;;.;:;:::.E,; ed to repeated rounds of
denaturation, annealing andley \ - f';ﬁ” € a commercially available

- In practice, automate sequencr g that use fluorescent-based

R b 2L g i
MIANTNNMINGINY

i I
thermal cycling machine (1 g’
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Figure 6. Principle of DNA-sequencing method developed by Sanger. (116)
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Figure 7. Chromatogram of sét

3. PCR-RNA/RNA duplex RiNasé ¢ ?vgaﬂr
Nash and Inderlied havé r elﬁ -* JPCR \ JA/RNA duplex RNase cleavage

e

assay to detect mutations in thd 2 SIRINA Y PI"MAC which are associated with
macrolide resistance (118). The metho e-;—":'f}: e, ability of RNase 1 and RNase T1 to
d e

cleave mismatches (Figures8). B

¥ A—

¥

promoters (T7/T7 or T7/Sﬁ. “Ollowing hybridization an ase treatment, cleavage

products of RNA/RNA dup exgs occur due to n@natches. Mismatches are the result of
L=

mutation in the test sﬂ]ﬂﬂlam E@ngl’wa’] ﬂ ‘j

This method and is available in kit form (lla(l'}ltation Screener;
Ambion, Inc., Austin, Tﬁ.&]ﬁrif l‘ )m rﬁﬂmiﬂ ﬂnger time for
completion tha ﬁa e¥Nash m;l ::] that in" their hands the assay can be

completed in a%out 1 working day and that the cost (including reagent, supplies and

) R product (test strain and
BSUR p (

T T v

g/ phage RNA polymerase

wild-type strain) generat

personnel time) is less than $50 if one Or more strains are tested simultaneously. Of course,

added to this are expenditures for a thermocycler and electrophoresis equipment.
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Figure 8. Principle of F , y (119).
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