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Novedades en el diagnostico de la Tuberculosis y de
la infeccion tuberculosa latente: ¢siguen vigentes los
metodos tradicionales en la era de las técnicas
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Countless millions of people have died from tuberculosis, a chronic infectious disease caused by the tubercle bacillus.
The complete genome sequence of the best-characterized strain of Wycobacterium tuberculosis, H37Rv, has been
determined and analysed in order to improve our understanding of the biology of this slow-growing pathogen and to help
the conception of new prophylactic and therapeutic interventions. The genome comprises 4,411,529 base pairs,
contains around 4,000 genes, and has a very high guanine + cytosine content that is reflected in the biased amino-acid
content of the proteins. . tuberculosis differs radically from other bacteria in that a very large portion of its coding
capacity is devoted to the production of enzymes involved in lipog is and lipolysis, and to two new families of
glycine-rich proteins with a repetitive structure that may represent a source of antigenic variation.
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The Resurgence of Tuberculosis: [s Your Laboratory Ready?
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TRODCTION

Adver years of declining case rules, toberoalosis |s again a
magor public health protlem in the United States. To com-
pound the problem, serices outbreaks involving both pa-
ticnis infecied with the human immunodefcioncy vires
{HIV} amad HIV-infecsed and mom-FINV-infected health care
workers have boen moted in several major metropolitan
wreas, Cases bave also ingveased in ather populstion groups,
inchading the hamelcss, priseners, migrant frm workess,
amd immigrante.

The definitive Sagsceab of wherculosis depends om the
isalation and identificatos of the coiokogic mgent, Mycobac.
rewtee miberciioals, while design of an appropnate therapeu-
tic regimen depends on the resulis of antiuberculosis sus-
cepbbaity testing. With this information in Band, the
nesessary infection conkrol procederes and conact iracings
can b inifisted and informed decisions cas be mide regand-
ing therapy, 1T Biborasofes cissol sonses specimens sapidly
for secid-Tiet haecilli, identaly isoletes in a vssely misser, and
prenvide drug 5 dets i a shoer period of tims,
pasiean care may suffer and infectious patients may continue
the chain of trarsmission. The laboratony has a magor role wo
pll; im hreahrg this chain: the impariance of comploiing
thorough evaleations of climcal specimens for mycobacteris
and, if mycobaciena are present, the mportancs af ohain-
ing tmmely species alenisfication and suscepiibility 1esling
resules cannot be o ¥ ped. T hadt rhe

perculosts isclude medically ek
populstions, immigranes Trom countries wun & high preva-
legce ol tubsrculosis, and residems of long-term-care asd
comectional facilities. Those ot iscreased risk of developing
discase following infection inchede individuals with HIV
infection; close comiscts of infectious cases; children bess
than & vears ald; patienis with renal falere, silicosis, asd
dighebes mellitus: and individuals recening ireabment with
immunosuppresaive medicstions,

In the Linited Sestes, the number of tubcrealini cises
repuomted annuslly declined sweadily between 1953 sad 1085,
hiswewer, in 1965, the rute for pewly diagmossd cases in-
creiged 1 1% oves (e pre wear (5], This upward resd
hass coatinoed: in 1991, a iotal of 26, 285 cases ware repanied
to the Cemiers Sor Disease Conirol |CDC, representing 2
increase 0I' LB4% ower the mamber roporied in 1985 (8

Since 1990, nasooomial outbreaks af multidneg-resistant
b renplosis l{MDIlTBl imvilving ower I patenis have
besn meporied g CDC, These owlhbreaks have meluded
tramamission of M dubsrcabuar W palients, health care
wntkers, wead inmales and esployees of correctional Ticili-
thzs. Tmvestgetion of foor such cutbreaks tha cocusred in
hospitals in Flosida and Mew York Ciry demorsiraied that
most cases of MM TH oocurred in individuals known io be
infected with HIN (5, & 7,9, 11, 13, 17). The case fatality
rate among patienis with sctive MOR-TH was sxceptionally
h|||| T2 ux B¥%, s the median interval fram the time of

spread of teberculosss across the United States and 0o
ooaral transmess on within hospiials, labaratories must rec-
ogeize the urgency and optimize teir procedures in report-
ing resuits of acid-fast smesrs, cullures, and drug swscapti-
hility iesis io clinicians.

THE TURERCULOSIS FROBLEM

Tuberculosis is.a bacerial discase caused by organisme of
the M. mmwhil £, H' l'br\bwrm’m..l‘f- ey,
and ML af Tuis By by mirboene
-dmple:nur:ln produced when individeals with pulmanary or
larymgeal ruberoalosis snecze, cough, or speak. Individuals
we particulardy infectious if they am excreting sufficient
hacilli b produece & pasitee mfnl-ulum\iwwmlw ul
their sputum (1). Infection oocurs when suscepeitle indivi
uals inhale these droplel nuclel. Tuberculosis can oocur l.n
any organ of the body (11, slhough only 5 s0 153% of infecied
individmls will develop active discase within  yrars of

prmary infection (1, My The populalion groups = the
I.thbd States tha are 2 incressed risk Tor infection with AL

= Ceancpoadng sithor.

1 death was very shoot, 4 10 L weeks, Thice
subsequest oulbreaks, imvolving o additiosal hospicals
and o stave comrectional facility, are weder imvestiganon s
Mew Yark state (12, 17). At the mn'aulunll:tcllua at least
srven immsates and one prison guard have died of -TH.

All of these mhuats bave been chamcierized by the
transmission of strains of M, suberoulsis rosisiani Lo ot least
ispniazid and rifampin (MDREL with some siraing. showing
wlditionsd r:md-n:: Iu :llh:r drugs incduding ethambutil,
&L in, and eifab D
lays I the labaratary nllﬂm ared Itpcd'l:ll'% al dregg-
resistani tuberculosis contributed fo the magniiude of ihese
outhbmeaks sincw sases ware noi rapidly identified, the organ-
ism e pot iselaled, ar the palnls were nol pul om
Edequate IBeripy.

SAFETY IN THE MYCOBACTERIOLOGY
LABCHATORY

Specimens received inothe mycobacierodogy labaratory
for siaining and culture showld rostinely be considered o
contam myeohacieria and, therefore, must be Bandled in
wale manner, Such specmens may be fram patisnis who are
infected wich MM sirains of M. mbercuhons, which woeld
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Diagnostic Mycobacteriology: Where Are We Today?

GARY V. DOERN*®
University of Massachusetts Medical Center, Worcester, Massachuselts 01655

INTRODUCTION

"I'uberculnsis has reemerged as a significant public health
problem in certain parts of the United States. In addition,
strains of Myrof.mrmnm fuberculosis with various patterns of
i agents have
heen rw.m.md with increasing frequency (17, 18). The con-
tinuation of the human immunodeficiency virus (HIV) epi-
demic has contributed to both of these problems. In an attempt
to address the concurrent problems of the increasing preva-
lence of tuberculosis and more frequent recognition of multi-
drug-resistant strains of M. mberculosis, the Centers for Dis-
case Control and Prevention (CDC) in Atlanta, Ga., has
recently dc@:ln:m.d and now pmmulgalt.s recommendations

for of (2, 3).
Obyiously, an I P of any losis con-
trol program is rapid and identification of infected indi-

viduals, especially those most likely to transmit viable organisms.
In this regard, the CDC has also developed recommendations for

Jards of ¥ practice reg identifica-
tion, and susceptib ny testing of M. tuberculosis in clinical
specimens (17). The three most fundamental aspects of these
recommendations are provision of acid-fast bacillus smear re-
sults within 24 h of specimen collection, isolation and identi-
fication of M. tuberculosis within 10 1o 14 days, and provision of
susceptibility test results within a total of 13 10 30 days. All

detection and identification? These issues serve as the basis for
this guest commentary.

Question: Are current CDC recommendations defining 10-
to 14-day limits on Ihc recovery nnd definitive species identi-
fication of M. fub ach by methods other than
direct nucleic acid amplification methods?

Answer: Probably not, at least in most laboratories.

Currently, the fastest and most reliable approach to detect-
ing and identifying M. ruberculosis in clinical specimens other
than use of a direct molecular detection test is use of a broth-
based radiometric or continuous monitoring detection system
with identification of clinical isolates recovered in culture using
a nucleic acid probe-based culture confirmation identification
system (8). Seen in Table l are lh: Iv:nguns nl.’ ::mcs 10 recovery
and i of M. 0 u. S labo-
ratories during 1993, All 10 lab
ric detection system and nucleic acid pmba for 1di.nl|ﬂ.cnl.wn
of isolates. Only 2 of these 10 laboratories, laboratories E and
G, met the CDC standard of 10 to 14 days for isolation and
identification of M. fuberculosis. The wide ranges obscrved for
mean lengths of time to detection and species identification
among the 10 laboratories deseribed in Table 1 were explained
by differing stafling patterns, variable scheduling of mycobac-
teria specimen processing and workup of positive cultures, and
whether probe-based identification was a{:pll:d directly 1o
growth in primary cultures or used only (o characterize organ-

three of these objectives significantly impact on the fi
mycobacteriology sections of clinical microbiology laborato-
ries. Hours of operation, staffing patterns, technology dccl

sions, and the cost of providing service are all
influenced by these proposed s of Ik y praclice.

In particular, the second recommendation of the €DC, iso
lation and identification of M. tuberculosis within 10 to 14 days,
would have profound ramifications on the function of clinical
microbiology laboratories, A question arises: can this standard
be reasonably achieved using current “state-of-the-art” diag-
nostic methods? An important corollary to this question per-
tains to the recent licensure of a commercial molecular diag-
nostic test that will make it possible for even the smallest
laboratory to detect and identify M. tberculosis directly in
clinical specimens in a matter of hours, What will be the role of
dircet molecular diagnostic tests in mytnbm:nnlugy‘ What
are the perfi lecular detection as-
says? Use of such technologies would clearly permit laborato-
5 meet th ndmd of 10 to 14 days fior the isolation and

of isms following at least one subcul Bmll nf the ics
that met the CDC's led | myco-

1 ol i 7 d-m per m.ek and agaressively al-

1 probe-based id passible directly

laboratory E
cation tesis 7

on grwlh from primary cultures. In addition
worked up positive cultures with probe identifi
days per week.

Question: Would application of nucleic acid amplification
assays for detection and identification of M. tuberculosis di-
rectly in clinical specimens permit laboratories to meet the
CDC's recommended standard?

Answer: Possibly, at least for certain s !fn. Imens.

One nucleic acid amplification assay for the detection and
identification of M. tuberculosis directly in clinical material, the
MTD test (Gen-Probe, Inc., San Dicgo, Calif.), has recently
received Food and Drug Administration (FDA) approval and
is now available commercially. The MTD assay is a 4-h proce-
dure based on transcription-mediated amplification of a 168
rRNA target sequence. Results are read with a luminometer.
A second amplification method, the Amplicor MTB procedure
(Roche Diagnostics Systems, Somerville, N1.), is currently

Jefi species i of M. b fosis. Will molec-
ular-probe based methods become broadly applied in clinical
microbiology laboratories? Should they be used ly o
selectively? What are the fiscal ions of direct I

g FDA ap I. The Amplicor MTB assay is pn.duu.d

'Mnllms nddn:ss University of Mnn.m:hmctu Medical Center,
Clinical © MA 016550219
Phone: (508) 836~ fb-ll? Fax: (S08) 856-1537.

on PCR nrnphﬂmmn of a 584-bp segment of 165 TRNA; it
utilizes a thermocyeler and requires 6 h 1o complete.

In addition to the MTD test and the Amplicor MTH assay,
three other direct nuclelc acid amplification methods for de-
tecting M. tuberculosis are in various stages of development.

Doern G.V.
J Clin Microbiol 1996; 34:1873-76
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Two-Laboratory Collaborative Study on Identification of
Mycobacteria: Molecular versus Phenotypic Methods
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Previous studies have indicated hat the conventional tests used for the identification of mycobacteria may
(i) frequently result in erroneous identification and (ii) underestimate the diversity within the genus Myco-
bacterium. To address this issue in a more systematic fashion, a study ing phenotypic and molecular
methods for the identification of mycobacteria was initiated. Focus was given to isolates which were difficult to
identify to species level and which yielded i lusive results by ional tests performed under day-to-
day routine laboratory conditions. Traditional methods included growth rate, colonial morphology, pigmen-
tation, biochemical profiles, and gas-liquid chromatography of short-chain fatty acids. Molecular identification
was done by PCR-mediated partial lysi ol’ the gtne enmding the 16S rRNA. A total of 34 isolates
was included in this study; 13 of the i ol corT blish specles, and 21 isolates corresponded

to previously uncharacterized laxn For five isolat r, ph ﬁ.' and gave identical results.
For five isolates, minor discr were pl t; four isolat ined unidentified after biochemical test-
ing. For 20 isol major di ies between traditional and molecular typing methods were observed. Retro-

spective analysis of the data led that the di results were without exception due to erroneous bio-
chemical test results or interpretations. In particular, phenotypic identification schemes were compromised
with regard to the recognition of previously undescribed taxa. We conclude that molecular typing by 165 rRNA
sequence determination is not only more rapid (12 to 36 h versus 4 to 8 weeks) but also more accurate than

traditional typing.

Mycobacteria are aerobic rod-shaped organisms character-
ized by being acid fast and having a slow growth rate (31). In
addition to those of the Mycobacterium tuberculosis complex,
other species of mycobacteria are opportunistic pathogens and
can pose a serious threat to infected individuals (20, 32). It is
important to identify mycobacteria to the species level both to
address the clinical significance, e.g., isolation of a nonpatho-
genic versus pathogenic species, as well as to meet the de-
mands of patient 2 it, since treatment regimens for
infections caused by one Mycobacterium species are often not
effective against another.

Identification of mycobacteria to the species level by con-
ventional biochemical tests has been fraught with a long turn-
around time, leading to significant delays in diagnosis. Other
methods based on lipid analysis, such as high-performance
liquid chromatography, thin-layer chromatography, and gas-
liquid chromatography, are cumbersome and expensive and
are used in only a very few clinical laboratories (3, 11, 13, 16,
20). Identification by use of nucleic acid probes (Gen-Probe,
Inc., San Diego, Calif.) is a rapid and widely used procedure,
but it covers only a narrow range of mycobacterial species, and
problems concerning specificity and sensitivity have been de-
seribed (2, 4, 6, 12, 15, 17, 25).

To meet the necessity for more rapid species identification
and to improve the accuracy of identification of mycobacteria,
methods utilizing the amplification of DNA by PCR coupled

* Corresponding author. Mailing address: Institut fiir Medizinische
Mikrobiologie, Medizinische Hochschule Hannover, Konstanty-Gut-
schow-Str, 8, 30625 Hannover, Germany. Phone: 49-511-532 4348, Fax:
49-511-532 4366.

with restriction enzyme digestion, hybridization, or nucleic acid
sequence determination have been developed (5, 7, 19, 21, 23,
26, 27, 29, 30). The use of 168 rRNA gene sequence determi-
nation for the routine identification of mycobacteria has led 1o
the suggestion that the standard biochemical reactions used for
the identification of mycobacteria may underestimate the com-
plexllyofthegenus.. b as genetically distinct spe-

cics may cxhibit similar or identical pallcms in these reactions
(10). In this study, we sought to systematically compare phe-
notypic and molecular methods for the identification of myco-
bacteria by focusing on isolates which yielded inconclusive
biochemical test results and thus posed difficulties for identi-
fication to the species level

MATERIALS AND METHODS

Mycobacterial isolates. Clinical isolates were collected at the Clinical Myco-
bacteriology Laboralory of the Depariment of Laboralory Medicine and Pathol-
ogy, Mayo Clinic and Mayo Foundation, Rochester, Minn. The isolates were
grown on Lowenstcin-Jensen or 71110 ngzu and cxamined I’m growth ralc, gross
and pic colony gy, and ion 1o the
species level was done by gxu-llqmd chmmmmphy of short-chain fatty acids
(Mscmbnal Idcnufscalmn Syslcm Mmhm] ID, Newark, Del.) and a batlr.ry of

ey Tween hydrolysis, nitrate red , aryl-

sulfatase, urcase, Iclluﬂlc d salt d itative catalase
(9, 20). The selection of specific biochemical tests for identification was made on
an individual basis nncr the gmm.b ralc, plgmcm production, and colonial
hologic features were dered. Isolates in this study were identified as

“most closely resembling” a particular specics.

Isolates were coded (MCRO 1, 2,510 8, 10, 12 10 21, 24 10 30, 32 10 34, 36 to
41, und 45 1o 48) aml ﬁhippu.l o Hannover for wquunuc ana!ym T‘hcu isolates
could not be i by the hemical tests and
gas-liquid dlrumalugnphc analysis.

Nucleic acid analyses. Identification by 165 rRNA sequence delermination
was done at the Tnstitut fir Medizinische Mikrobiologic, Medizinische Hoch-
schule Hannover. The methods used have been described previously (10).
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Rapid Identification of Mycobacteria to the Species Level by
Polymerase Chain Reaction and Restriction Enzyme Analysis
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g ¥

“;“m:“s;:; the rapid identification of mycobacteria o the species level was developed on the basis of
fivelves roee © polymerase chain reaction (PCR) of the gene encoding for the 65-kDa protein. The method
Using two "m';l""‘“ enzyme analysis of PCR products obtained with primers common to all mycobacteria.
ey, it :’“‘"‘ cuzymes, BstELl and Haelll, medically relevant and other frequent laboratory isolates
restriction ens ated to the species or subspecies level by PCR-restriction enzyme paitern analysis, PCR-
includi Mgl‘:t‘ pattern analysis was performed oo isolates (n = 330) from solid and fAuid culture media,
or the u“" of ch- o F"'I‘l! frozen and lyophilized stocks. The procedure does not involve hybridization steps
= ity and can be leted within 1 working day.
Differentiation of m
currently done by tim

)'c“l‘ill.‘l‘:‘l.lil o lhc_ species level is  grated for 2 min in a Mickle apparatus (Mill Works, Gom-
istics At ! °_fr': Jhl' s:‘lal]. United Kingdom). ?flcrda 10-min cen]l;i[ugja[tiun sli;p,
; e - suchas  the supernatant was transferred (o a new tube. All centrifu-
::ﬁr?:h’:nm’;:‘::;n“‘hg“_" chromatography (HPLC) or thin-  gation steps were donc at 13,000 rpm in an Eppendorf
el werith mdi:un _"?j l';':md. by the need for standard-  mierocentrifuge.
Ine., San Diego, Ca!i:“} B 18). Gen-Probe (Gen-Prabe, Amplification. Five microliters of lysate was added to each
several probes and covers “l"_-'IF’"! method, but it req ion tube. The composition of the PCR mixture (50 1)
terial species (14). Soqueneins limited range of myeobac-  was 50 mM KCl, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,,
powerful technique of dirrm-.ﬁi.ur- the € 15 & 10% glyeerol, 200 wM (each) deoxynucleoside triphosphate,
inbor-intensive and difficyl; g 2S5 uM (each) primer, and 1.25 U of Teg polymerase (Cetus
many clinical laboratories 5¢ M pr Bochringer Mannheim). The ion was subjected to 45
. I cycles of amplification (1 min at 94°C, 1 min at 60°C, 1 min at
jon of  73C): this was followed by 10 min of extension at 72°C.
e protein by the  primers Th11 (5"-ACCAACGATGGTGTGTCCAT) and Th12
R recently ool othe  (5'-CTTGTCGAACCGCATACCCT) amplifcd a 439-bp frag-
Da protein 2 e ment b o p 398 and E36 of the published gene
Fobact, P"I‘lp;: 'Il'hhzlc;:s:‘::m:‘:ut: Conlamination mcluﬁnnl.a?mpligmjun tubes for PCR-
iffe A : restriction enzyme pattern analysis were prepared i
mmm:'"m"- of mycobacteria within 1 “Upep cloan® m:‘a while :hey;ycnhaczcdal isr;latp:fu:r:

Rzyme dig, f d SO i :
coomon 0l myeobicuri_acivaled 13 iysed by siall o the mycobuctrioogy

h

by - avtis et al,
that are unique 4

Samples, Forty )\
Eated 5 establish th
5 was used 1o deds
isolates,

?_nmpk preparation. A loop
solid medium (Lowenstein-fensen o
2gar) was suspended in 1 m) Wl TE (10 mM

Ql] and wits heat inactivated for 10
i ddlebrook 7H9,

Working with liquid meium i
1 or rehydrated
amd the pellet

» or BACTEC 13A) or fro
;ﬁ?i 250 ! was centrifuged
. Im TE as described above, Afrer inactiv.
s ._wv.;re centrifluged for 15 min, ihe pellet
- addle“d IJ(': p! of TE, and uw rlof glass bead|
+ the suspenided cells were mechanicalll

Cnl‘mspunding author,

REG BstEll

PRA 12052009
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Novel Diagnostic Algorithm for Identification of Mycobacteria Using
Genus-Specific Amplification of the 16S-23S rRNA Gene
Spacer and Restriction Endonucleases
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A novel genns-specific PCR for mycobacteria with simple identification to the species level by restriction
frag length pol hism (RFLP) was established using the 165-238 ribosomal RNA gene (rDNA) spacer
as a target. Panspecificity of primers was demonstrated on the genus level by testing 811 bacterial strains (122
species in 37 genera from 286 reference strains and 525 clinical isolates). All mycobacterial isolates (678
strains

of variable PCR product sizes together with Haelll and Cfol restriction analysis. It yielded 58 Haelll patterns,
of which 49 (84%) were unique on the species level. Hence, Haelll digestion together with Cfol resulis was
sufficient for correct identification of 39 of 54 mycobacterial taxons and one of three or four of seven RFLP

Tound in M) Hlulare and kansasii, resp Iy. F i & clearly
laid out di tic algorithm, the ining unidentified organisms fell into five clusters of closely related
pecies (Le., the Mycobacteri i Jox or Alivoobacherim chek i 5 } that were

fully sep d using additional enzy (Tagl, Mspl, Ddel, or Avall). Thus, nexi to slowly growing
mycohacteria, all rapidly growing species studied, including M. ab M. chele Mycob ium farcing-
Mycobacterium fo b i nd Mycob i I

M. tuberculosis complex gyr@l PCR!
MOTT & M Japras

M. tibercisosis gyr8 PCR

L S etpeear
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Situacion de las resistencias a farmacos en Asturias
1079 cepas, Unidad de Referencia Regional de Micobacterias periodo 2004-2009

1027 cepas sensibles a todos los farmacos de primera linea 95,1 %

52 Cepas con alguna resistencial (primaria 4 secundaria) 4,8 %

[soniacida 32

Rifampicina 6
ESUEpLONICiE 13
EtamuLel 3

Pirazinamida

(resistencia al menos INH+RIF)

2,9 %

0,5 %
12 %
0,2 %

1,4 Y

0,5 %

cepd cepas extremadamente resistentes: MDR-TEB +
resistencial allmenos a fileredguinelenas + cuglguier medicamento inyectable de
segunde linea: amikacing, kamamicinaly capreomicing
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RFLP cepas Area III (Avilés) 2004-2008
116 pacientes, Tasa de agrupamiento 37%

IR RN IR RN
|I| |IIIII|I|II 11 II“||I

[N ”';‘.I lII|III i:l':lllll.'ll II II| 1
I',I: [ llllll [

aod
By
By
b b A ]
e o ]
i E— =3 rma iy —
S E— - i E—
] ]

¥ - e
1 A BT .y |
™ BE-="0 o <l i Bl o | & | E .
'{ X i - > N - . 4 ! y i
uf 8 Co--labe e - R = g ~E. TRy - Jé
Rl =Rt v - = ! w=i EEaf = i pES il =Bl -
- - q el | R | o L
E B — e il ¥ - :-_- = - o =2 5B - 8- R -
ST ] = siz b= -- | ; I -
“-—..' = . H ;:l., . e i - :‘__ B -8 5 i E - .- - k5
- = o | - - == = 0. ¥
- - | » :
i 1 e " . 3
=



Spgligotyping
cepas Area lll (Avilés)
2004-2010




TN LY

olotelelel =Tl

TRy Y




Telenti A., et al. Lancet1993; 341: 647-51

'-'l!l. 1 M..'n.H.D.-I’ 13, 1903 TH L. LA.\-'I,‘-Er _ il + L=l

Do O, Imwie O Gene DT Bilflery sagery 0 S e
mtinis s prvap- pesmsadtin. B ¥ Sary 1908 T

1, e CH, T A, Ciopey W E--nqiml-i-“lﬂ-!

e, ¥ ramm 19T £ AT

m M.urqr.r. Mt SLA Lurun-nhmﬂ—

stgrraisT deiros iRARRS A e S DN L

|)||'=-.f-

1 Iu—l&d‘l' Einkel 5L, Beds M4, = & s g

m'murg—.-—uhxnﬁr

an.u‘ B Cii by (Y R T

o, Scmer 18, Guisoplery Bttt o ol sl brmmingoo
s | e ey by LT o e el

il v |8 1A A1

nll.nu: AR, Wiwbsl Sl Tadd EF, Wes 8 Hopiewes of
Eamandeths il reutnphi] rogrmen vy exdweses e badde-i
T

IL Poemrt P, Wt &, Dhewd B, Magge s A # M roges- sty e
pembwemdl by (il 17 s plagpa i P oy e RS ||.1|
13438

IowWieTn |, e & Oegie B Vs Damor | P gresdosy®

ramwoan popeds ILE e s el marpli] depao e
cccrzam w il iy eemmdibe e kg D 67 VWAL
4;.np,mnn.n.mnj|.,-:uat-n-d. g
= e o ihe e criskie (L8 Fasaad 1553 W0
2157,
-.mmmmuurnﬁmhnuu,umm
o, o B Biages
L 1EE eSS

2 Ths BAL Cospanmr ey Crormise. Besdesimls
amzeeran v b vk, abopithe: pakiaan

by T g hhpnlmmuhm
- mm HI,. Bwresl B /ol Dadevnslsl ol
e lew by THE, I!.n--r:l.r‘.

e |03 T 1 -

B Meriier AL, adaleits MI.D-IIHL'I-HUTJ Bt
Wil Husr westrephis midhi chenocr faor gras
e lu-mhhl.m:llh'h-!]

> Giggwy I, Yecag [, Screder [M, Mevwien U, Classpbens B
Sarcrers dormrrason of o o | v ari et ot
ctwaiig e LY HATY Mot Monke Vo e 178,180
e

Detection of rifampicin-resistance mutations in
Mycobacterium tubarculosis
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DoUGLAT Lowill  STEWART CoLE M, Jositl Colsmon
Limeas Marism  KURT SCHOPFER - THOMAS BODMER
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Table 1 Mechanwsms of drug vesisiance m Mycobacterium tuberculosss

Antimyeobacterial

agent Mechanim of action Genes iwvolved m resistance

Frequency of
mutations assoctated
with resishance

Mechaism of resistance

Malase-peroadase)

[somazid ) Infubition of mycolic
acid biosynthesis

oyl-acyl carrier protein
TeducLdse
fu1) akpC {alkyl hydroperoade

raductase)

‘ Rifampizin Inhubition of rpoB 3 suburit of RNA polymer. se)

transcription
Strepiomycin ) Inhibition of protery hosomal proten S12)
synthesis A TRNA)

Ethambutol ) Inhibition of nosyl transferase)

arabinogalactan and
lipoarabimamannar

Fluoroqunalones ’nhihil‘inn of the @ [YNA gyrase suburat A)
DNA gyrase

biosynthesis
Unknown @
(pyrafinamidase-moo inamidase)

(i) 10-15%
O-08%,

(i) 52-50%
(i) 8-21%
47-65%

72-07%

75-04%;

(1) Mutations in kot result in falure to generate an active
mtermediate of 1somand

(1) Orver expression of mhdA allows contimuation of mycelic
acid synthess

{m) akpC mutations may just serve as a marker for lesions

n hat (7

Mutations nrpeB prevent interaction with rifampicin

Mutations prevenit interaction with streptomycin.
Resistance not associated with mutation in wpsk, or s s
usually low level

Owver expression or mutation of EmbE allow continuanon
of arabinan biosynthesis, Resistance not associated with
EmhB mutation 15 usually low level

Loss of pyraanamidase activity results in decreased
conversion of pyrazinamide to pyraznoic aad, the putative
active molety

Mutations in gyed prevent interaction with
flucroquinolones Mutations m gwB and efflux may
contribute to resistance




Fluit AD C. et al.
Clin Microbiol Rev 2001; 14:836-71

CLINICAL MicRogioLoaY ReviEws, Oct. 2001, p. 836-871
(SO385 1201/504.00 10 DOI: 10.112VCMR 14 4 836-871 2001
Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Molecular Detection of Antimicrobial Resistance

AD C. FLUIT," MAARTEN R. VISSER, axp FRANZ-JOSEF SCHMITZ

Eijkman-Winkler Instinure, University Medical Center Utrechi,
Uitrechi, The Netherlands

Vol. 14, No. 4

INTRODUCTION 837
MOLECULAR TECHNIQUES USED IN CLINICAL MICROBIOLOGY. 837
ANTIBIOTIC RESISTANCE IN MYCOBACTERIUM TUBERCULOSIS 840
Introducti 840
Rifampin Rest 840
Isoninzid Resi: 542
Multidrug Resi: 842
New Develop £43
Conclusion £43
RESISTANCE TO B-LACTAM ANTIBIOTICS £43
Mechanisms of Resi §43
Methicillin-Resi Staphylococci 843
Penicillin-Resi Pr i 846
Common [3-L B
Extended-Spectrum p-Lactamases 848
Meiallo-B-L Fa%
Conelusi 848
RESISTANCE TO AMINOGLYCOSIDES §48
Mechanisms of Resi: 848
Staphyl . 849
Eni. i and Strep <l 549
Gram-Negative Bacteri: 850
Conclusi 851
RESISTANCE TO FLUOROQUINOLONES 851
MeKahlitis 48 Basl 851
Detection of Resi 852
{ R53
RESISTANCE TO MLS ANTIBIOTICS 853
Mechanisms of Resist 853
Staphyl : 854
I'n i 854
Strep i 855
E i 855
He Maﬂ RSS5
Other Species 856
Conelusi RS0
RESISTANCE TO GLYCOPEPTIDES 856
Mechanisms of Resi #56
Detection of Resi 857
Conclusion 858
RESISTANCE TO TETRACYCLINES 858
Ag of Resl 858
Detection of Resi: 858
Conelmil 860
RESISTANCE TO TRIMETHOPRIM 860
RESISTANCE TO CHLORAMPHENICOL 86
RESISTANCE TO MUPIROCIN 861
MULTIDRUG RESISTANCE 861
CONCLUDING REMARKS 862
REFERENCES 862

* Corresponding author. Mailing address: Eijleman-Winkler Insti-
tute, University Medical Center Utrecht, Room G4.614, P.O. Box
BAE50, 3508 (A Utrecht, The Netherlands, Phone; 31 30 2507630, Faox:
31 .30 2541770, E-mail: A.C.Fluit@ lab.azu.nl.




Gillespie SH
Antimicrob Agents Chemother 2002; 46:267-74

AGENTS AND €1 v, Feh, 2002, p. 267-274
(066-4504T2504.00+0  DOI: 10.1128AAC !0“26‘:" -274.2002

Vol. 46, No. 2

Copyright © 2002, American Society for Microbiclogy. All Rights Reserved.

MINIREVIEW

Evolution of Drug Resistance in Mycobacterium tuberculosis:
Clinical and Molecular Perspective

Stephen H. Gillespic®
Royal Free and University College Medical School, University College London, London NW3 2PF, United Kingdom

‘The story of antituberculosis chemotherapy is a miniature of
the history of anti-infective chemotherapy. In the first half of
the 20th century the problém of wbercul ppeared insol-
uble: the lipid-rich \'ul wall was believed to make chemother-
apy impossible (21). Thl!i gloomy view seemed ta be confirmed
when the first antibiotics ides and penicil-
lin, had no useful activity i!g.nml M;mbaammu tuberculasis,
With this in mind it is easy to understand the carly cuphoria
surrounding Albert Schatz and Selman Waksman's discovery
of streptomycin while working at Rulgers University in New
Jersey (70) and Harold Lehmann's discovery of par-aminosal-
ieylic acid (PAS) shonly afterwards (47).

The clinical trials that followed the description of streplo-
myein rapidly dispersed the first hopes of a conguest of ber-
culosis. Although patients improved compared with those pa-
tienmis not on therapy (the British Medical Research Council
[BMRC] trinl is widely considered 1o have been the first ran-
domized controlled el I trial), relapse occurred in many
patients and the organisms were found to be resistant to strep-
lumyull Combined streptomycin and PAS trials proved that
comt ion therapy | d the ce of resistance
(14). The subsequent denpmns of isonhuld (19), pyrazin-
amide (52), rifampin (34), ethambutol (30), and other drugs
gave the medical community the basic tols for wherculosis
control. The subsequent series of trials conducted under the
auspices of the U.S. Public Health Service, the BMRC, and
others produced data indicating that cure rates of over 95%
with minimal relapse rates were possible in as little as 6

known and have been so since shortly after the first clinical
(rials became available and their lessons were digested (51). In
recent years the molecular basis for the mechanism of action of
antituberculosis agents and the way in which the organisms
become resistant have begun to be unraveled. In this review
the clinical circumstances of resistance are described. The mo-
Tecular mechanisms whereby resistance emenges are also out-
lined together with the lns.sglns that this I:nny. 1o controlling
the threat of an ic of iple-drug

P

CLINICAL CIRCUMSTANCE FOR RESISTANCE
DEVELOPMENT

The h 1o ¢l
ferent from that for other bacteria
has a long guwralmn time and a capi
a difficult therapeutic target
(53, 61, 83). In addition, M. mberculosis may be located in
pulmonary cavities, empyema pus, or solid caseous material,
where penetration of antibiotics is difficult or the pH is suffi-
ciently low to inhibit the activity of most antibiotics (29, 43). A
series of animal and human clinical trials has led to the concept
that there are different populations of bacteria present within
the host. (8-10, 44, 57). Organisms in pulmonary cavities are
thought 1o be multiplying in an aerobic environment and con-
sequently behave in a way that can be mimicked by in vitro
tests. Organisms located within caseous foci are in a milicu
where the low pH is likely to inhibit the activity of agents such

is is very dif-

months, a reduction from the first regi which required
treatment for 2 years (13, 22, 32, 33). Using these tools many
countrics have seen the virtual eradication of tuberculosis (82)
and others, including some of the poorest, have seen a steady
decling in the disease until the human immunodeficicncy virus
(HIV) epidemic caused the number of cases 1o spiral out of

as Iycasides but to provide the conditions necessary for
pyrazinamide activity. Bacterin found within macrophages
probably only exhibit i spurts of bolism and may

be in relatively mic philic
rial dormancy can be induced (83).
Each of the antituberculosis drug.‘ has a major mh. m dn. il

fith where mycobacte-

) 1 |

trol (74 4 [ Josis treatment s that, S0 B with of these pog . For is
;uur::f:ﬂ :h;_r!“' L 'g"d:' L. u‘r"b,:'i,‘! ¥ :w:Ft“ 4 L 1. 8 © il herapy; its hmrmda.l activity mpldiy reduces
the number of cases is higher worldwide and, more lhn..m.n- the SpL S le wum.h.“:m'" ik [§ native nainly 'lg'"_';“ A
ingly, there is an increasing number of cases of i with M‘WII’IL i 7 oaritie (21, 410,

organisms resistant to the major antituberculosis agents (25,
26, 62).
The circumstanees in which drug resistance emerges are well

* Mailing address: Royal Free and University College Medical
School, University College London, Royal Free Campus, Rowland Hill
51, London NW3 2PF, United Kingdom. Phomwe: $4-(0)207-794-0500,
Fax: 44-(0)207-794-(433, E-mail: stephenp@ric.uclac.uk.

Pyrazinamide is only active at luw pH, making it ideally suit-
able for killing the organisms inside caseous necrotic foci. This
explains the finding that pyrozinamide appears to have no
benefit after the second month of therapy (27). Rifampin is
important in killing organisms that are metabolizing slowly,
killing the persisters, and sterilizing the patient’s sputum, as
demonstrated by animal studies (35) and clinical trials (27).
Mathematical models suggest that increases in the size of the
starting bacterial population are associated with the emer-
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Diagnodstico rapido de MDR-TB

Usado para la deteccion rdapida de

resistencias a INH y RIF

-

Basado en hibridacion de DNA amplificado
procedente de cultivos de Mycobacterium

tuberculosis

En la tira : sondas que representan
regiones de los genes rpoB, kat G e inhA y sus
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Since this subject was last reviewed in the American Journal of
Respiratory and Critical Care Medicine (1), new diagnostic tesls
for nberculosis have been approved for use in the United
States, Europe, and other industrialized regions, and there has
heen significant clinical experience with their use. In addition,
several other new diagnostic assays have been studied and
may be nearing approval by the Food and Drug Administra-
tion (o similar ageneies in ather countries) for routine clinical
use. This commentary will review the need for new diagnostic
tests for tuberculosis, examine Lhe status of currently available
tests and of several promising tests in development, and dis-
cuss potential seenarios in which such diagnostic tesis might
be used.

THE NEED FOR NEW DIAGNOSTIC TESTS
FOR TUBERCULOSIS

In the absence of a truly effective {uberculosis vaccine (and
perhaps even il such @ vaccing Were available), treatment of
aclive cases Temains the most important component of tuber-
culosis control programs. For such treatment activities 10 be
cificient and effective, rapid and accurale diagnosis is 4 must.
Both in developed industrialized nations and in resource-poor
couniries, a compelling case can be made that new diagnostic
tesis (both more rapid and more pceurale than currently avail-
able ap’pmuchcs} for tuberculosis can have a substantial im-
pact on (uberculosis control activities (2)-

[n many regions, including many parts of the United States
for example, the value of 1
acid-fast bacilli has been di
mon phenomenon of Mycobacierim avitgm complex Organisms
heing found in the sputum of patients in whom tuberculosis is 8
realistic diagnostic possibility, such as elderly persons with
cough and abnormal chest radiagraphs, o patients with human
immunodeliciency virus (HIV) infection, This has resulted in @
marked decrease in the specificity and positive predictive value
of the sputum smear, in some cases fo as low & 50% (3). In clin-
ical practice, the lue of a test with a sensitivity of 50% and a
specificity of 05% is vastly grealer than o test with the same
sitivity buta specificity of only 30%. In the fir:
predictive value in a population with a disease prevalence of
109 is 53%, whereas in the second case it 1§ only 10%. Nega-
tive predictive values would be 94% and 50%. respectively. On
the other hand, a test that rapidly distinguishes Mycobacterium

{Receved in ariginal farm August 16, 2001; accepted in fingl form Octaber 10, 2001)
supported in part by a grant from the National institutes of Health (K24 HLOOAD74).
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Changing Approaches to the Diagnosis of Tuberculosis
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uberculosis from M, avium complex in this setting can spare the
health department from beginning unnecessary contact tracing
activities for example, and can allow limited resources to be al-
located to more useful endeavors. This may have happened to a
certain degree with the widespread availability of mucleic acid
amplification tests in the United States and other countries, al-
though definitive utility of these tests in these settings has nol
been rigorously demonstrated.

In the absence of a rapid and accurate diagnostic test for
tuberculosis, there are substantial economic costs related 10
isolation of patients and unnecessary empiric drug treatment
(4). In addition, such treatmenl may have significant costs 10
patients in lerms of adverse effects.

1n resource-poor countries, emphasis has histarically been
on diagnosis and treatme it of smear-posilive cases of tubercu-
losis. This has occurred for several reasons. First, because of
the expense involved, cultures for mycobacteria are nol widely
available in many parts of the world, and diagnosis res
mainly on clinical findings, radiographs. and spulum smear
amination. Second. smear-positive Cases account for the vast
majority of instances of transmission of infection, and that
(reatment of such cases would have the greatest impact in re-
ducing the spread of tuberculosis throughout the population.
The limitations of this reasoning, however, are obvious. First,
a substantial percenlage of wherculosis cases, Vel in poor
countries, are smear negative, and delayed diagnosis of such
cases undoubtedly has & harmful effect on individual patients,
who are essentially being forced to develop more advanced
disease (with undoubtedly more permanent sequellae, such as
loss of pulmonary function) before {reatment can be initi ted.
Second, although it is certainly the case that smear-positive
palients are responsible for most transmission of tuberculosis
through a population, rece nt studies using Te striction fragment
length polymorphism (RFLP) analysis indicate that smear-
negative cases of tuberculosis contribute much more 10 Ongo-
ing transmission than has previously been believed (5), and
this effect is likely greater as smear-negative cases Progress.
Thus, both in terms of individual patienl oulcomes and control
of tuberculosis in & population, there is a significant cast 1n-
curred by restricting dingnosis 10 smear-posilive cases alone.

1n both resource-poor and resource-rich countries, clinical
algorithms (based mainly on patient characteristics and radio-
graphic [indings) can raise the pretest likelihood for tubercu-
Josis to 50% or more (6-8). This may help define a population
in which more sophisticated diagnostic testing is warranted,
but obviously cl ical features alone cannot provide a sound
tasis for diagnosis of uberculosis on & widespread basis.

NEW DIAGNOSTIC TESTS FOR TUBERCULOSIS
Tests for Active Tuberculosis

Broth-based eultre Systens. It is worth noting that broth-based
culture sysiems such as BACTEC, MGIT (a nonradiometric

Schluger N.W.
Am J Respir Crit Care Med 2001; 164:2020-24
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Tuberculosis diagnosis

Modern laboratory diagnosis of tuberculosis
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wis once thought 1o be conquered. [Lhas
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people—is infected with the causative
bacterium, Mycobacterium tuberculosis. The emergence of drug
resistance, especially multiple drug resistance, and increasing
coinfection with HIV has fuelled the current pandemic.

“The incidence of M tuberculosis began 1o decline rapidly
from the start of the 20th century in developed countries with
improvements in sanitation and housing. These trends were
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Here we review recent advances in the disgnosis of
tuberculosis, clinical infection, and drug resistance, and
propose a scheme for a modern dugnnsnc service in a low-
incidence country (figure).

accelerated by the imtroduction of BCG ination and
the discovery of antimicrubials such as streptomycin,
which were used in effective combinations established in
a series of landmark trials by the British Medical Research
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Tecnicas dirigidas al diagndstico
directamente en la muestra clinica
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This review co ntrates on those respiratory agents for
which considerable numbers of clinical specimens have been
examined. Studics concerning the developme:
corresponding pathogens are not considered. Respiratory dis-
ease due to o lovirus is not di d because it does
not result from an airborne infection but most frequently from
a reactivation of 3 \atent infection in relation to an jmmuno-
suppressive state, in which the interpretation of the virological
imvestigations poses particular problems.

‘basic principle of any molecular dingnostic test is the
detection of 2 specific nucleic acid sequence by hybridization 10

Belore introducing me

ich clinical specimens
Jar tests fulfill the re-

mydia trachomatis, Cquyd;:ﬁ p::"d‘; rimers. DNA ¢

and Prieumocystis carinii.

ddress: Depa
jkstraal 10, B-2650 AntweTp.
2 42 81

a comp ry sequence, & probe, followed by detection of
the hybrid (21)- However, the sensitivity of nucleic acid probe
tests that do not invalve amplification is lower than that of
classical diagnostic tests (191). This lack of sensitivity applies
(o the detection of respiratory pathogens including i
ruses (3, 16), M- peurmoniag (71, 102, 103, 176),
moniae (19), and M. tuberculosis (150). The ‘main use of
nonamplification probe procedure i in the identification
rather than the detection of microoTganisms (32, 43)-
Thercupon, technigues have been developed 1o amp!
target nucleic acid or the probe. Any streteh of nucleic acid can
be copied by using DNA polymerase, provided that some Se-
quence data are known to allow the design of appropriate
plication was made le in 1958, when
Kornberg discovered the DNA polymerase (106). For
5, onc of the main applications of this discovery Wi
DNA-sequencing procedure. of Sanger et al (166). In 1986,
Mullis et al. (132) introduced 2 reiterative proms.PCR. i
leads to an exponential increase in the production of the nu-
cleic acid. In view of the immense number of possible appli-



Fases de la PCR

"Plateau”
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alta precisién PCR convencional
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PCR en tiempo real




Limitaciones de la PCR convencional

*Se analiza exclusivamente el producto final (fase de "plateau”)
‘Requiere procesamiento post-PCR
‘Los resultados no pueden expresarse como ndmeros

*Mayor duracion del ensayo
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Rapid Diagnosis of Mycobacterial Infections and Quantitation of
Mycobacterium tuberculosis Load by Two Real-Time
Calibrated PCR Assays
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Sensitive and specific tn dem't and identify Mycobacterinm tuberculosis directly in clinical spec-
imens are imy fur the di of patients with tuberculosis (TB). We developed two
real-time PCR assays, based on the I‘nsn.'l mulm:op} element nnﬂ on the senX3-regX3 intergenic region, which
provide a rapid method for the ding inl The and of hoth
assays were established by using purified IJNA from 71 clinical isolates and 121 clinical surnpll.'s collected from
83 patients, 20 of whom were aﬂ'm-,-d by TB. Ilulh ASSAYS are itive, and specific, showing a

il ¥ pattern of Mycob broader for the 1561 /#-based assay and restricted to :Ile
M. tubercufosis complex for the wn.'fjwpl’.?—bnud assay. M the addition of a DNA calib
prior to DNA extraction allowed us to measure the efficiency of DNA recovery and to control for the presence
of PCR inhibitors. The mycobacterinl burden of the clinical ples, as 1 by direct mi Py, cor-
relates with the M. rubercnlosis DNA load measured by theunx’?-ngxi-hawd assay. In addition, n.-ducul Imls
of M. tuberendosis DNA load are present in those patients suhj 110 1 therapy,
use of this assay for monitoring trentment efficacy. Therefore, these assays represent o fully unnl.mllmt

high-throughput system for the evaluation of mycobacterial burden in clinical specimens.

Tuberculosis (TB) remains one of the major public health

quence (1.! 28). Mummr. since respiratory tracl specimens

problems worldwide (5, 25), particularly due to the app ©
of drug-resistant Mveobacteriium tuberculosis strains that render
TB control programs more cumbersome (16, 24), Diagnostic
tests devoted to the rapid, sensitive, and specific identification
of the causative agent are key elements l’m -.ummJnI health

a o 1 by many llll'h:ru\l species of com-
sal and pn[lm;.mlc microorganisms, a high degree of spee-

me
ificity for M. muberculosis recognition is mandatory.
PCR-based systems require, in addition, an efficient extrac-
tion and purification procedure for the DNA, which is further
licated by the physical peculiarity of the sputum and by

cially in those pa

tebererlosis strains (24). Traditional laboratory technigues (22,
34), such as direct microscopy observation and Myvcobacterium
culture on semisolid or liquid medium, are far from |
sitive and specific or adequate for a fast M m:mur.m. |1.1‘.nv

the hlgh lipid cunlum of the mycobacterial cell wall, Thus, all

the jues for bacterial DNA

require manipulation steps, which result in an unpredictable
loss of starting material, AL present, there are few methods
wvailable for real-time quantification of M. whercnlosis DNA
(3, 7. 15, 17), but none allow for the control of both the effi-
cieney of the extraction procedure and the presence of PCR

m, Moreover, the harsh d

combined with the lnck of homogeneity of the :.pulum uni the
tendency of Myveabacterium 1o clump render even quantitative
culture systems unreliable,

Detection of M. mubereulosis-specific DNA sequences might
represent a more sensitive and fast diagnostic arget (9,
36); however, the successful use of DNA amplification tech-
nigues is strongly dependent on the choice of the wrget se-
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shon Unir, 20014 Nerviano, Milan, Ttaly,

Here, we describe the development of two real-time cali-
brated PCR assays for the rapid, sensitive, and accurate deter-
mination of M. mbercufosis DNA burden direetly from clinical
samples, In our assays, the problems of DNA extraction effi-
ciency and PCR inhibitors have been solved by using a syn-
thetic DNA molecule, termed or, specifically detected
by an ad hoc-designed probe wh does not cross-react with
Mycobacterium sequences. The ALor permits us 1o control
ch sample for the presence of PCR inhibitors, to determine
a cutoll value of sensitivity for negative samples, and to nor-
malize positive samples for the efficiency of DNA recovery (1),
These nssavs. which amplify two distinet regions of the M.
miberculosis genome, one (ragment of the 186710 multicopy
clement (32) and one of the senX3-rgX3 intergenic region




Ventajas de la PCR cuantitativa en tiempo real

*Ensayo dindmico, se analiza la fase exponencial
‘No requiere procesamiento post-PCR ("sistema cerrado”)
-Los resultados son cuantitativos

*Menor duracion del ensayo



Tabla 7. Sistemas comerciales de amplificacion genética para la deteccion directa del complejo M. tuberculosis en la
muestra clinica.
Nombre Método de Diana Volumende Técnica de deteccion Automatizacion  Control FDA
comercial  amplificacion muestra (pl) interno
AMTD2 TMA 165 IRNA 450 Quimioluminiscencia NO NO Sl
AMPLICOR PCR 165 TENA 100 Colorimétrica Sl ] Sl
DTB SDA 156710/ 165 rRNA 500 Fluorométrica (ET) Sl ] NO
LiPA MNested PCR moB 200 Colorimétrica Sl NO NO
RealArt MTE Real Time PCR 165 IRNA 10 Fluorométrica Sl Sl NO
FDA: Aprobada por la FDA.

o
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107 sputum samples 29/29 100% smear-positive culture-positive cases and 33/39 84.6% smear-
negative culture-positive cases, M. tuberculosis was not detected in 25/25 (100%) of the culture negative

samples.

64 smear-positive culture-positive sputa Xpert MT/RIF detected 63/64 98.4% culture-positive

cases and 9/9 100% cases of rifampin resistance. Rifampin resistance was excluded in 54/55 (98.2%)
susceptible cases.




Blakemore R. et al. J Clin Microbiol 2010; 48: 2495-2501

JoUurRNAL OF CLINICAL MICROBIOLOGY, July 2010, p. 2495-2501 Vol. 48, No. 7
0095-1137/10/312.00  doi:10.1128/JCM.00128-10
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Evaluation of the Analytical Performance of the Xpert MTB/RIF Assay"f
Robert Blakemore,' Elizabeth Story,' Danica Helb,' JoAnn Kop,” Padmapriya Banada,'
Michelle R. Owens,” Soumitesh Chakravorty,! Martin Jones,” and David Alland'*

Division of fectious Disease, Department of Medicine, and Ruy V. Lourenco Center for the Study of Emerging and
Reemerging Pathogens, New Jersey Medical School, University of Medicine and Dentistry of New Jersey,
Newark, New Jersey,' and Cepheid, Sunnyvale, California®

Received 20 January 2010/Retumed for modification 12 April 2010/Accepted 17 May 2010

The Xpert MTB/RIF assay correctly identified all 79 M. tuberculosis isolates and correctly excluded all 89
nontuberculosis isolates

RIF resistance was correctly identified in all 37 resistant isolates and in none of the 42 susceptible isolates
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These results suggest that benchtop use of the Xpert MTB/RIF assay limits infection risk to the
user.
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Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance

Catharina C. Boehme, M.D., Pamela Nabeta, M.D., Doris Hillemann, Ph.D., Mark P. Nicol, Ph.D.,
Shubhada Shenai, Ph.D., Fiorella Krapp, M.D., Jenny Allen, B.Tech., Rasim Tahirli, M.D., Robert Blakemore, B.S.,
Roxana Rustomjee, M.D., Ph.D., Ana Milovic, M.S., Martin Jones, Ph.D., Sean M. O'Brien, Ph.D.,

David H. Persing, M.D., Ph.D., Sabine Ruesch-Gerdes, M.D., Eduardo Gotuzzo, M.D., Camilla Rodrigues, M.D.,
David Alland, M.D., and Mark D. Perkins, M.D.

MTB/RIF test identified 551 of 561 patients with smear-positive tuberculosis 98.2% and 124 of 171 with
smear-negative tuberculosis 72.5%. The test was specific in 604 of 609 patients without tuberculosis 99.2%

MTB/RIF test identified 200 of 205 patients 97.6% with rifampin-resistant bacteria and 504 of 514 98.1% with
rifampin-sensitive bacteria
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SEEIE B 10007477 1 Assay Name [xpart MTE-RIF G2 Version |2
: Primary Curve - - -
5 Test Result | IEDETECTEDEOWENNN
Assay HpertMTB-RIF G2 : : Rif Resistance NOT DETECTED
Assay Version 2 : ijn:rlrg:tee Ct EndPt Analyte Result E:Febci
Assay Type |n Vitro Diagnostic Result
2 : . Probe D 25.3 130.0) POS|
Heagentlotlll S 5 : ; Probe C| 24.0 193.0 PO
Cartridge SN* 28375908 : : Frobe E 252 117.0/ POS|
S : : Frohe B 28.1 142.00 FOS
Expiration Date* |8/21/2011 . : SPC 275 282.0/ A
Test Type | Snecimen >| | Frobe A/ 236 141.0/ FOS|
Nﬂtes T D T e E
5. BRONQUIAL : Views I legend: :
; ‘IResult View [vI [/ Probe D; Primary [~ ]
‘FPrimary Curve Al [¥] D Probe C; Primary
StartTime 11/12/201011:5508 | % % E"’:e E ';"_"'a"'
robe B; Primary
End Time 11/12/2010 13:24:22 vl |_ SPC; Primary
Status Done [¥l|_| Probe A; Primary
Error Status O 300
User =Mone=
SMWVersion 2.1 :
InstrumentModule SN F05525/606703 §
: 3
g 200
=1
=
™
100
0 e
10
Cycles
] L=




Gl part P2 1AMEQ00 1832541
Test Report

Zample 10 30007523
Tiest Type: Specirmen

Ansay A=y Version Az say Type
Fpait MTE-AF G2 2 [N s T i
Tesi Resuli: MTE DETEC TED VERY LOW:

Rif Resistance NOT DETECTED

Test and Analyte Redul

Prose O 320 24 POs PAIE

Prosa = 07 18E POs PAIE

Froba £ ey I a3 POs PAIE

Froba 3 T 1132 POs PAIE

="l e 341 135 Bb PAIE

Proba & av 145 POs PAIE

Ll < Mana=

St Dane Skart Tirme: 11HE2010 08:45:35
Reagant Lot 1D Q2003 End Tima: T1HER2010 11:14:29
Expiration Data*: 10282011 Modul= Hame: E1

Carfridge SN 28871252 Wi s ZH: B0E639

W ermion: 21 Irefrument 52 05525

Hiotes epuia

Error St atus: QK

Errors

“hana®

*indicates that a particular field is entered using a acode scanner

[For I e (i g ot o U Ondy.

Do P, o T (Do Sy i 3 v @ o o 21 Page 1 o 1




GeneXpert® Dx System

User Data Management Trending Setup Advanced Setup View Results About

Create Test

Check Status

Stop Test

Define Graphs

/5]

User <None>

Module Name A4
Sample D (310001322

Assay rpertMTE-RIF

Assay Version
Assay Type |n Vitro Diagnostic
Reagent Lot ID* 00701
Cartridge SIN* 25192924
Expiration Date* |1010/2010

Test Type | Specimen b

hiotes

Esputo

Start Time 2722010 11:03:33
End Time 2/2/201012:32:02
Status Doneg
Error Status Ok
User =hone=
SWVersion 2.1
InstrumentModule SN 705524/606181

Views

- a

:FResult View
fprimary curve

4

g r Test and Analyte Result r'D'alii]i" rE[ruEs- r'}ﬂs{urj’ |

Assay Name .}(pen MTE-RIF Version 1
Analvte Ct EndPt Analyte Result Frobe
MName Check
Result

Probe D

Prohe C|

Probe E

Probe B
SPC|
Frohe Al

281

120.0) FOS
198.0] FOS
128.0] FOS

7.0 MNEG
296.0 M
142.0 POS

Result View
:IPrimary Curve

Fluorescence

400

300

200

100

10

20
Cycles

30 40

Legend

[/l [/] Probe D; Primary
[¥/l || Probe C; Primary
[l || Probe E; Primary
[¥/l [/] Probe B; Primary

[l || SPC; Primary

[l |_| Probe A; Primary

1]l




Sample |D: 310001322
Test Type: Specimen

Agsay Information

Assay Version  Assay Type
Mpert MTE-RIF 1 InViro Dlagnostic

Test Result: MTE DETECTED LOW,
Rif Resistance DETECTED

Test and Analyte Result

Result
Prabe D 9.1 138 FOg PASSE
Probe & 280 198 POS PASS
Prabe E 29.1 128 POS PASS
Probe B [v] 7 - HEG PASS
SRC 274 iz MA PASS
Probe & 2TE 142 POS PASS
User: = MNone>
Status: Done Start Time: 2202010 11:03:33
Reagent Lot 1D*: 0070 End Time: 222010 12:32:00
Expiration Date™: 10M 2010 Module Mame: Ad
Cartridge S/N™: 2519859859 Madule S/M: 605181
SAN Version: 21 Instrurment S/MN: 705524
MNotes: Esputo
Error Status: (o] 4
Errors
=Mong>

*indicates that a paricular field is entered using a barcode scanner

For In Vi Diagnosties Use Only.
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Resultados globales




Esputo

Aspirado bronquial
BAL

Orina

LCR

Liquido pleural
Liquido ascitico
Liquido articular
Liquido pericardico
Sangre

Biopsia

Exudado purulento
PAAF

Médula ésea

Jugo gadstrico
Heces

Total

368
197
49
29
81
159
24
10

16
69
55
22
12
10

1.108

Resultados globales



Resultados globales

Esputo 368 _ _
e (et 197 :> 614 muestras respiratorias
BAL 49

Orina 29

LCR 81

Liquido pleural 159

Liquido ascitico 24

Liquido articular 10

Liquido pericdrdico 4

Sangre 16 |:> 494 muestras extra-respiratorias
Biopsia 69

Exudado purulento 55

PAAF 22

Médula ésea 12

Jugo gdstrico 10

Heces 3

Total 1.108



Resultados globales

n TBC
Esputo 368 43
Aspirado bronquial 197 14
BAL 49 3
Orina 29 4
LCR 81 2
Liquido pleural 159 2
Liquido ascitico 24
Liquido articular 10 1
Liquido pericdrdico 4
Sangre 16
Biopsia 69 3
Exudado purulento 55 6
PAAF 22 2
Médula ésea 12
Jugo gdstrico 10 1
Heces 3
Total 1.108 81



Resultados globales

n TBC
Esputo 368 43
Aspirado bronquial 197 14
BAL 49 3
Orina 29 4
LCR 81 2
Liquido pleural 159 2
Liquido ascitico 24
Liquido articular 10 1
Liquido pericdrdico 4 TBC 7,3%
Sangre 16
Biopsia 69
Exudado purulento 55
PAAF 22
Médula ésea 12
Jugo gdstrico 10
Heces 3
Total 1.108




Resultados globales

n TBC BK
(+)
Esputo 368 43 32
Aspirado bronquial 197 14 2
BAL 49 3
Orina 29 4 1
LCR 81 2
Liquido pleural 159 2
Liquido ascitico 24
Liquido articular 10 1
Liquido pericdrdico 4
Sangre 16
Biopsia 69 3 1
Exudado purulento 55 6
PAAF 22 2
Médula ésea 12
Jugo gadstrico 10 1 1
Heces 3
Total 1.108 81 37



Resultados globales

n TBC BK
() —

Esputo 368
Aspirado bronquial 197 56,6% Baciloscopia POSITIVA
BAL 49
Orina 29
LCR 81 34/60
Liquido pleural 159
Liquido ascitico 24
Liquido articular 10
Liquido pericdrdico 4
Sangre 16 14,2% Baciloscopia POSITIVA
Biopsia 69 3 1 a7 P
Exudado purulento 513 6
PAAF 22 2 3/21
Médula osea 12
Jugo gdstrico 10 1 1
Heces 3
Total 1.108 81 37

45,6% Baciloscopia POSITIVA



n

Resultados globales

TBC BK MGIT 960

(+) (+) NEG

Esputo 368 43 32 42 1
Aspirado bronquial 197 14 2 14

BAL 49 3 2 1
Orina 29 4 1 4

LCR 81 2 2
Liquido pleural 159 2 2
Liquido ascitico 24

Liquido articular 10 1 1
Liquido pericdrdico 4

Sangre 16

Biopsia 69 3 1 3
Exudado purulento 55 6 6
PAAF 22 2 2
Médula ésea 12

Jugo gadstrico 10 1 1 1
Heces 3

Total 1.108 81 37 79 2



Resultados globales

n TBC BK MGIT960 BacTAlert 3D
(+)  (+) NEG6 (+) NEG

Esputo 368 43 32 42 1 43
Aspirado bronquial 197 14 2 14 14

BAL 49 3 2 1 3
Orina 29 4 1 4 4

LCR 81 2 2 2
Liquido pleural 159 2 2 1 1
Liquido ascitico 24

Liquido articular 10 1 1 1
Liquido pericdrdico 4

Sangre 16

Biopsia 69 3 1 3 3
Exudado purulento 55 6 6 5 1
PAAF 22 2 2 2
Médula ésea 12

Jugo gdstrico 10 1 1 1 1
Heces 3

Total 1.108 81 37 79 2 79 2



Resultados globales

n TBC BK MGIT 960 BacTAlert 3D Low-Jensen
(+) (+) NEG (+) NEG (+) NEG

Esputo 368 43 32 42 1 43 38 5
Aspirado bronquial 197 14 2 14 14 14

BAL 49 3 2 1 3 3 1
Orina 29 4 1 4 4 3 1
LCR 81 2 2 2 2
Liquido pleural 159 2 2 1 1 2
Liquido ascitico 24

Liquido articular 10 1 1 1 1
Liquido pericdrdico 4

Sangre 16

Biopsia 69 3 1 3 3 3
Exudado purulento 55 6 6 5 1 5 1
PAAF 22 2 2 2 1 1
Médula ésea 12

Jugo gdstrico 10 1 1 1 1 1
Heces 3

Total 1.108 81 37 79 2 79 2 72 9



Resultados globales

n TBC BK MGIT 960 BacTAlert 3D Low-Jensen Xpert MTB/RIF
(+)  (+) NEG (+) NEG (+) NE6 (+) NE6

Esputo 368 43 32 42 1 43 38 5 42 1
Aspirado bronquial 197 14 2 14 14 14 14

BAL 49 3 2 1 3 3 1 2 1
Orina 29 4 1 4 4 3 1 4

LCR 81 2 2 2 2 2
Liquido pleural 159 2 2 1 1 2 1 1
Liquido ascitico 24

Liquido articular 10 1 1 1 1 1
Liquido pericdrdico 4

Sangre 16

Biopsia 69 3 1 3 3 3 3
Exudado purulento 55 6 6 5 1 5 1 5 1
PAAF 22 2 2 2 1 1 2
Médula ésea 12

Jugo gdstrico 10 1 1 1 1 1 1

Heces 3

Total 1.108 81 37 79 2 79 2 72 9 76 5



Resultados COMPARATIVOS

Examen microscépico
POS (n=37) NEG (n=44) Total (n=81)

Bactec MGIT 960 37 42 79
BacTAlert 3D 37 42 79
Low-Jensen 37 35 12

Xpert MTB/RIF 37 39 76



Resultados COMPARATIVOS

Examen microscépico
POS (n=37) NEG (n=44) Total (n=81)

Bactec MGIT 960 37 42 79
BacTAlert 3D 37 42 79
Low-Jensen 37 35 12

Xpert MTB/RIF 37 39 76



Resultados GLOBALES

TBC No TBC Total
POS 76 0 76
Xpert MTB/RIF NEG @ 1027 1032
Total 81 1027 1108
Sensibilidad 93,8% Especificidad 100%

VPP 100% VPN 99 5% Concordancia 99,5%




Resultados MUESTRAS RESPIRATORAS

TBC No TBC Total

POS 58 0 58

Xpert MTB/RIF NEG @ 554 556
Total 60 554 614

Sensibilidad 96,6% Especificidad 100%
VPP 100% VPN 99,6% Concordancia 99,6%




Resultados
MUESTRAS EXTRA-RESPIRATORAS

TBC No TBC Total
POS 18 0 18
Xpert MTB/RIF NEG @ 473 476
Total 21 473 494
Sensibilidad 85,7% Especificidad 100%

VPP 100%

VPN 99,3% Concordancia 99,2%




Avances en el diagnostico de la
Infeccion tuberculosa



Prueba de la Tuberculina

El diagndstico de la Infeccion tuberculosa latente se sustenta en la
prueba cutanea de la tuberculina (Mantoux).

Es una prueba diagnéstica con mas de 100 afos de antigliedad.

La prueba de la tuberculina pone de manifiesto un estado

de hipersensibilidad del organismo frente a las proteinas

del bacilo tuberculoso, que se adquiere después de una
infeccidn producida por M. tuberculosis

* Proteinas filtradas de cultivos (Derivado Proteico
Purificado, PPD)

e Inyeccion intradérmica
e Lainduraciéon se mide 48-72h después




IGRAS Interferon-gamma-release assays

“Pruebas in vitro que detectan la liberacion de Interferon-gamma en respuesta a
una estimulacion con antigenos tuberculosos especificos ESAT-6 (early-secreted
antigenic target 6), CFP-10 (culture filtrate protein 10), TB7.7(P4)



IGRAS fundamentos

M. bovis

1908 L. mp1

IS

1921

RD16

RDT e - RDE

1961

Pasteur Frappier Tice Glaxo Birkhaug Japan Russia
Phipps Connaught Denmark Prague Sweden Moreau

Los antigenos utilizados ESAT-6 y CFP 10 derivan de la region RD1 de MTB

La region RD1 no esta en las cepas de BCG (se pierde durante la derivacion de M.
bovis BCG de M. bovis entre 1908 y 1921 en el Instituto Pasteur)

No se producen falsos positivos en individuos vacunados con BCG

La region RD1 tampoco esta presente en la mayoria de las micobacterias
ambientales, excepto M. kansasii, M. marinum, M. szulgal



Formato de IGRASs disponibles:

* QuantiFERON-TB Gold In-Tube (Cellestis, Australia)

 T-SPOT.TB (Oxford Immunotec, U.K.)



QuantiFERON-TB Gold In-Tube

uantiFERON -

PACKAGE
INSERT

For fn Vitro Diagnostic Use

ce es@




uantiFERON"

Assay Quick Reference Guide

Part 1. Blood Incubation and Har'.rastlng

_-/ " Y
i

-

Ly L
& & 5 &

* After blood collection, mix “ 42 z00n a3 poasible, and within & Canirifuge tubea st 2000-3000 g (RCF) “"" Harvest st lesst 200 pL plasma from
QuartiFERCHE-TE Gold tub=e 18 hours of collection, incubate fubes for 15 minutes. sach fubs. Store in racked microtub=e
thoroughly, by shaking vigornously upright at 37°C for 18-24 hours. of urcoatad micropletes.

) for & esconds. i |

I i ]
- I A A% /

Part 2. Human IFN-y ELISA

o o oy % =
" Agd 50 L of werking " Shake coversd platefor 4 min. || ¥ Wash plate = & tmes. Add #" 444 50 uL of stap solution. # Caloulste results using
conjugate to each well. Add Incubagte for 420 minutes &t 100 pL of substrate. Incubste Rizad absarbence within 5 min. QuantFERON®-TE Gold
S0yl of plasma orstandard. || room temperaturs. ] A0 min. at room tempereturs. at 450 nm (E20-650 nm ref). | In-Tube Analysis Softwars.

A AN VAN AW J




QuantiFERON-TB Gold In-Tube

wantiFERON-




QuantiFERON®-TB Gold In-Tube Results

Test Date: martes 4 mayo 2010
Version 2.50 Operator: Admin
Run Number: 1
Kit Batch Number:

Valid ELISA test run.

Results
Subject 1D i Mitogen TB Ag- Mitogen- Result
Nil Mil

310003649 13.57 0.26 1349 MNEGATIVE
310003670 13.57 0.00 1348 | NEGATIVE
310003681 13.57 -0.01 13.35 NEGATIVE
310003684 13.57 0.02 1349 | NEGATIVE
310003686 2, 30 222 292 | POSITIVE
310003687 13.57 0.00 13.50 | NEGATIVE
310003706 . 13.57 0.00 1351 NEGATIVE
310003727 3 6.76 2.03 648 POSITIVE
310003741 3.30 0.01 325 NEGATIVE
310003742 1.73 0.19 1.67 MNEGATIVE
310003744 13.57 132 13.48 POSITIVE
310003746 13.57 0.00 13.52 NEGATIVE

Signature

B ———




Report/Interpretation

<0.35 >0.5 e
Neoafi M. tuberculosis infection
Negative .
. . _ NOT likely
< 8.C |=0.35 and < 25% of Nil value >0.5 y
> 0.35 and > 25% of Nil value Any Positive’ M. mbercqz’osm Infection
" likely
<0235 <05
> 0.35 and < 25% of Nil value <05 Indeterminate’ Results are mdetemu_] 1ate for
TB-Antigen responsiveness
> 8.0° Any Any




TB Antigen minus Nil  [Mitogen minus Nil|QuantiFERON*-TB

Report/Interpretation
<0.35 >0.5 e
Neoafi M. tuberculosis infection
Negative .
. . _ NOT likely
< 8.0 |=0.35 and < 25% of Nil value >0.5 y
Positive: M. tuberculosis infection
' likely
> 0.35 and < 25% of Nil value <05 Indeterminate’ Results are mdetemu_] 1ate for
TB-Antigen responsiveness
> 8.0° Any Any




TB Antigen minus Nil  [Mitogen minus Nil|QuantiFERON*-TB

Report/Interpretation
0.35 >0.5 L
<Y Neoafi M. tuberculosis infection
Negative :
) ( ely
< 8.0 [=0.35 and < 25% of Nil value >0.5 NOT likely
> (0.35 and > 25% of Nil value Any Positive’ L BT L e
" likely
<0.35 <0.5
> (.35 and < 25% of Nil value <0.5 Indeterminate® | RESULS are mdetemu_] EINS S
TB-Antigen responsiveness
> 8.0 Any Any




T-SPOT.TB

J

An in vitro diagnostic test for the

detection of effector T cells that respond to
stimulation by Mycobacterium tuberculosis
anfigens and is intended for use as an aid
in the diagnosis of tuberculosis infection

12 x 8 well strips (24 fests)



(a)

(b)

> Plasma »
g !Ewer -\‘
Density Gradient -
/ Liquid

Separation Gel /

Ficoll-Paque™ Plus
Red Blood Cells




PEMC layer




Neubauer Haemocytometer

Platalats

Mon-viable calls (blua)

Fast-Read Disp

osable Counting

Viable cells (white) ‘ Cell clump

(c)




Collect the blood | Before After Wash and count Add PBMCs Effector
sample in a Cell Centrifugation Centrifugation the PBMCs using to wells with Antigen T cell
Preparation Tube a microscope antigens and Cytokine
and centrifuge and counting incubate Cytokine antibody
to separate chamber or overnight
Peripheral Blood simply run (37°C, CO,)
Mononuclear themon a
Cells (PBMCs) haematology YY YY J\
sEI:rr'i? n analyser
Pre-coated well
Extraccion de sangre usando un tubo Lavado y recuento celular. Se afiaden las células y los antigenos TBC al pocillo
Vacutainer CPT® o tubo con gradiente de correspondiente, se incuba una noche en estufa
ficoll. Extraccion capa linfocitaria CO, Los anticuerpos capturan el IFN-gamma
Wash and add Wash and add Count spots Reactive R;:g"
Ve
secondary substrate One spot =
antibody 5::3.';23{," one T cell O Nil Control

Panel A antigen
Panel B antigen
Positive Control

133,35

GOOO

Se lava el pocillo y se afiade el sustrato, se Resultado
incuba 7 minutos. Se cuentan, de manera
manual o automatizada, las manchas
generadas

Se lava el pocillo y se afade el 2° anticuerpo
conjugado, se incuba 1 hora




Cantral Hil

Panel A

Panel B

Control positive

Muestra reactiva

Muestra ne reactiva




Resultado positivo:

Control Negativo = 0 — 5 manchas
+

Manchas Panel A / B — Manchas Control Negativo = 6

Control Negativo = 6 — 10 manchas
+

Manchas Panel A / B 2 2X Manchas Control Negativo

Resultado indeterminado:

Control Positivo = <20 manchas
+

Panel A / Panel B NO reactivos

Control Negativo = >10 manchas
¢contaminacién? ¢ secrecion espontanea de IFN-gamma?

Alto background en todos los pocillos









Collect the blood
sample in a Cell
Preparation Tube
and centrifuge
to separate
Peripheral Blood
Mononuclear
Cells (PBMCs)

Before After
Centrifugation Centrifu

Whole
blood

Plasma +
Gel ¥
\ '0f
Dense '

solution
blood cells

Red

gation

PBMCs

* Monocytes
* Bcells

* Tcells
(Effector and
Memory

T cells)

Wash and count
the PBMCs using
a microscope
and counting
chamber or
simply run
them on a
haematology
analyser

Diferencias: lavado y recuento de linfocitos T

« Ellavado y el recuento de los linfocitos T mejoran la sensibilidad

« Ellavado elimina las citoquinas de fondo que podrian ocasionar resultados

inespecificos

« El recuento permite corregir las muestras de los pacientes con { células T

Todas las muestras se ajustan aprox. 250.000 células lo

que permite establecer un punto de corte mas preciso




Diferencias: Resultados

Curva estandar

Lectura absoluta



SENSIBILIDAD-ESPECIFICIDAD
IGRAS

Meta-analisis

Diel R et al.

Chest 2010, 137:952-968



Tuberculina
Sensibilidad
70%

Figure 2: Forest plot of TST sensitivity

Study, Year [Reference]

B Mori et al. 2004°
= Kang et al. 2005°
- [~ R Ferrara et al. 20087
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| 1 1 | 1 Chi-square = 128.00; d.f. =24 (p=0.0000})
i 0.2 04 0.6 0.8 1 Inconsistency (l-square} = 81.3 %
Sensitivity

Sensitivity (35% CI)
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QuantiFERON TB Gold-In Tube
Sensibilidad 81%

Figure 3: Forest plot of QFT in tube sensitivity

Study, Year [Reference] Sensitivity (35% Cl) Patients (min)

—— Tsiouris et al. 2006° 0.85 (D.57-0.7%) 100/154
E Palazzo et al. 2008 0.82 (0.57 - 0.08) 1417
— Dominguez et al. 2008% 078 (0.63-0.80) 3342
B Pai et al. 20073 073 (0.60-0.84) 4480
| Baba et al. 2008 D58 (0.28-0.85) Mz
| Bartu et al. 2008™ 0.86 (0.65-0.97) 1922
13 Chee et al. 2008 0.80 (0.75-0.85) 224/280

m—| Detjen et al 2007™ 093 (0.76-0.09) 2828
B Gerogianni et al. 2008™ 085 (D.75- 1.00) 19720

R Harada et al. 2008™ 0.87 (D.79-0.03) 87/100
—-| Katiyar et al. 2008% 0.85 (0.87 -0.99) THTE
B—| Aichelburg et al. 2008% 091 (0.50-1.00) 10V11
m— Bianchi et al. 2008™ 0.24 (0.70-1.00) 15/18
B-{ Chegou et al. 2008™ 0.08 (0.78-1.00) 2323
— Kabeer et al. 2000 0.68 (0.50 - D.80) 20/44
. Kampmann etal. 2008 080 (0.59-0.63) 2025

B Lighter et al. 2008 0.86 (D.42-1.00) BI7
m—| Markova et al. 2008 0.92 (0.64-1.00) 1213
— M Sauzullo et al. 2008 1.00 (0.91-1.00) 38/38
* Pooled Sensitivity = 0.81 (0.7 to 0.83)
Chi-square = 70.00; d.f. =18 {p = 0.0000)
1] ' 02 04 08 0.8 Inconsistency (I-square} = 77.5 %

Sensitivity




a) GFT in tube sensitivity in developed countries

St .y, Year [Reference] Sensitivity (95% ClI) Patients [n'n)

Bartu et al. 2008™ 0.88 (0.65-0.87) 18/20
Chee et al. 2008% 080 (075 - O.BS) 2241280
B—| Detjen et al. 2007"" 0.93 (0.76-0.99) 26/28
. Dominguez et al. 2008° 079 (0.63 - 0.90) 33042
B Gerogianni et al. 2008' 085 (0.75- 1.00) 19020
] Harada et al. 2008 0.87 (D.79-0.93) 87/100
= Palazzo et al. 20087 0.82 (D.57 - 0.96) 1417
m— Aichelburg etal. 2009® 091 (0.59-1.00) 1011
m—| Bianchiet al. 2008™ 0,84 (0.70 - 1.00) 15/16
C—— Kampmann et al. 2000°° 0.80 (0.50-0.93) 20725
B Lighter et al. 2009 0.86 (D.42-1.00) &7
Markova et al. 2009" 0.92 (0.684-1.00) 12113
——M Sauzullo et al. 2008 1.00 (0.91-1.00) 38/38
. “ I
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b) QFT in tube sensitivity in developing countries

Study, Tear [Reference] Sensitivity (25% CI)
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T-SPOT.TB
Sensibilidad

87.5%

Figure 4: Forest plot of T-SPOT.TE sensitivity
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QuantiFERON TB Gold-In Tube
Especificidad 99%

Figure 5: Forest plot of QFT in tube specificity
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T-SPOT.TB
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86%

Figure 6: Forest plot of T-Spot.TB specificity
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Respaldo al uso de IGRAS

QuantiFERON Gold se puede emplear en todos los casos en los que la prueba de la
tuberculina esta actualmente recomendada

QuantiFERON Gold debera utilizarse en lugar de la prueba de la tuberculina y no
ademas de ella

No se recomienda usar solamente QuantiFERON Gold para excluir LTBI en:
Inmunodeprimidos
nifos menores de 5 afnos de edad

Pacientes que van a ser tratados con antagonistas TNF-Q



Recommendations on Interferon

Gamma Release Assays for the

Diagnosis of Latent Tuberculosis
Infection-2010 Update

Canada Communicable Disease
Report CCDR

June 2010, volume 36, ACS-5

nsmissibles au Canada
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An Advisory Committee Statement [ACS)
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Recommendations on Interferon Gamma
Release Assays for the Diagnosis of Latent
Tuberculosis Infection—2010 Update
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Respaldo al uso de IGRAs

. IGRAS y tuberculina no permiten distinguir entre LTBIl y enfermedad activa

. IGRAS presentan una elevada especificidad en vacunados 93-99%, son mas
consistentes los estudios con QFT que con T-SPOT.TB (derivan de la experiencia
con la version ELISPOT)

. Tuberculina especificidad alta (aprox. 97%) en no vacunados y es variable o
baja (aprox.60%) en vacunados

. IGRASs sensibilidad en TBC activa 75-90% (QFT aprox. 75-80%, T-SPOT.TB
aprox. 90%), tuberculina similar a QFT inferior a T-SPOT.TB
. Existen pocos estudios, y son muy heterogéneos, sobre sensibilidad IGRAs

en inmunodeprimidos, T-SPOT.TB parece superar a la tuberculina

. IGRASs en estudio de contactos se correlacionan bien con otros marcadores pero
Nno necesariamente mejor que la tuberculina en todas las poblaciones

. IGRAS se correlacionan mejor que la tuberculina en poblaciones con incidencia
baja + BCG



Siempre se encontraran casos con discordancias entre IGRAs y tuberculina
pero no siempre podran ser explicadas. Parecen reducirse cuando se
modifican los puntos de corte

Discordancias significativas en personal sanitario tuberculina+,IGRAs-

IGRAS en <18 afos sensibilidad en TBC activa variable T-SPOT.TB parece
superior a QTF

Discordancias frecuentes en nifos tuberculina+,IGRAs-

IGRAS estan descritas conversiones y reversiones, su valor pronostico se
desconoce

En la actualidad se desconoce el valor predictivo de IGRAS, los resultados
de los 3 estudios publicados no son consistentes,



Algunas consideraciones...

QuantiFERON-TB Gold In-tube

Parece mas recomendable para el ambito extra-hospitalario y para
estudios de contactos mas 0 menos NUMerosos

T-SPOT.TB

Parece mas recomendable para el ambito hospitalario, especialmente
en pacientes con inmunodepresion, o en valoraciones previas a
terapias con inmunosupresores en general y anti-TNF en
particular



Algunas consideraciones...

QuantiFERON-TB Gold In-tube

Parece mas recomendable para el ambito extra-hospitalario y para
estudios de contactos mas 0 menos NnUMerosos

T-SPOT.TB

Parece mas recomendable para el ambito hospitalario, especialmente
en pacientes con inmunodepresion, o en valoraciones previas a
terapias con inmunosupresores en general y anti-TNF en
particular

.....Deberian coexistir?



stambién con la tuberculina?



QuantiFERON TB GOLD IN-TUBE vs T-SPOT.TB

Resultados contexto Enfermedad Inflamatoria Intestinal

92 pacientes, resultados coindidentes ambos IGRAs 87 %

77 Resultado NEGATIVO coincidente 83,7%
3 Resultado POSITIVO coincidente 3,2%
6 T-SPOT.TB POSITIVO/ QuantiFERON NEGATIVO 6,5%
3 QuantiFERON POSITIVO/T-SPOT.TB NEGATIVO 3,2%
3 Resultado INDETERMINADO T-SPOT.TB/ QuantiFERON NEGATIVC 3,2%

Total positivos 12 (13%)

9 T-SPOT.TB
6 QuantiFERON TB GOLD In-Tube



Conclusiones

Resultados contexto Enfermedad Inflamatoria Intestinal

Un 13% de los pacientes fue diagnosticado de Infeccion
tuberculosa

Al considerar cualquier resultado IGRA positivo como
criterio de infeccion tuberculosa, la realizacion de ambas
pruebas EN ESTE TIPO DE PACIENTES aumenta la
sensibilidad diagndstica entre 25-50%



En pacientes inmunodeprimidos deberia tenerse en
cuenta ADEMAS el impacto sobre los resultados

de “algunos eventos” evidenciados con ambos
IGRAs



QuantiFERON®-TB Gold In-Tube Results

Test Date: martes 4 mayo 2010
Version 2.50 Operator: Admin

Run Number: 1 7 e
Kit Batch Number: Minimo 0,15

Valid ELISA test run.

Results
Subject 1D Nil TB Ag TB Ag- Mitogen- Result
Nil Mil

310003649 0.08 0.34 13.57 0.26 1349 NEGATIVE
310003670 0.09 0.09 13.57 0.00 13458 NEGATIVE
310003681 0.22 0.21 13.57 -0.01 13.35 | NEGATIVE
310003684 0.08 0.10 13.57 0.02 13.49 | NEGATIVE
310003686 0.09 2.31- am 222 2.92  POSITIVE

310003687 0.07 0.07 13.57 0.00 13.50 | NEGATIVE
310003706 0.08 0.06 13.57 0.00 1351  NEGATIVE
310003727 0.28 2. 6.76 203 648 POSITIVE

310003741 0.05 0.0¢ 330 0.01 325 NEGATIVE
310003742 0.06 0.2 1.73 0.19 1.67 NEGATIVE
310003744 0.08 1.40 13.57 132 1348 POSITIVE

310003746 0.05 0.05 13.57 0.00 13562 NEGATIVE

Signature
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PROBLEMAS DE INTERPRETACI'C')N EN LOS ENSAYOS
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75 pacientes
Resultados contexto Inmunodeprimidos, terapia anti-TNF, edad pediatrica

02 al menos uno de los IGRAS “Ok” 82,6%
13 los dos IGRAs “no Ok” 17,3%

T-SPOT.TB 31 (41,3%) <250.000 células

25 NEGATIVOS (2 fueron QTF POSITIVO)
5 POSITIVOS
1

INDETERMINADO

QuantiFERON 24 (32%) Mitégeno >0,5 PERO inferior al 40% de la media
22 NEGATIVOS (2 fueron T-SPOT.TB POSITIVO)
2 POSITIVOS



75 pacientes
Resultados contexto Inmunodeprimidos, terapia anti-TNF, edad pediatrica

O)

2 al menos uno de los IGRAS “Ok” 82,6%

13 los dos IGRAs “no Ok” 17,3%

En estas situaciones se
evidencia de un incremento
de falsos negativos de un
25 NEGATIVOS (2 fueron QTF POL  IGRA respecto al otro

5 POSITIVOS
1 INDETERMINADO

T-SPOT.TB 31 (41,3%) <250.000 células

QuantiFERON 24 (32%) Mitégeno >0,5 PERO inferior al 40% de la media
22 NEGATIVOS (2 fueron T-SPOT.TB POSITIVO)
2 POSITIVOS



Conclusiones
Inmunodeprimidos, terapia anti-TNF, edad pediatrica

Al considerar cualquier resultado IGRA positivo como
criterio de infeccion tuberculosa, la realizacion de ambas
pruebas EN ESTE TIPO DE PACIENTES aumenta la
sensibilidad diagndstica entre 28-71%

En un contexto clinico como el descrito
el impacto econdmico nos parece
justificado



PAPEL DE LAS NUEVAS TECNICAS DE PCR A TIEMPO
REAL A FROPOSITO DE UN CASO DE TUBERCULOSIS.

frglelles Menéndez P, Peneda Pallares &', Charoma Ldpez L, Fernandez e R
Codejon 0, Falacios Gasos M, Faacios Gutierrez JJ'. -‘:'
Servicio de Bioguirica Clirica, Hospital Uriversitario Ramdn y Cajd. Madrid.

'Unidad de Referencia Regiond de Micobacterias, Hospital Universitario 'M
Central de Asturias. Oviedo.

HISTORIA CLINICA

Motivg de conadta: Mujer de 14 afios que acude por fisbre, fos y expectoracicn. Historia achudl : Diagnodicads de
neumonia en LMD & M de enero de 2010, a fratamiento con Sogmendine 10 dias, con persistencia de dinica w R,
acude nuewamerte a Lhgendas donde se frata con Odegra w tras 4 dias de tratamiento, d persistr tos, fiebre ¥

expectoracion, se dedde ingreso. Mntecedentes persondes: MAMC. Mo OM ni HTR ni DL. Mo hakitos tosicos. Mo
artecedentes médicos de interés.

EXPLORACIEN ‘

T* 38.8% Sat.02: 38% TA: 110080, Bupneics en reposo o
romocoloresda. AP orepitantes en costado  dohioo
Bbdormen anodino. EEN: sinedernas.

| FRUEBAS COMFLEMENTARIAS

R&Tora: Condenzaddn en LMD con irfiltrado modular en
LIO. En Rx posterior s= objdivd derrame pleural derecho.
ECG: R. siruzd a1001pm.

Ecografia pleord O Mirirmo derrame plearal con algln sapto
irterior, Condensac dn LID.

AHALITICA: Ure: 20 mgidL, Cre: 0062 mgdl, Ma: 132 mMiL,
K: 425 mMA, PCT: 042 ng'ml, PCR: 15.57mgd, GOT: 12 e o R s an Eara e rar
LA, GPT:17 LA, FA: 78 WL, GGT:25 L, BT: 0.5gMdL, LOH:

303 UL BK esputo: Megative, WUANTIFERON: Positivo.
Herm-cuﬁms Negaﬁl.os. Lrimocutive: Megaive, Cufiva
esputo: Meg

FCR esp_ﬂn [h‘pert MTERIF]: Fosifivo para MTE commplex,
detectada resstencia a rifampicdira. Cultivo micobacter as:
Positivo paraf tbenceosis cormpled mut zensble.

Tras tratami ento inicial con R+MHP+E, |3 pacierte sufreintd erancia dgestiva v ermpecrami ento radol dgico. La studdn
clinica jurto con |3 informssidn disponibl 2 en ese romento por PCR en espute [routaci 0 en el gen moB | mativd goe
=& canbiara el fratamierto ini cial pam cbnr |3 posbilidad de mutires stencia (R+ B+ F+Mat Lre ). Bnlos coltives se
aidd e identificd Myosbackdaunt ibercuinss, d artibiograma demostrdque 1a cepa era sensible a todas las drogas
de primera linea incldda rfampicdna; asmismo s2 corfirmd por 2 métodos complementarios [INHOLIFA RIF TE,
Gerotype MORplUs] quela cepa preserteba la ridtacidn en d gen B detectads en la risestra dirica. Seirstard
rilevaments ratanierto con Rifaer, afedidndose esteroides ordespor s ndrome febril persistente. End ronents del
alts d derrame plerd habia dessparecido v |a fidbre remitida con log estercides. La ewdluddn clinica ha sido
favoral e, actud mente 2 encuentra pend ante de complatar o tratamierto especificn.

OIAGNOSTICO DEFINTYO

Tubereuosi= pulmanar, cepa de M. trbemuto &5 sensible 3 drogas de primera lirea,
irchuida rifamnpidna, enpresenca de rmigtac on en d gen ok queno =2 expresa.

La tecnobgia spert MTERIF (Genepert, Capheld) pemits o diagnastico de 1a berculosls dirsctamerts en la musstra elinlea v a la
veZla deticeion da muaelons s n el gen moB (1o qus suisls I asociado a reslsfenela a 1a namplcingy B torm ato o compacto y ds tacl
reall zaclan. Se amplifica una zona diana e spacifica dal genoma de M. Giercadass qus e svidencla perhibrdactan can sorras unidas
a marcadors s MUGmgNIcos. Las mayores ventaas raslden en su raplde 20, 40 minjy en &l formato compacts, kb que pamits su
reallzaelon de mangra Indlviduall 2ada “a demanda” y dar soports al cinleo para 13 ©ma de declslons s ntlclpando se a la posfivilad
de los cultivos. SIn embarge, en cuani a la detecelon de resistencla a la ifamplelna, conviens recordar qus, en la tubsrealosls, el
criterio de senelblidad o raslstencla a un tmaco se slgus sustantade en el anfiblograma (= Be de poblaclon milcobactsriana
reslstents | 1a pressncla de mutacions s en genss qus codfcan reslstanclas a firmacos no conlle va “reslstencla ssgura®, sim plem ents
alerta y anficipa dé & sa posibilidad, que deberta ser confim ada slem pre para lo cual sigus ra sutands Imprs scindble &l cutive. sirva
i elsmplo e o caso. Cresmas oue los métdo s moleculars s ¥ fradiclonale s deben cossletir en el labotarlo de micobacterias.
W CONG A MAL D L ASC RATOMO OLIMOD - ZARASOEA 20!
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Assay Version
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In Viro Diagnostic
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S —

Test Result:
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EndPt Analyte Probe
Result Check
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Probe A ] 142 POS PASS
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Reagent Lot 1D 00701 End Time: 222010 12:32:02
Expiration Date™ 10M0/2010 Module Name: Ad
Cartridge S/IN"™ 251968089 Madule S/IN: 606181
SAV Version: 21 Instrument 5/N: 705524
Notes: Esputo
Errar Status: oK
Errors
<None>

*indicates that a particular field is entered using a bareode scanner
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Codejon 0, Falacios Gasos M, Faacios Gutierrez JJ'.
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Tuberculosis v solidaridad

! Lepalsnder lr*

Joan A Cayli®, Jost A, Camineroty Julio Ancochea®

Smordinmdoees del Ao SEFPAR 208 sobie o Toberouleds ¥ 1o Solidsided.

“Preskienis de L SEPAR

Muy probeblemenie ls lwhercolosis & la mis viejo
epidemia que afecis a la =specie humana y la que mis
dafio le ha beche a lo largo de ioda = historia, Estudics
recienles dan o esta viep enfermedad une antigiedad
cercana & bos 3 millones de afos!, y duranie gran parie
de esta lerga historia ha :u:b la enfermedad infeccinsa
humana mis imporiante. Coests rabajo aceplar oo sélo
que lleve tenios millones de afos causando dafia, sina
tembidn que win hoy, en pleno siglo X001, sigs denda
une de las 3 enfermedades infecciosas gue mis maten,
junto con ] sids ¥ |la malaria. Es dificil jostificar esia
sitmaridn con uns enfermedad curble en la gan mayo-
ria de los casos desde hace mids de 40 ahos y de la que
s= conocen indos los fundsmentos cientlficos para so
comtral en la comuni e hace mis de 3P Sin
embarga, la realided ex qOF en 2005 la Crganizscidn
Mundial de la Salud (005} win e una prevalen-
cia mundizl de mas de 14 mill 05, una in-

cidencia de oerca de % millone 05 mueves ¥ la
muerie de mids dz 1.5 millones de por tubercu-
b cada anet.

For su pare, Espafia sigue siendo. jun
gal, el paix de la Eurnpa Oocidentsl qoe
tuberculnsis tiene: la OMS extima que =n
dujeron en nuesiro pals alrededor de 13 Nue-
vas. Esto supondria una incidencia en wmo a 3 casos
nuevos anuales por cada 10000 hahitante=, wna 1asg
hastanie mds clevads que 1a d=l resin de la Euroqa Ocog
dental’.

Las causas ipales que =siin motivando esia p
ma simecidn de ln wherculosis o escala mundial 3

1. La primera, y probablemenie la mis i
extd ligeads & los simaciones de inequidad q
en &l mundo y gue se incremendan 2fo 2 afo,
nando sitmeciones de pobreza exirema en mis §
de |a poblacidn mundial. [a exirema pobrezs
hacinamienio ¥ la desnutricidn, condiciones f
teles =n la tanzmisidn y en le posibilidad de
tuberculosis. Aungue este silwacidn ha sido fa
en Expanta en las dltimas décadas, debido a su

mcin e 1 Coyii
HERIZF. Apbncis dc Sale Pibilicn de Farmlom.
1. S Hanceloea. B
Ao o
Rocibido 1-2-Hi; sccpiado pars w poblicacida: 21-7- 208

PERO NO TE
OLVIDES DE LA
SOLIDARIDAD

misnio scontmico, min siguye hahisndo &n nossiro pals
bolsas de pobreza e insquidad que fxvorecen esta en-
femeedad.

2L La infeccidn por el vins de la inmunodeficiencia
humena (VIHVsida, gue. & afectar al sisema inmunis-
ric. facililn la progresidn ¥ Iresmisidn de la wherculo-
sis. stz factor fue muy imporiande en Expafia en la dé-
cada de 1985 o 1995, -:|.u.r|d.a- nuestro pals e ol gue
mayor pimero de casos de sds tenls del mundo dess-
rrillade dehide & gran impacio dz los heroindmanns.
Afortunadamente, con el acceso de indos los infeciados
por el VIH a talamiznios allamente oficaces, este foc-
lor, aunque sigue siendo importante, no o es Lol
como en el pasadia.

3. El impacio de la whenculosis con resisi=nda a los
medicamentos hehituales. En s aciuslidad == estima gue
hay en 2] mundo alrsdedor de medio millén d= pacienies
con esta forma de enfermedad™, que msulln préictics-
menle incursble en muchos palses pobres y cuyo ads-
mienio = loma muy complejo, con firmacos menos =fi-
caces ¥ mucho mds Wvicos y carcs (> 50,000 €). Exe
factor =il n.l'e:l.n.rrdn de rmrrmnl.n. Poce & nuesto |1'IL'E

Ach Bonconesnol. THNE AN TS TS 65T
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humana mis imporiante. Coesta rabajo aceplar no sélo
que lleve tenios millones de afos causando dafia, sina
tembidn que win hoy, en pleno siglo X001, sigs denda
une de las 3 enfermedades infecciosas gue mis maten,
junto con ] sids ¥ |la malaria. Es dificil jostificar esia
sitmaridn con uns enfermedad curble en la gan mayo-
ria de los casos desde hace mids de 40 ahos y de la que
s= conocen indos los fundsmentos cientlficos para so
comtral en la comuni e hace mis de 3P Sin
embarga, la realided ex qOF en 2005 la Crganizscidn
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b cada anet.
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gal, el paix de la Eurnpa Oocidentsl qoe
tuberculnsis tiene: la OMS extima que =n
dujeron en nuesiro pais alrededor de 13.0 Nue-
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nuevos anuales por cada 10000 hahitants=, wna ias
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ma simecidn de ln wherculosis o escala mundial 3
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en &l mundo y gue se incremendan 2fo 2 afo,
nando sitmeciones de pobreza exirema en mis §
de |a poblacidn mundial. [a exirema pobrezs
hacinamienio ¥ la desnutricidn, condiciones f
teles =n la tanzmisidn y en le posibilidad de
tuberculosis. Aungue este silwacidn ha sido fa
en Expanta en las dltimas décadas, debido a su
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humena (VIHVsida, gue. & afectar al sisema inmunis-
ric. facililn la progresidn ¥ Iresmisidn de la wherculo-
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cada de 1985 o 1995, -:|.u.r|d.a- nuestro pals e ol gue
m:.i,iw nibmero de casos de sds tenls del mundo dess-
rrillade dehide & gran impacio dz los heroindmanns.
Afortunadamente, con el acceso de indos los infeciados
por el VIH a talamiznios allamente oficaces, este foc-
lor, aunque sigue siendo importante, no o es Lol
como en el pasadia.

3. El impacio de la whenculosis con resisi=nda a los
medicamentos hehituales. En s aciuslidad == estima gue
hay en 2] mundo alrsdedor de medio millén d= pacienies
con esta forma de enfermedad™, que msulln préictics-
menle incursble en muchos palses pobres y cuyo ads-
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