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Abstract: Viriyachaiyo V. Tobacco control. Thai J Tuberc Chest Dis and Crit Care 2006;27:173-189.

Division of Respiratory Medicine, Department of Internal Medicine, Faculty of Medicine Prince Of

Songkla University, Hatyai, Thailand 90110

Tobacco is the major leading cause of death in the world. This trend is rendered even
more alarming when looking at the projections showing that the number of deaths will double in
the next 20 years, to almost 650 millions of people killed worldwide, half of which killed by their
middle age. Aside from fatalities, tobacco also imposes enormous tolls on healthcare expenses,
lost productivity, and has adverse impact on world economic growth. This places the problems
perpetrated by tobacco use into the development arena, including the United Nations Millennium
Development Goals (MDGS). Global tobacco control is therefore obviously important not only for
its impact on health, but also on society, the economy, and the environment, and on efforts
towards alleviating poverty. In Thailand, the estimated tolls on healthcare of only three major
tobacco-related diseases (COPD, lung cancer and coronary heart disease) greatly exceed the
tobacco tax projected for the year 2007. Thus, healthcare professionals should strive to combat
tobacco use and anticipate the actions of the tobacco industry which is shifting its market share
to developing countries and East European countries, posing particular risk to youth and
females, using a variety of market strategies to compensate for the decreasing trend of smoking
in the western world. This review article discusses the smoking prevalence in Thailand, health
hazards related to active smoking and second hand smoking, health benefits related to smoking
cessation, tobacco control and antismoking campaigns, and general guideline on how to contribute
to tobacco control, to help people change their behavior, to give advice guidance and answers

to questions related to the consequences of tobacco use and to help patients to stop smoking.
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Pharmocotherapy Precaution/ Side Effect Dosage Duration
(First-line) Contraindication
Bupropion SR H/O seizures Insomnia 150 mg every morningx3days 7-12 weeks
H/O eating disorders Dry mouth then 150 mg bid maintenance up

Nicotine patch local skin reaction

Insomnia

Nicotine gum Mouth soreness

Dyspepsia

Nicotine inhaler Local irritation

(Begin 1-2 weeks pre-quit)

21 mg/24 hours
14 mg/24 hours
7 mg/24 hours

then 15 mg/16 hours

2 mg gum (1-24cig/d)
(up to 24pcs/d)

4 mg gum (>25 cig/d)
(Up to 24pcs/d)
6-16 cartridges/d

to 6 months
4 weeks
2 weeks
2 weeks
8 weeks

up to 12 weeks

up to 6 months

Nicotine nasal spray

Nasal irritation

8-40 doses/d 3-6 months
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Abstract: Cheepsattayakorn A* and Cheepsattayakorn R,* Rapid diagnosis of pulmonary

tuberculosis by polymerase chain reaction and other advanced molecular diagnostic technology in

comparison to conventional bacteriological methods. Thai J Tuberc Chest Dis and Crit Care 2006;

27:191-216.

* 10" Zonal Tuberculosis and Chest Disease Center, 10" Office of Disease Prevention and Control,
Department of Disease Control, Ministry of Public Health. Thailand

* Department of Pathology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Subjective : To review the medical literatures in pulmonary tuberculosis diagnosis by polymerase
chain eaction (PCR) and other advanced molecular diagnostic technology in comparison to

conventional acteriological methods for clinical and public health applications in developing countries.

Key point: Polymerase chain reaction (PCR) is useful for DNA (Deoxyribonucleic acid) amplification
from copies to billion copies within few hours. PCR DNA contamination most commonly dues to
amplicon ccumulation which occurs in teh iaboratories. The PCR inhibition rates occur about
23%. PCR inhibitors most equently arise from haemoglobin, heparin, phenol, and other undefined
substances in clinical specimens. ested PCR will decrease the PCR inhibition and will increase
the sensitivity and specificity of the PCR. The more time to test a clinical specimen by the PCR
the more accuracy the PCR has. Reverse inscriptase (RT) PCR sequencing at 16 S rRNA
(ribosomal ribonucleic acid) which is specific for cobacterium species. In-house 1S6110 PCR
for Mycobacterium tuberculosis is more sensitive than the Immercial tests. Multiplex PCR has ability
to detect simultaneous mycobacterium speciesinfections becially in HIV (Human Immunodeficiency
Virus)/AIDS (Acquired Immunodeficiency Sysndrome) patients hout major different result of other

PCR types. Nucleic acid sequence-based amplification (NASBA) and nscriptase-mediated
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amplification (TMA) are two isothermal amplification techniques do not need mal denaturation or
thermocycler of the template prior to amplification. They eliminate the DNA tamination. Competitive
PCR is generally most reliable in quantitate DNA and RNA targets in clinical ecimens. Quantitative
RT-PCR is used for quantitate alpha-antigen mRNA (messenger Ribonucleic acid) detect
Mpycobacterium tuberculosis viability. This method is useful for isoniazid and rifampicin ceptibility
test within 24 hours. PCR with single-strand conformation polymorphism (PCR-SSCP) is other method
for isoniazid (87% accuracy) and rifampicin (96% accuracy). New method which will be laced the
PCR-SSCP is Cleavase Fragment Length Polymorphism (CFLP). Molecular beacons is alsoanother
method for all 3 ioci of the Mycobacterium tuberculosis mulation gene detection of isoniazid
resistance. However Mycobacterium tuberculosis culture is still the goid standard for tuberculosis
diagnosis. Three consecutive sputum acid-fast bacilli (AFB) smear examinations in conjunction with
clinical manifestations and other diagnostic tools such as chest roentgenography are still the most
cost-effective for pulmonary tuberculosis diagnosis in developing countries though PCR is more
sensitive than the sputum smear examinations (PCR sensitivity = 40-100%, more sensitive in
respiratory specimens. AFB-smear sensitivity = 22-81% and specificity = 90.5%, reported by some
studies, Laifer et al. reported their study the PCR and AFB smear examination sensitivity in 2004
which revealed 64% and 20%, respective). Due to ariation of the PCR sensitivity and specificity of
each company so we cannot replace the conventional bacteriological methods by the PCR in the
near future except the cost of the PCR is more cheaper and sensitivity and specificity are more

higher.

Conclusion: Mycobacterium tuberculosis culture is still the standard reference method for
tuberculosis Diagnosis. PCR and other molecular diagnostic technology are still unable to replace
the conventional acteriological methods at present. Microarray technology DNA chips in conjunction
with DNA or RNA amplification are the latest technology for detection of many Mycobacterium
species including detection of ti-tuberculosis drug sensitivity test. Ideal DNA or RNA amplification in
the future must be rapidly reported, utomated, higher sensitive, higher specific, without DNA
contamination, easily DNA or RNA quantitated, and apropriated for medical practice and public

health work in developing countries.

Introduction decontamination acid-fast stain and culture
1 .
The conventional bacteriological methods procedures . Sputum specimens should be

. - . . . . collected early in the morning and before
consist of clinical specimen collection, digestion-
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antimicrobial therapy by asking the patients to take
a deep breath and then cough deeply, spitting what
they bring up in the container'”. The container
must be sterile, leakproof, disposable plastic.
Specimens not processed within 1 hour of
collection should be stored at 2-8 °C (except
blood) until after processing is completed and
the specimen has been stained and examined.
In cases of delayed processing of gastric lavage
specimens by more than 4 hours, add
approximately 100 milligrams of sodium carbonate
to the collection container to neutralize the
acidity’. In Levels 2 and 3 laboratories, optimal
recovery of mycobacteria from clinical specimens
requires liquefying the organic debris (digestion)
and eliminating contaminating organisms
(decontamination). The mucolytic-decontaminating
agent most widely used in the United States of
America is N-acetyl-L-cysteine-sodium hydroxide
(NALC-NaOH), whereas others include

Zephiran-trisodium phosphate (ZTP) and sodium
hydroxide (NaOH)'.

Acid-fast mycobacteria resist decolorization
by acid-alcohol after primary staining owing to
the high lipid (mycolic acid) content in their cell
walls. The acid-fast stain is the most rapid method
for detection of mycobacteria. The most widely
used methods to determine acid-fastness are the
Kinyoun (carbolfuchsin) and the fluorochrome
(eg., auramine o or auramine-rhodamine) stains.
The other carbolfuchsin acid-fast stain is
Ziehl-Neelsen (ZN) stain which has longer half-life

and lower concentration of the carbolfuchsin than

Rapid diagnosis of pulmonary tuberculosis by polymerase chain 195

the Kinyoun stain'. The acid-fast stain procedures
consist of covering the smear with filtered
carbolfuchsin stain, covering the smear with 3%
acid-ethanol (decolorization), and covering the
smear with methylene blue and malachite green
(counterstaining)'?. The acid-fast stain is
nonspecific. Microorganisms other than slow-
growing mycobacteria that show various degree
of acid-fastness include Nocardia, Rhodococcus,
Legionella micdadei, oocysts of Cryptosporidium
spp.(species), and Cyclospora spp'”. Oocysts of
Cryptosporidium spp. and Mycobacterium leprae
only resist decolorization with weak solutions of
acid or acid-ethanol. They are demonstrated
using the modified Ziehl-Neelsen method’.
Sensitivities of the acid-fast stain have been
reported of ranging from 22-81% which is
insensitive'. Since heat fixing and staining may not
kill all the mycobacteria, discard smear slides in a

sharps receptacle and wear gloves'.

The principal advantage of solid media
(tubes or plates) for mycobacterial culture is that
they enable detection of mixed cultures and con-
taminants. Colonial morphology may also aid in
the identification of mycobacteria. A
combination of egg-based media (Lowenstein-
Jensen or LJ medium) and agar-based media (Agar-
based Middlebrook 7H10, 7H11 in addition to a
liquid medium) is optimal for the primary
isolation of mycobacteria®. Malachite green,
contained in egg-based media, is a photosensitive

dye. Therefore, media should not be stored in

exposed light. Cultures are incubated in 5-10%
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CO2 for a minimum of 8 weeks and monitored
for the CO2 level daily. Solid media should be
examined within 3-5 days after incubation, twice
a week up to week 4, and weekly thereafter until

week 8'.

Molecular epidemiology of tuberculosis

The stories of “Future of Medicine” that
featured in the popular media illustrated that the
lay public recognizes what the medical profession
has known for some time: that advances in
molecular biology and genetics are transforming
all areas of medical practice and will grow to
become the predominant paradigm of medical
science in the 21" century’. The development of
the PCR (Polymerase Chain Reaction) was a
milestone in biotechnology and heralded the
beginning of molecular diagnostics®. Prior to
development of synthetic amplification techniques
such as the PCR, DNA probes were prepared
either “in-house” or commercially and were used
directly on clinical specimens for microbial
detection®. This nucleic acid probe technology
offered promise of rapid and specific microbial
detection’. With the description of the PCR for
amplification of nucleic acids in 1987,
investigators in the field quickly recognized the
technology’s potential to improve more sensitive
tuberculosis diagnostics and possibly obviate the
need for mycobacterial culture’. By 1990, several
PCR assays designed to amplify mycobacterial
nucleotide sequences had been described.

Subsequently other amplification technologies were
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developed and applied to the detection of

mycobacteria’.

Mycobacterial species molecular
identification

Before DNA amplification, there are

|77

“traditional” and more laborious methods of cell
lysis, extraction, and purification of nucleic acids.
The basics of these preamplification methods
involves the following steps. Sputum specimens
are treated with NaOH and N-acetyl-L-cysteine
(NALC) for digestion-decontamination. Cell lysis
is accomplished by treatment with sodium dodecyl
sulfate (SDS) or NaOH, which is followed by
several extractions with phenol-chloroform-isoamyl
alcohol’®. A suitable target for amplification may be
a single-copy gene in the mycobacterial
genome or one that is present as a repeated
sequence. The choice of target and design of
primers within the gene target are equally
important in terms of assay sensitivity and
specificity. Both genus-specific and species-
specific gene target have been utilized. Some of
the targets include the insertion elements (1IS6110,
IS1081), or genes encoding for immunodominant
antigens (38-kilodalton antigen (Pab), 65-kilodalton
protein, MPB70 (18 kilodalton), 85 protein
complex (30/32 kilodalton), MPB64, dnad,
superoxide dismutase, and hsp65 or heat-shock
protein 65), and ribosomal DNA sequences (16S
rRNA, 23S rRNA). The 16S rRNA gene, with its
conserved and variable regions, has become the

preferred target for its accurate and rapid gene
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sequence determination of mycobacteria.
Predominant among these is the insertion
sequence 1S6110/IS986. The commercial PCR test
for the detection of Mycobacterium tuberculosis
(MTB) complex is marketed by Roche Diagnostic
Systems (Branchburg, NJ). The Roche Amplicor
MTB amplifies a region of the 16S rDNA sequence
that is genus specific and detects PCR products
by hybridization with a MTB complex-specific probe.
The similarity of M. tuberculosis, M. bovis
and M. africanum in clinical presentation and
treatment of these infections has resulted in the
laboratory not fully identifying these species.
Traditionally, M. tuberculosis and M. bovis have
been distinguished by several biochemical
properties; however, these results are often not
available for 6-8 weeks and not always reliable.
With these two species being virtually identical on
the genetic level, it has been difficult to identify
gene sequence diversity on which a molecular
method could be based. The basis of IS6110 copy
number cannot distinguish these two species
because M. bovis strains have varying 1S6110
copy numbers. PCR amplification of the mtp40
gene could be used as a diagnostic tool for
detecting MTB infections and for differentiating
them from M. bovis infections. An extensive study
of the mtp40 PCR indicated that the mtp40 gene
is found in most, but not all, MTB strains and is
absent in most, but not all, M. bovis strains

casting doubt on the reliability of this method’.

Modifications of basic PCR procedure include

the nested PCR, multiplex PCR, quantitative PCR,
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repetitive DNA or RNA sequencing PCR,
Transcription-Mediated Amplification (TMA)/Nucleic
Acid Sequence-Based Amplification (NASBA) and

reverse transcriptase (RT) PCR>".

Multiplex PCR is several independent
amplifications which carry out simultaneously in
one tube with a mixture of primers, commonly
consists of one primer set for amplification of the
target sequence and a separate set for internal
control DNA sequence. It has ability to detect
simultaneous infections by more than one
mycobacterium species. Other multiplex formats
include primers for multiple target sequences’.
For example, a multiplex assay for co-amplifica-
tion of the Mycobacterium tuberculosis (MTB)
complex-specific 1IS6110 and a highly conserved
stretch of the 16S rDNA used as a target’. PCR
products of this multiplex assay were analyzed in
a reverse Crossblot hybridization with species-
specific probes and a Mycobacterium-specific
probes’. Recently, the RD 1 region was found to
be present in all virulent M. tuberculosis and M.
bovis strains tested but deleted from all BCG
strains tested’. A multiplex PCR with primers to
the MTB-complex and to the RD 1 region would
be useful in identifying sequences from the
Mycobacterium bovis BCG (Bacille Calmette-
Guerin) strain present in a clinical specimen®’.
The RD 1 multiplex PCR is a promising tool for
the rapid and specific identification of BCG'.

Repeated 1S6110 DNA or RNA (Ribonucleic
acid) sequences are more commonly used. This

is a repetitive DNA sequence of 1,361 base pairs
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(bp) in length and present in high copy number
in MTB (10-20 copies) but in low copy number in
Mycobacterium bovis (1-5 copies). Several
methods have been reported to differentiate BCG
from other members of the MTB complex. These
include DNA fingerprinting methods with DR and
IS1081 probes and amplification of a specific
region containing the major polymorphic tandem
repeat followed by restriction enzyme analysis’. The
IS6110 has been at least the most frequently
utilized target sequence for in-house amplification
of MTB in reports to date in the world literature®.
Because there are several copies of this sequence
per organism, it serves as a “preamplified”
sequence, thus increasing the sensitivity of a PCR
assay, although given the scale of amplification
involved in PCR, this is unlikely to be a significant
factor®”. Homology to other species outside of the
MTB-complex may be restricted to the central
181-base pair region of 1S6110. The use of
nucleotides 762 to 865 and 970 to 1026 1S6110
has been reported as specific to the MTB-

complex’.

The primers used in multiplexed reactions
must be selected carefully to have similar
annealing temperatures and to lack complemen-
tarity. Multiplex PCRs are more complicated to
develop and are less sensitive than single primer

set PCR reactions’.

RT-PCR (Reverse Transcriptase-PCR) is
designed when the target is RNA, the RNA is
transcribed in an RT reaction and the cDNA

(complementary DNA) products are then
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amplified in a traditional PCR. Ribosomal and
messenger RNA sequences of mycobacteria are
amplified in this manner®. Because of the
temperature requirements of the heat-labile
enzyme, cDNA synthesis had to occur at lower
temperatures. This presented problems, both in
terms of the nonspecific primer annealing, and
inefficient primer extension due to formation of
RNA secondary structures. These problems have
been largely overcome by development of a
thermostable DNA polymerase derived from
Thermus thermophilus that under the proper
conditions can function efficiently as both an RT
and a DNA polymerase. RT-PCRs using this
enzyme are more specific and efficient than
previous protocols using conventional, heat-labile
RT enzymes®. Messenger RNA (mRNA) has been
used in RT-PCR formats to detect viable
mycobacteria because of its extremely short-life,
averaging only a few minutes, whereas DNA
targets do not distinguish between viable and

nonviable organisms®.

Nested PCR was developed to increase both
the sensitivity and specificity of PCR®. In a nested
PCR, a second round of amplification is performed,
using the amplicon of the first reaction as a
target and a pair of primers complementary to
sequences within this amplicon. Typically, one
primer pair is used in the first round of PCR of
15-30 cycles’. Nested PCR provides increased
sensitivity, but this is achieved at the risk of
cross-contamination, this is the major

disadvantage of the nested PCR® since the tubes
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containing amplicons have to be opened to add
new reagents or transfer amplicons to a second
reaction tube. The increased sensitivity arises from
the high total cycle number and the increased
specificity arises from the annealing of the
second primer set to sequences found only in the
first-round product®. Alternatively, a reaction can
be run with two sets of primers in one tube
providing the primer pairs can be designed with
different annealing temperatures or by physically
separating the first- and second-round
amplification mixtures with a layer of wax or oil*”
Nested PCR can increase the specificity of the
reaction, since the internal primers anneal only if
the amplicon has the corresponding expected
sequence. Increased sensitivity has been achieved
with the nested PCR assays that target
single-copy sequences, such as the 65-kilodalton

and 38-kilodalton (Pab) genes’.

A variety of PCR-based techniques have been
developed to accurately quantitate DNA and RNA
targets in clinical specimens. It is generally
accepted that a competitive PCR (cPCR) approach
is the most reliable and robust. The basic concept
of cPCR is the coamplification in the same
reaction tube of two different templates of equal
or similar lengths and with the same primer
binding sequences. Since both templates are
amplified with the same primer pair, identical
thermodynamics and amplification efficiency are
ensured. The amount of one of the template must
be known and, after amplification, products from

both templates must be distinguishable. Different
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types of competitors have been used in cPCR,
but in general those competitors similar in size
and base composition to the target work most
effectively. RNA competitors should be used in
quantitative RT-PCRs to address the problem of
variable RT efficiency. In practice, cPCR using
several concentrations of competitor within the
expected concentration range of the target are
generally performed. However, this approach
provided no more accurate results than the use of
a single concentration of competitor in a recent
study of different approaches to standardization

of cPCR’.

Real-time PCRs are the methods by which
the target amplification and detection steps occur
simultaneously in the same tube. These methods
need special thermal cyclers with precision optics
that can monitor the fluorescence emission from
the sample wells. In its simplest format, PCR
product is detected as it is produced using
fluorescent dyes that preferentially bind to double-

stranded DNA®.

Nucleic acid sequence-based amplification
(NASBA) and transcription-mediated amplification
(TMA) are two isothermal RNA amplification
techniques that, although slightly different in
practice, are identical in concept. These techniques
convert RNA into DNA and then using DNA as a
template for transcription of multiple copies of RNA.
The process does not need thermal
denaturation of the template prior to
amplification®. NASBA is a commercial

development of the 3SR (Organon Teknika,
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Amsterdam, the Netherlands)’. NASBA and TMA
have several distinct advantages over other RNA
amplification techniques. The most significant of
these advantages is that no initial denaturation is
required for the amplification to occur. Hence,
double-stranded DNA sequences will never be
melted, and thus remain incapable of binding to
primers in the reaction. They eliminate the
problem of DNA contamination giving a falsely
elevated determination of RNA. A second
advantage of this technology is the obviation the
need for sophisticated thermocyclers. Combining
this technology with molecular beacons or other
sequence-specific probes that can be added
directly to the amplification mixture creates a closed
tube system, which can prevent amplicon (DNA)
cross-contamination in the laboratories.
Combining these techniques with fluorescent
probes allows one-step, closed-tube, real-time

amplification®.

Probe amplification methods differ from
target amplification in that the amplification
products contain only a sequence present in the
initial probes. Ligase chain reaction (LCR), Obeta
replicase, and cleavase/invader technology are all
examples of probe amplification methods with
commercial potential. Each ligated product, as well
as the original target in LCR, can serve as a
template. In subsequent rounds of denaturation,
annealing, and ligation, resulting in an exponential
accumulation of products’. The cleavase/invader
assays rely on the specific recognition and

cleavage of particular DNA structures by
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members of the FEN-1 family of DNA polymerase.
Since the DNA structure necessary to serve as a
cleavase substrate will only occur in the presence
of the target sequence, the generation of
cleavage products indicate the presence of the
target. The cleavase/invader assays can be run
under isothermal conditions, removing the need
for any thermocycling. They are less prone to
problems of false-positive due to amplicon cross-
contamination because of not increasing the level
of the target sequence when compare to PCR,
NASBA or TMA. These assays can be used to
generate fragment length polymorphisms (in a
fashion analogous to restriction fragment length
polymorphisms or RFLPs which are DNA segments
of unknown functional significance that are
isolated by restriction endonuclease and exist in
any of various lengths. RFLP is served as a marker

for a specified gene.)*®’.

Signal amplification methods are techniques
which the concentration of probe or target does
not increase. Sensitivity is increased by
increasing the concentration of label molecules
attached to the target nucleic acid but generally
less than that of the target amplification systems.
They are not affected by the enzyme inhibitors in
the clinical samples due to their independence on
enzymatic processes to amplify target sequences.
RNA can be measured directly without the
synthesis of a cDNA intermediate. Finally, since
signal amplification systems typically use either
target probes or more probes than target

amplification systems and, consequently, are less
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susceptible to errors resulting from target sequence
heterogeneity’. The branched-chain DNA (bDNA)
signal amplification system is another signal
amplification technology which is developed for
lowering the limits of detection to levels that may
rival target amplification assays in some
applications. The key to this technology is the
amplifier molecule; a bDNA molecule with 15
identical branches, each of which can bind three
labeled synthetic oligonucleotide probes through
the solid-phase, sandwich hybridization assay. In
order to reduce the hybridization potential to all
nontarget, the non-natural bases, isocytidine (isoC)
and isoguanosine (isoG) were incorporated into
the amplification probes of the third-generation
bDNA assays. The use of isoC and isoG probes
in bDNA assays increases target-specific
amplification without a concomitant increase in
background, so greatly enhancing the detection
limits®. Signal amplification formats that have been
applied to mycobacterial detection include the
Q-Beta replicase amplification system (formerly
Gene-Trak, Framingham, MA) and the branched-
chain DNA signal amplification assay (Chiron Corp,
Emeryville, CA). Q-Beta replicase (RNA-directed-
RNA polymerase) following hybridization to
specific RNA targets. It was designed to target
MTB 23S rRNA which found to be sensitive and

specific for direct detection in sputum samples’.

PCR combined with restriction enzyme
analysis using a portion of the highly conserved
heat-shock protein 65 (hsp65) has been for

identification of several commonly encounter
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mycobacterial species. This method can be
performed on isolates from solid and BACTEC
media. The restriction fragment patterns were
distinctive for M. tuberculosis, M. bovis, M.
intracellulare, M. avium, M. kansasii and M.
gordonae; however, the patterns occasionally
varied within a species. Members of the MTB
complex consistently displayed the same patterns

and could not be differentiated on a species level’.

The hybridization array is the molecular
equivalent of a spread-sheet, where each cell or
address reveals a specific piece of data, usually
inferred from the binding of a ligand to its specific
target. First array-based methods were exploited
in immuno-assay. Arrays also have been proposed
for parallel studies on different molecules such as
lipids, proteins, carbohydrates, and small molecules.
Macroarray has been applied to the manufacture
of genetic hybridization arrays on macroscopic
matrices such as nylon or nitrocellulose
membranes. The use of nylon macroarrays is
currently limited to specific applications for which
the probes of interest happen to exist on
prefabricated arrays. The use of prefabricated
macroarrays is limited to known genes, and the
limited capacity of membrane arrays limits their
use for gene discovery purpose. Microarrays is
another hybridization array technology which saves
time while cutting costs in biomedical diagnostic
applications and research. It works with smaller
volumes that reduces reagent consumption and
increase sample concentration when compares to

the macroarrays, thus improving reaction kinetics.
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These improvements allow the investigator to
determine hundreds or thousands of results in the
time formerly required for a single experiment. A
major distinction between microarrays and
macroarrays consists of the choice of a nonpo-
rous solid support. By preventing diffusion of the
target nucleic acids, nonporous surfaces (plastic,
glass, or silicone substrates) allow faster
hybridization kinetics and easier washing steps.
Deposition of probes on a solid substrate is also
more amendable to automation and enables higher
array densities with optimal image definition. These
features apply to any type of microarray, from
synthetic oligonucleotides to cloned cDNAs or PCR
products. Most microarrays are now developed
on glass and available from several commercial
supplies, along with reading and fabrication
equipment for custom manufacture of dedicated
arrays for specific research or diagnostic
applications (vide infra)™.

cDNA microarrays allow hybridization-based
monitoring of cognate gene. This method implies
access to clones or possibility to generate PCR
products. Advantages of this approach rely on
calculating a ratio on every probe, to control for
the quality of the probe, the specific hybridization
properties of each target/probe pair, and the

labeling efficacy'.

Oligonucleotide microarrays have been
extensively studied. This arrays do not necessarily
require pre-existing knowledge of the target
sequences. Potential disadvantages of this method

include lower sensitivity than cDNA microarrays
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for detection of rare messages or hybridization
targets, and poor predictability of hybridization

characteristic'.

Spoligotyping of MTB complex is another
important PCR typing method that is based on
amplification of nonrepetitive spacer sequences
located between small repetitive units (DNA is
classified to nonrepetitive unit and repetitive unit
which is classified to Tandem repeats (continuous
repetitive base sequences, variable number
tandem repeats or VNTRs are segments of DNA
that contain specified number of naturally-
occurring repeating units) and Interspersed repeats

which distribute throughout the genome®'""*.

Literature review of rapid diagnosis of
tuberculosis by PCR

Tarhan G and colleagues studied the value
of Cobas Amplicor Mycobacterium tuberculosis
(MTB) PCR system in rapid diagnosis of
tuberculosis. The results of acid-fast stain (AFB),
culture and Cobas Amplicor Mycobacterium
tuberculosis PCR system obtained from 937
clinical (158 respiratory and 779 non-respiratory)
specimens were retrospectively evaluated. When
culture results were accepted as the gold
standard, the sensitivity, specificity, positive and
negative predictive values of Cobas Amplicor
MTB PCR system were found as 100% for
smear-positive respiratory specimens, 75%, 91.7%,
40% and 98% for smear-negative respiratory
specimens, and 89.5%, 91.8%, 65.4% and 98.1%

for all of the respiratory specimens, respectively.
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For smear-positive, smear-negative and all of the
non-respiratory specimens, these rates were found
as follows;100%, 66.7%, 83.3% and 100%,
respectively. They concluded that Cobas Amplicor
MTB PCR system was a rapid and reliable method
for the diagnosis of smear-positive pulmonary
tuberculosis. However, in smear-negative
pulmonary and non-respiratory specimens, PCR
test results should be evaluated to together with

clinical and other laboratory data®.

El-dawi and colleagues evaluated the
sensitivity and specificity of a 1S6110 insertion
site PCR-based technique in diagnosis of
pulmonary tuberculosis in 200 sputum specimens
in comparison to Ziehl-Neelsen (ZN) stained smear
by using culture on Loewenstein-Jensen (LJ)
medium as a gold standard to control the two
tests. The results revealed that the sensitivity and
specificity of the microscopic examination were
65.4% and 90.5% and of the 1S6110 insertion
site PCR-based method were 88.5% and 98.6%,
respectively. They summarized that the sensitivity
of the PCR-based method needed to be increased

before it can be at clinical routine levels'.

van Cleeff M and colleagues compared the
cost-effectiveness of two diagnostic methods,
Ziehl-Neelsen (ZN) on three sputum specimens
followed by chest roentgenogram (CXR), and
Amplicor MTB PCR technique on the first
specimen only among suspected pulmonary
tuberculosis patients. Lowenstein-Jensen culture

was used as gold standard. CXR was used to

diagnose smear-negative tuberculosis patients.
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Cost analysis included health service and patient
costs. The results showed that costs per correctly
diagnosed case were United States(US) dollar 41
and dollar 67 for ZN and PCR, respectively.
They concluded that PCR may be an alternative
in settings with large numbers of specimens. It
was patient friendly, and unlike ZN method, its
performance was hardly affected by the human
immunodeficiency virus. PCR results became

available on the same day. CXR is not necessary".

Wang JY and colleagues studied the
performance of a nested PCR-based assay (the
RAPID BAP-MTB; AsiaGen, Taichung, Taiwan)
and BD ProbeTec ET (DTB) system (Becton
Dickinson, Sparks, Md.) for detection of
Mpycobacterium tuberculosis in 600 consecutive
clinical specimens, including 552 respiratory and
48 non-respiratory specimens, collected from 333
patients. The results of both assays were
compared to the gold standard of combined
culture results and clinical diagnosis. The overall
sensitivity, specificity, positive and negative
predictive values for RIPID BAP-MTB assay for
respiratory specimens were 66.7%, 97.2%, 74.1%
and 96.0% , and for DTB assay were 56.7%, 95.3%,
59.6% and 94.7%, respectively. Among the 48
non-respiratory specimens, the RAPID BAP-MTB
assay was positive in one biopsy specimen from
a patient with lumbar tuberculous spondylitis and
one pus specimen from a patient with
tuberculous cervical lymphadenopathy. The
overall time for processing RAPID BAP-MTB

assay was 5 hours. The results showed that the
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RAPID BAP-MTB assay was better than the DTB
assay for both respiratory and non-respiratory
specimens. The RAPID BAP-MTB diagnostic
accuracy in smear-negative specimens was as high

as in smear-positive specimens'.

Gori A and colleagues studied the clinical
application of spoligotyping, a polymerase chain
reaction-based technique for simultaneous
detection and typing of Mycobacterium
tuberculosis strains, with acid-fast bacilli-positive
slides from clinical specimens or cultures. Overall
sensitivity and specificity were 97% and 95%
for detection of MTB and 98% and 96% when
used with clinical specimens. The laboratory
turnaround time of spoligotyping was less than
that of culture identification by a median of 20
days. In comparison with 1S6110-based RFLPs
typing, spoligotyping overestimated the number
of isolates with identical DNA fingerprints by
approximately 50%, but demonstrated a 100%
negative predictive value. They summarized that
this technique could make it useful for detection
and typing tuberculosis when used with the

clinical specimens'’.

Moon JW and colleagues analyzed pleural
effusion specimens obtained from 111 patients
(including 41 patients with confirmed pleural
tuberculosis and 16 patients with probable pleural
tuberculosis) for whom the exclusion of the
possibility of tuberculous pleural effusion was
necessary by performing automated and
commercially available Cobas Amplicor MTB PCR

testing (Roche Diagnostic System). The overall
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sensitivity and specificity of MTB PCR testing of
pleural effusion were 17.5% and 98.1%,
respectively. The sensitivity of MTB PCR testing
for each group of patients with tuberculous
pleural effusion detected by smear-positive results,
smear-negative and culture-positive results, and
culture-negative and pleural biopsy-positive results,
was 100.0%, 33.3%, and 3.7%, respectively. Only
3 (5.3%) of the 57 patients had positive results of
MTB PCR testing along with negative results of
smearing, negative results of pleural pathological
analysis, and a low level of adenosine deaminase.
They concluded that the clinical utility of MTB
PCR testing appeared highly limited for clinical
specimens such as pleural effusion, in which the

bacillary load was very low.

Fegou E and colleagues compared the Cobas
Amplicor PCR system (CA-PCR) with acid-fast
bacilli (AFB) staining and culture for rapid
detection of MTB in respiratory clinical specimens
and otherwise normal sterile body fluids. The
results revealed sensitivity of CA-PCR technique
ranged from 73.6% to 100% for AFB-positive
specimens, and 70% sensitivity and 98.6%
specificity among the AFB-negative specimens,
while sputa collected after bronchoscopy were

the most useful specimens'™.

Negi SS and colleagues evaluated the
performance of 65 kDa (kiloDalton) antigen-based
PCR assay in pulmonary and extrapulmonary
specimens of suspected cases of tuberculosis,
compared to BACTEC radiometric culture, ZN

smear examination and LJ medium. The results
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demonstrated the sensitivity of 74.4% for PCR
test, 55.8% for BACTEC radiometric culture, 48.9%
for LJ culture and 33.79% for ZN smear
examination (p< 0.05). However, there was no
statistically significant difference of specificity of
different tests (p> 0.05). When we considered
the sensitivity of PCR test in pulmonary and
extrapulmonary clinical specimens, we found that
they were 72.7% and 75.9%, respectively and found
to be significant higher (p< 0.05) when compared
to those of other tests. The mean detection time
for MTB was less than one day by PCR test,
12.89 days by BACTEC radiometric culture and
24.03 days by LJ medium culture®.

Yam WC and colleagues evaluated three DNA
amplification techniques: newly designed bPCR-
ELISA (biotinylated single-tube nested PCR assay
with microwell hybridization assay), in-house
single-tube nested PCR for IS6110 gene sequence
(nPCR), and commercial automated assays, the
Cobas Amplicor System from Roche Diagnostic
Systems (aPCR) among 601 respiratory specimens
and 58 non-respiratory specimens. Sixty-four
(9.7%) specimens were culture-positive for MTB.
Eleven (1.7%) specimens culture-positive for
nontuberculosis mycobacteria were negative by
all three PCR assays. The resolved performance
of bPCR-ELISA, nPCR, and aPCR was found at
sensivities of 97%, 94%, and 97%, respectively.
All three PCR assays showed a 100% specificity.
An ODA405 value of 0.6 was chosen as cut-off in

clearing the distinction between positive bPCR-
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ELISA and negative bPCR-ELISA specimens. They
claimed their developed bPCR-ELISA technique
provided a highly sensitive and low-costing
molecular diagnosis suitable for developing

countries with high prevalence of tuberculosis®'.

Laifer G and colleagues evaluated prospec-
tive tuberculosis screening of 3,119 war refugees
by chest roentgenography and the impact of
additional PCR testing for MTB on clinical
management in cases of pulmonary infiltrates
suspicious for TB. The results revealed that 29
patients (0.9%) were suspicious for TB pulmonary
infiltrates. One hundred and three specimens
(76 sputa and 27 bronchoalveolar lavage fluids or
BAL) were collected for acid-fast smear (AFS),
PCR, and culture. The prevalence of culture-proven
TB infection in this population was 27.6%. The
sensitivity for PCR was higher compared to AFS
for all specimens (64% versus 20% ; p< 0.01)
and also for each refugee with at least one
positive specimen finding (100% versus 37.5%;
p = 0.025). The negative predictive value (NPV)
for three consecutive PCRs (in two sputa and one
BAL fluid) was 100%. They summarized that
repeated PCR testing for MTB in a population of
asymptomatic war refugees with highly
suggestive of TB pulmonary infiltrates was
significantly more sensitive than AFS. Three
negative consecutive PCR results allowed
discharge from the hospital isolation, so reducing
the economic burden of the patient isolation

strategies™.
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Kivihya-Ndugga L and colleagues used the
Amplicor PCR system in their study to diagnose
pulmonary tuberculosis in a developing country
with high prevalence of both tuberculosis and
human immunodeficiency virus (HIV). They
compared the sensitivity and specificity of this tech-
nique to those of the conventional diagnostic
techniques among 1,396 tuberculosis suspects
attending the Rhodes Chest Clinic, Nairobi, Kenya.
The sputum culture on Lowenstein-Jensen
medium was used as the “gold standard.” The
sensitivity and specificity of PCR were 93% and
94%, respectively. HIV status did not affect the
sensitivity of PCR. A total of 99.7% of true
smear-positive and 82.1% of the true smear-
negative tuberculosis patients were correctly
identified by PCR. PCR detected M. tuberculosis
in 11.7% of the culture-negative TB suspects.
They concluded that PCR can be considered as
an alternative to ZN staining in combination with
chest roentgenogram for diagnosis of tuberculo-
sis; however, cost-effectiveness studies and
operational studies are required to back up an
evidence-based decision of introducing PCR for

tuberculosis control in high-burden environments™.

Cheng VC and colleagues compared PCR
to conventional techniques to diagnose tubercu-
losis among 224 clinical specimens. Culture was
used as the gold standard of diagnosis. The study
revealed the sensitivity of PCR was 759% and
81.3% in patients with culture confirmed and
clinically diagnosed tuberculosis, respectively. The

overall sensitivity of PCR was 78.3%, and for
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pulmonary and extrapulmonary specimens, it was

82.3% and 72.0%, respectively™.

Schijman AG and colleagues evaluated the
IS6110-PCR for diagnosis of TB in bronchoalveolar
larvage (BAL), blood and extrapulmonary
specimens from 103 patients with AIDS and
pulmonary infiltrate. Culture was used as gold
standard of TB diagnosis. The results showed that
the sensitivity of IS6110-PCR was 100% in
smear-positive specimens, 81.8 % in smear-
negative BAL, 66.7% in extrapulmonary specimens
and 42.9% in blood. Smear-positive specimens
were also tested using 16S ribosomal-DNA PCR
to identify Mycobacterium avium complex (MAC)
infections. The 16S rDNA PCR identified M. avium
from all smear-positive specimens that grew MAC.
They concluded that 1S6110-PCR proved useful
in evaluating episodes with probable clinical
diagnosis of pulmonary or mixed TB and negative
smears, whereas 16S rDNA PCR would be helpful
for prompt differential diagnosis of MAC in smear-

positive specimens®.

Tiwari V and colleagues studied the
application of enzyme amplified mycobacterial DNA
detection (PCR) in comparison to ZN staining
smear examination among 37 clinical specimens in
the diagnosis of pulmonary and extrapulmonary
tuberculosis. The results showed that 100% of
AFB positive and 35.7% of AFB negative
pulmonary specimens and 82.76% of AFB positive
and 56.73% of AFB negative extrapulmonary
specimens were positive for mycobacterial DNA

detection (PCR). Total positivity rates of DNA
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amplification method (PCR) in pulmonary and
extrapulmonary specimens were 75.67% and
61.7% respectively, which were significantly higher
in comparison to ZN AFB smear positivity, which
was 62.16% in pulmonary and 21.8% in
extrapulmonary specimens (p < 0.05 and p < 0.001)

respectively.

Torrea G and colleagues prospectively
evaluated a one-tube nested PCR-based analysis
of urine for diagnosing pulmonary tuberculosis
(PTB) and extrapulmponary tuberculosis (EPTB) in
Bobo-Dioulasso, Burkina Faso. The results
revealed the sensitivity of the test for microbio-
logical-positive PTB, microbiological-negative PTB
and EPTB was 40.5%, 66.7% and 57.1%,
respectively. The specificity was 98.2%. There were
different results in the two populations infected

and not infected by HIV”'.

Larionova EE and colleagues studied a role
of PCR in the evaluation of the efficacy of
short-term antituberculous chemotherapy (6
months) in new 203 patients with first detected
tuberculosis by microbiological methods
(bacterioscopy and culture). The results showed
that following 2 months of chemotherapy, 50% of
the patients with negative bacterioscopy and
culture were found to have MTB DNA in the

sputum specimens. The PCR results were

negative by month 6°°.

Parvez MA and colleagues evaluated the
diagnostic potential of PCR-based detection of

MTB complex in sputum compare with sputum
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culture of MTB on egg-based Lowenstein-densen
modified medium among 151 clinically suspected
pulmonary tuberculosis patients. PCR detected
71.5%, whereas culture detected 66.2% of clinical
specimens and 23.2% of specimens were found
negative in both PCR and culture. There was a
statistically significant association between the
results of PCR and culture (chi-square = 59.524, p
< 0.001). The sensitivity and specificity of the PCR
were 92% and 70%, respectively, when
considering culture as the gold standard of

diagnosis®™.

Jonsson B and colleagues analyzed the
Cobas Amplicor MTB-PCR for detection of MTB
complex by using 877 respiratory and 564
non-respiratory specimens compared with culture
results which were used as gold standard of
diagnosis of tuberculosis. The sensitivity,
specificity, positive predictive value (PPV) and
negative predictive value (NPV) of the PCR were,
respectively, 97.9%, 100%, 100% and 94.4% for
smear-positive respiratory specimens, 68.8%,
99.2%, 87.5% and 97.5% for smear-negative
respiratory specimens, 57.8%, 98.6%, 78.8% and
96.4% for all non-respiratory specimens, and
42.4%, 98.6%, 66.7% and 96.4% for smear-
negative non-respiratory specimens. The
sensitivity, specificity, PPV and NPV were 55.6%,
97.2%, 55.6% and 97.2%, respectively, when 154

cerebrospinal fluid specimens were analyzed™.

Discussion

The risk of false-positive PCR results due to
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the carryover of target DNA from a positive to a
negative specimen is a mojor concern in the
clinical application of PCR diagnostics. Contami-
nating DNA may come from clinical specimens
containing large number of MTB organisms, from
MTB cultures used as cell lysis controls, or target
DNA used as positive PCR controls. Most
frequently, the problem arises from the
accumulation of PCR amplicons in the laboratory.
Amplification systems have been adapted to
include use of dUTP and uracil DNA glycosylase
as a strategy to eliminate amplicon carryover.
Haemoglobin, heparin, phenol, SDS, and other
undefined substances in clinical specimens are
potent inhibitors of Taq polymerase activity.
Inhibition of Taq polymerase during the PCR can
cause false-negative results, hence decreasing
assay sensitivity. Inhibition rates have been
reported as high as 23%. Inhibition occurs most
often when crude lysates are used and can often
be rectified by diluting the specimen or purifying
the DNA. Nested PCR formats, which enable
dilution of the specimen in the second round of
PCR, have been applied with the explicit purpose
of overcoming PCR inhibitors, hence increasing
both its sensitivity and specificity , but it is achieved
at the risk of cross-contamination, since the tubes
containing amplicons have to be opened to add
new reagents or transfer amplicons to a second
reaction tube. Presence of such PCR inhibitors
may be monitored with control templates. The
fastest and least expensive procedure is co-

amplified along with the target DNA, or genetically
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engineered or plasmid target DNA, which may be
used as internal controls. The Gen-Probe
Amplified Mycobacterium tuberculosis Direct (MTD)
Test (Gen-Probe, Inc., San Diego, CA) can detect <
10° copies of rRNA, equivalent to one bacillus, and
< 5 bacilli even in the presence of a high
number of unrelated organisms, thus being MTB
complex specific. Clinical evaluations of the LCR
MTB test have showed sensitivities and
specificities similar to PCR and other amplifica-
tion methods. 16S rRNA sequence determination
represents a highly accurate and rapid method for
identifying mycobacteria. The 16S rRNA
sequences are found in high copy numbers
(approximately 2,000 molecules/cell) with stretches
of sequence that are highly variable among
species and serve as targets for species-specific
amplification via RT-PCR, whereas other stretches
are conserved and serve as a genus-specific
target. More advanced instrumentation, i.e. a
rapid-ramping thermal cycler, an automated
sequence detection system, and computer-assisted
analysis would allow final identification to be
completed within one day. This technique offers
several advantages in terms of speed, accuracy
and versatility; however, its use is restricted to
reference or clinical research laboratories because
of the cost and technical expertise required. In
most studies, sensitivity and specificity have been
calculated as a function of the culture technique,
since this is the reference method and correspon-
ding clinical information has often not been

available. When discrepant PCR results have been
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revised on the basis of a positive history for
culture or the clinical diagnosis of tuberculosis,
the sensitivity, specificity and positive predictive
value (PPV) of the PCR tests have increased
(Tarhan G et al. 2005; El-dawi et al. 2004; Wang JY
et al. 2004; Gori A et al. 2005; Moon JW et al,;
Fegou E et al. 2005; Laifer G et al. 2004; Kivihya-
Ndugga L et al. 2004; Chen VC et al; Tiwari V
et al. 2003; Parvez MA et al. 2003 and Jonsson B
et al. 2003). Separate analyses of smear-negative,
culture-positive specimens have shown that the
sensitivities are significantly lower than those of
smear-positive, culture-positive specimens. The di-
agnostic yield is significantly increased, if more
than one specimen per patient is analyzed (Laifer
et al. 2004). Generally, among the commercial tests
the sensitivities and specificities have been
equivalent. Occasionally, an in-house 1S6110 PCR,
which has been at lease the most frequently
utilized target sequence for in-house amplification
of MTB has appeared to be more sensitive than
the commercial tests, and the Gen-Probe MTD to
be more sensitive than the Roche Amplicor MTB;
however, these differences have not been
statistically significant (Yam WC et al. 2004). The
overall sensitivity and specificity of PCR are higher
than ZN stained smear (Tiwari V et al. 2003;
El-dawi et al. 2004; Laifer et al. 2004; Kivihya-
Ndugga L et al. 2004; Negi SS et al. 2005).
Limitations of smear and culture are due to the
lower number of TB organisms normally present
in clinical specimens of extrapulmonary TB. A

wide range of PCR sensitivities in diagnosis of
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extrapulmonary TB (32-100%) has been reported
(Jonsson B et al. 2003; Tiwari V et al. 2003; Wang
JY et al. 2004; Cheng VC et al. 2004; Schijman AG
et al. 2004; Tarhan G et al. 2005; Moon JW et al.
2005; Fegou E et al. 2005; Negi SS et al. 2005;
Torrea G et al. 2005). More clinical studies are
needed to evaluated the diagnostic yield of PCR
in extrapulmonary TB. PCR results are hardly
affected by the human immunodeficiency virus
compared with ZN staining method (Kivihya-
Ndugga L et al. 2004; Schijman AG et al. 2004;
van Cleeff M et al. 2005) but a study conducted
by Torrea G and colleagues revealed different
results of urine PCR sensitivities and specificities
in the two populations of pulmonary TB infected
and not infected by HIV. These different results
should be studied in larger population and the
PCR results of these two populations of the
studies in the past can be applied in developing
countries with high burden of both TB and HIV.
Although PCR diagnostic yields are better in AFB-
smear positive pulmonary TB population compared
with AFB-smear negative one which almost found
in full-borne acquired immunodeficiency (AIDS)
patients, we should evaluate the PCR results
together with clinical, roentgenographic and other
laboratory data in this smear-negative group.
Multiplex PCR can detect simultaneous infections
by more than one mycobacterium species which
is useful in detection of multiple mycobacterial
infections in HIV-infected/AIDS population. DNA
fingerprinting methods with DR and IS1081 probes

and amplification of a specific region containing
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the major polymorphic tandem repeat followed by
restriction enzyme analysis. Messenger RNA (mMRNA)
has been used in RT-PCR to detect
viable mycobacteria because of its extremely
short-life of a few minutes, whereas DNA targets
do not distinguish between viable and nonviable
TB organisms, which is useful in evaluation of the
treatment outcome, especially in patients with mini-
mally pulmonary infiltration. It is generally
accepted that cPCR is the most reliable and
accurately to quantitate DNA and RNA targets in
the clinical specimens, which is useful in clinical
research. NASBA and TMA do not need thermal
denaturation of the template prior to RNA
amplification. The most distinct advantage of these
techniques is that no initial denaturation is required
for the amplification to occur. This eliminate the
DNA contamination giving a falsely elevated
determination of RNA. The second advantage is

no need of sophisticated thermocyclers.

The cleavase/invader assays are probe
amplification methods which differ from target
amplification in that the amplification products
contain only a sequence present in the initial
probes, hence they are less problems of amplicon
cross-contamination when compare to PCR,
NASBA and TMA. They do not need any
thermocycler and can be used to generate RFLP
which is served as a marker for a specific gene.
DNA probes have been widely adopted in
industrialized countries but are not widely used in
developing countries because of cost. Alternative

probe-based methods under research and
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development, such as the culture confirmation test
based on the direct repeat locus and the cycling
probe technology, may ultimately be more
affordable and amendable to low technology
settings. Signal amplification methods have
several advantages over amplification assays due
to not increasing concentration of probe,
reduction of cross-contamination, and are not
affected by the enzyme inhibitors in the clinical
specimens. Microarrays is a hybridization array
technology which works with smaller volumes that
reduces reagent consumption and increase sample
concentration when compares to the macroarrays,
hence saves time, decreases costs and improves
reaction kinetics. Synthetic oligonucleotide
microarrays have more homogenous than cDNA
microarray and do not need preexisting
knowledge of the target sequences. The
hybridization arrays can be parallel studied on
different molecules such as proteins, lipids,
carbohydrates, and small molecules which cannot

be done by PCR.

Competitive and real-time PCR for 1S6110
were used to quantify MTB DNA in sputum
specimens serially collected during the treatment
course. The amount of DNA corresponded to the
numbers of AFB on microscopic slide, however,
neither the DNA level nor AFB count correlated
with the number of cultivable TB bacilli after
initiation of treatment. Hence, these tests were
not considered appropriate markers of treatment
efficacy. Quantitative RT-PCR was developed to

amplify alpha antigen mRNA and shown to be a



1 27 el 3 nsngrAx-fuseu 2549

reliable marker of bacterial viability. The previous
studies suggest that ratios of DNA to mRNA
levels in clinical specimens may provide the most
meaningful assessment of the treatment efficacy.
Further studies involving more patients are needed
to determine whether this approach will be useful
for identifying patients with a high risk of TB
relapse. New techniques undergoing clinical
evaluation involve screening mutational hotspots
in the genes encoding drug targets using PCR
followed by analysis with either automated DNA
sequencing, single-strand conformation
polymorphism (PCR-SSCP) or solid-phase
hybridization can be performed to render results
in 24 hours. Automated DNA sequencing which
remains the gold standard for detection of
mutations has been applied to the identification
of mutations in genes involved in resistance to
isoniazid (those encoding catalase-peroxidase
(katG), encoding the enoly acyl carrier protein
reductase involved in mycolic acid synthesis (inhA),
and the recently described encoding alkyl-hydro
peroxide reductase (ahpC) which is involved in
cellular response to oxidative stress), rifampicin
which involves missense mutations in a well-
characterized region of the rpoB gene (encoding
the subunit of the RNA polymerase), streptomycin
and fluoroquinolones. PCR-SSCP successfully
detected more than 96% of the rifampicin-
resistant strains and 87% of the isoniazid-
resistant strains and was 100% of specificity. The
sensitivity and specificity of this method are higher

than the conventional antituberculous drug
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sensitivity tests, especially in detection of
rifampicin-resistant strains. Investigation of isoniazid
resistance is more complex since the analysis of
limited regions in all three genes is required. To
overcome the requirement of large amounts of
amplified product to achieve unambiguous PCR-
SSCP results, presence of small numbers of
mycobacteria and the presence of inhibitors in
PCR-SSCP method, a single-tube heminested PCR
was developed to provide high sensitivity of
detection of MTB in sputum and sufficient
product for subsequent analysis by DNA
sequencing or SSCP. Although PCR-SSCP would
be best suited for reference laboratories, the
requirement of an automated DNA sequencer and
the technical demands of its multistep process
limits this method to sophisticated reference
laboratories. A commercial test of DNA
hybridization to oligonucleotide probes which was
designed to detect mutations within the 69-bp
hypervariable region of the rpoB gene (Inno-LiPA
Rit. TB, Innogenetics N.V., Zwijndrecht, Belgium)
and results in a visual colour have shown more
than 90% concordance with phenotypic
rifampicin susceptibility testing results. Other novel
strategies that have been described for detecting
rpoB gene mutations include dideoxy fingerprin-
ting, heteroduplex formation analysis, RNA/RNA
mismatch and molecular beacon probes. Dideoxy
fingerprinting was recently used to enhance
visibility of mobility shifts of rpoB-specific
amplification products. This technique combines

elements of dideoxy sequencing and SSCP,
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resulting in increased sensitivity for mutation
detection. An advantage of the RNA/RNA
mismatch assay over SSCP and heteroduplex
analysis is that a larger region of the gene can be
screened giving the potential of detecting more
mutations within a single assay. The mismatch
assay is simple to performed and interpret and
has the capability of detecting resistant
subpopulations. It has also been used to detect
macrolide resistance in M. avium. Molecular
beacons are single-stranded probes that possess
a stem-and-loop structure with the loop portion
being complementary to the target sequence. The
power of molecular beacons is their ability to
hybridize only to target sequences that are
perfectly complementary. Molecular beacons have
also been designed to detected mutations in the
three genes associated with isoniazid resistance
(D. Alland, personal communication). Cleavase
fragment length polymorphism (CFLP) is a new
alternative to SSCP and DNA sequencing for
mutational screening. CFLP has been applied to
the identification and positioning of katG gene
mutations or point mutations associated with
isoniazid resistance in MTB. The Cleavase
technology, under development by Third Wave
Technologies (Madison, WI), has potential utility
for differentiating drug-resistant and drug-
sensitive strains and for distinguishing mycobac-
teria at the level of genus and species. Using a
quantitative RT-PCR analysis of mRNA as a marker
of TB bacilli viability has been proposed to be a

useful method for rapid drug susceptibility testing
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which showed marked reduction in alpha antigen
mRNA expression of clinical specimens within 24
hours of isoniazid and rifampicin susceptible MTB
strains that exposure to these drugs. In contrast,
alpha antigen mMRNA levels in clinical specimens

of resistant strains were not reduced.

Many clinical laboratories are routinely using
either a commercial amplification system or an
in-house PCR assay to test acid-fast, smear-
positive respiratory specimens for primary
diagnosis. Unfortunately, these rapid molecular
diagnostic tests have not replaced acid-fast smears
or mycobacterial cultures. Smear microscopy
provides an index of degree of contagiousness,
facilitating informed decisions regarding public
health measures. Mycobacterial cultures allow
determination of complete drug susceptibility
profiles, which are recommended for all patients

to ensure optimal treatment.

Conclusion

High sensitivity and specificity must be
achieved with all specimen types before amplifi-
cation techniques can replace classic acid-fast
microscopy and mycobacterial cultures, which are
still used for gold standard of TB diagnosis. Lack
of sensitivity most likely results from the use of
small specimen volumes and irregular dispersion
of the organisms in the paucibacillary specimens.
These shortcomings suggest the need for improved
specimen preparation methods and/or the
performance of more than one test on each

specimen together with clinical and other
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laboratory data including roentgenographic
investigations. We can expect that the second-
and third-generation molecular diagnostic tests will
provide improved sensitivity and specificity. Among
the most promising recent developments is the
microarray technology DNA chips which, combined
with DNA or RNA amplification, could provide rapid
identification of a wide range of mycobacterial
species and drug susceptibility results. The

microbiology laboratory wish list for future

Rapid diagnosis of pulmonary tuberculosis by polymerase chain 213

amplification systems includes those that are
speedy, automated, sensitive, specific, are not at
risk of cross-contamination, affordable and
amendable to quantification. Hopefully, the
ensuing competition between assays will
eventually result in decreased costs for this
state-of-the-art revolutionary technology and
easily practical application in both clinical and
public health measures in the developing

countries.
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Figure Diagrammatic representation of NASBA/TMA. (Nucleic Acid Sequence-Based Amplification/Tran
scription-Mediated Ampilification)

The process begins with an RNA target, which in most cases will exist as a single-stranded entity
(step 1), removing the need for thermal denaturation of the template prior to amplification. A sequence-
specific DNA primer binds to the RNA target (step 2). Reverse transcriptase then extends the primers,
creating a DNA-RNA heteroduplex (step 3). The 5 end of the sequence-specific primer is not comple
mentary to the target; rather, it contains the promoter for a T7 bacteriophage polymerase. The presence
of this T7 promoter in the 5" end of the primer results in the synthesis of a DNA strand complementary
to the initial RNA target containing the T7 promoter at its 5 end. In the case of TMA, the reverse-
transcriptase enzyme itself degrades the initial RNA template as it synthesizes its complementary DNA.
In NASBA, a separate enzyme, RNAse H, degrades the initial RNA template. RNAse H selectively cleaves
RNA, which is heteroduplexed to DNA, but not RNA alone (step 4). In either case, the T7 containing
complementary DNA is relieved of its RNA partner, freeing it up to bind to a second primer, which binds
at the 3’ end of the DNA molecule (step 5). DNA polymerase extends from this second primer, resulting
in the synthesis of a double-stranded DNA molecule containing an intact T7 promoter (step 6). This DNA
molecule can now serve as a substrate for T7 polymerase, a bacteriophage enzyme that specifically
recognizes the T7 promoter and synthesizes multiple copies of RNA (step 7). Each of these newly
synthesized RNA molecules is antisense to the initial target, allowing them to hybridize to the second
primer. The reverse-transcriptase, second primer, RNAse H, and DNA polymerase then use this antisense
RNA molecule as a template to synthesize new double-stranded DNA templates, which in turn express

more RNA template. In this way, an exponential amplification occurs’.
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Abstract : Rientrairat P, Chalasonthi M and Worakasemsuk P. The evaluation of treatment outcome
of anti- tuberculosis drugs regimen CAT 2 (2HRZES/1HRZE/5HRE) and anti - tuberculosis drugs
regimen CAT 4 (second line drugs) in pulmonary tuberculosis patients at Tuberculosis cluster

Bureau of AIDS-TB-STIs Thai J Tuberc Chest Dis and Crit Care 2006;27:217-229.
TB Cluster, Bureau of AIDS, TB and STI. Department of Diseases Control. Ministry of Public Health

For the global TB Control, the WHO target is to cure at least 85 % of the detected smear
positive TB cases. The purpose of this study is to evaluate treatment outcome of the anti-
tuberculosis drug regimen CAT 2 and anti - tuberculosis drug regimen CAT 4 and other factors in
pulmonary tuberculosis patient at Tuberculosis cluster Bureau of AIDS-TB -STIs who were
registered from October 2001 to September 2005. It was a retrospective study performed by

collecting data from TB treatment card and TB registration book.
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The result of this study shows that there were 235 cases of retreatment pulmonary
tuberculosis were enrolled in the study. These consists of 105 cases of relapse, 61 cases of failure
and 54 cases of treatment after default. All of them were treated with anti- tuberculosis drug
CAT 2 regimen. The sputum conversion rate at the end of the initial phase of treatment was
52.8 %. Outcome at the end of treatment was 55.8% cure, 1.7% complete, 1.3 % died, 23.0 %
failure, 12.8 % default and 5.5 % transfer out. The cure rate of relapse patients was 65.2% which
is statistically higher than that of failure patients (39.4%) or treatment after default patients

(48.1%) at P < 0.05.

There were 74 patients who were diagnosed as MDR-TB patients and treated with second
line drugs (CAT 4 regimen). The sputum conversion rate at the end of the initial phase of treatment
was 41.9 %. Outcome at the end of treatment was 48.6% cure, 20.3 % failure, 2.7 % died, 14.9%

default and 5.5 % transfer out.

The analysis of the factors influencing the treatment outcome shows that there are
significant relationships with treatment regurality (P < 0.05), underlying diseases (P < 0.05), initial

drug resistance (P < 0.05). But there is no correlation between sex, age with treatment outcome.

Conclusion : For all patients with history of previous treatment or failure from standard short
course regimen, the drug susceptibility test and directly observed treatment should be performed.
The result of this study suggests that regular home visit by health care workers is very important

to make sure that the patients take medicine. Giving education about the disease to the patient is

also useful to increase the cure rate.
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35-44 11 58 14 72 35-44 11 19 7 26
24.7% 57% 30.6% 257 % 94 % 351 %
45-55 1 40 9 49 45-55 1) 11 8 19
17.0% 3.8% 20.9% 149 % 108 % 257 %
NN 55 I 27 15 42 NN 55 I 8 2 10
11.5% 6.4% 17.9% 108 % 27 % 135 %
59 173 62 235 59 47 27 74
73.6% 26.4% 100.0% 63.5 % 36.5 % 100.0 %




224 awAdna wdsalasimd uazame 215 15lsa Tsanssanuaziimhtinings

P v

A5 2 WaN1IINLED TU qﬂﬂ'ﬁ%’msﬂLLEIﬂG]’]JJ‘iJitLﬂﬂﬂﬂd@ﬂ’)ﬂﬁ%ﬂﬂtLﬁﬂu%ﬂ‘lﬂ’]ﬁﬁﬂitﬂﬂ 81 CAT 2

ﬂszmmmﬁﬂ’m FUNANTININ (M397ue) Ejﬂqsi'm‘[sa 3
funzideusnm ey ¥Ry Y fuwad 1981 AN lauaan
fAaSUVeN CAT 2 (Cure) (Complete) (Die) (Failure) 2 \Raufnfanu
grhadnndnivag 24 2 1 27 6 1 61
(Failure) 39.4% 3.3% 1.6% 44.3% 9.8% 1.6% 100.0%
ﬁjﬂmné’mﬂwgﬂ 69 - 1 19 9 7 105
(Relapse) 65.7% - 0.9% 18.1% 8.6% 6.7% 100.0%
#U821A81NAUNN 26 2 1 6 14 5 54
‘%’ﬂ‘l:l’l’r‘jlé’l (TAD) 48.1% 3.7% 1.9% 11.1% 26.0% 9.2% 100.0%
B 12 - - 2 1 - 15
80.0% - - 13.3% 6.7% - 100.0%
EREY 131 4 3 54 30 13 235
55.8% 1.7% 1.3% 23.0% 12.8% 55% 100.0%

* flsedutiy @unne GR 0.05 Chi-Square = 42.107 df = 15 P < 0.001
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UM Sonaz MU Sonaz
Snwnn (Cure) 131 55.8 36 48.6
$nw1ATU (Complete) 4 17 - -
A8 (Die) 3 13 2 27
&u1a7 (Failure) 54 23,0 15 20.3
21087 NN 2 IEpuRasaiu (Default) 30 12.8 11 14.9
Tousan (Transfer out) 13 55 6 8.1

Mavinueg - - 4 54
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WANIATISNEIMYiIBSUANS dihenunsiisuinmn diheniumeiiiou
finBsTuUlN CAT 2 Snwdessuuen  CAT 4
U Souaz U Souaz

1. HANNINTIIL ANSABUNIINE

AFB 3 + 111 472 51 68.9
AFB 2 + 98 417 22 284
AFB 1 + 10 43 1 1.4
Negative 16 6.8 - -

2. Wia"u aszezidniuzasnsinuisau 2(3)

AFB 3 + 23 9.7 12 16.2
AFB 2 + 28 119 23 31.1
AFB 1 + 34 145 4 54
Negative 124 52.8 31 41.9
Isimmwamimam EN) 26 111 4 54

3. HANTSASIAL WVELie U AM33NE

AFB 3 + 12 5.1 2 2.7
AFB 2 + 20 85 12 16.2
AFB 1 + 22 9.4 3 41
Negative 131 55.7 36 48.6
Iﬂ\i‘Vﬁ’]‘U WRNTIIAIINL NN 50 213 21 284
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nzidsusnundieszuuen CAT 4

WaN1IMA oy Han1inE (M) Jihedalsa 9
aalivaads
faendnuinlsn  Snvne fe fuwad 181 a1 2 Tausan mMas
wn’i’lﬁﬂ'w’mﬂﬁﬂ (Cure) (Die) (Failure) WwauAadaiy  (Transfer out)  Snuag
finsharaen (Default)
HR 18 - - 1 3 - 22
25.0% - - 1.4% 42% - 30.6%
HRS 5 1 1 4 1 2 14
6.9% 1.4% 1.4% 5.6% 1.4% 2.8% 19.4%
HRE 8 - 5 2 2 1 18
11.1% - 6.9% 2.8% 2.8% 1.4% 25.0%
HRES 4 1 9 3 - 1 18
5.6% 1.4% 12.5% 42% - 1.4% 25.0%
LY 35 2 15 10 6 4 72
47.9% 2.8% 21.1% 141% 8.5% 5.6% 100.0%

* fiseduily W9 BR 0.05 Chi-Square = 37523  df =20 P =001

* Tadnudeyaduou 2 1

Y

A1SN 6 WAN1SSNELED U qﬂn'ﬁ%'numﬂnmuwamsm aucmmlwaaLﬁasiam%’nmi’mismmrﬁﬂaﬂﬁﬁu

nzidpusnudipssuusn CAT 2

WAN1SNA By Han13nE (Msvmine) fihedalsa 39
aalvaads
foendnuinlsn  Snmvne Sne1Asy td] fuwmad  31een At 2 Tausan
wuhiiheiulsa  (Cure) (Complete)  (Die) (Failure) \wauAAdaiy
finshasio
H 39 1 - 2 8 2 52
75.0% 1.9% - 3.8% 15.4% 3.8% 100.0%
R 6 2 - 1 - - 9
66.7% 222% - 11.1% - - 100.0%
E 2 - - - 1 - 3
66.7% - - - 33.3% - 100.0%
S 4 - 1 2 1 1 9

44.4% - 11.1% 222% 11.1% 111%  100.0%
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5%

WaN1SNA By Han13ne (Mssmieg) Jiednlsa 39
aulazaadie
faendnuinlsn  Snwve SneAsy Y fuwad  31een it 2 Tausan
wuhiihe¥ulsa  (Cure) (Complete)  (Die) (Failure) \nauARRai
fimshasasn (Default)
HR 6 - 1 22 3 1 33
18.2% - 3.0% 66.7% 9.1% 30%  100.0%
HRS - - - 11 - - 11
- - - 47% - - 100.0%
HRE 6 - - 6 2 - 14
42.9% - - 42.9% 142% - 100.0%
HRES 4 - 1 7 3 - 15
26.7% - 6.7% 46.7% 2.0% - 100.0%
Tadléma pumnu 16 1 - 3 5 4 29
Tasaen 55.2% 3.4% - 10.3% 17.2% 13.8% 100.0%
Tasteevnen 48 - - - 7 5 60
80.0% - - - 11.7% 8.3% 100.0%
EREY 131 4 3 54 30 13 235
55.8% 1.7% 1.3% 23.0% 12.8% 5.5% 100.0%
* flsedutiy @9 GR 0.05 Chi-Square = 166.017  df =45 P < 0.001
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nsAnLEe Mycobacterium avium complex LLag
Mycobacterium tuberculosis BUALWINTEING
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Innise 9R: LﬁaﬁnmqﬁﬁmmiﬂaamiﬁmL%a Mycobacterium avium complex (MAC) LAY
Mycobacterium tuberculosis (TB) mﬁmmins:ma’[uﬁﬂwﬁﬁmL%ﬂ HIV findaeeinisldidess
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#1nd1 war wuaneda @lalnadutioandn 8 ndw/ma) waz Swuliaiieariluwdentioenin 4,000
isad/auan. Ifnnndiegiedids e 88 wumsadedalufiaeis 2 ngu  wlvaiiunisin
\fip Salmonella enteritidis figihenguas 1 aufiinsfiaigoie MAC uaz TB fihoiifaide MAC ax
TFsumasneiouuy MAC waz/vie Jaulsa Tummzﬁﬁﬂwﬁﬁméa B aldsunmssnsuuuialsa
'auijmao@ﬂwﬁv’o 2 ngNazgn ‘vievdalinuwan1aine diovhnsuwseuifisuszwinenisindge
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4,000 LHa&/AUNN. 9:iAN WuETunsRnge MAC Tilauninizany uiiedinssinsonnesuuy
multiple logistic wdmuinlaifinaa WU TUsTIedNHULMeRaTin 4 fumsdade MAC wis TB
FUALNWINTEIW
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sU : msfiadie MAC pilauwinszang wWun1sfadaaiulan ﬁwulmu@wmmLma HIV Jansausnig
ARdNAlaTumwe uay uenldsinanmsfiods TB silaunsnizany wdasdiniensfiadis MAC wda
uwsnszaennduluseidanuaadniniglaiainerdin ldun Asdanarauiuiaidanniilu
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Abstract: Deesomchok A*, Thripopskul W*, Punjaisee S**. A comparative study of the clinical
manifestations between disseminated Mycobacterium avium complex infection and disseminated
Mpycobacterium tuberculosis infection in HIV-infected patients presented with prolonged fever.

Thai J Tuberc Chest Dis and Crit Care 2006;27:231-241.

* Department of Medicine, Faculty of Medicine, ** Department of Medical Technology, Faculty of
Associated Medical Sciences, Chiang Mai University, Chiang Mai, Thailand 50200

Objective: To study the prevalence of disseminated Mycobacterium avium complex (MAC) and
Mycobacterium tuberculosis (TB) infection in HIV-infected patients presented with prolonged fever
and/or had compatible symptoms with tuberculosis in Maharaj Nakorn Chiang Mai Hospital and to

compare the clinical manifestations between them.
Study design: Descriptive retrospective study.

Results: During June 2000 - April 2003, one hundred and ninety-nine HIV-infected patients with age
more than 15 years who presented with prolonged fever and/or had compatible symptoms with
tuberculosis were taken blood cultures with BACTEC 9120. Disseminated MAC and TB infection
were diagnosed in twenty-six cases (13.1 %) and ten cases (5.0%), respectively. Both groups had
similar baseline characteristics and clinical manifestations, except productive cough and chest

x-ray abnormalities were more significantly found in patients with disseminated TB infection,
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while trend of delayed medical seeking, anemia (Hb < 8 g/dL) and leucopenia (WBC < 4,000 cells/
mm®) were more significantly found in patients with disseminated MAC infection. There was
co-infection in both groups, mostly Salmonella enteritidis. One patient in each group was
diagnosed with both disseminated MAC and TB infections. Patients with disseminated MAC
infection were treated as MAC and/or TB, while patients with disseminated TB infection were
treated as TB. Most of the patients were transferred or the treatment results were not available.
When comparing with the two infections, productive cough and chest x-ray abnormalities were
associated with disseminated TB infection; while anemia and leucopenia were associated with
disseminated MAC infection. However, multiple logistic regression analysis did not show any

independent association between both infections with the four clinical manifestations.

Conclusion: Disseminated MAC infection, the opportunistic infection in HIV-infected patients,
has non-specific clinical manifestations and is unable to distinguish from disseminated TB infection.

However, we should consider disseminated MAC infection in cases with hematological

nsAnsSsuisuserIvansuzneaatingansina 233

abnormalities such as anemia and leucopenia.

UNii

\lagann 'auwﬁwaa@ﬂaﬂﬁﬁm%a Human
Immunodeficiency Virus (HIV) 2<NIWLWNNEH2E
ansldFeSededudaviiludunsidedouas
M35 wszinsifadouenlsadaudenin fay
Tnswensunnlunsifdasds uar vsei b wnse
TinsAftadeiuduauld  vil#iae unileléisu
msifladufisnd uaz fiesléunssnsuuuasauagy
(empirical treatment) foa'ﬁ)ﬁﬂﬁl,ﬁﬂwal,“ﬂﬁiaﬂﬂ’sﬂ
wRzAld 1y iianadnaideeainen wie dnns
wwsnszaezende (udu

Tafin1sfnsm Wqumaaiﬂ”L%a%aTuﬁﬁﬁmL%a
HIV sieludszindlneuazsinadssing wudninain
msﬁm%a Mycobacterium avium complex (MAC)

2 spvavadunisfnaiiia Mycobacterium

wni o
tuberculosis (TBf Femsifladuiiauenlsnszning

nMfae MAC uaz TB eAsudrenlunsuiin

aeanfianisnieaddniilndideeiy uas #ay
afnszdEoan ™y wasrededestdinaunulu
NIBUIUNTINRE

nnsAnsluyszmalng wuidnsueme
Aatnmosnshinde MAC Tuiinidade HIV 1éun
303 dinan destivdests duiwle dewmad
3 war dadessnluiionties® Turnsfidnsuy
nwAAtnTaINsAnIEs TB Tu@ﬂaﬂﬁﬁm‘ﬁa HIV 1w
she lo thwinan sendundscla nswseada
Laaﬂnﬂﬁﬁm (pancytopenia) LaL iaﬁﬁlﬂuﬂaﬂ (lung
infiltrates)! waz lddn1sAnsUSouiisusenineg
fnwaurmenafinzesmsfiaie MAC uaz TB il
LLwins:mﬂTuvﬁaJmﬁﬁmﬂﬁa HIV fisnsunisdnund
Tsewenunadsny Wudﬂumiuﬁﬂwﬁﬁm%a MAC %
fihvinan Suaudaienzniuas CD, lymphocyte
Tmﬁa@ﬁﬁaﬂﬂi’l Wy H9AU aminotransferase
(SGOT, SGPT) uar alkaline phosphatase finnn
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Hiefinsfalia MAC agdie Aviugidndell

€ @

AN uTaﬁ'atﬁnmqﬁ’ﬁmmﬁmmmsﬁmﬁa MAC
LAY TB FUALNINTLANY LAT ANBULNWARLININ
nsfedens 2 dena1 tislunuanielunig
Aaduusnlsnssninnsfaidons 2 Tufied
fadn HIV daly

qUse IATBINTINE

Lﬁﬂﬁﬂiﬂ’]qﬂaﬂ’ﬁﬂjﬂa\‘lﬂ’ﬁaﬂL‘%ﬂ MAC Llas TB
?jﬁﬂLLWiﬂﬁ:QWﬂIuﬂ”’ﬂ’mﬁﬁﬂL‘ﬁﬂ HIV fisndeainis
15059 uaz/mis fonsidnlemutalsa Tu
Tsemenuanvssuasidoslvd war Wisuifiey
fnBuzneadinssninsfadouuuuninszany
e 2 Waduwwmelunisifadumstade

AINAT
AN15ALIUNISIY

Wun1s@nuntiounay (retrospective study)
Togvinsswsmiiheiifiongannnd 15 1 ifade
HIV wae 315un1s3inesn ulsaneunanmisouas
Fewinei Tugessniadieufiguisy 2543 iy isneu
2546 Frwe1nsldiFes waz/mse fensfidnle
fusailsn uay 1sumadtadeindumsfiaids MAC
war TB zilauninszansarnnismizideluiden
feLA3as BACTEC 9120 Tuide Mycobacteria LLag
fi_airiieeaife Mycobacteria %ia 2 #1835 PCR-
REA (polymerase chain reaction - restriction
enzyme analysis) Iuﬂiﬁﬁﬁm‘%ﬂ Mycobacterium

avium Wag Mycobacterium intracellulare A= lsy

2115 wYalsa Tsansasenuasiimiiningm

N1309798UUADAIY dot blot hybridization #9u
probe MV 222 uay MI231°

Fayanaddnuosgiaeivensiusm léun
Foyaiugiu 1y A fiog seaznshade HIV
nsfaidaaitlan  uar naldsuetlasiumsfinige
226l8n1 ) 913 BINTU A9 WANIATIINITEY
UuiRin1sseg nwse “ns9en nsfaidatan M3
S$nwn uaz wan1s3nen asdayaiildannissiusw

° a

avgmbanlienzvideyadonssun uas wisuiiisy

aa v aa

N9 0AMNIUID independent f-test %38 Mann
Whitney U test m3udoyaiBelinnns Chi-squared
test 1138 Fisher's exact test wiudpyaiBonninw
LA regression analysis MIUNITIATILHENIAIN

@

“NRUSTERINANBULNWARDNNUNIARAL TN 2

NAN1SANEI

Tugnaivhnmsdn fftheidede Hv
flandeonsldidess wazmie fonmsiidnlai
Jalsn  1#5un1sianzideatiioimisidedioiain
BACTEC 9120 s1u7u 199 918 Wuiimisduide
MAC %38 TB 911U 36 318 ﬁmﬂuqﬁ’ﬁmmﬁ
wihiudosaz 181 usnifugihefifimsfnde MAC
FUALWINTZAY WU 26 918 (3PBas 13.1) LAY
Aot TB wilauninizans s1uu 10 578 (3ouay
50) ansavimssnadeyannnsseidouua
ﬁmmwvjﬁﬂaﬂuan\lﬁﬁ”’wm 35 378 Lﬂurﬂﬂaﬂﬁﬁ
Msfade MAC aflauninszas sauau 25 318
way falde TB ailaunsnIzany s1u 10 318 G
ﬁjﬂwﬁ”’o 35 s1eiu Aouienne (33 578) 8
gisnunegludaniadosina flogeds 326 1
(SD 6.4 U frw0esenin 22-48 T) uaz (uiwe
278 19 518 AT IWANIN 16 518 (9R91 U 1.2: 1)

Tnewuidoyaiugiuzesiiens 2 ngu lifiannw



1 27 el 3 nsngrAx-fuseu 2549

AN ﬁamq VWA SEEEDR9NSRALED HIV

UsziRnsfadeaislan  way mMsldsuenilaeiu

[
A v

nsAnESsuisuserinanseneAaineensAnEe 235

msfndealalam nersupfiuasyiund (n13199 1)

AN5197 1 ﬁagawuﬁmmmwﬂmﬁﬁmsﬁmL”E‘ja MAC uay TB BHaALnwINIzans

a8 U

iiagaﬁugm Q’ﬂ'mﬁﬁm%a Q’ﬂ'aﬂﬁﬁm%a
M. avium complex M. tuberculosis
U (508a2) U (5opaz)

uugian 25 18 10 978
91yLaAY 335+671 303 +531
719818 23 - 481 22-381
AT 13 (52) 6 (60)
sepzEpIMIAnige HIV

AIDS 17 (68) 8 (80)

Symptomatic HIV 8 (32) 2 (20)
UszTamsfndaaislan

Penicilliosis 9 (36) 1 (10)

Pneumocystis jiroveci pneumonia 6 (24) 1 (10)

Salmonella sepsis 4 (16) 1(10)

CMV retinitis 4 (16) 0

Cryptococcosis 2 (8) 4 (40)

Tuberculosis 0 2 (20)

Toxoplasmosis 1(4) 0
maldsuenilaeiuuuulgug

Pneumocystis jiroveci pneumonia 16 (64) 5 (50)
malsueiloeiuuuunfsnd

Pneumocystis jiroveci pneumonia 6 (24) 1 (10)

Fungal infection 10 (40) 4 (40)

{theiifnge TB wilaunsnszasasiuunliy
Via:mwuLwaﬁL%an'jwvjjﬂmﬁﬁmﬁa MAC tiaLwg
n3eane welifinnuuanasiueeefitis dwn
Qﬂqaﬁa 2 NEN ALUWLUWNEFIBEINTURLEINT
W AAeT 7ilduananeiu ﬂnt’iu’[uﬁﬂmﬁﬁmﬁa
TB sflaunsnszansazionnisledls ave (3auaz 70)
was JanuAaUnAreen nse nywen (5awas 90)

NINNTPENHUY AN R (113N 2 Lay 3)

Turnsiifineiidade MAC wiauwinszarsasd
wnlinfiaznunizda (A8 lulnaduwiy winiu 7.5
nN3u/aa. AU 9.2 NSN/AA., p = 0.054) uay I
Waianv1aadtiaundtatnedy dunie Gf
uaz nufinmzwssadiadeannota (sxaudlalnadu
Hpeni 8 ndw/ea. Iwnudiaidanz1iiaendi 4,000
LBAR/ALLNN. LAY INAALRaATaBNI1 100,000/a1.34.,

pancytopenia) 31U 4 518 (Ui linuaIy
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ﬁonmﬂu@ﬂwﬁﬁmﬁa TB #iaUnWINIzae U lﬂwuﬁﬂaﬁuLmnﬁiwitmwﬁjﬂwﬁa 2 NaN (AN

MR BUNIVNATINTNTDIAY (liver function test) N 4)

A5 2 ansusnaltinzesfiefiiinsfiaite MAC uaz TB pilaunsinszang

ANBAULNIVARLN ﬁﬂquﬁﬁmﬂf‘;’a Q’ﬂ'suﬁﬁmﬁa
M. avium complex M. tuberculosis
U (3o8az) U (3o8a2)
srpzaRisiifiennis 326 + 329 YU 199 + 155 Ju
sepznaisuguiidonns 21 14 3
NTTHENARNINT 3-150 U 4-60 U
0-2 U4 12 (48) 7 (70)
2-4 U4 7 (28) 2 (20)
NN 4 “Uendd 6 (24) 1 (10)
2INIUATAINTLL O
14 (wnnin 38 °x) 24 (96) 10 (100)
vhminan 20 (80) 6 (60)
1nving 10 (40) 3 (30)
LA 18 (72) 7 (70)
NRGN 0 0
fule 10 (40) 3 (30)
il 10 (40) 4 (40)
Todly anig* 8 (32) 7 (70)
Tolufly ame 6 (24) 2 (20)
wilos 6 (24) 3 (30)
Aosimaneiinola 13 (52) 5 (50)
*p =004
M3 3 nwsa“n3wensestheiiinisinds MAC uas TB wilauwinszans
MW N3N @'ﬂmﬁﬁmﬁa Q’ﬂmﬁﬁmﬁa
M. avium complex M. tuberculosis
U (3a2az) U (3a28az)
aﬁu’m@’ﬂwﬁwmmuﬁmﬂnﬁ* 12 (48) 9 (90)
Infiltration 9 (75) 8 (89)
Infiltration + Adenopathy 1(8) 1(11)
Infiltration + Effusion 2 (17) 0

* p = 0.022
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WANTINSINEDA s};’ﬂ’mﬁﬁmﬁa s;\iﬂ'mﬁﬁm%a
M. avium complex M. tuberculosis
U (328a2) U (328a2)
seavudlulnadu
Anady (nFu/ma.) 75+23 92 +18
1ipanI1 8 N3N/AR.* 15 (60) 1 (10)
undadansnn
Aaiy (Bad/au.NN)** 3,951 + 2,866 10,691 + 9,060
o8N 4,000 BAR/AU.NN 18 (72) 2 (20)

FUNAALREA

AalY (FlD aL.NY.)

292,200 + 174,382

286,500 + 122,139

aend1 100,000/aU.N4. 4 (16) 1 (10)
nmzwiaafiaiiaannaila 4 (16) 0
36U albumin

Ay (N3N/Aa)) 28+ 07 32407

fipend1 3 NIN/AA. 13 (52) 5 (50)
5¢6U alkaline phosphatase

Aade (yiln/Ans) 262.7 + 203.0 2202 + 1125

N 200 gile/Ans 14 (56) 5 (50)
3¢/ aminotransferase 124 (Bile/ans)

Aspartate aminotransferase (SGOT) 573 + 364 97.6 + 90.2

Alanine aminotransferase (SGPT) 34.0 + 30.0 38.9 + 33.0
J¢0U total bilirubin (TB)

Aale (NN/a8) 11 +141 15+ 2.4

NINNIT 3 NN/AR. AT SR WU 2 (8) 1 (10)

direct/total bilirubin > 50%
36U direct bilirubin (DB)

Aady (WN/0R.) 06+ 07 10 + 20

*p =0.007, ™ p =0.018, ** p = 0.005

M¥uN13ATIRaNIED wudﬂﬁﬁﬁﬂaﬂﬁﬁm‘ﬁa
TB sHalnwINIzae 5 318 (3088y 50) LAY fifade
MAC #flauninizats 7 318 (Sopas 28) finuide
AFB 31Nl N9 WAL Tuﬁjﬂwﬁﬁmﬁa MAC #fln

Uwinszaedionnulss AFB IMNNIIATINYINE 6

718 LLaE \l“ﬂﬂi:@ﬂ 5 918 IUNMIWIZEe9N
v avclugiheiidaide MAC silauninszasiuide
Mycobacterium avium complex 31U 4 318 LLAE
Mycobacterium tuberculosis 1 918 Iummzﬁ@'ﬂaﬂ

NAAEe TB BUALNINILABINIZIEINL Wl
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JULPD Mycobacterium tuberculosis WALWIEL BT

Mycobacterium avium complex 31U 1 978

ftheie 2 ndu fimsdadedin Ty wlng
aziflun1sfinide Salmonella enteritidis 7 Tu10 57w
Tunguiidaie MAC siiaunsnszans uaz 2 Tu 3
euld ’[unajuﬁﬁm%a TB #fiauninizans) finde
Lﬂum‘sﬁm’ﬁﬂuni:u Lﬁaﬂmm‘%a Staphylococcus
aureus WAY Escherichia coli a8 WAy 1 978 LAY
WU Strongyloides larva Tugaansz 1 57w Tungail
e MAC wilauwinizans uas Havjy uev
ant Uﬁ?’ml,%a’i’l Cryptococcus neoformans 1 918

Tunguifinite TB wilaunsnszany
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gy 16 5w (3epay 64) Tunajuﬁﬁm%a
MAC ilauwsnszany uay 7 918 (Fapay 70) u
nquiidaide T8 slauwinstasfildsunisinm Tag
ulngresiipazlisunmssnnieuiaznsons
ey avine %@Tuﬁﬂ’mﬁﬁmﬁa MAC oUW
nsranparldsunissneiouunialsn uuy MAC
wie seuwuutalsaganiu MAC Tusuzdigei
fodio TB aflauninszatsarlisunissneiuuy
Foulsa usiilasann winajzesiile (Uszanadouas
70 209N 2 ngw) azgn vesluSnusiadilseneung
Tndthunsezianisfinde Sl 1wsans e

MITNENUUUDYL (A7 5)

A1519N 5 masnuaznansinsvesgiefiinisfiniie MAC uaz TB sllauninizaiy

NS3NBILASHANITINHN

M. avium complex

U (308a2)

[ P 1
g\;mﬂmmﬁa

@ da X
HLeNAALLD
M. tuberculosis

U (308a2)

33N
wuuiulse 5 (20) 7 (70)
WUy MAC 6 (24) 0
wetaulsauay MAC 5 (20) 0
WNAaN1I3NEN
i 1(4) 0
Ty 6 (24) 3 (30)
ran3alinsuwa 18 (72) 7 (70)

wenandl (levhnmswsouifisussninenisin
o MAC #flaunsnszans uas nshnde TB #ila
un3nIEae laensdmszifiasiuls (univariate
analysis) Wu3n 83l wve way ANAAUNA
P09 NSS “M329en axfianu WS Tunsfinde TB

AauNInIzany Tupusnssaudlnlnadutionnin 8

nSu/eR. waz Suuindannniluientisenin 4,000
i ad/auaN. aziianw uRuSun1shiade MAC
AUNINTEANY  waLdatN1IN15IAI1Ng
QANBHLUY multiple logistic waiwuinlaidana
“WiuS U ednBuEIenaiins 4 funshnde

MAC %38 TB #HalnInizany (137197 6)
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AT5N 6 AN “NRUSTEUINANBULNARTNTUNNSAAED MAC oiaunwsnszay wlaSeuiisuiunig

ARLTD TB BRALNINTZNY

ANBULNINARLIN 0dd ratio 95% confidence interval A1 p
FanuRaUnfroeninse " nswen 0.10 0.01 - 093 0.022
mmﬂaﬁ NNy 0.20 0.04 - 0.99 0.040
sesuiaidansiluianidaendn 4,000 wwad/a0.NN. 10.31 174 - 625 0.005
sesudlulnadutipenit 8 nfw/ma. 13.51 1.47 - 1250 0.007

a 4
97130

msfnei liw avlidiiuindnisinds MAC
uaz TB wilauwinszawlufineiidage HIV Tu
wanawilarasdssnalng laawuSouas 13.1 waz
5.0 ANEIG Tu@’ﬂwﬁmﬁmmmﬂﬁéﬁo URZ/415D
fomsiidnléiuinlse SefigtAinisallndidveiu
msﬁnmiuvﬁﬂaﬁﬁﬁml,%a HIV fifionnsldidasean
v anululseindlng finunshiade MAC oila
WW3NIzaEdeEaY 2.2 - 24.0 uar NIPALe TB #in
wwsnszaedeuay 6.7 - 20.2%° Taun1sfinids MAC
9z1fu ﬂmqﬁ'wuﬂaﬂﬁ qﬂ"ﬂa\wﬁﬂmﬁﬁmﬁa HIV fix
FeomsldiFes unmsinde TB amilu 116
AnulFseeadn’ uay "Juim&imaaﬁﬂwﬁﬁm%a
MAC uaz TB zilaunsnszateazedlugneyluty
¥ (20-50 ¥) uaz fnsiade HIV Tuszws

LBA ylﬁmzll'u (AIDS defining illness)

fnuuzneadinannsinden 2 wing
= laifimnuuansnaii LLﬁiﬁLLuﬂﬁmﬂ@’ﬂwﬁﬁmﬁa
MAC “ﬁﬁmLLWi’ﬂitmﬂwmwuLLWWﬁﬁﬁndﬁQﬂwﬁ
finido TB BilaunsnIzay (3z8LIRNNEEFIU 21 TU
Tunguitdatie MAC waz 14 fu Tunduilinide T8)
e aﬂﬂa”mﬁ“umiﬁnmﬁiwwmmaﬁ%swﬁﬁjﬂ'zm’?‘i
foda MAC wilaunsnszarzaziionmislioeglugae

32139 21-90 Ju (SrprandsegIu 35 u)°

Qﬂaﬂﬁﬁm‘%a TB ilauwinszareaiionnislad
L NN uay IAnNAauUnAzesniwse “nswenldnin
niiiheiidade MAC sliauwinszae Tuvwsi
Qﬂwﬁﬁm%a MAC BHALNINILINBILWURANKA
Unineladindnet @a waz uuladanzilu
Lﬁﬂﬁﬁﬂﬂ)\lﬁuﬂﬂﬂ’j’]@ﬂ’mﬁﬁﬂL‘%E] TB #1ALWINIzane
F9 onpdpafiumIAnINT lsanenunadssy’ wienis
dwiinan dhewad duiale was AnwRaUn@ly
mavmifieeduiidiseeunuldesninlugiae

NAae MAC Bilauwsnszarsiulainuainnisfne

2,7-8

=De

ANNRaUNATaIN S “n39en azwuldmnnndn
Tuﬁjﬂaﬂﬁﬁmﬁa TB aflauninszany lasfidnyos
sontiu (infiltration) LAY soptiusaniusontinan
Tn (adenopathy) 9 anadaviun1sAns1299
Putong LRTANY finvanwarsestiulouay 542 dox
dmassladesas 125 uar lwsel (cavitation)
Sovas 56 4 Tumm:ﬁ@ﬂaﬂﬁﬁmﬁa MAC 2iaLng
nszaEaTwUANNAnUNATEIN WSS "Ny enuteu

(nodule) soeTu Iwsell uay AeNvwdnals’

Wpeann1sinda MAC waz TB odawng
nsraelunsdnenil 3adsldanniswiide luaen
FIUDNATAIINNITINI LRI N TULRDALED €9

MNTNATIANULEDINNNTIEDN AFB 151’an ENN A
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39132 ‘mez@n doswies way fu usnand
Qﬂ’m‘ﬁ\‘l 2 nﬁiuﬁowuﬁmsﬁmﬁaiw Toe ulwnaias
\flun1sfinifie Salmonella enteritidis uay oWy
mMafadas NSz T MAC uas Mycobacte-
rium tuberculosis BNNFNAT 1 AL
u,ﬁilﬁumﬁﬁaéfﬂvjﬁﬂ’mﬁﬁmsﬁmﬂﬁa MAC o1ia
unsnszaediuludeudieean flaeenlafidnuue
npddinfisumn: Usznaududesendunisiwizide
N9 IATIVAN aadnn Fedaliiaaui
1 6 “Uamilunsifade dedumsnuniiog

=

Seonlimsinuuvuasouagulunisumufiuwng
finflenndl SAnansuzneARingeg F9a1nn13
ﬁnmﬁwmﬂumjuﬁﬁmﬁa MAC a:l@sun1ssnen
‘V;l’j\‘lLLiJ‘u’"J'mIiﬂ (isoniazid, rifampicin, pyrazinamide
lLlay ethambutol) WUU MAC (clarithromycin S8
ethambutol %38 ciprofloxacin/ofloxacin) %38
vounuinlsauas MAC Sy udtidesangiie
ulnajgn sindulusunissnendeilsameung
Tndthursarianisinsederin i lansurnaanszes
M3 WANS1IEUNIRNE IUAY T IANL I
JeueIA17nFINNEEFIU (median survival time)
Tunguiitheiings MAC siiaunsnszaneilalasy
mM3snen (4 Wiew) azidendy ewfisuiulungud
165umssnm (8 1) uay Tun@uﬁiﬁlﬁﬁmﬁa MAC

(11 1apu)®

wanandfeldnisiessdifiazduds e
AN WS T En s eRRInTUN3RaLEe
MAC %38 TB oilauninizay wuin nsdnuas
Fuudaidansnluisatssiining “uwusiunis
fodie MAC #flaunsnizars Tusmsiianisled
L AVZUazANAAUNATININSY " NI9ena sl

AN “NAUSAUNNTAALTD TB UALNINTZING L6
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WYIN1ATILHNTNANRELLUY multiple logistic
wdalawudnfiay wilusiu Gelnrsfnegilaed
foita HIV fdansldisessludsemalng wudn
WUuNNIIUIL  CD  lymphocyte #aand1 50
U 4

6 = wa a X T . .
VIRA/AU.NN. HUIIRNIAALED Penicillium jevoveci
JU5230n15An e Salmonella Las 61ULKRAY 9%

Vi inden1fintia MAC siauwsnIzaeNInau’”

51

9

M3Aaia MAC siauwsnszansiunishinide

[
a A

aawlon finuldlufiifede HIV fifdnsuzne
aadnfilaisunie war usnldeinainnisings TB
#flaunsnszans usarinfvn1sfnde MAC wia
unwsnszarwandulusiedfiianuiaUninisladia
e liud amsdauazdwiudiaiannnlu

WNantiny

BN 1981989

1. Armstrong WS, Katz JT, Kazanjian PH. Human
Immunodeficiency Virus-associated fever of unknown
origin: A study of 70 patients in the United States
and review. Clin Infect Dis 1999; 28: 341-345.

2. Suwanagool S, Kolladarungkri T, Leelarasamee A,
Chuenarom V, Jearanaisilavong J, Chaiprasert A.
Prolonged fever due to Mycobacterium avium
complex (MAC) disease in advanced HIV infection:
A public health concern. J Med Assoc Thai 1998; 81:
893-905.

3. Phongsamart W, Chokephaibulkit K, Chaiprasert A,
Vanprapa N, Chearskul S, Lolekha R. Mycobacterium
avium complex in HIV-infected Thai children. J Med
Assoc Thai 2002; 85 (Suppl 2): S682-689.

4. Putong NM, Pitisuttithum P, Supanaranond W, et al.
Mycobacterium tuberculosis infection among

HIV/AIDS patients in Thailand: Clinical manifestations



1 27 el 3 nsngrAx-fuseu 2549

and outcomes. Southeast Asian J Trop Med Public
Health 2002; 33: 346-351.

. 20 e essnqedl & aloe, ey dnes, swiu
Fusiing, 259 lafoazna, wnadmd fusuud. szue
3mawTuLaqamaaL°§a Mycobacterium avium Tugjtlie
fidndoien . MeenAduaiy wysal winounaenu
U yun339y galasan1sTlsn; 2547,

. Chuchottaworn C, Sathapatayawongs B,
Tansuphsawadikul S, Suwanagool S, Kantipong P,
Pornchapoonthavee S. Prevalence of disseminated
Mycobacterium avium complex infection in Thai AIDS
patients. J Med Assoc Thai 1999; 82: 643-647.

. Pettipher CA, Karstaedt AS, Hopley M. Prevalence
and clinical manifestations of disseminated
Mycobacterium avium complex infection in South
Africans with acquired immunodeficiency syndrome.

Clin Infect Dis 2001; 33: 2068-2071.
. Hsieh SM, Hung CC, Chen MY, Hsueh PR, Chang

10.

11.

nsAnESsuisuserInansuenIeAaiinaensAnda 241

SC, Luh KT. Clinical features and outcome in
disseminated mycobacterial disease in AIDS patients

in Taiwan. AIDS 1998; 12: 1301-1307.

. Jones D, Havlir DV. Nontuberculous mycobacteria

in the HIV infected patient. Clin Chest Med 2002;
23: 665-674.

Horsburgh CR Jr, Havlik JA, Ellis DA, et al. Survival
of patients with acquired immune deficiency
syndrome and disseminated Mycobacterium avium
complex infection with and without antimycobacterial
chemotherapy. Am Rev Respir Dis 1991; 144:
557-559.

Chaiwarith R, Supparatpinyo K, Punjaisee S,
Kotarathititum V, Sirisanthana T. Prolonged fever in
Human Immunodeficiency Virus-infected adult
patients in Northern Thailand. J Infect Dis Antimicrob

Agents 2005; 22: 103-110.



5 153MUTSA TSHHS)IJDHII?IIDIJU]I]ﬂjnl]ﬂ

Thai Journal of Tuberculosis
(hest Diseases and (ritical Care

Are cough peak expiratory flow and cuff leak
test good predictors for extubation outcome?
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Faculty of Medicine Siriraj Hospital, Mahidol University

Abstract : Prediction of extubation outcome is controversial. There is no good predictor of

extubation outcome so far.

Hypothesis : Cough strength, measured by cough peak flow (CPF), and laryngeal edema, measured

volumetrically by cuff leak test (CLT), could accurately predict extubation outcome.

Method : Intubated patients who were about to be extubated were studied. The best of three
cough peak flows, measured with peak flowmeter, and cuff leak volumes, defined as the difference
between the mean expiratory tidal volume while the cuff around the endotracheal tube was

inflated and deflated were recorded with other weaning parameters and demographic data.

Result : Fifty-one patients were studied. There were 12 unsuccessful extubations. There was no
difference in age, gender, duration of intubation and presenting diseases between the patients
with successful and the patients with unsuccessful extubations. The CPF of patients with
unsuccessful extubations was significantly lower than those of successful extubations (85.77+35.86
L/min vs 60.83+41.82 L/min, p = 0.048). The best cut-off value of CPF to predict extubation outcome
was 55 L/min, with the sensitivity and specificity of 84.6% and 66.7% respectively. The rapid
shallow breathing index of patients with successful extubation was significantly lower than
those of unsuccessful extubation (66.36+18.48 vs 78.67+14.47, p = 0.04). The CLT of patients with

successful and unsuccessful extubations was not significantly different.

Received for publication April 26, 2006
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Conclusion : Cough strength as measured by CPF may be a predictor of extubation outcome.

UNARED : UWDT NDTAUT* LAY WUNIWE WA 51ABTA.* Are cough peak expiratory flow and cutf

leak test good predictors for extubation outcome? 215 137nulsa lsAnsavenuaziizthiinings

* Twwmmaﬁuy? AP0 IA A5 ADISUNNEAT ATASIIY

avanlufayudelifiauidnn enasldviuisnazesnsnsaviegiemelantsfnmildia

Fuiiavstianazlivinuigiinisnasiaztievelalundasassacilonn  uSansadumaininninnu

M5IAANNLTITBINSLBLAETAIN cough peak flow (CPF) $anfun1suseiiunisuau
299a39TB9TAN cuff leak volume (CLV) 9% 1wnsaviunenazadn1saenviatievinelalé

: 1N3¥AA" cough peak flow Waz cuff leak volume Tugthefifdsaznsaviaziamela
“mivAr CPF wilaelidieloruviatiomeladede peak flowmeter udalAMaf alu 3 A%
"W CLV Ifannaf193e1ing expired tidal volume 2usdl inflate cuff Was deflate cuff uanaNdie

Lﬁuﬁagaﬁq\lﬂmm@ﬂw 1éun 91 LA JraziaNil viateviela nsitasslIa LasHARWSIaINIT

Avay

wadws : fgielumsdnundioy 51 au gidect vierremelaluaiio*ut2au uasiinoaviezoe
el 159 39 au ldwuddanauandwiuludiueiy e szaziazeanisl viedismela vis e
adlsn Tuis 2 ngu wiwudran CPF Tunguitnaaviesssmelalal WSniusninlunguiineaviatoe
welald “uSeeeeidy @ (85.77+35.86 L/min WAz 60.83+41.82 L/min, p = 0.048) wuiredi
wanz ait alunshluldviuemasesnisoeavietiemelade 55 Lmin Sefiaaliuazaanssimne

8l 84.6% uar 66.7% AW uA1 CLV duldfianuuandeiuetneditey dlurie 2 ngw

su : maTausslunslelagldan CPF wnee nansndanlinenssesmineaviagemalalugiels
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Background

The process of weaning from mechanical
ventilation includes two steps. The first is
liberation from the ventilator and the latter is
removal of endotracheal tube. The outcome of
discontinuation of mechanical ventilation in
critically ill patients is difficult to predict.”® Some
studies demonstrated that conventional weaning

parameters, which are good for predicting

combined liberation and extubation outcomes,
are not useful for predict extubation outcomes.*®
The data of recent study suggested that cough
peak expiratory flow (CPF) which measured
cough strength objectively is associated with
extubation outcome, morbidity and mortality.’
Cuff leak test is the other one that was
demonstrated to predict extubation failure from

laryngeal edema.”®
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This study was aimed to evaluate the
association between CPF and cuff leak test with

extubation outcome.

Material and Methods
Patients

Patients receiving mechanical ventilation via
an endotracheal tube in critical respiratory care
unit (RCU), medical ICU and medical wards of
Siriraj Hospital between March 2004 and
December 2004 who had been decided to
extubate by their attending physicians were
recruited into this study. Weaning was depended
on their physicians. We did not involve in their
weaning and other management. Patients were
excluded from this study if they were being
extubated to comfort care (no plan for reintubation)

and could not follow the instructions.

Measurement

The following data of each patient were
collected: age, sex, duration of endotracheal
intubation, presenting diseases, rapid shallow
breathing index (RSBI; respiratory rate divided by
tidal volume), hemoglobin within 3 days before
extubation, spontaneous breathing trial (SBT)
modality, cuff leak volume, cough peak flow,
extubation outcome and causes of extubation
failure. Extubation failure was defined to the
reintubation within 72 hours after extubation or

need of non-invasive ventilation.

Cough peak expiratory flow (CPF)

Endotracheal suction was done fifteen

Are cough peak expiratory flow and cuff leak test good predictors 245

minutes before the procedure. The patients were
asked to cough into a peak flowmeter
(Vitalograph®) that placed with the endotracheal
tube via mini bacterial/viral filter (Vitalograph®)
and connector. Patients were positioned at 30 to
45° and coached by the investigator to cough
through the equipment by three attempts. The
best of three attempts was recorded as cough

peak expiratory flow (CPF).

Cuff leak test (CLT)

After CPF was recorded, cuff leak volume
was measured. The measurements were done while
the patients receiving volume targeted, assist-
control mode of mechanical ventilation. When
the cuff around the endotracheal tube was in its
usual position, the average values of six breaths
expired tidal volumes were recorded. Then the
cuff was deflated and the expired tidal volumes
were recorded again. The difference of these two

values was the cuff leak volume.

The results of these measurements were not
known by attending physicians or other caregivers
of the patients. All the management including the
decision to extubate or reintubate were of the

decision of the attending physicians.

Statistical Analysis

There is no known normative data for CPF in
this population. Accordingly, a receiver operating
characteristic (ROC) curve was constructed from
the data to find out the optimum cut-off value of

the CPF. This value was used to categorize CPF in
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the final analysis.

The main outcome of interest was
extubation failure or success. Risk ratio (RR) were
computed as the measure of the strength of
association between the predictive variables and
the binary outcome of interest. Multivariate
logistic regression and stratified analyses were used
to adjust for confounders, assess effect modifiers,
and identify variables that independently predicted
extubation outcome. Comparisons of median
values were made using nonparametric methods
(Mann-Whitney tests). For grouped data, Chi-square
and/or the Fisher exact test were used in
comparing differences in proportion between two
groups and deriving p values. The analyses were
facilitated by use of the SPSS 11.5 and MedCalc
program; p < 0.05 was used to signify statistical

significance. All of the p values were two-sided.

Results

There were 51 patients who met eligible
criteria and contributed extubation. 43 patients
were admitted in RCU and ICU, 8 patients were
admitted in medical wards. The age ranged from
16-92 years (mean + SD, 61.8 + 19.9 years; Table1)
with 58.8 per cent of patients were men and 41.2
per cent were women. The reasons for their
admission and intubation were COPD
exacerbation in 7 patients, pneumonia in 23
patients, congestive heart failure or volume
overload in 8 patients, infected bronchiectasis in
3 patients, sepsis in 7 patients, neuromuscular

disease in 1 patient and airway protection in 10
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patients. Patients were intubated for a median of
7 days (range, 1 to 27 days); 39 patients were
weaned by T-piece, and 12 patients were weaned
by pressure support ventilation. The mean

hemoglobin of all patients was 10.33+1.73 g/dL.

There was no statistical difference in age,
sex, duration of intubation day, mode of weaning
and presenting diseases among patients with
successful extubation and extubation failure as

shown in Table 1.

The CPF of the studied patients ranged
from 0 to195 L/min. By the ROC curve, the
optimum threshold value of the cough CPF in
this population was 55 L/min with the
sensitivity and specificity 85% and 67%
respectively in predicting extubation failure
(Figure 1). The cuff leak volumes were measured
in 43 patients with the values ranged from 18 to
400 ml. The cuff leak test could not be done in 8
patients because they used pressure cycled
ventilators (Bird’s ventilator). There was no
statistically significant difference between cuff
leak volume of the successful extubation group
and extubation failure group (Tablel1). Overall,
patients with CPF < 55 L/min were 5.3 times
as likely to fail as those with CPF > 60 L/min (RR,
5.3; 95%CI 1.9 to 14.8; p = 0.001) (Table 2).

The mean value of cuff leak volume of the
successful extubation group and extubation
failure group were 233.9 and 251.7 respectively.
The ranges of RSBI in all patients were 34 to 100

and the mean was 69.25.
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Twelve patients were classified as
extubation failures. These included 9 patients
who had been reintubated within 72 hours after
first extubation and 3 patients who needed
non-invasive positive pressure ventilators (NIPPV).
The reasons for reintubation and NIPPV were
stridor due to airway edema (n = 3), hypoxia
(n = 5), inability to protect airway (n = 2) and CO2

retention (n = 2).

The mean RSBI was higher in extubation
failure than in extubation success group (78.7+14.5
vs 66.36+18.48, p = 0.04). Multivariate logistic
regression analysis found that CPF was the only
variable that was associated with extubation
outcome (p = 0.33). However, the risk of failure
of those with RSBI > 70 and CPF < 55 L/min is 7.6
times of those with RSBI < 70 and CPF < 55
L/min (95% CI 1.1 to 52.6) (Table 2)

Discussion

The result of this study demonstrated the
association between the cough peak flow that
measured cough strength and the extubation
outcome in critically-ill medical patients. This
study found that there was no statistically
significant association between the cuff leak

volume and extubation outcome.

The association between cough strength and
endotracheal extubation outcomes has been
demonstrated in some previous studies.>®’
However, there was only one study used an

objective, reproducible measure of cough strength.’
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The strength of the association between cough
strength and extubation outcomes observed in
the previous study (RR 5.1) is similar to this study
(RR 5.3) in spite of some differences in the
devices for cough strength measurement.
Besides, the cut off value of the cough peak flow
in this study (55 L/min) is close to the value in the
previous study (60 L/min). The similarity of the
results of both studies lends credence to the

validity of our hypothesis.

In the univariate analysis, RSBl was another
index that was significantly different between
successful extubation and extubation failure.
RSBI is one of the indices used universally for a
predictor of weaning outcome. Although some
studies suggested that RSBI is also a predictor
for extubation outcome®'®, recent studies
demonstrated that it is not helpful to predict
extubation outcome.*® In the result of this study,
when multivariate logistic regression were
computed, the RSBI was not significantly
statistical different between both groups. It may
be because all enrolled patients had the values
of RSBI < 105 so the difference of two groups was
not seen. However, the risk of failure of those with
RSBI > 70 and cough CPF < 55 L/min is higher
than that of those with RSBI < 70 and CPF < 55 L/
min. This result suggests that RSBI is an effect
modifier but not an independent predictor for

extubation outcome.

The cuff leak volume, that suggest for

laryngeal edema, and some studies found to be an
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extubation outcome,”® is not a predictor for
extubation in this study. Possible explanations
are the small sample size and relatively large
number of missing data. This study supports
the result of recent study that there was no effect
of hemoglobin concentration to extubation
outcomes whether hemoglobin concentration < 10

mg/dl or not.

Twenty-three per cent of extubation failure
including the patients who needed NIPPV was
high compared with the previous study.® The
reason that we included the patients who needed
NIPPV in failure group is due to the unavailability
of NIPPV in most of the hospitals in Thailand. If

the failures replicated at other centers, reintubation
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may be done.

Maximal voluntary cough is effort dependent.
Failure to generate a strong cough may reflects
simple lack of cooperation or effort in addition to
insufficient muscle strength. However, the patients
who did not attempt to cough on prompting
were excluded from this study because it is
unclear as to whether such patients understood
the instruction. These patients either had
underlying dementia or were unable to follow
commands due to concurrent encephalopathy. So

the voluntary CPF cannot be used in all patients.
In conclusion, CPF is an objective parameter
for extubation outcome in critically-ill medical

patients who can follow physician’s command.

Table 1 Selected patient characteristics of the subjects stratified by extubation outcome

Variables Total Extubation success Extubation failure P-value
Sex 51 39 12 017
male 30 25 5
female 21 14 7
Age 61.76+19.88 59.95+19.97 67.67+19.24 0.23
(70;16-92) (69;16-86) (71;33-92)
Hemoglobin (g/dL) 10.33+1.73 10.48+1.72 9.89+1.76 0.3
(10.1;5.5-16.6) (10.2;7.4-16.6) (10.1;5.5-12.5)
Mode of weaning 0.89
T-piece 39 30 9
Pressuve support ventilation 12 9 3
CPF 79.9+38.4 85.77+35.86 60.83+41.82 0.02
(75;0-195) (80;25-195) (50:;0-140)
< 55 14 6 8
> 55 37 33 4
CLT 238.0+126.7 233.9+122.4 251.7+146.4 0.6

(279:18-400)

(264:21-400)

(303:18-400)
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Table 1 Selected patient characteristics of the subjects stratified by extubation outcome (Continued)

Variables Total Extubation success Extubation failure P-value
Duration of intubation (d) 7.96+6.25(7;1-27) 7.97+6.45(6;1-27) 7.92+5.81(7;1-21) 0.87
RSBI 69.25+18.26 66.36+18.48 78.67+14.47 0.04

(70;34-100) (66;34-93) (80;57-100)
Disease category 0.3
airway 32 26 6
non-airway 19 13 6
Ward 0.92
ICU 43 33 10
non-ICU 8 6 2

Table 2 Stratum specific for extubation failure among patients with CPF < 55 L/min compared to

CPF > 55 L/min across selected stratified variables

Variables Patients (No.) Risk ratio 95%CI
RSBI
> 70 23 7.6 11 - 526
<70 28 238 04 - 189
Age
>70y 26 4.0 09 - 16.8
<70y 25 7.9 1.9 - 33.1

Hemoglobin level
< 10 g/dL 17 3.3 0.7 - 162
> 10 g/dL 34 72 1.7 - 298
Cuff leak volume
< 280 mL 22 6.4 0.8 - 51.3
> 280 mL 21 10.0 1.4 - 700
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Figure 2 Interactive dot diagram for cough peak flow (CPF) and extubation outcome
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Abstract: The pathophysiology of chronic obstructive pulmonary disease (COPD) involves not

only the airway but also the respiratory muscles.

This study was conducted to determine the correlation between respiratory muscle function
and various factors including disease severity, frequency of exacerbation, sensation of dyspnea,
exercise performance and nutritional status. The correlation between the respiratory muscle function
measured by sniff nasal inspiratory pressure (SNIP) and standard maximal inspiratory pressure

(MIP) was also studied.

This cross-sectional study was done in 69 stable COPD patients who attended to COPD
clinic at Siriraj Hospital during the year 2005. The diagnosis and disease severity categorization
were based on clinical and spirometric parameters. Demographic and clinical data of the subjects
were retrieved by chart review and questionnaire interview. Nutritional status was assessed by
the anthropometric data including body weight, height, body mass index (BMI), triceps skin fold
thickness, mid-arm circumference and calculated mid-arm muscle area. Spirometry, respiratory
muscle and handgrip strength were performed as well as six-minute walk test unless contraindicated.
BODE score was calculated from BMI, FEV1% of predicted, MMRC scale and distance walked in six

minutes.
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Sixty-four of 69 subjects were males (92%). Mean age (SD) was 72.1 (7.4) years. Subjects
were classified according to the severity into mild (31.9%), moderate (30.4%), severe (23.2%)
and very severe (14.5%) COPD. The study revealed significant correlation between maximal
inspiratory pressure (Plmax) and MMRC scale (r=-0.30, p=0.02), distance walked in 6 min
(r=0.42, p=0.001), handgrip strength (r=0.57, p<0.001) and BODE score (r=-0.30, p=0.03). The
associations between Plmax and BMI (r=0.24, p=0.07) and mid-arm muscle area (r=0.22, p=0.09)
were borderline significant. There was no significant correlation between Plmax and FEV1%
predicted (r=0.14, p=0.28). The relationship between Plmax and disease exacerbation was not
significant. Comparison between the two techniques of Plmax measurement showed significant

correlation (r=0.70, p<0.0001).

Respiratory muscle strength is associated with peripheral muscle function, sensation of
dyspnea, six-minute walk performance and the BODE index. No correlation to the degree of airway
obstruction was observed. SNIP test may be used as an alternative to MIP for the assessment

of respiratory muscle function.
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Introduction

Chronic obstructive pulmonary disease
(COPD) is one of the most common diagnoses in
patients who attended to Siriraj Hospital with
respiratory symptoms. The pathology of COPD
involves not only airways, but also other multi-
systems'® including respiratory®* and peripheral
muscles®®® as the consequences of inflammatory

process.

In general, the diagnosis and severity
categorization of COPD were determined by
spirometric parameters i.e. FEV1, FEV1/FVC. From
the previous studies, respiratory muscle function®*
and peripheral muscle strength’ revealed some
positively correlation. Other factors associated
with the disease severity such as exercise
performance, body mass index, fat free mass,
serum albumin, BODE index, and quality of

7-10

life have been assessed, but has not been

done to our patients at Siriraj COPD clinic.

In this study, we focused on respiratory
muscle function particularly maximal inspiratory
pressure (PImax) in our COPD patients. There are
several methods to measure respiratory muscle
function including non-invasive test that is simple,
and usually available compared to invasive test
that is more accurate but difficult to perform.™"
Standard maximal inspiratory pressure (MIP) and
sniff nasal inspiratory pressure (SNIP) are non-
invasive tests to measure maximal inspiratory
pressure. The former is used conventionally, good

for sequential measurements in trained patients
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but underperformance is common. The latter is a
new alternative method which is easier to perform
especially in those without cooperation or having

orofacial problem.

The objectives of the present study were as
follows: (1) to determine the correlation between
respiratory muscle function and some factors
such as disease severity, disease exacerbation,
exercise performance, sensation of dyspnea, body
mass index, fat free mass (estimated by mid-arm
muscle mass area), serum albumin and peripheral
muscle function. (2) to determine the correlation
between respiratory muscle function and
spirometric values. (3) to determine the correlation
between two techniques to measure respiratory
muscle function, i.e. standard maximal inspiratory
pressure (MIP) and sniff nasal inspiratory pressure

(SNIP)."®™

Methods
Subjects

This cross-sectional study was performed
between August and November 2005. COPD
patients who attended to COPD clinic at Siriraj
Hospital were recruited. The diagnosis of COPD
was based on the recommendation of Thoracic
Society of Thailand' i.e. age >45 vyears, a
compatible clinical features, pulmonary function
test indicating irreversible airflow obstruction:
FEV1/FVC<7O% and postbronchodilator FEV < 80%
without fully reversible airflow obstruction, and
no evidence of other pulmonary diseases on chest

radiograph. The FEV1%predicted was used to
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classify the patients according to Global Initiative
for Chronic Obstructive Lung Disease (GOLD)"
committee criteria into four groups based on the
disease severity (mild, moderate, severe, and very
severe). All patients were in clinically stable
condition for at least 6 weeks before eligible.
The exclusion criteria were any illnesses other
than COPD that may confound the respiratory
muscle function test e.g. neuromuscular disorder,
cardiovascular disease, chest wall deformity,
severe malnutrition, an inability or contraindication
to perform the pulmonary function test, respiratory
muscle function test, six-minute walk test, hand
grip strength test: e.g. hemoptysis, pneumothorax,
uncontrolled cardiovascular disease, uncontrolled
hypertension, hypotension, recent myocardial
infarction, or pulmonary embolism, aneurysm,
recent surgical operation, respiratory tract
infection, recent disease exacerbation < 6 weeks,

nasal occlusion, and hand injury.

Study protocol

Clinical assessment:

Patients’ characteristic including age, sex,
smoking status, underlying disease, current
medication, influenza vaccine status were recorded
along with the number of admission from COPD
exacerbation within the last year, sensation of
dyspnea by Modified Medical Research Council
(MMRC) dyspnea scale."”

Nutritional assessment:

The following anthropometric parameters

were recorded: body weight (kg), height (m),
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body mass index (BMI) was calculated as the
weight / (height)®, triceps skin fold thickness (mm),
mid arm circumference (MAC)(mm) and mid-arm
muscle area (MAMA) was calculated by the
following equation:(MAC(cm)-3.14x triceps skin
fold thickness(mm)) /(4x3.14); MAMA determines
the fat free mass (FFM).The triceps skin fold
thickness measurement were made using a
lipocaliper based on the usual method applied in
nutrition studies. MAC was measured with a
millimetered tape at the midpoint of the nondominant
arm, between the olecranon and acromion. The
serum sample was obtained for albumin and

hematocrit as the index of visceral proteins.

Pulmonary function assessment:

Spirometry (FEV1 and FVC measured in
liters and as a percentage of the predicted value)
was performed according to the recommendation

of Thoracic Society of Thailand.

Respiratory muscle test: PImax was measured
by two techniques i.e. standard maximal
inspiratory pressure (MIP) and sniff nasal
inspiratory pressure (SNIP) by portable Micro
Medical Respiratory Pressure Meter. (Micro
Medical Itd, UK) The MIP was measured with a
standard flanged mouthpiece connected to a
portable mouth pressure meter. The subjects were
studied in the sitting position breathing through
the nose with the mouth occluded by the
mouthpiece. They were asked to occlude their
noses and to perform three maximal inspiratory

efforts from FRC, each separated by 1 min. The
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SNIP was measured through a plug occluding one
nostril during a sniff performed through the
contralateral nostril. The subjects were studied in
the sitting position. They were asked to breathe
normally through the patent nostril with closed
mouth, and to perform three maximal short and
sharp sniffs from functional residual capacity
(FRC), each separated by 30 s. The highest value
of inspiratory pressure from MIP and SNIP were

used to be analyzed.

Six-minute walk test was performed
according to the guideline of the American
Thoracic Society."”® The distance walked in six-
minute (m), the pre and post-six-minute walk
dyspnea and fatigue scale based on Borg scale

were recorded.

Peripheral muscle strength assessment:

Handgrip strength test was done by handgrip
dynamometer. Subjects were asked to make a fist
with dominant hand by their maximum strength for
three efforts. The maximum value was used for

the analysis.

Miscellaneous:

Blood sample for sodium, potassium,
phosphorus, and calcium was obtained for the
analysis because these electrolytes involve in

muscle function.
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FEV1% of predicted, distance walked in six
minutes, MMRC dyspnea scale, and BMI were

calculated to the BODE index.

Statistical analysis

Descriptive statistics were used to describe
the study population. Spearman test was used for
correlation study. All statistical analyses were
performed using statistical software (SPSS for

Windows, version 10.0; SPSS; Chicago, IL).

Results

Subject characteristics and measuring data

A total of 69 patients were eligible. Of these
64 (92.8%) were male and 5 (7.2%) were female,
mean age +SD was 72.20+7.49 years, 22 (31.9%)
were classified as having mild COPD, 21 (30.4%)
were moderate, 16 (23.2%) were severe, and 10
(14.5%) were very severe COPD. Mean pack-year
of smoking was 52, mean (SD) BMI was 22.22
(3.37), the others underlying disease: DM (11), HT
(43), dyslipidemia (22), and stable coronary

disease (8).

These results are summarized in Table 1.
Among these patient characteristics, age was
negatively significant correlated with Pimax (MIP)
(r=-0.33, p=0.01) as shown in Figure 1. No signifi
cant correlation between Plmax (MIP) and FEV1%

predicted was observed.

Table 1 Correlation of PImax (MIP) and patient characteristics

Parameter Mean (SD) r p value
Age, year 72.20 (7.49) -0.33 0.01
Smoking, pack-year 52.13 (34.61) -0.97 0.45
FEV % predicted 59.45 (11.18) 0.14 0.28

r = correlation coefficient
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Figure 1 Correlation between PImax (MIP) and age

The measured data such as MMRC dyspnea
scale, number of admission due to COPD
exacerbation, medications including influenza
vaccination, inhaled corticosteroid (ICS), and
combined inhaled corticosteroid plus long-
acting ﬁz—agonist (ICS+LABA) used. ICS used
was budesonide >800 wg/day, ICS+LABA was

fluticasone >500 ug/day plus salmeterol >100ug/
day or budesonide >320 ug/day plus formoterol
>9 wug/day. Duration of ICS or ICS+LABA used
were more than 12 months before study. These
data are shown in Table 2. MMRC dyspnea scale
was negatively significant correlated with Plmax

(MIP) (r=-0.30, p=0.02) as shown in Figure 2.

Table 2 Correlation of PImax (MIP) and measured data

Parameter Data r p value
MMRC dyspnea scale 0.92 (1.05) -0.30 0.02
Exacerbation 11 (15.90) 0.16 0.22
ICS used 9 (13.00) 0.11 0.39
ICS+LABA 32 (46.40) 0.17 0.19
Influenza vaccine 26 (37.70) 0.11 0.38
Data are presented as mean (SD), or No.(%)
r = correlation coefficient
g o
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MMRC dyspnea scale

Figure 2 Correlation between Plmax (MIP) and MMRC dyspnea scale
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Nutritional status (MIP) was observed, however there were
These results are summarized in Table 3. About borderline positively significant correlation between
72.5% of patients had normal BMI. No significant BMI, MAMA and Plmax (MIP).

correlation between nutritional data and Plmax

Table 3 Correlation of Plmax (MIP) and nutritional status

Parameter Mean (SD) r p value
BMI, kg/m’ 22.22 (3.37) 0.24 0.07
Triceps skin fold thickness, mm 11.99 (5.82) 0.04 0.79
MAC, cm 25.87 (2.92) 0.21 0.10
MAMA 25.46 (2.76) 0.22 0.09
Albumin, mg/dL 4.02 (0.25) 0.20 0.18
Hematocrit, % 43.00 (5.55) 0.12 0.42

r = correlation coefficient

Respiratory muscle function, peripheral (r=0.34, p=0.005), handgrip strength (r=0.57,

muscle function, exercise performance, and p<0.001), six-minute walk distance (r=0.42, p=0.001),

BODE index and BODE score (r=-0.30, p=0.03) as shown in
These parameters are summarized in Table 4. Figure 3.

Plmax (MIP) was significant correlated with PEmax

Table 4 Correlation of Plmax (MIP) and measuring data

Parameter Mean (SD) r p value
PE max, cmH O 70.27 (32.46) 0.34 0.005
Handgrip strength, kg 26.68 (6.79) 0.57 <0.001
6MWD, m 368.30 (19.67) 0.42 0.001
BODE score 2.06 (1.73) -0.30 0.03

r = correlation coefficient
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Miscellaneous

Table 5 demonstrated that various
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electrolytes were not correlated with PImax (MIP).

Almost all patients had normal electrolytes values.

Table 5 Correlation of PImax (MIP) and measuring data

Parameter Mean (SD) r p value
Sodium, mmol/L 138.31 (2.90) 0.12 0.41
Potassium, mmol/L 4.01 (0.40) 0.07 0.64
Magnesium, mg/dL 1.98 (1.99) -0.05 0.75
Phosphate, mmol/L 3.16 (0.57) -0.27 0.07
Calcium, mg/dL 9.05 (0.57) -0.18 0.23

r = correlation coefficient

The correlation between 2 techniques of PImax
measurement:

Comparison between the two techniques of
PImax measurement revealed significant

correlation (r=0.70, p<0.0001) as shown in Table 6

and Figure 4. The relationship of Plmax (MIP)
and Plmax (SNIP) done by regression analysis
was : Plmax (MIP) = 3.393 +0.751xPImax (SNIP),
R’ = 0.59, SEE = 18.682.

Table 6 Correlation of PImax (MIP) and PImax (SNIP)

Parameter

Mean (SD) r p value
Plmax (MIP) 67.86 (30.06) - -
Plmax (SNIP) 86.25 (29.25) 0.70 <0.0001

r = correlation coefficient
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Figure 4 Correlation between 2 techniques of PImax measurement
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Discussion

This study revealed the significant correlation
between the inspiratory muscle strength (Plmax)
with age, MMRC dyspnea scale, six-minute walk
distance, handgrip strength, and BODE index. The
explanation for these results was the systemic
effect of inflammatory mediator changes in COPD
that result in the wasting process, loss of muscle
mass and may be combined with malnourish in
COPD patient."**"*%

The handgrip and quadriceps strength were
represented as the peripheral muscle strength of

upper and lower extremities respectively. From the

2115 wYalsa Tsansasenuasiimiiningm

previous studies, the involvement of lower
extremities was more pronounce than the upper
extremities.”’ Quadriceps force was correlated
significantly with six-minute walk distance.”
Although our study did not perform quadriceps
strength because of the difficulty in technique but
our data showed the highly significant correlation
between Pl max, handgrip strength, and six-minute
walk distance. Data from a previous study by
Gosselink® revealed significant correlation
between Plmax (MIP) with handgrip strength and
six-minute walk distance which is consistent with

our study as shown in Table 7.

Table 7 Correlation between Plmax (MIP) and handgrip strength, BMWD; studies comparison

Handgrip strength 6MWD
p value r p value r
Gosselink R.; 1996, n=41 <0.001 0.53 <0.005 0.49
This study; 2005, n=69 <0.001 0.57 0.001 0.42

r = correlation coefficient

Metabolic imbalance and corticosteroid
may affect the muscle function. However, after
adjusting by regression analysis, the effect was

not observed in our study.

Respiratory muscle weakness in COPD is not
only produced by the mechanism as mentioned
above, but also respiratory mechanics.’
Hyperinflation impairs the capacity of their
respiratory muscle to generate negative
intrathoracic pressure by several mechanisms.’
Hyperinflation results from air trapping and is
also reflected by inspiratory capacity (IC). This

physiologic abnormality translates to symptoms of

dyspnea and exercise tolerance. IC was not
performed in this study but the study revealed
significant correlation between Plmax and MMRC

scale reflecting the sensation of dyspnea.

BODE index (body mass index, airflow
obstruction, dyspnea, and exercise capacity)’ is
a simple multidirectional grading system predicting
the risk of death from any causes and from
respiratory causes among COPD patients. The
present study revealed significant correlation
between PImax and BODE index which may be
due to that Plmax was correlated with MMRC

dyspnea scale and six-minute walk distance and
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these two parameters were included in BODE

index.

There was no data from the previous study
in the aspect of respiratory muscle function and
disease exacerbation. This cross-sectional study
however showed that Plmax was not correlated
with disease exacerbation. Prospective studies in

this aspect are required.
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Comparison between the techniques of
Plmax measurement (MIP and SNIP) demonstrated
good correlation. The value of Plmax from SNIP
was greater than MIP in our study. The previous
study done by Uldry C' also revealed good
correlation between Plmax (MIP) and Plmax
(SNIP), but the value of PImax (MIP) was higher
than Plmax (SNIP) as shown in Table 8.

Table 8 Correlation between PImax (MIP) and PImax (SNIP); studies comparison

SNIP/MIP ratio

Mean (SD)
Uldry C; 1997, n=28 0.97 (0.28)
This study; 2005, n=69 1.27 (0.97)

Conclusions

Respiratory muscle strength is associated
with peripheral muscle function, sensation of
dyspnea, six-minute walk performance and the
BODE index. No correlation to the degree of
airway obstruction and disease exacerbation were
observed. SNIP test may be used as an alternative
to MIP for the assessment of respiratory muscle

function.
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Diagnosis

Rule out

1) a proximal deep venous thrombosis found on
lower-limb ultrasonography

2) a positive helical CT scan

3) a positive pulmonary angiogram in patients
with high clinical probability

4) a high-probability ventilation-perfusion lung
scan in patients with inconclusive results on

CT.

1) a D-dimer level less than the cut off value of 500

wg/L

2) negative results on lower-limb venous
compression ultrasonography and helical CT in
patients without high clinical probability and with
a positive D-dimer test result

3) a negative result on pulmonary angiography in
patients with high clinical probability.

4) patients with inconclusive results on CT, either by
a normal pulmonary angiogram; a normal
ventilation-perfusion lung scan; or the combina-
tion of a low-probability ventilation-perfusion

scan, a low clinical probability, and negative

results on venous ultrasonography.
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Table 2 The Revised Geneva Score

Prediction of pulmonary embolism in the emergency department: 267

Varlable Regression Points
Coefficients
Risk factors
Age > 65y 0.39
Previous DVT or PE 1.05 3
Surgery (under general anesthesia) 0.78 2
or fracture (of the lower limbs)
within 1 mo
Active malignant condition (solid or 0.45 2
hematologic malignant
condition, currently active or
considered cured < 1)
Symptoms
Unilateral lower-limb pain 0.97 3
Hemoptysis 0.74 2
Clinical signs
Heart rate
75-94 beats/min 1.20
> 95 beats/min 0.67 5
Pain on lower-limb deep venous 1.34 4
palpation and unilateral edema
Clinical probability
Low 0-3 total
Intermediate 4-10 total
High > 11 total
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