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ABSTRACT

The aim of this work was to construct and testasiplidial Internal Control (IC) to detect the inhibn in the PCR
test for_M.tuberculosisand also its contribution for a Public Health Labtory routine. The IC was a 600-bp of
DNA linked to a plasmid with the same primer sig#®wing the amplification with the 245-bp diagtiosragment.
The amplification of the positive samples renddledl IC and the diagnostic fragment; instead negatamples
only showed the IC. A total of 149 tuberculosis glas were studied and introduced the IC to moniResults
showed 3.3% of the samples without amplificatiotheflC, suggesting the inhibition. These sampiesved results
in accordance with the clinical results. The objeetof the IC was to identify the false negativautts.

Key words: Polymerase Chain Reaction, tuberculosis, interoalrol, nucleic acid amplification, uracyl DNA
glycosilase

INTRODUCTION mainly to the developed countries, because of high
costs and lack of the laboratory infrastructure to
The need of the sensitivity, high speed and thperform them. Despite its high sensitivity, the PCR
hope of shortening the time for the detection angresents some problems in the amplification
identification of Mycobacterium tuberculosis procedure, mainly due to inhibitors that could give
prompted several investigators to develop th&nostly false negative results. The presence of such
molecular assays for the diagnosis of thesubstances seems to be abundant in the clinical
tuberculosis (TB) (Eisenach et al.,, 1990;specimens, especially in the pleural fluid,
Noordhoek et al., 1994; Folgueira et al., 1996¢erebrospinal fluid, peripheral blood and sputum,
Jatana et al., 2000:; Portillo-Gémez et al., 2000which often require prompt diagnosis in the public
Patnaik et al., 2001; Singh and Seth, 2002)ealth laboratories (Brisson-Noel et al., 1989;
Although the commercial kits, based on the PCR/ictor et al., 1992; Kolk et al., 1994; Wilson,
(Beavis et al., 1995; Kunakorn et al., 1999) 0d997).
other nucleic acid amplification (NAA) detection Several methods have been adopted in order to
are now available, theiuse has been limited monitor the presence of such inhibitors in the PCR
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procedure (Eisenach et al., 1991; Folgueira et alBiotecnologia, Brazil); 50 pmoles of ea¢NS1
1993; Totsch et al., 1994; Osaki et al., 1997; Li eand INS2 primer, 10% reaction buffer 10X (100
al., 1998; Brightwell et al., 1999). Here, we reportmM Tris-HCI pH 8.3, 500 mM KCI, 0.2% gelatin
the IC construction and experimental validatiorand 30 mM MgGJ), 200uM dNTPs. The positive
for use in the TB diagnosis. The IC contained theéecombinants were re-inoculated in duplicate onto
same primers recognition sites as thd. LB medium plates for further purification and
tuberculosis IS6110 DNA diagnostic fragment. PCR amplification to confirm the IC cloning.
Several DNA TB samples were tested in order to
monitor the IC performance to detect the presencglinical specimens
of the inhibitors and to identify false negativeOne hundred and forty five clinical specimens,
results. collected from January 2002 to February 2003 in
the Central Laboratory of Public Health, Rio
Grande do Sul, Brazil (Lacen/RS) that included 2

MATERIALS AND METHODS sputum, 4 BAL (bronchoalveolar lavage), 87 CSF
(cerebrospinal fluid), 14 blood specimens, 21
Plasmid, primers and exogenous fragments biopsies, 8 pleural fluid specimens, 5 urine, 4

The pAMP1 plasmid (Invitrogen) was used toascitic specimens, 3 pericardic fluid, and 1 abscess
construct the IC. The primers namé&dS1 and specimen were processdétom the total studied
INS2 corresponding to the insertion elementspecimens, 111 corresponded to negative and 38 to
1S6110 of M. tuberculosis synthesized with the positive ones. The final diagnostics were obtained
adapter fragments and phosporilated (Balavoindfom the information recorded in the National
1996) (NS1 5- CUA CUA CUA CUA CGT System of Notification Diseases (Sinan) and from
GAG GGC ATC GAG GTG GC-3'JNS2 5- the medical charts reviewed by the trained
CAU CAU CAU CAU GCG TAG GCG TCG personnel as described by Sperhacke €2abD4)
GTG ACA AA-3") were also used. The enzymeAll the clinical samples were decontaminated with
Uracyl DNA Glycosilase (UDG) was added to4% NaOH and cultured in Ogawa medium (Kudoh
perform the cloning procedure. The exogenougnd Kudoh, 1974). DNA from all the specimens
600-bp fragment was obtained from PUC13was extracted and purified according to Rossetti et
plasmid digested witEcoR| enzyme, purified and al. (1997). In order to verify the differences
incubated with Klenow polymerase so as tdetween the results, all the clinical specimens were
generate the blunt ends (Sambrook et al., 1989). tested with and without IC. For the PCR, ten
order to exclude the presence of diS1 and microlitres of the DNA from the specimens were
INS2 complementary regions in the 600-bpmixed to 5 fg of IC DNA and the PCR mix
fragment, the PCR under various annealingeagents. The results obtained by the PCR were
conditions were performed. compared to the clinical diagnosis and
Internal control constructionThe pAMP1 linear bacteriological results.

plasmid, the 600-bp fragment and UDG enzyme

were mixed and incubated at 37°C for 30 minAmplification assays

purified in Microspin columns (Qiagen) and usedThe PCR amplifications with the clinical
to transform XL-1 blue Escherichia coli specimens described above were based on the
competent cells by the thermal shocking at 42°¢S6110 (Eisenach et al., 1990), according to the
(Sambrook et al., 1989), then plated onto Lurid@rotocol used by Rossetti et al. (1997) included the
Bertani (LB) solidmedium containing Ampicilin addition of the IC. Each set of the PCR performed
(100pg/ml) and incubated overnight at 37°C. in the laboratory was controlled by the use of a
To screen and select the recombinants, ead¥sitive control (PC), previously obtained by the
bacterial colony was picked up with a toothpickcloning as in the IC. The 5@ PCR amplification
and dissolved in 500! of TE buffer (10 mM Tris- Mmixes contained 10 mM Tris-HCI (pH 8.3), 50
HCI, 1 mM EDTA, pH 8.0). Denatured at 97° for 5mM KCI, 3 mM MgCh, 200 uM each of dATP,
min in a thermocycler and centrifuged at 10,000CTP, dGTP and dTTP, 40 pmoles of each primer
rom for 3 min. Ten microlitres of the supernatan@énd 2.5 units of easyaq DNA polymerase (LGC
were added to a PCR mix that contained 2.5 U diotecnologia).

recombinant easylag DNA polymerase (LGC
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Determination of the IC ideal concentration Internal control amplification
To determine the concentration that alwaysThe competition in the PCR between the IC
generated amplification of the plasmid withoutsequence and 6310 M. tuberculosisDNA from
competing with amplification of IGL10present in the clinical specimens was analyzed by the co-
M. tuberculosis several concentrations of this amplification at several concentrations. Results
were tested. The DNA from H37RvM. showed that the utilization of 0L of the DNA
tuberculosiswas used to test the performance ofrom the clinical specimens in PCR was the most
the IC in the PCR and the DNA concentrationsuitable volume (data not shown). The assays with
were determined in the spectrophotometer &b A the higher volumes (15 or 2Qul) showed
(GeneQuant, Bio Rad-Pharmacia). Dilutionscompetition (but not inhibition) with the IC. Even
corresponding to 100 pg, 10 pg, 1 pg, 100 fg, 1@ the DNA concentration was not determined, and
fg, 5 fg and 1 fg were added into each reactiods previously established, ten microliters was a
tube that previously contained 10 ng of total DNAsuitable volume for the detection in PCR.
of M. tuberculosisstrain H37Rv as reference. For
the clinical specimen’s amplification, the samel imit of detection of the IC
PCR conditions were conducted. Briefly, ten fromThe ideal IC concentration to be used with the
30 pl total glass matrix purified DNA were added clinical samples (sputum, blood, cerebrospinal
into the PCR mix. The goal to define the ideafluid (CSF), tissues and others) was defined as 5 fg
DNA concentration for the PCR was to verify theper reaction (data not shown). This was
optimal IC concentration that did not compete withstandardized as the unique concentration for all the
the target amplification. samples. For the standardization of the IC, the
concentration was critical, too much IC DNA
would compete out with the genomic DNA

RESULTS template, thus giving false negative results.
However, when the concentration of the IC was
Internal control construction optimally defined, the analytical sensitivity was

The 600-bp exogenous fragment was obtainedot compromised. The inclusion of the IC should
from the pUC13 plasmid submitted to thenot have deleterious effects on the sensitivity of
digestion with EcaRl enzyme, excised from the assay. No competitive effect was detected for
agarose gels and purified with commercial kitsthe 5 fg concentration of the IC with 3L of
The ends of the 600 bp fragment to be utilized IlDNA from the clinical specimens.

the cloning were filled with Klenow DNA

Polymerase and then linked to the pAMP-1Amplification of M. tuberculosis from clinical
linearized plasmid. Exogenous DNA fragmentsspecimens

available in the laboratory E6cherichia coli In order to determine the accuracy of the IC in
Chlamydia Echinococcus granulosysvere tested detection of the inhibitors PCR was performed for
in the PCR to verify the unspecific annealingl49 clinical specimens. The amplified products
regions. All the tested DNAs showed unspecifiovere visualized as two separated fragments, one of
sub-products in the PCR, and for this reason wet@64-bp corresponding to the IC and the other one
considered not suitable as an IC. of 245-bp of the IS fragment. Figure 1 shows the
In the case of the positive results for the TB, theesults obtained with the DNA from the clinical
analyses by the agarose gel -electrophoresgpecimens in the laboratory.

showed two fragments, the first corresponding to

the IC (664-bp) and the second one to th&ll®

245-bp fragment. The results of the agarose gel

electrophoresis were blind-read and compared to

the final diagnosis.
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Mr

664-
245-

Figure 1 - Polymerase Chain Reaction results from clinicatspens analyzed by agarose gel
electrophoresis. Briefly, Mr indicates the base#ébp) sizes, Lane 1 shows the
positive diagnostic fragment of 245-bp without i@ lane 2 shows a negative
specimen only with the IC amplified (664-bp), iretlane 3 one can observe the
positive result with two amplified fragments (24p-bnd 664-bp). Lane 4 shows
the result of an inhibited IC in a negative specimad in lane 5 is shown the PCR
mix with no DNA as a negative reaction control.

From the 149 specimens, five showed evidence abtained. Four samples were confirmed as the
the inhibition. The inhibited negative specimensegative and one gave a positive end result.

were observed, as expected, without théccording to the CDC, the TB diagnostic
amplification of any fragment. These resultsindications, when an inhibited sample was
represented a rate of the inhibition of 3.3% (sealentified, a new sample or another aliquot from
table 1). When a new aliquot of the inhibitedthe same origin should be processed. This
specimen was processed, the negative and positipeocedure has been adopted in the present work.
results consistent with the clinical data were

Table 1 - Polymerase Chain Reaction results of the analypedimens. All PCR results were compared to the
clinical and bacteriological gold standards. Thsitie inhibited specimen was serum and the fogatiee ones
correspond to 1 serum and 3 cerebrospinal fluid.

Sample results With inhibition Without inhibition

Positive 1 38

Negative 4 111

Total 5 144

DISCUSSION reinforced the need to overcome the problem

through an IC to effectively monitor the reaction
The use of in-house PCR methods for the routin@Vilson, 1997; Almeda et al., 2000; Honoré-
diagnostic has increased during recent year&ouakline et al., 2003). The use die same
However, impurities in the DNA preparationsprimer sequences to amplify thé. tuberculosis
could inhibit the reaction and even inertdiagnostic fragment and the IC fragment allowed
components might cause inhibition (Wilson,the IC to be used without increasing the laboratory
1997). The mechanisms of the action of thevork load.
inhibitors have not yet been completelyAll the samples were processed by an in-house
understood, but there might be chemical oPCR assay and compared to appropriate gold
physical interactions. In the diagnostic testing oftandards as described by Sperhacke et al. (2004).
highly prevalent infectious diseases, the inhibitor©ne hundred and forty four out of 149 clinical
responsible for the false negative resultspecimens had clinical and bacteriological final
represented a serious problem of the public healtdiagnostic concurrent with the PCR. Five
The specimens that contained PCR inhibitorsspecimens had discordant results, strongly
characterized by the absence of the targetegliggesting the inhibition of the PCR. The retesting
diagnostic fragments in the positive sampleghe inhibited samples gave four confirmed
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negative and one positive reaction. The fact thainly in Mycobacterium but also in other
the newly processed specimens from the patiengmathogenic microorganisms.

with the problematic diagnosis rendered the PCR

results, which were in agreement with the finaACKNOWLEDGEMENTS

clinical diagnosis, strongly supported the

utilization of an IC to help in the control of the To Dr. Richard Anthony of the KIT Biomedical
difficult diagnostic specimens. Research Center - The Netherlands, for the

The proportion of the inhibited samples in thisyaluable help in the revision of the text.

study was 3.3%; slightly lower than most previous

reports, in most cases ranging from 5 to 16% of

inhibition (Brisson-Ndel et al., 1989; Soini et al.,

1992; Ehlers et al., 1996; Almeda et al., ZOOO)RESUNIO

This demonstrated that appropriate Iaborator)A PCR do elemento E10 para diagndstico da
procedures helped to avoid false negative or fals?uberculose (TB) é muito utilizada em
positive results. Apparently, the eXtr"’wtionIaborat()rios de pesquisa. As suas limitacdes

methodc_)logy_ _(glass matrix) contributed to the IOWincIuem, a inibicdo da enzimarag DNA
level of inhibition reported.

These results were similar to Noordhoeck et aPoIimerase. A seguir descrevemos a construgéo de
um Controle Interno (I nsai tecca
(1994) who suggested that the use of IC was Controle Interno (IC) e ensaios de deteccdo da

essential feature for the reliable interpretation o ibicdo da PCR partl. tuberculosis O IC € um
the PCR with clinical specimens. The fact that r,agmento de DNA de 600 pb com os mesmos

specific diaanosis could be made by the simpl itios de anelamento dprimer, permitindo a
pecilic diagnosi uid k Oy theé simp %mplificagéo com o fragmento diagnéstico de 245
agarose gel electrophoresis, made its application

the  developin countries ractical  an dl:Sb. As amostras positivas fornecem um padrao de
. veloping ) pr: andas referentes ao IC (664 pb) e ao fragmento
inexpensive. Moreover, the diagnosis can be ma

in a few hours, on the same day the specimens agnostico (245 pb), e as amostras negativas

. i . y P az&%resentam apenas o fragmento correspondente ao
received, and with relatively low costs. Thes C. 149 amostras com diagnostico conhecido
results differed from others that reported thef )

- oram analisadas por PCR introduzindo o IC em
_competltlon of thgltarget DNA and control DNA todas elas. Os resultados mostraram 3.3% de
in the PCR amplification procedure (Kolk et al.,

1994). The utilization of an IC with the Sameamostras sem amplificado do IC sugerindo

rimer-binding region as the target sequence hinibigéo. Estas amostras quando testadas
P g reg g 9 ; ovamente mostraram resultados concordantes
several advantages over the convention

. . . om os resultados clinicos. O objetivo do IC e
multiplex PCR that uses the IC with dlfferentidentificar os falsos resultados negativos.

primer sequences. This strategy obviously
eliminated the addition of another primer set,
avoiding also the need of additional components
adjustment in the ionic concentration in the PC&&EFEREI\ICES
mix. The IC should result in a longer fragment
than the targ_e'F as in ge”‘?fa" the Sho”e.r fragmeni entura, P. J., Vidal, R., Rufi, G., Martinez, J, A
are more efficiently Qmpl!fled. If thg IC is longer Jiménez de Anta, M. T., Trila, A., Alonso, P. L.
reducing, the extension time used in the PCR can(>qq0). clinical evaluation of an in-house6I2L0
be used to make the reaction kinetics favor polymerase Chain Reaction of tuberculosis.
amplification of the target over the IC. It is European Journal of Clinical Microbiology and
important to emphasize that this strategy renderedinfectious Disease49, 859-867.
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in-house PCR tests fdW. tuberculosisdiagnosis. ~ several homeobox genes in a planarian using a
The use of an IC, composed by a cloned unrelatedligation-mediated ~ polymerase  chain  reaction
segment in a plasmid in the PCR mixture is techniqueNucleic Acids ResearcBd, 1547-1553.
promissory, because this way one can avoid thgcaVis: K. G., Lichty, M. B., Jungkind, D. L., Gig®.
false negative results. A wide use of the IC should (1999). Evaluation of Amplicor PCR for direct

. ' . ; detection of Mycobacterium tuberculosisfrom
be done to monitor the amplification reaction, not

meda, J., Garcia, A., Gonzalez, J., Quint6, L.,
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