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ABSTRACT
Differentiation of M. tuberculosisand M leprae by polymerase chain reaction (PCR), when acid{fastlli (AFB) were present in sputum from
patients at Anandaban hospital, was carried outtylsputum samples microscopy positive for AFB avepllected and were subjected to culture.
Bacterial DNA was extracted and PCR was performs&dguprimers specific foMycobacterium tuberculosiand Mycobacterium lepraddNA.
Twenty samples were from patients with clinical @Bd 10 from patients with clinical leprosy. Fifteeinthe TB samples were positive in both TB
PCR and culture, among the reminders four were TR Regative and one was positive for TB PCR. AllS&Bnples were negative for leprosy PCR.
Of the leprosy samples, five were TB PCR and celpositive, and negative for leprosy PCR. The ramgifive samples were negative for both TB
PCR and culture but positive in leprosy PCR. Fil&en clinical leprosy samples were positive fdverculosis. This indicates that AFB in the sputum
of leprosy patients might bd. tuberculosisor M. leprae Thus PCR can be used for rapid differentiatioMotuberculosisandM. lepraepresent in
sputum where AFB microscopy is inconclusive.
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INTRODUCTION

Association between tuberculosis and leprosy iividdals living in an area endemic for both disesalsas been little documented although it is likely
to be common. One of the rare studies on this stbjas done in 1895 by Armauer Hansen, who foubérttulosis to be the most common cause of
death among leprosy patients in Norwea§ome studies suggest that tuberculosis and lepnigit interact or interfere with one another antas
been suggested that leprosy might encourage theogewent of tuberculosfs.

Generally, tuberculosis and leprosy are diagnosedekection of clinical signs and symptoms, buséare not always specific or present in atypical
forms of the diseases. Diagnosis is therefore nityroanfirmed by routine conventional laboratorgtgviz. microscopic detection of AFB in sputum
smears for tuberculosis and slit skin smears fprolgy. Although AFB microscopy is rapid, cheap,yeasd is recommended by WHO for
examination of smears, this procedure has advasue limitations.

With the widespread nature of TB worldwide and ooence of other mycobacterial infections, it hasrbagreed that the AFB sputum smear test
alone does not offer any definitive advantage imeeof species identification and differential diagis® New diagnostic tests are needed to improve
the detection of both AFB-positive and AFB-negatbases of tuberculosis. This need is most acutkase developing countries with the largest
share of the world's tuberculosis caSes.



Sputum culture to isolate mycobacteria is a higielgsitive method which permits detection of a miummof 10 to 100 viable bacilli in the volume of
cultured material. The specificity of culture féretdiagnosis of TB is greater than 99.0%. In gdnepautum culture adds 20.0 to 30.0% to the total
number of bacteriologically confirmed pulmonary T&ses which are diagnosed by smear microstopy.

The association of tuberculosis with other relatsg@ases such as leprosy may create confusionnagiray patients. The actual problem in diagnosis
arises when large numbersMf lepraeare present in mucosal secretions, such as sputdeprosy patients who have a high Bacterial in(®) as

by skin slit smear. Thus, in these cases, if cdihgigns suggestive of tuberculosis are seen, exn of sputum samples for AFB is inconclusive:
the bacteria seen may be eithvrlepraeor M. tuberculosisIn this clinical situation, it is necessary to efetine whether the bacteria detected are
leprosy or tuberculosis bacilli, in order that tteerect treatment is given.

Though leprosy is a chronic infectious disease,tafioy is rare and it is important to rule out casisof death among leprosy patients where
tuberculosis and leprosy are endemic. In this igdue present study aimed to use of PCR as a nodatiferentiating betweeM. lepraeand M.
tuberculosiswvhen these are present in the sputum. For rapmhdsis, bacterial DNA was extracted from sputumd, RCR for 1IS6110 (TB specific)
and RLEP (leprosy specific) were performed. Sampieie examined microscopically for AFB, and cultlte detect the presence of TB bacteria in
order to evaluate the sensitivity and specificityi® PCR in comparison to culture.

MATERIALSAND METHODS

Specimens. Thirty AFB microscopy positive sputum samples weo#lected from patients after informed consenthvalinical symptoms of either
tuberculosis, leprosy or both from Anandaban habpit Kathmandu, Nepal. Samples were collectedtanils leak proof plastic containers and
processed for PCR and culture.

Concentration and culture: Petroff's method was used for concentration ofsdmpleS. The sample was taken in a graduated centrifuge anbd an
equal volume of 4.0% NaOH was added and mixed Vals was incubated at 3 for 10 minutes with frequent gentle mixing arehtcifuged at
2500xg for 30 minutes. The supernatant was disdaadd the remaining material was used for cultace@2NA extraction.

Lowenstein-Jensen (L-J) mettoslas followed for the culture. After concentratidie samples were streaked on culture slants autéed at 3

for 8-10 weeks.

Decontamination and DNA extraction: Pellets from the concentrated sputum were decontdad by adding an equal volume of 2.0% NaOH, 0.5%
N-acetyl-L-cysteine (NALC) to the concentrated spntsample and vortexed. After being left for 20 utéis to decontaminate, the entire specimen
was centrifuged at 10,000xg for 15 minutes. Aftescdrding the supernatant, 50mM Tris HCI (pH 8.3svadded in an amount equivalent to the
original volume of thinned sputum. The pellet wassuspended and centrifuged as before. The peletre-suspended in 50mM Tris HCI (pH 8.3)
equivalent to not less than 1/26f the original thinned sputum. This was heat iivated at 86C for 20 minutes in a dry heat block. After cooling
room temperature, an equal volume of chloroform added and mixed by vortexing and the aqueous pdtased in the refrigerator until DNA
extraction.

Fifty microlitres of the above decontaminated spugample was taken and subjected to a series bhhdacold shocks, alternately boiling for one
minute at 108C in dry heating block and snap freezing in lignittogen (-196C) for one minute, for 5 cycles. The extracted DiNAs quantified
using standard spectophotometric measurehamot diluted to 10g/ml for use in PCR.

PCR assay: The PCR targets were the 1S6110 insertion sequéikeeslement oM. tuberculosifTB PCR) and RLEP repetitive sequencesviof
leprae(Leprosy PCR). The sequence of primers (synthe dgeMWG, Germany) from 5'to 3' were CCT GCG AGTASGGC GTC GG (1S6110 A)
and CTC GTC CAG CGC CGC TTC GG (1S6110 B) which &fepl a 123-bp fragment frorvl. tuberculosiDNA and RLEP GGA CAC GAT TAG



CGC GGC GCA CGT (PS3) and TTG TGG TGG GCT GGT GGB5A GG (PS4) which amplified a 455-bp product frogpetitive sequences of
M. lepraeDNA.

The PCR assays were performed inuS@action volumes containing 10 mM Tris-HCI (pH3B.50 mM KCI, 1.5 mM MgGCl 0.2 mM each of
deoxynucleotides dATP, dCTP, dGTP and dUTP, 5 pafotéach primer, 0.2% Dimethyl sulfoxide, 1.25 U Bdég DNA polymerase (Roche,
Germany) to amplify thél. tuberculosisandM. lepraeDNA. Beside this, an extra 1.5 mM Mg@¥as added in PCRs to ampli®. tuberculosis
DNA.

The optimized amplifications were carried out itharmocycler (Hybaid Omn-E, UK) as follows: For TBNA an initial template DNA denaturation
step at 92C for 5 minutes, followed by 30 cycles of 2 minuteaturation at €, 2 minutes primer annealing at’68 and 2 minutes extension at
72°C and then a final extension step at@2or 5 minutes. FoM. lepraeDNA, an initial template DNA denaturation step9&tC for 5 minutes was
followed by 37 amplification cycles consisting odréturation at € for 1 minute, annealing of primers at°63for 30 seconds, and extension at
72°C for 2 minutes, with a final extension at®@Zor a further 10 minutes.

Optimized PCR conditions were found to be suffidigesensitive to consistently detect DNA concentratas low as 90 ng/ml fromil. tuberculosis
and 50 ng/ml fronM. leprae

The amplicons obtained were analyzed by agaroselgetrophoresis (1.5%) after staining with ethidibromide (0.56g/ml) and the results were
interpreted in comparison with the standard mokecweight marker (VI) from Roche.

RESULTS

In this study, 30 AFB positive sputum samples veengjected to culture and PCR for specific deteabDNA from M. tuberculosiandM. leprae
Among these 30 samples, 20 were from patients alittical TB and 10 were from patients with clinidaprosy. Of the 20 samples from TB patients,
15 were positive in TB PCR and culture. Among tlkie femaining samples, all were negative for celtdour were negative for TB PCR and one was
positive for TB PCR. All the 20 samples from TBipats were negative for leprosy DNA by PCR (Figintl 2).

In comparison to culture among samples from clini@ patients, sensitivity, specificity, predictivalue of positive test, predictive value of negati
test, percentage of false negative and percentagése positive of TB PCR were 100.0%, 80.0%, 24.000.0%, 0% and 20.0% respectively.

Of the 10 samples from leprosy patients, five WEBePCR and culture positive, and were negativedprosy PCR (Fig. 1). The remaining five TB
PCR negative samples were also negative in TB rultut positive in leprosy PCR (Fig. 2). This irat&s that the AFB in the sputum samples of
leprosy patients may d. tuberculosior M. leprae These could be efficiently differentiated usingR2

In comparison to culture among samples from leppzients, sensitivity, specificity and positiveegictive value of leprosy PCR were all 100.0%.
Comparing PCR with culture among leprosy patietiits,samples which were culture negative were pesiti the leprosy PCR while those which
were culture positive were positive for TB PCR. $déonples were found to contain bdhtuberculosisandM. lepraeeither by PCR or culture.

DISCUSSION

Differentiating betwee. tuberculosisand M. lepraemicroscopically can be difficult. Due to the lodglay in obtaining culture results, PCR offers
an alternative tool to differentiate between th®se pathogens.

The PCR assay used in this study is based oMiteberculosisspecific multi-copy insertion sequence 1S6110detection ofM. tuberculosisand
the M. lepraespecific repetitive RLEP sequence for detectioMofeprae



In this study, out of 30 AFB positive sputum sarsp20 were from patients with clinical TB and 10revéom patients with clinical leprosy. Among
the 20 samples from TB patients, 15 were positiveath TB PCR and culture. Of the remaining fivenpkes, four were negative in both TB PCR and
culture. One sample which was culture negative pesstive in TB PCR, but was negative in leprosy P@Rich indicated that the AFB organism
detected in the sputum was TB bacilli. Positivitythis case may be due to the high sensitivity@RPor the presence of non-viable organisms, which
is sufficient for PCR amplification. Culture negatly may be due to over decontamination with NaOkllevprocessing.

The remainindgour TB PCR negative samples were culture-negaingicating that they did not contain viatNé tuberculosisithey were also PCR
negative for RLEP, indicating that the observed Ak&s notM. leprae. These four samples were collected from two patieBnhe was a random
sputum collection from one patient while the ottieee were from another patient. The negativityheffirst sample may be due to the sample being
randomly collected, as subsequent early morningoksrfrom this patient showed positivity in cultiaed TB PCR. The three remaining samples
were from another patient. This patient had anietyglinical history (patient was still sputum ARgBsitive following 8 months of Anti Tuberculosis
Treatment); samples were negative on repeated TB &l culture. On further analysis, results wergatiee and showed no inhibition when
amplified with the Roche system with one commomri and one specific primer for mycobacteria. Bhgequencing of the 16 S rRNA region
amplified from these samples followed by a BLAS&rsé indicated that the AFB in this specimen wastigely to bePrevotellasp. (Personal
communication, Prof. K. Feldmann, Germany).

Of 10 sputum samples from patients with clinicgréesy, five were found to be leprosy PCR positivijle being negative by TB PCR and culture.
This indicates that the AFB seen in the microscexmination were leprosy bacilli rather then TBiliad@he remaining five samples were found to
be TB PCR and culture positive and were negativdeforosy PCR,; this indicates that the organisnes sn the AFB microscopy were TB and not
leprosy bacilli. This was further confirmed by euk, which is the gold standard method for TB dasis Thus, the results of PCR were in accord
with that of culture, emphasizing the specificifyRLCR. The rapidity of microscopy can be combinaith the specificity of culture in PCR. This early
knowledge obtained by the PCR result will helpha type of treatment for the patient.

While comparing TB PCR among clinical TB sampleshwdulture as gold standard, sensitivity, spedificpredictive value of a positive test,
predictive value of a negative test, percentagkalge negatives and percentage of false positivere ¥ound to be 100.0%, 80.0%, 94.0%, 100.0%,
0% and 20.0% respectively. This demonstrates adeghitivity, specificity and predictive value ohegative test of PCR compared to that of culture.
Percentages of false positives and false negasiresilso very low indicating the higher accuracyhef test. Percentage of false positives is small,
thus lowering the probability of the disease beibgent in those samples with the positive PCR tresul

Eisenactlet alinitially demonstrated that a PCR method using prerdesigned from the 1IS6110 sequence proved #ohighly sensitive and specific
means of diagnosing pulmonary tubercul8gifashimotoet al studied a PCR assay for the rapid detectiok ofuberculosisn sputum samples using
the target DNA of a 123-base pair (bp) fragmenrS&f110° The overall sensitivity and specificity were 86.@%d 98.0%, respectively. Guniséiaal
suggested that PCR using 1IS6110 to produce 128gment of DNA is 96.0% specific but only has assianty of 30.0% to detedil. tuberculosisn
clinical specimens? Considerable laboratory-to-laboratory variabilitythe sensitivity and specificity of the PCR as&aydetecting\. tuberculosis

in clinical specimens is reported by a number dfiars® *2

Our observation of five of 10 sputum samples freprosy patients being positive for tuberculosiPiBR and culture is important since one of the
causes of death in leprosy patients is tuberculBsigher, it is important to screen for tubercida@smong leprosy patients in endemic countries eher
both of these diseases are common. However it dhimrihoted that the leprosy patients enrolled enstindy were not randomly selected; they have
been referred for sputum sampling because theyeth@linical signs of tuberculosis. Clinically, #fle leprosy PCR positive patients had a high slit
skin smear bacterial index (Bl) and were at anyestdge of multi drug therapy (MDT) treatment fepilosy. One of the patients negative in leprosy
PCR also had a high Bl and was at an early staty¢Daf.



The result of this study illustrates the potemtialue of PCR as a complementary tool with othamicdl and laboratory tests for investigation and
differentiation of dual infections with high semsgity and specificity. This can be used effectivéty the early diagnosis of suspected cases from
clinical samples. Although this study tested snmalinbers of patients and used a selected patienpgtbe outcome will significantly help in
confirmatory diagnosis of clinically, microscopigeand culturally confusing cases, thus facilitgteffective treatment and case management.
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Fig. 1. Summary of clinical results of AFB positive sangpie this study. Numbers indicate number of sampézgroup.
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Fig. 2. Differentiation ofM. tuberculosiandM. lepraein sputum samples. Upper and the lower portiomefgel show products for
TB and leprosy PCR respectively. Lane 3, 4, 5,pargtive for leprosy PCR and 7, 8, 9 are positioe TB PCR on the same
samples. Lane 2 and 10 are the negative and positintrols for each PCR assay. Lane M is moleauéaght marker (VI) from

Roche diagnostics (Germany).



