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Detection of Mycobacterium leprae by the
Polymerase Chain Reaction in Nasal Swabs of

Leprosy Patients and Their Contacts'
Stefaan R. Pattyn, Dominique Ursi, Margareta leven,

Saverio Grillone, and Veerle Raes2

Although the route of infection by My-
cobacterium leprac is unknown, infection
through inhalation seems most probable in
view of the large numbers of bacilli present
in nasal secretions of lepromatous patients
( 1 ' 3 ' 7 ' 8 ). In the absence of any possibility of
the cultivation of M. leprac, studies on the
presence of Al. leprae in the nasal mucosa
of contacts were based exclusively on Ziehl-
Neelsen staining, with the inevitable short-
comings of lack of sensitivity and specific-
ity.

The polymerase chain reaction (PCR)
amplifying a fragment of DNA replaces to
a great extent the cultivation of microor-
ganisms. We undertook a study on the de-
tection of a Al. leprae-specific DNA frag-
ment in nose swabs from contacts of
paucibacillary (PB) and multibacillary (MB)
leprosy patients in Anjouan, Comores.

MATERIALS AND METHODS
Patients and contacts. Four PB and eight

MB patients with clinically, bacteriologi-
cally, and histopathologically documented
disease, as well as their household contacts
(HHC), agreed to participate in the study.
HHC were defined as persons sleeping dur-
ing the night under the same roof. Patients
and contacts were sampled during succes-
sive visits, during which the number of per-
sons present was variable.
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Nasal swabs. Nasal swabs were taken by
introducing a cotton-tipped swab (VEL,
Leuven, Belgium) 2-3 cm into each nostril
successively, and rubbing gently on the lat-
eral and median sides of each cavity. The
swabs were kept in a cool place, sent to Ant-
werp by air, and stored at room tempera-
ture.

Specimen preparation. Sterile distilled
water (0.5 ml) was introduced in each swab
tube and vortexed with the swab in place
for 1 min, then the swab was expressed
against the tube wall and discarded. From
each extraction fluid 15 pl was deposited on
a multi-well slide, fixed, and stained by a
cold Ziehl-Neelsen staining method (s). The
100 of extraction fluid was freeze-boiled
five times (alternate passages through liquid
nitrogen and boiling water bath) for 2 min
and kept at —20°C until further processing.
A negative control tube containing sterile
distilled water was run in parallel with each
sample.

The PCR technique I was performed as
described previously (6 ): A final volume of
50 pl contained 10 ill of the sample; 10
pmoles of each primer ('); 200 AM each of
dATP, dCTP, dGTP, dTTP; 1 unit of Taq
polymerase (Cetus); 50 mM of KCI; 10 mM
of Tris-HCI, pH 8.3; 2.5 mM MgCI, and
100 ,ug of bovine serum albumin, and the
internal control.

Amplification was done as follows: 94°C,
2 min; 35 cycles of 55°C, 2 min; 72°C, 2
min and 94°C, 1 min; followed by a final
72°C, 10 min.

Amplicons. Amplicons were visualized
by agarose gel electrophoresis and ethid-
ium-bromide staining. Since a high number
of nasal swab preparations contained inhib-
itors for the PCR as revealed by the absence
of amplification of the internal control, all
reactions were performed on the undiluted
sample and a 1/10 dilution. If inhibitors
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TABLE 1. Results of polymerase chain reactions for Mycobacterium leprae on nose swabs
from paucibacillary patients and their contacts at several time intervals after the start of
treatment of the index case.

Months after start of therapy

0
Patient

no.
Total

(%)

N = negative.
'' Number of nose swabs producing interpretable results/number of nose swabs examined.

i = inhibitors present in 10 ' dilution.
" One positive for AL leprae.

were present in the 1/10 dilution, the sam-
ple was recorded as not interpretable.

The usual precautions to prevent contam-
ination were taken, with the use of aerosol-
resistant tips (Biozym, Landgraaf, The
Netherlands). Furthermore, each couple of
reaction tubes was accompanied by and sep-
arated from the other samples by its nega-
tive distilled-water control. A series of nine
nasal swabs taken from volunteers in Ant-
werp, Belgium, not involved in this work
was also examined.

In order to confirm positive results, a PCR
technique II was performed on all samples
positive with the first technique using a sec-
ond primer pair to amplify another region
of the M. leprae genome. Primers comple-
mentary to a iii. leprae-specific repetitive
sequence were chosen for this purpose.
However, the reaction conditions as de-
scribed by Woods and Cole ( 9 ) were slightly
modified, and the "hot start" technique was
used to improve the yield and specificity of
the reaction. PCR reactions were performed
in a final volume of 50 Al containing 10 mM
Tris HC1, pH 8.3; 50 mM KC1; 1 mM MgC1 2 ;
200 p.M each of dATP, dGTP, dCTP; 400

dUTP; 10 pmol of each primer; 1 unit
Taq polymerase and 5 sample. Instead of
mineral oil, solid paraffin with a solidifi-
cation point of 69°C-73°C (Merck) was used
to overlay the reaction mix and a "hot start"
realized as follows: after mixing all reaction
components except Taq polymerase, about

50 kt1 of melted paraffin was added to the
aqueous layer and the test tube was heated
for 10 min at 94°C. After cooling to room
temperature, 10 kil of a solution containing
0.1 unit Taq polymerase/µl in 10 mM Tris
HC1, pH 8.3; 50 mM KC1 was added on top
of the solidified paraffin.

After a first denaturation step at 94°C for
3 min, 39 cycles of 1 min at 58°C, 1 min at
72°C and 1 min at 94°C were performed
with a final elongation time of 10 min.

The use of dUTP instead of dTTP allows
reaction mixtures to be treated with uracil-
N-glycosylase (UNG; Perkin-Elmer) to ex-
clude any possible contamination with the
amplicon from previous reactions. To each
tube 1 unit of UNG can be added before
the addition of the paraffin, and the solu-
tions incubated for 10 min at room tem-
perature. The use of UNG fits nicely in the
"hot start" procedure since the 10-min de-
naturation at 94°C will cleave the dU-con-
taining products and inactivate the enzyme
simultaneously.

RESULTS
The nine nasal swabs from the Antwerp

volunteers all produced negative results.
PB patients and their contacts. Eleven

nose swabs from 4 PB patients were ex-
amined (Table 1); 2 samples (patients 1846
and 1815) contained inhibitors at the 1/10
dilution, 9 samples were negative. Fifty-two
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TABLE 3. Results of PCR for M. leprae
on nose swabs showing acid-fast bacilli
(AFB).

Results of Ziehl-
Neelsen staining

1 AFB AFB +
seen^globi

Negative on undiluted sample
Negative on sample 10 '
Inhibitors in 10^' dilution

2 1
4 f
2

6 1^I^3
2
I

of 77 (67%) nose swabs from contacts pro-
duced interpretable results. One sample
(1.9%) was positive.

MB patients and their contacts. Twenty-
three nose swabs from eight MB patients
were examined. Nineteen were interpret-
able, of which three (from two patients, nos.
XI and IV) were positive. One-hundred-six-
ty-four of the 236 (71%) nose swabs from
contacts produced interpretable results; 13
(7.9%) were positive (Table 2). One contact
person of patient VII produced a positive
nose swab on two occasions, at 16 and 19
months after the start of therapy of the index
case. The sample taken at 18 months and
those taken at 20, 21 and 22 months were
negative. All other positives, when sampled
before or after the positive result, were neg-
ative. However, eight positive nose swabs
were among the last samplings done, and
these persons were not examined at a later
date. Table 3 shows a comparison between
the PCR results for 12 cases where acid-fast
bacilli (AFB) were seen in the corresponding
smears. In 9 cases, 9 PCR results could be
interpreted; 3 samples were PCR negative,
6 contained inhibitors when undiluted but
were negative in the 10 - ' dilution. In 6 cases
only 1 AFB was seen; in 3 cases several AFB
and globi were observed.

DISCUSSION
For more than a century the excretion of

M. leprae through the nasal mucosa of MB
patients has been documented, and it rep-
resents the most important portal of exit for
the organism. Whether Al. leprae invades
the human body after deposition of aero-
solized organisms on the nasal mucosa is
unknown. In the past, many attempts were
made to detect Al. leprae in Ziehl-Neelsen-

stained smears from nasal swabs, but this
technique is always open to criticism, par-
ticularly because of its lack of specificity.

A species-specific PCR offers promise, in
terms of both specificity and sensitivity.

We investigated the household contacts
of a number of PB and MB leprosy patients.
Sampling of the nasal mucosa through
swabbing is not the optimal technique be-
cause it is impossible to standardize. How-
ever, under field conditions it is the only
practical possibility; a nasal washing pro-
cedure as performed by Shepard ( 8 ) would
be impossible.

The use of the previously described pos-
itive internal control in the PCR ( 6) has
shown its importance since it revealed, in
the present study, a high prevalence of in-
hibitors of the PCR. In 66 cases the inhib-
itory effect was absent in the 1/10 dilution,
but in 30% of the samples it was still present
in the 10 -1 dilution, and these were scored
as not interpretable. In future studies on
nose swabs a nucleic-acid extraction meth-
od should be applied.

Only samples positive in the two different
PCR techniques were taken into account.
Nose swabs from two patients were posi-
tive; from one patient at months 8 and 9
after the start of treatment, and in a second
patient 38 months after the start of therapy.
These positives may represent residual AI.
leprae, present at the start of therapy and
presumably killed by the therapy (the pa-
tients were treated with a combined drug
treatment including rifampin and ofloxacin)
or, particularly in the case positive at 38
months, new infections.

Al. leprae was detected by PCR in 1.9%
of 52 samples from contacts of PB patients
and in 7.9% of 164 samples from contacts
of MB patients. The difference is not sig-
nificant (p = 0.20, two-tailed, Fisher's exact
test). Among persons sampled repeatedly,
only one (a contact of case VII) produced
two positives, with an interval of 3 months,
the sample taken between these two being
negative. Three later samples taken from
this person were also negative.

If the absence of a significant difference
of positives between contacts of PB and MB
patients can be confirmed, and on the basis
of the present results, it seems that in a lep-
rosy-endemic area most infections are com-
munity acquired. In Anjouan the case de-

Results of PCR
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tection rate has remained stable at 0.38 per
1000 persons for the last 10 years ( 5 ).

Our results do not differ from those pub-
lished by De Wit, et al. (4 ) who did not find
a difference in the prevalence of M. leprae
carriers in contacts and noncontacts of lep-
rosy patients.

This investigation had to be stopped for
reasons beyond our control. There is cer-
tainly a need to repeat and to extend it, also,
in its technical aspect; for example, the need
for alternative sample preparation in order
to eliminate PCR inhibitors.

SUMMARY
Nose swabs from 4 paucibacillary (PB)

and 8 multibacillary (MB) leprosy patients
and their contacts were tested for the pres-
ence of Mycobacterium leprae by two poly-
merase chain reactions (PCR); 30% of the
samples contained inhibitors for the PCR,
1 of 52 (1.9%) swabs and 13 of 164 (7.9%)
swabs were positive for M. leprae among
contacts of PB and MB patients, respec-
tively. Since this difference is not significant,
and some positives were found among con-
tacts of MB patients treated and cured of
their infection, it is concluded that the ob-
served infections are community acquired.

RESUMEN
Sc estudiaron mucstras do cxudado nasal de 4 pa-

cicntcs con lepra paucibacilar (PB), de 8 pacientes con
lepra multibacilar y de sus contactos, para buscar la
presencia de Mycobacterium leprae utilizando 2 en-
sayos de reacción en cadena de la polimerasa (PCR);
30% de las muestras contuvieron inhibidores de la PCR.
Uno de 52 (1.9%) y 13 de 167 (7.9%) cxudados resul-
taron positivos para Rl. leprae entre los contactos
los pacientes PB y MB, respectivamente. Puesto quc
esta diferencia no es significativa, además de quc se
encontraron algunos positivos entre los contactos de
los pacicntcs MB tratados y curados de su infección,
se concluye quo las infecciones observadas se adqui-
ricron de la comunidad.

RESUME
Les froths des fosses nasales de 4 patients lépreux

paucibacillaires (PB) et de 8 multibacillaires (MB) et
de lours contacts ont éte testes pour la presence de
Mycobacterium leprae par deux reactions de polyme-
rase en chaine (PCR); 30% des échantillons contenaient
des inhibiteurs de la PCR; un prélèvement sur 52 (1.9%)
était positif pour la presence de .1/. leprae parmi les
contacts des patients PB, et 13 sur 164 (7.9%) parmi
les contacts de patients MB. Comme cette difference
n'est pas significative et quo certains cas de positivité
ont été trouvés parmi les contacts de patients MB traités
et guéris de lour infection, on en conclut quo les infec-
tions observées ont etc acquises A partir de la com mu-
nauté.
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