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Abstract. We evaluated the sensitivity and specificity of a nested-polymerase chain reaction (PCR) method for detec-
tion of Mycobacterium leprae DNA from whole blood. Whole-blood specimens were subjected to nested-PCR ampli-
fication of M. leprae repeat DNA sequences in 49 multibacillary (MB) and 30 paucibacillary (PB) leprosy patients,
96 household contacts (HHCs), 18 tuberculosis (TB) patients, and 35 normal healthy individuals. M. leprae DNA was
detected in 95.92% (47/49) of MB, 70% (21/30) of PB, and 6.25% (6/96) of HHC, but it was not detected in 18 TB or
35 normal controls. The sensitivities of the anti-bovine serum albumin (ND-O-BSA) immunoglobulin M (IgM) and
antifusion protein of ML0405-ML2331 IgG for MB were 97.96% and 89.8%, and these values for PB were 70% and
53.33%. However, the ND-O-BSA enzyme-linked immunosorbent assay (ELISA) had lower specificity, with relatively
high false-positive results for TB patients (16.67%) and normal healthy controls (10%). Based on these promising findings,
we propose the use of nested PCR of whole-blood samples along with ELISA test for early detection of leprosy cases.

INTRODUCTION

Leprosy is an infectious disease caused by Mycobacterium
leprae, which was identified by A. Hansen in 1873. It has a
long incubation period and a wide spectrum of clinical mani-
festations, which make it difficult to diagnose in the early
stages of the disease. The leprosy bacillus has not been suc-
cessfully cultured in vitro to date. Recently, various serologi-
cal and cell-mediated immune methods have been developed,
including a serological enzyme-linked immunosorbent assay
(ELISA) test that detects antibodies against an epitope on
phenolic glycolipid-1 (PGL-1) antigen, a natural disaccharide
with octyl linkage conjugated to bovine serum albumin (ND-
O-BSA), and a fusion protein of ML0405-ML2331 (LID-1) of
M. leprae.1 These two antigens are specific to this bacillus, and
the test can potentially lead to early diagnosis and predict
patient outcome. The antibodies are found in the tissues and
circulating blood of multibacillary (MB) patients. The test has
been used worldwide,1,2 and positivity is proportional to the
bacillary load, especially for MB patients. However, the
potential drawback of the ELISA test is its cross-reactivity to
other mycobacterial cell wall components and its low sensitiv-
ity for detection of paucibacillary disease.
DNA amplification using polymerase chain reaction (PCR)

seems to be more specific and sensitive for detecting bacilli
in biopsies.3 Woods and Cole4 detected small numbers of
M. leprae by amplifying a specific repetitive sequence, whereas
Plikaytis and others5 detected as little as 3 fg M. leprae geno-
mic DNA using nested PCR targeting limited sequences of
the groEL gene. Although PCR has already been applied to
the detection of M. leprae for some years, it has been used
mainly on biopsies and slit skin smears (SSSs) from sus-
pected cases. Biopsies and SSSs are invasive procedures for
the patient, and typical lesions may not always be seen (for
example, in indeterminate leprosy, where anesthesia is not

clear and early detection and proper multidrug therapy
[MDT] is often missed).
To improve the sensitivity and specificity of the current

detection methods for diagnosing leprosy at an early stage,
we applied a nested-PCR approach to whole-blood specimens
from different groups to detect M. leprae by amplifying spe-
cific repetitive DNA sequences5,6 and compared this method
with the ELISA assays based on detection of antibodies to
certain M. leprae antigens for diagnosis of leprosy.

METHODS

Study populations. This study was conducted at an endemic
site in the Honghe Prefecture (detection rate at 5-year aver-
age, 2007–2011, of 1.08 per 100,000 populations) of Yunnan
Province in southwest China. The newly diagnosed patients
were assessed by clinical signs of skin lesions, nerve involve-
ment, and bacteriological (bacterial index by acid-fast staining)
and histopathological methods, and they were classified
according to the Ridley–Jopling scale7 carried out by qualified
personnel. Specimens included 49 MB (9 lepromatous leprosy
[LL], 38 borderline lepromatous [BL], and 2 borderline
borderline [BB]) and 30 paucibacillary (PB; 1 indeterminate
[I], 3 paucibacillary tuberculoid [TT], and 26 borderline tuber-
culoid [BT]; 26 BT included 24 acid-fast bacilli [AFB] -positive
and 2 AFB-negative). Household contacts (HHCs) were
defined as individuals who lived in the same dwelling (i.e.,
sharing the same kitchen or social/recreational area). The
HHC contacts were living with the leprosy patients during the
treatment; 96 HHC were from MB patient families, 10 normal
individuals were from the food handlers from Honghe Prefec-
ture, Yunnan Province, and 25 normal individuals were from
the medical staff, Beijing Friendship Hospital, during their
annual physical checkup. The control including 18 treated
tuberculosis patients. Whole-blood and plasma samples were
collected after obtaining written informed consent as per the
standards of the Ethical Committee of Beijing Friendship
Hospital Institutional Committee, which approved this study.
Bacterial strains and antigens. M. leprae strain NHDP63,

M. leprae DNA, and semisynthetic antigen ND-O-BSA were
obtained from CSU, Fort Collins, CO, and LID-1 was obtained
from IDRI, Seattle, WA. Seventeen other Mycobacterium
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species (M. tuberculosis, M. lufu, M. avium, M. marinum, M.
bovis BCG-Pasteur, M. chelonei, M. bovis [Ravenel],
M. flavescens, M. smegmatis, M. gordonae, M. ulcerans,
M. intracellulare, M. simiae, M. bovis [AFZ/ZZ/97], M.
lepraemurium, M. kansasii, and M. phlei) and four other
bacterial species (Streptococcus pyogenes, Clostridium
perfringens, Escherichia coli, and Staphylococcus

epidermidis) from NHDP, Baton Rouge, LA, were also
included as controls for this study.
DNA extraction from whole blood. Blood (3–5 mL) was

drawn from individuals into a vacutainer containing antico-
agulant (BD Vacutainer #367884; BD, Sparks, MD) and kept
for 4 hours at room temperature. The upper plasma layer was
collected (0.5 mL), and the whole blood was thoroughly
mixed. All serum and whole-blood specimens were aliquoted
and stored at −40°C before the assay. DNA was extracted
and purified using a DNeasy Blood & Tissue Kit (catalog
number 69504; QIAGEN Inc., Valencia, CA) according to
the manufacturer’s instructions.
Nested PCR. Amplification of a 372-bp fragment of

M. leprae-specific repetitive DNA sequence was performed as
described4 using the outer set of primers. The primers used
were sense 5¢-GCACGTAAGCCTGTCGGTGG-3¢ (ML1)
and antisense 5¢-CGGCCGGATCCTCGATGCAC-3¢ (ML2).
An inner nested set of primers was designed to amplify a 131-bp
fragment. The inner primer sequences were 5¢-GTGAGGGT
AGTTGTT-3¢ (LP1) and 5¢-GGTGCGAATAGTT-3¢ (LP2).
PCR amplification of template DNA was carried out using
a thermal cycler PTC 200 (MJ Research, Bio-Rad, Munich,
Germany). Cycling parameters were as follows: initial denatur-
ation at 95°C for 15 minutes followed by 40 cycles of denatur-
ation at 94°C for 30 seconds, annealing at 60°C for 1.5 minutes,
extension at 72°C for 1.5 minutes, and final extension at 72°C
for 10 minutes. PCR was performed in a 25 mL reaction mix
consisting of QIAGEN Multiplex PCR (catalog number
206143), 2 mL DNA, and 200 ng each primer. LP1 and LP2
primers were used for second-round PCR amplification as
described above, except that the annealing temperature was
lowered to 40°C and 1 mL first-round PCR was used as DNA
template. PCR product (5 mL) was added to 1.5 mL load-
ing buffer (Sigma) and electrophoresed in UltraPure agar
(Invitrogen) in 0.04 M Tris·acetate and 0.001 M ethylenediami-
netetraacetic acid (EDTA) (TAE buffer). Amplified DNAwas
visualized by ethidium bromide staining and ultraviolet light
and recorded with a Gel Doc XR System (BIO-RAD).
DNA sequencing. PCR products were purified and

sequenced using LP1 and ML1 primers by Beijing Dingguo

Biotechnology Co., Ltd. The identity of the DNA sequence
from the PCR products was confirmed to be M. leprae DNA
sequence by Basic Local Alignment Search Tool (BLAST)
search (www. ncbi.nlm.nih.gov/BLAST/).
Sensitivity and specificity of the PCR assay. Serial 10-fold

dilutions of 109 M. leprae were added to negative whole blood
before DNA extraction and PCR amplification. M. leprae

DNA was diluted 10-fold from 10 ng to 1 ag and PCR-
amplified as described above. For determining the specificity
of the PCR, first- and second-round PCR products from 10 pos-
itive patients were sent for sequencing to confirm the specific-
ity of the PCR assay. PCR products from each of five negative
control samples were also amplified after the addition of 10 fg
M. leprae DNA to exclude the presence of PCR inhibitors in
the template.
ELISA. Direct detection of immunoglobulin M (IgM) with

ND-O-BSA and specific IgG antibodies against LID-1 by
ELISA was performed as previously described.8

Acid-fast staining. Blood samples from four MB patients
with high Bacteriological Index (BI) (³ 4) that were positive
by nested PCR were randomly selected. Blood (0.5 mL) was
drawn by venipuncture of the median cubital vein with a
hypodermic needle and collected in a BD vacutainer
containing anticoagulant (BD Vacutainer #367884; BD). The
number of AFB in blood samples was counted by the hemo-
lysis (HL) method of Sreevatsa and others.9 Serial 10-fold
dilutions of 109 M. leprae were added to negative whole blood
(negative by nested PCR) and acid-fast–stained with HL.9

Statistical analysis. Student’s t test and k-correlation analy-
sis were performed to compare different methods of diagno-
sis of leprosy. P value < 0.05 was considered significant, and
k-value > 0.7 was considered to have good correlation.

RESULTS

Acid-fast staining. Four MB patients were randomly
selected for the peripheral hemolyzed blood. Small AFB were
observed by microscopy for each sample, which was also pos-
itive by nested PCR for detection of M. leprae-specific DNA.
The minimum detectable concentration of M. leprae by acid-
fast staining with HL using serial 10-fold dilutions in negative
whole blood was 107 bacteria/mL.
Specificity of M. leprae DNA amplification. In smear

strongly positive (BI = 1–5+) MB blood samples, 95.92%
(47/49) were positive by nested PCR compared with 70%
(21/30) in smear weakly positive (BI = 0–1.8) PB samples. In
18 MB and 23 PB patients, the first-round PCR gave negative

Figure 1. Amplification of M. Ieprae DNA from patient’s blood using nested PCR.
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results, and the second-round PCR increased positive results
by 16 and 14 in the two groups, respectively. DNA from the
MB and PB patients gave the expected amplification products
of 372 and 131 bp by the nested PCR (Figure 1). Positive
PCR products were subjected to DNA sequencing, and the
sequenceswere analyzed byBLASTsearch. The sequenceswere
99% homologous to M. leprae-specific DNA (FM211192.1),
indicating that the PCR products were derived from M. leprae-
specific DNA. Seventeen other mycobacterial species and four
non-mycobacterial species were tested in the PCR to ensure
the specificity of the nested-PCR assay. The 372- and 131-bp
DNA fragments were only amplified by PCR with M. leprae

DNA (Figure 1) and not from DNA of other mycobacterial
species or bacteria belonging to other genera. Thus, these
findings indicate the high specificity of the nested-PCR test
(Figure 1 and Table 1).
Sensitivity of the nested-PCR assay.M. lepraeDNA (10 fg)

was added to 10 negative PCR products to check for inhibi-
tion, and there was amplification of the 372-bp specific frag-
ment at each dilution (Figure 2). The 372-bp product was
successfully amplified from 1 bacterium when serial 10-fold
dilutions of M. leprae (from 109 to 1 bacillus) were added to
negative hemolyzed samples (Figure 3). Furthermore, the
372-bp product was amplified from as little as 1 fg purified
genomic DNA (Figure 4, lane 7) when the PCR was tested
against the serial 10-fold dilutions ofM. leprae genomic DNA,
becoming negative at 10 ag. Given that the M. leprae genome
has a size of 2.2 + 109 Da,10 1 fg corresponds to a single genome
for this bacterial species (Figure 4). These findings suggest that
the nested-PCR test is highly sensitive for detectingM. leprae.

Comparison of the nested-PCR test and ELISA assay for
diagnosis of leprosy. We compared the detection of antibody
response with M. leprae antigens (i.e., anti–ND-O-BSA IgM
and anti–LID-1 IgG responses in plasma) with the nested-
PCR test using whole-blood samples. The results are shown in
Table 1. The highest rates of detection were ELISA, which
detectedanti–ND-O-BSAIgM in 48of 49 (97.96%)MBpatients,
followed by nested PCR, which detected 47 of 49 (95.92%) MB
patients, but there were no statistically significant differences
between the twomethods (P > 0.05). However, ELISA detecting
anti–LID-1 IgG gave a lower sensitivity of detection in 44 of
49 (89.8%) MB patients. For PB patients, the results of ELISA
detecting antibodies toND-O-BSAandnestedPCRwere similar
(70%), but detection of LID-1antibodies by ELISA was only
53.33%. However, ELISA test detecting antibodies to ND-O-
BSA produced a significant number of positives (29/96; 30.21%)
in healthy close contacts, 16.7% TB patients, and 10% normal
healthy controls, suggesting some false-positive results. In con-
trast, nested PCR was positive in 6% of healthy close contacts
and negative for TB patients and normal healthy controls as
expected, indicating that the nested PCR does not have the
problem of false-positive results and has a higher specificity
than the ELISA tests detecting PGL-1 or LID-1. Among
228 samples, 57 samples were positive by both nested PCR
and LID-1 ELISA, and 142 samples were negative by both
methods. There were 20 samples positive by nested PCR
but negative by LID-1 ELISA, whereas 9 samples were posi-
tive by LID-1 ELISA but negative by nested PCR. Through
correlation k-analysis, there was no statistical difference
between the two methods (P > 0.05).

Table 1

Nested-PCR and ELISA tests results of all samples

Classification R–J No.

Nested PCR ND-O-BSA IgM LID-1 IgG

372 bp 131 bp Positive (%) Mean ± SD Positive* (%) Mean ± SD Positive* (%)

MB
LL 9 6 3 9 (100) 1.16 ± 0.55 8 (88.89) 0.78 ± 0.84 7 (77.78)
BL 38 24 12 36 (94.74) 1.37 ± 0.67 38 (100) 1.49 ± 0.78 36 (94.74)
BB 2 1 1 2 (100) 1.35 ± 0.12 2 (100) 0.34 ± 0.36 1 (50)
Subtotal 49 31 16 47 (95.92) 48 (97.96) 44 (89.8)

PB
BT AFB+ 24 5 13 18 (75) 0.43 ± 0.28 19 (79.17) 0.46 ± 0.45 14 (58.33)
AFB− 2 0 0 0 (0) 0.24 ± 0.31 1 (50) 0.10 ± 0.20 0 (0)
TT 3 2 1 3 (100) 0.20 ± 0.05 1 (33.33) 0.46 ± 0.52 2 (66.67)
I 1 0 0 0 (0) 0.09 ± 0.00 0 (0) 0.16 ± 0.0 0 (0)
Subtotal 30 7 14 21 (70) 21 (70) 16 (53.33)

Contacts 96 0 6 6 (6.25) 0.21 ± 0.16 29 (30.21) 0.13 ± 0.06 6 (6.25)
Tuberculosis 18 0 0 0 0.15 ± 0.19 3 (16.67) 0.08 ± 0.03 0
Normal (Beijing) 25 0 0 0 0.03 ± 0.00 0 0.05 ± 0.03 0
Normal (Yunnan) 10 0 0 0 0.12 ± 0.07 1 (10) 0.07 ± 0.04 0
Total 228 38 39 77 102 66

*ELISA optical density (OD) ³ 0.2 was defined as positive.

Figure 2. Negative PCR products (N = 10) spiked with 10 fg
M. Ieprae DNA followed by nested PCR. Figure 3. Serial 10-fold dilutions ofM. leprae in negative blood.
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It is worth noting that, for HHCs, six individuals were
negative for the first round of PCR (372 bp) but positive for
the second round of nested PCR (131 bp). Six individuals
from the HHC group were also positive for LID-1 ELISA,
but the antibody titers were just above the cutoff value for
positivity, indicating that the levels of anti–LID-1 antibodies
were low in HHCs. These results indicate that the amounts
of leprosy bacilli and specific antibody were low in the blood
in six close contacts.

DISCUSSION

There are few studies that focus on the detection of
M. leprae from whole-blood samples. Kaur and others11

applied the hemolytic method to samples from 54 smear-
negative PB cases before MDT and found that 8 (14.8%) cases
were acid-fast–positive. In the present study, four blood sam-
ples from nested PCR-positive MB patients with high BI were
selected by acid-fast staining with HL. Bacteria were shown to
be present in blood samples from patients before treatment.
The minimum detectable concentration ofM. leprae in blood
by acid-fast staining with HL was 107 bacilli/mL. Therefore,
a more sensitive and specific method for detecting M. leprae
in blood is needed given the insensitivity of the acid-fast
staining method.
With advances in molecular technology, it is now possible

to improve detection of M. leprae by PCR. We selected an
M. leprae-specific repetitive DNA sequence for target ampli-
fication4 because of its high copy number in the genome.6

Additional improvements in test sensitivity may be achieved
by a second round of amplification.6 Thus, nested-PCR ampli-
fication may achieve greater sensitivity and specificity than
the acid-fast staining method and even conventional PCR. In
this study, 63.27% (31/49) of MB cases and 23.33% (7/30) of
PB cases were positive after the first round of amplification.
After nested PCR, the positivity increased to 95.92% (47/49)
for MB and 70% (21/30) for PB. The nested PCR was also
more sensitive than the LP1–LP4 primer set used in PCR by
Agusni and others,12 which detected 70% of MB cases and
31% of PB cases in blood samples from 52 leprosy patients
from endemic areas. It is worth noting that PB cases with low
or negative BI were the highest, with a sensitivity of 70% by
the nested PCR.
The 372-bp product was amplified from as little as 1 fg

purified genomic DNA, indicating that the sensitivity and
specificity of the nested PCR were higher than previous similar
studies.4,5,13 Furthermore, PCR inhibition was not observed
when negative samples were spiked with M. leprae DNA.
DNA was not amplified by nested PCR of any of 17 other
Mycobacterium species or 4 other bacterial species, and there

was also no cross-reaction with DNA from 18 cases of TB.
Truman and others14 developed a real-time PCR assay for
quantifying M. leprae DNA in biological samples. The assay
was specific and able to detect 10 fg purifiedM. lepraeDNA or
approximately 300 bacteria in infected tissues. The nested PCR
in this study was more sensitive, although the possibility that a
more efficient protocol may be found for detection ofM. leprae
cannot be excluded.
Nested PCR gave comparable sensitivity results to ND-O-

BSA IgM and LID-1 IgG ELISA for the detection of MB
patients. Although the positive rate of the ND-O-BSA IgM
ELISA was slightly higher than the nested PCR, the latter
seems to be more specific. It is known that HHCs of leprosy
patients may have anti–PGL-I antibodies and never develop
the disease.15,16 Seropositivity to PGL-I of M. leprae is rela-
tively common in endemic areas, and currently, no evidence
exists for a correlation between seroprevalence of PGL-I and
the incidence of leprosy.17 It is likely that bacillimia during
leprosy infection is not a continuous process and that most
subclinical infections resolve spontaneously without pro-
gressing to disease. The high prevalence of seropositives
among HHCs of leprosy patients shows that subclinical infec-
tion with M. leprae is common.18,19 For PB patients, both
nested PCR and ND-O-BSA IgM ELISA gave higher posi-
tive rates than the LID-1 IgG. However, leprosy is an infec-
tion with a long latency period, and therefore, tests with high
sensitivity and specificity are of utmost importance for tracing
and follow-up of the HHCs. Our results indicate that there is
no significant difference between the IgM and IgG antibodies
among the different groups tested as well as no difference in
nested PCR between 49 MB and 21 PB tested (P > 0.05). The
combination of nested PCR with ELISA for detection of spe-
cific antibodies may, therefore, be preferred for early detec-
tion and confirming diagnosis as well as differentiation from
other dermatological conditions. Additional follow-up studies
are required among leprosy HHCs; also, field study for inde-
terminate leprosy, the very early sign of the disease that is
often missed by family members and the medical personnel
in the endemic area, is needed.
Monitoring of leprosy bacillus DNA in the blood of HHCs

of MB leprosy cases is particularly important for early detec-
tion, because about 30% may develop leprosy themselves.
Banerjee and others20 found that multiplex PCR (M-PCR)
was a promising technique for early detection among contacts
of leprosy cases. Nasal swab samples from a total of 110 MB
patients and 72 PB contacts were tested by M-PCR; 10.9%
were found to be positive among MB contacts, and 1.3% were
found to be positive among PB contacts. Two contacts of
M-PCR–positive MB cases developed leprosy during the next
2 years, but PCR-positive nasal swabs indicated the presence
of M. leprae DNA only and not infection. The positivity was
6.25% in HHCs by nested PCR. Although M. leprae DNA in
the blood may indicate infection, the relationship between
positive blood PCR and development of the disease requires
additional analysis. The six HHCs who were nested PCR-
positive should be followed up closely for clinical signs as well
as SSSs and ELISA serology.
Although our experimental protocol requires additional

refinement, the comparable sensitivity of the nested PCR but
better specificity compared with anti–PGL-1 ELISA test for
detecting MB and PB patients and the successful use of nested
PCR for detection of M. leprae DNA from blood samples

Figure 4. Amplification of serial 10-fold dilutions of M. leprae
genomic DNA.
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rather than skin biopsies are most encouraging. Future studies
are needed to validate the use of the nested-PCR test along
with the ELISA test to detect the PGL-1 for early diagnosis
of leprosy in more patients.
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