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Previously developed methods for noninvasive PCR diagnosis of visceral leishmaniasis (VL) have significant
limitations. Diagnosis of VL using PCR and buccal swabs was evaluated in 307 subjects, including 148 patients
confirmed to have VL. This method is simple and well tolerated and has good potential for development,
showing 83% sensitivity with 90.56% specificity in control groups.

Visceral leishmaniasis (VL) is a fatal disease in the absence
of treatment. The definitive diagnosis of VL is the demonstra-
tion of amastigotes (Giemsa-stained slides) in splenic smears
(sensitivity of 95% to 98%) or bone marrow aspirates (sensi-
tivity of 53% to 95%) (2, 3, 29, 30). Serology-based tests, such
as direct agglutination test, rk39 enzyme-linked immunosor-
bent assay (ELISA), and dipstick, have high sensitivities and
specificities (24, 25) but cannot discriminate between past and
current infections. The molecular diagnosis of VL by PCR on
blood samples and PCR is accurate, but it is invasive and
requires phlebotomists, which may not be feasible in large
epidemiologic studies. Also, subjects are often reluctant to
provide blood samples, which reduces participation rates.
Therefore, efforts have been made to develop noninvasive,
simpler, and sensitive techniques by using conjunctival swabs
or urine samples (13, 20, 23). In canine visceral leishmaniasis,
conjunctival swabs have shown 90 to 92% sensitivity (23), but
with humans, this method is not well tolerated and is associ-
ated with the possibility of corneal damage. Exfoliated buccal
epithelial cells are a promising alternative source of genomic
DNA (4–7, 9, 10, 14, 16–18, 27, 28), as they have a high yield
(6, 14).

We evaluated buccal swabs from four groups of subjects: (i)
148 patients parasitologically confirmed to have VL were re-
cruited from the Kala-azar Medical Research Center, Muzaf-
farpur, Bihar, India; (ii) 159 controls, including 92 healthy
subjects from a region where leishmaniasis is endemic; (iii) 39
healthy subjects; and (iv) 28 patients suffering from other in-
fectious diseases from regions of Varanasi, India, where leish-
maniasis is not endemic. All subjects were subjected to thor-
ough clinical examinations for the presence of signs, symptoms,
and laboratory indicators (pancytopenia and hypergam-
maglobulinemia) of VL before inclusion in the study. Ethical
clearance for the study was obtained from the Institute of
Medical Sciences, Banaras Hindu University, and written in-
formed consent was obtained from the subjects. Buccal swabs
were collected by Hi-Media sterile transport viscose swab
sticks and kept in 2 ml transport buffer (10 mM Tris base, 10

mM EDTA, 0.5% sodium Sarkosyl; Merck) and stored at 4°C.
DNA was isolated from these samples within 48 h of collection.

The parasitic DNA was used as a positive control using
promastigotes, cultured as given in reference 15. A buccal swab
from a healthy individual was seeded with decreasing concen-
trations of parasites, quantified using a hemocytometer (Ro-
hem, India), from 1 � 105 parasites to a single parasite per ml
in 10-fold dilutions. DNA isolation from parasites, spiked sam-
ples, and clinical buccal swab samples was done using the
QIAamp DNA minikit (Qiagen) per the manufacturer’s pro-
tocol.

Primers were designed using Vector NTI version 9 (Invitro-
gen). The 18S rRNA gene sequence from Leishmania don-
ovani (GenBank accession no. X07773) was retrieved from
PubMed. The specificity of the primers was examined using the
BLAST program at the NCBI site. In silico PCR was per-
formed using the UCSC genome browser (http://genome.ucsc
.edu/) to ensure that the primers did not show any cross-
reactivity with human sequences. The forward primer
BHUleiF (5�GTTTGTTCCTGGTCGTCCCGT3�) and re-
verse primer BHUleiR (5�AAGACGAACTACAGCGAAGG
C3�) amplify a region of 490 bp and were synthesized by Meta-
bion International AG (Germany).

The PCR was performed in a final reaction mixture volume
of 25 �l containing 1 U Taq DNA polymerase (Promega), 1.5
mM MgCl2 (Promega), 10 mM deoxynucleoside triphosphates
(dNTPs) (NEB), 10 pmol forward and reverse primers (each),
5� buffer (Promega), and 3 �l (50 to 150 ng) of DNA tem-
plate. Multiple negative controls with no template were used to
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FIG. 1. PCR assay of buccal swabs from patients confirmed to have
VL. Amplified products of 490 bp in buccal swabs from patients con-
firmed to have VL (lanes 2, 3, 4, 5, and 7). Lane 6, positive control;
lane 8, negative control; lane 1, 100-bp DNA ladder.
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detect any plausible contamination. The temperature condi-
tions for PCR were as follows: 35 cycles, with 1 cycle consisting
of denaturation at 95°C for 5 min, annealing at 60°C for 45 s,
extension at 72°C for 1 min, and final extension for 5 min at
72°C. The PCR product was digested with restriction enzymes,
gel purified, and sequenced (22).

The sensitivity of this assay was 83.11% (Fig. 1), and the
specificity varied according to the subject control group (Table
1). The lower detection limit of the developed assay deter-
mined by serially diluting parasitic DNA was 0.1 femtogram.
The sensitivity of spiked samples was up to 1 parasite. Restric-
tion digestion profiles and sequencing results (data not shown)
confirm that the region amplified by BHUleiF/R primers in
buccal swab samples is 100% homologous with the small-sub-
unit (SSU) rRNA gene of L. donovani (GenBank accession no.
X07773). Microscopy of buccal smears showed no evidence of
whole amastigotes, and this was further confirmed by no
growth of promastigotes in in vitro culture from buccal cells.

In this study, we introduce a noninvasive method for molec-
ular diagnosis of VL using buccal swabs. PCR using more-
intrusive sampling methods, such as the use of whole-blood or
buffy coat samples or blood spots on filter paper, have been
described innumerable times with variable reported sensitivi-
ties and specificities (11, 12, 19, 21, 26). Noninvasive methods
of obtaining biospecimens are very useful for diagnostics and
clinical trials, as well as epidemiological screening studies.
Among different noninvasive sampling techniques, buccal cells
have the advantages of ease of collection and storage. It is
possible to obtain sensitivities of �90% using noninvasive mo-
lecular diagnosis as shown by a study of canine VL in Israel
using conjunctival swabs (23).

In this initial study of PCR and buccal swabs, we obtained
encouraging results. The specificity for controls from areas
where leishmaniasis is endemic (86%) is comparable to that of
PCR on whole-blood samples in a large sample size over a
period of 2 years (unpublished data). The lower specificity for
controls from areas where leishmaniasis is endemic compared
to the specificity for controls from areas where leishmaniasis is
not endemic may represent subclinical infections, as it is a
well-established fact that only 5 to 10% of infected people
develop VL, while the rest remain asymptomatic (1). This is an
ongoing challenge in VL diagnosis.

This assay is thought to be amplifying nucleotide fragments
rather than whole amastigotes. Nucleotide fragments have

been previously reported in different biological fluids and tis-
sues (8). The presence of L. donovani nucleotides in buccal
epithelia has been confirmed by restriction digestion and se-
quencing. The primers used are exclusively specific for Leish-
mania and do not amplify other species of microorganisms like
Crithidia, Streptococcus, and Porphyromonas gingivalis which
are commonly harbored in the mouth cavity.

To our knowledge, this is the first report of demonstration of
Leishmania DNA in buccal swabs from VL patients. The pres-
ent data emphasize the potential of this noninvasive sampling
method for diagnosis. Further work is required to improve the
sensitivity to an acceptable �90% level, which may be achieved
by applying nested PCR and more-sensitive primers.
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