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Abstract: In recent years, the polymerase chain reaction (PCR) technique has significantly advanced towards
expanding its use and versatility by working with quantitative real-time PCR (qPCR). Data from the literature
show that both methods present interesting characteristics for the diagnosis of visceral leishmaniasis. The
benefits of qPCR in relation to conventional PCR include speed, reproducibility and quantitative ability. In
addition to operational advantages, qPCR is more sensitive and reproducible and may replace conventional
PCRin diagnostic routines. Regarding visceral leishmaniasis, the possibility of deployment of real-time PCR
in highly complex diagnoses (reference services) in endemic areas will facilitate a swift and safe return for
patients. Moreover, the use of a technique that possesses elevated diagnostic sensitivity, and can monitor

therapy and prevent relapses promotes broader prospects for the disease control.
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INTRODUCTION

Visceral leishmaniasis (VL) comprises an
important public health problem, since it is
frequently fatal if untreated, with almost 500.000
new cases per year and more than 50.000 deaths
(1). Consequently, new methods of diagnosis that
promote early identification of the disease are
required as well as rapid therapy.

VL diagnosis may be carried out by direct
parasitological tests that can produce false-negative
results, either due to the low number of Leishmania
spp. organisms in clinical samples (bone marrow
and lymph nodes) or because morphological
identification is complex. Moreover, such methods
are invasive. Conventional serological techniques
are limited by cross-reactivity with other parasitic
diseases and because several technical procedures
have not been standardized (2). However,
serological methods are still widely employed in
epidemiological surveys.

Early diagnosis is important for preventing
severe damage or even death of patients (3). The
identification of Leishmania infections using
culture or serological techniques is a prolonged
process with low specificity (4). On the other
hand, since the production of the first thermal
cycler instrument in 1987, molecular techniques
have promised a revolution in the detection of
pathogens from clinical specimens (5). In this
context, molecular methods, essentially based
on PCR, have become indispensable tools for
the diagnosis of infectious diseases (6).

High sensitivity and specificity, rapid
identification of the parasite, the possibility
of direct application on clinical specimens
producing reliable results in a few hours are
undeniable advantages of conventional PCR
(cnPCR) when compared to traditional diagnosis
methods of VL (parasitological and serological
techniques). These advantages indicate the
adoption of cnPCR in situations in which the
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conventional methods are not sufficient to reach
the diagnosis of leishmaniasis in Brazil. On the
other hand, in recent years, the cnPCR method
has significantly advanced, working with
real-time PCR or quantitative real-time PCR
(qPCR). This technology promotes an accurate
quantification in real-time of the amplicon,
allowing the monitoring of the reaction.

Data from the world literature show that both
technologies (cnPCR and qPCR) present features
that are relevant for VL diagnosis.

METHODS OF AMPLIFYING DNA: FEATURES

cnPCR imitates in vitro the natural DNA
replication ability, which may be repeated on a
large scale. The methodology requires, first, the
identification, at least in part, of the DNA target
for the development of primers or probes that will
hybridize specifically to the target sequence. With
the increased number of sequenced pathogen
genomes, catalogs of DNA sequences can be
exploited for the development of diagnostic tests
based on PCR, as a result, since the past decade,
numerous tests commercially available are based
on this technique (7).

In the past two decades, cnPCR technique has
been modified to expand its use and versatility
(7). The possibility of using it in the same
reaction, on a pair of primers with simultaneous
amplification for multiple target DNA sequences
is called multiplex-PCR. Thus, more than one
DNA sequence may be amplified (multiplied) in
the same process (8). Nested-PCR employs two
pairs of primers for amplification of an internal
DNA sequence in the selected target. The first
pair is used for a initial reaction, which products
are then subjected to a second amplification with
another pair of primers. This technique presents
increased sensitivity and specificity; however, it
also reveals augmented risk of contamination by
the amplified product from the first reaction.

Although cnPCR and its variations are
highly sensitive and specific, they have some
limitations including the requirement of agarose
or polyacrylamide gel for electrophoresis, risk of
contamination, lack of quantitative capacity, and
the use of reagents such as ethidium bromide,
which is harmful to the health of the operator.
The emergence of a new technology, qPCR, has
emphasized such limitations.

REAL-TIME PCR

Real-time PCR was developed in 1992,
as a refinement of the original PCR created
by Kary Mullis, and represents a significant
biotechnological breakthrough for the diagnosis
of infectious and parasitic diseases (9). The system
is based on the use of dyes or fluorescent probes
that permit the monitoring of the amplified
product. A dye widely employed is SYBR Green I,
which binds nonspecifically the duplexes of DNA
generated during the amplification. Another
way to generate the fluorescence is to use a
probe specifically targeted to a region of internal
sequence that needs to be amplified, an example
of this system is the TagMan probe. During
amplification, the TagMan is degraded and there
is the release of reporter that emits light (7, 10).

The light emission analysis of is made by a
light signal detector that creates a graphic with
the absorption obtained after each round of
PCR, the generated signal reflects the amount
of product formed (11). The cycle in which the
limit of negativity or threshold exceeds is directly
related to the amount of amplified DNA, and is
called cycle threshold (Ct) representing the point
at which the emission of fluorescence in the
sample test surpasses the background (10).

The qPCR results are recorded through
interconnected computer graphics generated in
the thermal cycler. Basically, four kinds of analysis
are carried out: amplification curve, dissociation
curve, spectrum, and component (12).

e Through the amplification curve, the Ct of
each sample analyzed may be checked, which
is of crucial importance for the calculation
of specificity (o) and determination of the
positive samples. Values of above 35 Cts
indicate false-positive results (13).

e The dissociation curve is employed to indicate
the emission of fluorescence by melting
temperature (Tm). Non-specific amplification
of primer dimers can be verified by this
analysis.

e Spectrum assessment shows the capture of
fluorescence by certain filters. SYBR Green
I, for example, is captured by filters A and B,
while ROX (background ABI PRISM 7000
and 7500" Applied Biosystems, USA) is read by
filters Cand D. Thus, to the extent thata positive
reaction occurs, the florescent absorption by A

JVenom Anim Toxins incl Trop Dis | 2010 | volume 16 | issue 4

538



Paiva-Cavalcanti M, et al. Comparison of real-time PCR and conventional PCR for detection of Leishmania infection: a mini-review

and B filters should be greater than that of C
and D, which remains constant. If SYBR Green
does not exceed ROX, the reaction is negative.

e The component shows the behavior of the
fluorescence emission of each dye or reporter
used during the reaction. Consequently, the
background should remain constant and the
employed dye should outrange it according to
how many PCR cycles are being carried out. It
is important to note that, if a TagMan probe
is used, three parameters are highlighted:
the background, reporter, and light inhibitor
signal (the quencher).

The four parameters must be considered
together. Positive standards and negative controls
should be included in all reactions. Optimal
behavior of standard samples during the chemical
reactions ensures the results of the other samples.

The qPCR allows, basically, the completion of
four types of tests: absolute quantification, relative
quantification, high melting resolution analysis,
and allelic discrimination, which present different
and varied applications (14-17). As a diagnostic
tool, the absolute quantification can be used
for infection detection and quantification of its
etiologic agent. The test for absolute quantification
is based on the standard curve analysis.

As defined, the standard curve is related to
concentrations of DNA standards. Through
these data, the known amount of DNA, the
software quantifies the target DNA in the test
sample. The standard curve also provides the
slope, composed of the points on the curve. This
finding is important to calculate the efficiency of
amplification (g). High efficiency is associated
with a slope of approximately 3.32 for each
dilution of 10 of the target (13). A slope of 3.3 is
connected with 100% efficiency, which indicates
that the number of amplified molecules doubles
with each PCR cycle (11).

These features of QPCR enable the elimination
of a laborious post-amplification stage (gel
electrophoresis  preparation), conventionally
required for the observation of the amplified
product. Thus, the benefits of qPCR in relation
to cnPCR are numerous and include speed,
reproducibility, and quantitative ability (7).

CNPCR AND QPCR FOR DIAGNOSIS OF
VISCERAL LEISHMANIASIS

In 1983, the development of cnPCR was a
great progress for molecular biology (18). At that
time, several researchers had begun to evaluate
this technology for diagnostic purposes (19-21).
Thus, the RV1 and RV2 system is known by the
name of their primers, targeting L. infantum
conserved region of kDNA, and amplifying 145
base pair (bp) fragments (20). Initially, it revealed
an excellent sensitivity in detecting L. infantum
in human macrophages, about one parasite in
10° experimentally infected mononuclear cells
(20). Moreover, after a serological survey among
blood donors in southeastern France, 76 positive
results were obtained by Western blotting for the
detection of anti-L. infantum antibodies (19).
Of these, 73 buffy coats were evaluated again by
cnPCR using the RV1/RV2 system, resulting in
nine positive samples. Such study showed the
importance of performing a survey for VL in
blood donors from an endemic area, and also
indicated that despite using a mononuclear cell
sample for DNA extraction, the sensitivity of the
RV1/RV2 system was low in comparison with the
serology test.

In 2002, a work that was evaluating two
methods of cnPCR found a sensitivity of 100% for
the RV1/RV2 system in peripheral blood from sick
dogs (22). The results encouraged the researchers
to perform a study on the ability of cnPCR (RV1/
RV2) to detect VL in different samples (biopsies of
the liver, spleen and lymph node) from dogs (23).
The authors observed that most animals that were
positive by the microscopy were also positive by
PCR. Such finding could possibly be associated
with the type of the sample studied or with a high
parasite load in animals with classic symptoms of
the disease. The sensitivity reported for the study
conducted in 2002 was also determined by blood
samples from dogs with multiple symptoms of
VL (22).

In the current study, with the aim of evaluating
cnPCR in the identification of the etiological
agent of VL in dogs, samples from the spleen,
liver, kidneys and lymph nodes of 25 symptomatic
(case group) and 15 asymptomatic animals were
employed. The dogs were of different breeds,
genders, and ages, and were from Teresina, Piaui
state, Brazil. All case group animals and two
controls tested positive in samples from the spleen,
liver or lymph nodes by cnPCR. In symptomatic
dogs, renal histopathological evaluation showed
one animal (4%) with amastigote forms of
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Leishmania in inflammatory infiltrate, while
cnPCR in kidney samples detected Leishmania
DNA in eight animals (32%). In conclusion,
there were more positive results by cnPCR in
symptomatic seropositive dogs and c¢nPCR is
more precise than conventional histopathology
in detecting the Leishmania parasite (21).

In dogs from an endemic urban area in Parana
state, Brazil, of 169 studied animals, 11 (6.6%) had
anti-Leishmania braziliensis antibodies (titers >
40) detected by immunofluorescent antibody test
(IFAT) while four (2.4%) showed L. braziliensis
complex DNA by cnPCR. Such results indicate
the importance of monitoring dogs to confirm
the diagnosis of cutaneous leishmaniasis and also
reveal the possibility of cross reactions in IFAT
(24).

Othersauthors, evaluating cnPCR for diagnosis
of VL in dogs from endemic areas (Poxoréo, MT,
Brazil) using primers 13A and 13B for kDNA of
Leishmania spp., obtained sensitivity of 55%,
specificity of 66.3% and a kappa coefficient of
0.2134 (25, 26). These results suggested that
cnPCR is not an appropriate tool for screening in
populations from endemic areas. Another study
that compared the viability of blood samples from
dogs naturally infected with VL in the south of
Italy, obtained 85.3% of positive results by IFAT
and 93.7% by cnPCR using primers 13A and
13B (27). Despite the use of these two primers
and DNA extraction by similar methods, the
aforementioned studies showed different results,
which suggests a low reproducibility of cnPCR
for VL diagnosis in dog blood samples. Another
possibility is that the efficiency of the technique is
associated with the parasite load, that is, animals
with a high parasite load would present positive
results using the cnPCR technique.

According to some authors, the use of real-
time PCR with primers derived from the RV1/
RV2 system in blood and bone marrow revealed
an adequate correlation between parasite load
and patient clinical status, which permit us to
conclude that parasite quantification is necessary
for an accurate reading of cnPCR results (28).
Consequently, to check the progress of real-time
PCR for VL diagnosis, researchers compared the
cnPCR system (13A/13B) with qPCR (adapting
the 13A/13B system) in the bone marrow of dogs
(29). They found 54 and 84% of positive results
respectively for cnPCR and qPCR (29). The
samples that tested negative for cnPCR showed a

parasite load of less than 30 parasites/mL of bone
marrow (29). Using peripheral blood samples
from 15 dogs that were positive for VL, qPCR
sensitivity was 100% (19). The system developed
by these researchers elucidated the positive cases
by cnPCR, evaluated the different responses to
therapy and validated the use of blood collection
as a less invasive method for diagnosis of VL.

We also obtained some promising results
in the detection of L. infatum in naturally
infected dogs by qPCR. Two animal groups were
evaluated using a specific primer set developed
for Leishmania donovani complex, in which a
fragment of 132 bp of KkDNA from L. infantum
was amplified (14). One group was composed of
21 dogs in which leishmaniasis clinical evidence
was confirmed by parasitological examination
or ELISA. The second group from non-endemic
areas was negative in both assays. When canine
blood samples were assessed using this system the
limit of detection was found to be 0.07 parasite
per reaction, the efficiency was 94.17% (R* = 0.93,
slope = —3.47) and the sensitivity and specificity
were respectively 100% and 83.33% (14).

Concerning cost-effectiveness, the operational
advantages and data obtained in post-examination
are satisfactory for institutions that use cnPCR as
a diagnostic tool. In FIOCRUZ, Recife, Brazil,
where there is a real-time PCR thermocycler
and the technology is already implemented, the
costs of cnPCR and qPCR become equivalent and
similar to those described in Germany (30).

FINAL COMMENTS

qPCR is already available in several
laboratories, especially in the private sector;
however, the interpretation of its results requires
new levels of knowledge. Therefore, it requires a
trained staff to ensure the accuracy of the method
(31). In addition to the operational advantages,
qPCR is a sensitive and reproducible technique
that could replace cnPCR in diagnostic routines.
The possibility of deployment of qPCR in
highly complex diagnoses in endemic areas of
leishmaniasis would facilitate a swift and safe
return for patients. The use of high sensitive
technique that can monitor therapy and may
prevent relapses promotes broader prospects for
disease control.

Thereby, it is expected that the emergence
of these new technologies will result in the
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development of new drugs and treatments, and
particularly of diagnostic methods, and will
lead to the improvement in the quality of life of
patients (31). Given the above evidence, even
some authors had previously defined cnPCR
as “gold standard”, qPCR will certainly be the
technique of reference in the future (28).
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