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Abstract: To perform PCR from serum for the diagnosis of visceral leishmaniasis is convenient and
much less invasive than the examination of deeper compartments such as bone marrow. We compared
three Leishmania-specific real-time PCRs with three different molecular targets (kinetoplast DNA, the
small subunit-ribosomal RNA-(ssrRNA-)gene, the glucose-6-phosphate isomerase-(gpi-)gene) regarding
their sensitivity and specificity in human serum. Residual sera from previous diagnostic assessments
at the German National Reference Center for Tropical Pathogens Bernhard Nocht Institute for
Tropical Medicine Hamburg and the Swiss Tropical and Public Health Institute were used. The
sensitivities of kinetoplast DNA-PCR, ssrRNA-gene PCR, and gpi-PCR were 93.3%, 73.3%, and 33.3%,
respectively, with 15 initial serum samples from visceral leishmaniasis patients, as well as 9.1%, 9.1%,
and 0.0%, respectively, with 11 follow-up serum samples taken at various time points following anti-
leishmanial therapy. Specificity was 100.0% in all assays as recorded with 1.137 serum samples from
deployed soldiers and migrants without clinical suspicion of visceral leishmaniasis. Kinetoplast-DNA
PCR from serum was confirmed as a sensitive and specific approach for the diagnosis of visceral
leishmaniasis. The results also indicate the suitability of serum PCR for diagnostic follow-up after
therapy, in particular regarding therapeutic failure in case of persisting positive PCR results.
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1. Introduction

As reviewed recently [1], the diagnosis of causative agents of visceral leishmania-
sis is mainly based on microscopical, serological, and nucleic acid amplification testing
(NAT) procedures. NAT-based approaches are known to be highly sensitive and are thus
recommended for oligoparasitic leishmaniasis such as leishmaniasis recidivans or mu-
cosal leishmaniasis [2]. For a disease with high parasitemia, such as symptomatic visceral
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leishmaniasis, it is even discussed that NAT might be too sensitive, so it will detect asymp-
tomatic, self-limiting infections without clinical implications as well [3]. As known from
study results from Brazil, ratios of asymptomatic infections to clinically apparent visceral
leishmaniasis may range from 6.5:1 up to 18:1 [4-6], so infection events do not necessarily
require medical treatment. On the contrary, even in the case of clinically relevant disease,
the persistence of parasites in well-vascularized lymphatic nodes in spite of successfully
cured infections will be no exemption [7], also limiting the value of real-time PCR for
therapy control.

However, the persistence of viable parasites in patients after clinically successful ther-
apy may lead to reactivation. Further, opportunistic infections in immunocompromised
individuals, e.g., due to acquired immunosuppression syndrome (AIDS), cancer, malnutri-
tion, or immunosuppressive therapy, are associated with an increased risk of progressive
disease [8]. Therefore, even asymptomatic infections have been shifted into the focus of
medicine because, initially, asymptomatic infection might progress to clinical disease in the
event of later immunosuppression. Indeed, scientists within the US armed forces medical
service were able to demonstrate such asymptomatic infections in deployed soldiers in a
recently published assessment [9].

In this American study [9], however, only a minority of patients with immunologically
relevant contact to Leishmania spp., as indicated by serology, were also positive by PCR. Of
note, serology cannot discriminate active from previous, already cured infections, while the
sensitivity of PCR depends on the sample material assessed with invasively taken materials
such as bone marrow and less invasively acquired samples, such as Buffy coat, whole
blood, and serum in declining order of sensitivity. Furthermore, a relatively low degree
of standardization has been described for molecular in-house diagnostic approaches for
leishmaniasis [10]. Quantitative PCR has been suggested as an option for the discrimination
between asymptomatic infections and visceral disease [11,12]. Commercial diagnostic
solutions are still scarce.

In spite of the poor standardization, very sensitive screening PCRs for leishmaniasis
have been described, which are able to detect Leishmania spp. DNA even from fixed
and stained slides [13]. Additionally, multinational test comparisons of screening PCRs
targeting Leishmania spp. DNA have been performed [14], confirming the very high
sensitivity of these real-time PCR approaches.

In the study described here, we compared the diagnostic performance of three in-
house real-time PCRs for Leishmania spp. DNA, comprising the protocols targeting kineto-
plast DNA [15], the small subunit ribosomal RNA-(ssrTRNA-)gene [16], and the glucose-
6-phosphate isomerase-(gpi-)gene, respectively. The latter assay was based upon newly
designed oligonucleotides, but the target gene is known from previously described di-
agnostic PCR protocols [17,18] and even from molecular typing schemes for Leishmania
spp- [19]. The kinetoplast DNA PCR protocol [15], of note, has recently also been success-
fully evaluated in the course of a PCR test comparison, including samples from patients
with cutaneous leishmaniasis [20]. For the test comparison described here, residual sera
and follow-up sera from visceral leishmaniasis patients were used as positive controls. As
presumptive but only inconsistently serologically confirmed negative controls, residual sera
from German soldiers returning from mission areas as well as residual sera from migrants
without clinical hints for visceral leishmaniasis were used for specificity assessment only.
They were not included in sensitivity assessment, keeping in mind that asymptomatic infec-
tions with parasites causing visceral leishmaniasis have been described among returning
military personnel [9] as well as among inhabitants of endemic areas [21].

2. Results

A total of 26 serum samples from 18 patients with clinical and diagnostically confirmed
visceral leishmaniasis (see: Methods) were assessed by real-time PCR targeting parasite
kinetoplast DNA, the small-subunit-ribosomal RNA (ssTRNA) gene as well as the gpi gene.
The samples comprised 15 initial samples and 11 follow-up samples as received by the
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involved diagnostic institutions. Corresponding clinical data (such as status before or after
therapy) were not consistently available. Furthermore, there were no data on whether the
diagnosing institutions (Bernhard Nocht Institute for Tropical Medicine Hamburg and
Swiss Tropical and Public Health Institute) were really the first institutions to set up the
diagnosis or just contacted for the purpose of confirmatory testing. Residual material from
initial samples was not available anymore for all follow-up samples. The periods between
initial and follow-up sampling ranged from few days to 22 months (Table 1).

Table 1. Real-time PCR results obtained with 26 serum samples taken from 18 patients with confirmed visceral leishmaniasis.

Initial

Ct Value ¥ in

. ;o # .
Sample Time in Lelshm.u e Bone Marrow  Ct Value # in the Small Ct Value " in
Specific - . the Glucose-
(I.S.)/Follow- Months Positive by the Subunit
Sample-ID . o Immuno- . . . 6-Phosphate
Up Sample Since Initial Fluoresence Microscopy or  Kinetoplast Ribosomal Isomerase
(EU.S.) after Sampling - PCR DNA PCR RNA Gene
Titer Gene PCR
Therapy PCR
HAM-1 LS. n.a. 1:640 Yes 27 28 -
HAM-1_2 EUS. 3 1:640 In previous - - -
assessment
HAM-2 LS. n.a. >1:1280 Yes 33 32 -
HAM-3 LS. n.a. 1:320 Yes 30 29 -
HAM-4 LS. n.a. 1:320 Yes 39 - -
HAM-5 LS. n.a. 1:640 Yes 29 29 -
HAM-5_2 EUS. 2 1:160 In previous - - -
assessment
HAM-6 LS. n.a. 1:160 Yes 18 23 36
HAM-6_2 EUS. 2 1:640 In previous - - -
assessment
HAM-7 LS. na. >1:1280 Yes 23 24 39
HAM-8 LS. na. 1:640 Yes 17 24 39
HAM-9 LS. n.a. >1:1280 Yes * - - -
HAM-10 LS. na. >1:1280 Yes 29 - -
HAM-10_2 FUS. 6.5 >1:1280 In previous - - -
assessment
HAM-11 LS. na. >1:1280 Yes 29 - -
HAM-11_2 FUS. 3 1:640 In previous - - -
assessment
HAM-12 LS. na. 1:320 Yes 16 24 37
HAM-12_2 FUS. 7 1:80 In previous - - -
assessment
HAM-13 LS. na. 1:320 Yes 20 26 38
HAM-13_2 FUS. 25 1:80 In previous - - -
assessment
HAM-14 LS. na. >1:1280 Yes 22 28 -
BAS-1_2° FUS. 5.5 1:1280 In previous - - -
assessment
BAS-2_2° FUS. 4 1:640 In previous - - -
assessment
BAS-3_2° FUS. 6 1:1280 In previous - - -
assessment
BAS-4 IS. na, 11080~ [nsubsequent 2 28 .
assessment
BAS-4_2 EUS. <0.5 1:1280 Yes 10 17 -

HAM = Samples from the diagnostic routine laboratory at the Bernhard Nocht Institute for Tropical Medicine Hamburg. BAS = Samples
obtained from the SWISS Tropical and Public Health Institute. n.a. = not applicable. * High Ct value >35 in the bone marrow. Previous
identification of L. infantum in the bone marrow 6 months ago. Sufficient sample volumes from the initial samples were unavailable;
therefore, only follow-up samples could be included in this study. * High Ct values indicate low copy numbers and vice versa.

Regarding the 15 initial samples, the kinetoplast DNA-PCR was positive in 14/15
cases (93,3%), the sstTRNA-gene-PCR in 11/15 cases (73.3%), and the gpi-PCR in 5/15
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cases (33.3%). In the case of the follow-up samples, both the kinetoplast DNA-PCR and
the ssTRNA-gene-PCR showed 1 positive sample among the 11 samples assessed (9.1%),
while the gpi-PCR remained negative in all 11 instances (0.0%). Regarding the recorded
cycle threshold (Ct) values, median Ct value (minimum, maximum) showed a significant
difference in Kruskal Wallis testing (p = 0.0038) between the assays with 23 (10, 39) for the
kinetoplast DNA-PCR, 27 (17, 32) for the ssTRNA-gene PCR, and 38 (36, 39) for the gpi-PCR,
respectively. Thereby, Dunn’s multiple comparisons tests indicated statistically significant
differences between the gpi-PCR and both the kinetoplast DNA PCR (p < 0.01) and the
sstRNA-gene-PCR (p < 0.05), while no significance was detectable for differences of the
Ct-values when comparing the latter two PCRs.

In a total of 1137 serum samples from migrants and deployed soldiers without con-
firmed but also without consistently excluded visceral leishmaniasis as detailed in the
methods chapter, none of the assessed real-time PCRs showed a positive signal for Leish-
mania spp., suggesting reliable specificity of all assays. Only the gpi-PCR showed a non-
interpretable late signal (Ct value >40) in a serum sample from a migrant from Afghanistan.
Those results suggest excellent specificity of virtually 100.0% in all assays in case of an
application with serum obtained from returnees and migrants from the subtropics and
tropics, while lacking reference testing did not allow sensitivity estimations with these
samples.

3. Discussion

The study was performed to comparably assess sensitivities and specificities of three
in-house real-time PCR assays with different target sequences for the diagnosis of visceral
leishmaniasis in serum samples. The examination of the initial samples from visceral
leishmaniasis patients resulted in nearly 100% sensitivity for a real-time PCR targeting
kinetoplast DNA. Only one out of fifteen initial serum samples of visceral leishmaniasis
patients was not positively detected. In this sample, however, PCR from the bone marrow
had also indicated a very late Ct value. Accordingly, it is likely that this presumed “initial”
sample might, in fact, have been a sample collected for confirmatory purposes after the
initiation of the therapy. This could explain both the low copy number in the bone marrow
and the failed diagnosis in the serum sample. In contrast, the ssTRNA-gene PCR results
indicated slightly lower sensitivity, while the gpi-PCR showed insufficient sensitivity when
used for the screening of serum samples. The latter result was underlined by considerably
higher Ct values in gpi-PCR compared to both kinetoplast DNA PCR and ssrRNA-gene
PCR. Of note, the ssTRNA-gene PCR comprised only 40 cycles in line with the published
protocol [16] and thus five cycles less than the two competitor protocols. The practical
relevance of this hypothetical bias for the assay comparison is, however, questionable, as
Ct values >32 were never observed with clinical serum samples applying this assay.

The lower sensitivity of the gpi-PCR is in line with a recorded higher limit-of-detection
(see: methods) even with reference DNA material. So, the oligonucleotide binding of
the kinetoplast DNA-PCR and the ssrRNA-gene PCR was presumably better. Further,
the diagnostic sensitivity with the clinical samples is likely to have been affected by
multiple repeats of the ssTRNA-gene and the targeted kinetoplast DNA-sequence within
the parasites [22,23].

In follow-up samples from patients with anti-leishmanial therapy, PCR results in
serum turned out to be negative. In 1 out of 11 follow-up samples only, the kinetoplast
DNA-PCR and the ssTRNA-PCR showed a positive signal, respectively. This single positive
follow-up sample, however, had been received just a few days after the initial sample for
confirmatory testing. In contrast, negative PCR results in all assessed assays were recorded
for all follow-up samples with time periods of several months after the initiation of therapy.
Although the available clinical data were insufficient to definitely prove that the absence
of detectable Leishmania spp. DNA from follow-up serum samples was associated with
anti-leishmanial therapy, and it seems obvious to assume that the presence of persisting
positive serum PCR after some months may confirm a therapeutical failure.
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The use of kinetoplast DNA-PCR from human serum for the diagnosis of visceral
leishmaniasis has been suggested previously [24,25] but is currently not included, e.g., in
the German guidelines for the diagnosis and treatment of visceral leishmaniasis [26]. In a
previous study including Mediterranean patients with visceral leishmaniasis, kinetoplast
DNA-PCR from serum showed a sensitivity of 97% and a specificity of 95%, respectively,
when used for primary diagnosis of visceral leishmaniasis [24]. Accordingly, this recent
study suggested similar reliability as our assessment. In a study from Brazil, in contrast, an
excellent specificity of 100% but reduced sensitivity of only 85% for kinetoplast DNA-PCR
from serum compared to 97% sensitivity from whole blood has been reported [25]. It re-
mains uncertain whether this reduced sensitivity resulted either from the genetic variation
of South American Leishmania spp. causing visceral leishmaniasis or from discrepant nu-
cleic acid extraction strategies. In the study presented here, different nucleic acid extraction
methods could not be compared due to insufficient residual samples volumes. So, the
standardized automated approach as described in the methods chapter was chosen. The
EZ1 Virus Mini Kit, in particular, was chosen because it is well suited for the extraction of
free nucleic acid sequences from various body fluids in line with our experience from the di-
agnostic routine. The residual sample volumes available for this study were, unfortunately,
insufficient to comparably assess different nuclei acid extraction protocols.

Regarding the assays’ specificity, none of the assessed real-time PCRs showed false-
positive signals in the samples from returned soldiers [27] or migrants [28], which were
solely used for specificity assessment because asymptomatic infections with Leishmania
spp. were not definitely excluded. Accordingly, these samples can be considered as
presumptive negative controls only. Nevertheless, the results suggested a specificity of
virtually 100% for all tested PCR assays for the diagnosis of Leishmania spp. in human
serum. Just one very late borderline signal, which was not to be interpreted as positive,
was observed in the gpi-PCR with a sample of a migrant from Afghanistan, a region
where visceral leishmaniasis is extremely infrequent or even absent [29]. Clinical signs of
cutaneous leishmaniasis were not detected in this patient as well [28]. It remains unproven
whether comparable specificity results would have been achieved if samples from areas
of endemicity for phylogenetically closely related pathogens such as Trypanosoma spp.
were included, although Southern American evaluation data indicate acceptable specificity,
too [30]. The specificity control population used was more representative for a travel clinic
in a non-endemic area. However, at least cross-reactions with reference DNA of relevant
protozoan parasites potentially occurring in human blood samples were not detected in
the real-time PCR assays assessed.

As an interesting side effect, we did not find any hint of the presence of visceral leish-
maniasis in the samples of the German deployed soldier subpopulation, which is congruent
to the findings in a previous clinical study [27]. Asymptomatic carriage of Leishmania spp.
DNA, as reported for US soldiers [9] and even for soldiers from neighboring Austria [31]
after deployment as well as for individuals in endemic areas [21], was not confirmed in
the present study as a frequent phenomenon for the sampled subpopulations of German
soldiers showing up for post-deployment assessments after tropical deployments [27] and
of migrants from areas of endemicity [28].

Of note, diagnostic Leishmania-PCR from urine samples [32-35] as well as various
associated nucleic acid extraction strategies [36] have been introduced and recently also
summarized in reviews [37,38]. Published interpretations regarding the diagnostic reliabil-
ity of these approaches vary [37,38]. From the patients assessed in this study, no residual
urine samples were available, so any conclusions on the diagnostic accuracy of urine-based
PCR-diagnosis of visceral leishmaniasis are beyond the scope of this work.

Admittedly, the study has a number of limitations. First, in spite of the multi-centric
cooperation, the scarce availability of positive sample material from visceral leishmaniasis
patients limited the statistical value of this assessment. Therefore, the present study was
only performed “descriptively” without any further sophisticated statistical approaches.
Second, both the demands by the ethical clearance for test comparison purposes and the
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partly scarce availability of such information in the laboratory information systems have
prevented the inclusion of patient-specific data, an admitted violation of the STARD (Stan-
dards for Reporting Diagnostic Accuracy) criteria [39]. Third, the lack of information on
the applied anti-leishmanial therapy and the lack of standardization of follow-up sampling
hampered a more detailed examination of serum PCR for therapy control, a consequence of
the retrospective design of this evaluation study. Fourth, the lack of previous systematic as-
sessment of the negative control population regarding asymptomatic visceral leishmaniases
allowed merely a specificity analysis with these samples. In contrast, a qualified statement
on the assays’ sensitivity in the case of potential asymptomatic persistence of Leishmania
spp. in the patients” bone marrow could not be given. Unfortunately, serological assess-
ment of the presumptive negative control samples would have been beyond the financial
limits of this study, and samples from patients with known asymptomatic infections were
not available for inclusion. Fifth, DNA degradation might have occurred over the years
within the serum samples in spite of optimized storage conditions at -80°C. Interestingly,
however, leishmanial DNA in serum was still detectable even after a maximum of 26 years
in the used reference materials. Hypothetically, such positive PCR signals in old specimens
might have been due to cross-contamination between the reference serum samples as well,
but the observed restriction of positive signals to initial samples rather than follow-up
samples makes this hypothesis less plausible.

4. Materials and Methods
4.1. Samples

A total of 1163 residual serum samples were included in the study.

The vast majority of 1137 were presumptive negative control samples for the specificity
assessment, collected between 2006 and 2021 and stored frozen at —-80°C prior to nucleic
acid extraction. These 1137 samples predominantly comprised sera from soldiers return-
ing from tropical deployments [27] but also sera from migrants [28]. Although military
deployments in areas of endemicity are associated with an elevated risk of getting infected
with Leishmania spp. [9], visceral leishmaniasis had never been diagnosed in the included
soldier [27] and migrant [28] sub-populations. However, because asymptomatic visceral
leishmaniasis had also not been definitely excluded in these individuals, the negative
control status had to be considered as presumptive.

The 26 positive control samples were taken from 18 patients with confirmed vis-
ceral leishmaniasis. All samples were sent for diagnostic purposes indicating the clinical
suspicion of visceral leishmaniasis. Serological titers of positive results in in-house im-
munofluorescence assays for leishmaniasis were available from all those positive control
samples. Third, active infection had been confirmed microscopically or by PCR from the
patients’ bone marrow at least once. A sequence-based identification on species level
(Leishmania infantum) was available in one sample from Switzerland as determined in the
routine diagnostic laboratory of the Swiss Tropical and Public Health Institute in Basel,
Switzerland. These reference materials had been collected between 1995 and 2021 and
stored frozen at —80 °C in the sample collections of the Bernhard Nocht Institute for Tropical
Medicine Hamburg, i.e., the German National Reference Center for Tropical Pathogens,
and of the Swiss Tropical and Public Health Institute in Basel, Switzerland.

No patient-specific data were included in the study following the ethical clearance for
this test comparison study, which only allowed the use of anonymized residual sample
materials.

4.2. Nucleic Acid Extraction

Nucleic acid extraction was performed using the EZ1 Virus Mini Kit v2.0 Kit (Qiagen,
Hilden, Germany) on an automated EZ1 Advanced system (Qiagen, Hilden, Germany),
as described previously [40], an assay with which acceptable nucleic acid yields from
various human sample types can be achieved [40]. Prior to nucleic acid extraction, all
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serum samples had been stored frozen at -80 °C for time periods ranging from few weeks
to a maximum of 26 years.

4.3. PCR Screening Assays

Two in-house real-time PCR assays were applied at the Bundeswehr Hospital Ham-
burg in Hamburg, Germany, the external site at the Bernhard Nocht Institute, and one
at the Bundeswehr Central Hospital in Koblenz, Department XXI, Section B, Germany.
In Hamburg, the protocols targeting kinetoplast DNA [15] and the small subunit ribo-
somal RNA (ssTRNA) gene [16] were applied as described with minor modifications on
Rotor-Gene Q (Qiagen) real-time PCR cyclers. In detail, the kinetoplast DNA protocol
was run in 20 uL volumes comprising of HotStarTaq Mastermix (Qiagen), a final MgCl,
concentration of 3.0 mM, 150 nM of each primer, 60 nM of the probe, and 2.0 uL DNA
eluate with an initial denaturation at 95°C for 15 min followed by 45 cycles of denaturation
for 15 s at 95 °C and of annealing and amplification for 60 s at 55°C. The ssrRNA-gene
protocol was run in 20 uL volumes comprising HotStarTaq Mastermix (Qiagen), a final
MgCl, concentration of 2.0 mM, 200 nM of each primer, 20 nM of the probe, and 2.0 uL
DNA eluate with an initial denaturation at 95 °C for 15 min followed by 40 cycles of denat-
uration for 15 s at 95 °C and of annealing and amplification for 60 s at 60 °C. Extraction and
inhibition control real-time PCR were based upon a protocol targeting a Phocid Herpes
Virus (PhHV) sequence as described [41] provided on a plasmid, which was added to the
samples prior to nucleic acid extraction. Each PCR run comprised a positive and negative
control. While the negative control was PCR grade water, the positive controls consisted
of plasmids with target-specific sequence inserts, as shown in Table A1l in Appendix A.
The limits-of-detection were 1 target DNA copy/uL for the real-time PCR targeting kine-
toplast DNA [15] and 13 copies/pL for the ssrRNA-gene PCR [16] as defined applying
dilution series with the positive control plasmids and the software SciencePrimer.com
(http:/ /scienceprimer.com/copy-number-calculator-for-realtime-pcr, accessed on 2 June
2021).

An additional in-house real-time PCR assay targeting the glucose-6-phosphate iso-
merase (gpi) gene of Leishmania spp. was applied at the Bundeswehr Central Hospital
Koblenz in Koblenz, Department XXI, Section B, Germany. In detail, the PCRs were per-
formed in 20 pL volumes using Takyon No Rox Probe MasterMix (Eurogentec, Seraing, Bel-
gium), 300 nM of each primer, 250 nM of the probe, and 2.5 pL of the DNA eluate on a Light-
Cycler 480 platform (Roche, Mannheim, Germany). Primers (forward primer Leish-fw 5'-
GTGATGCTTTCGATYGGCTA-3/, reverse primer Leish-bk 5'-GCCAGCATCATCGGCAA-
3’), and probe (5'-CACGTGATGGATAACCACTTTGCG-3') were synthesized by TibMol-
Biol (Berlin, Germany). The protocol consisted of an initial denaturation step for 3 min at
95 °C, followed by 45 cycles of 5s at 95 °C, 5 s at 55 °C, and 15 s at 72 °C. Each PCR run
comprised a positive and negative control. The preparation of genomic DNA of laboratory-
reared L. major strain 159/06 was used as the positive control, PCR grade water served as
the negative control. The limit-of-detection was at least 7.35 ng genomic DNA as defined
applying a dilution series of the positive control DNA. Based on an approximated L. major
genome size of 32.8 megabases [42], the calculated number of detected genomes is 2 x 10°
per reaction. Inhibition control was performed using the DNA Process Control Kit (Roche)
as recommended by the manufacturer.

During the implementation of the real-time PCRs used in this study, negative reactions
were obtained with DNA extracted from cultured African and American trypanosomes as
well as with DNA from other parasites, such as Plasmodium spp. or Toxoplasma spp., whose
DNA may be found in human blood samples, taken from the reference material storage of
the Bernhard Nocht Institute for Tropical Medicine Hamburg.

4.4. Statistical Analysis

Due to the low number of positive samples, only descriptive assessments were per-
formed to calculate the sensitivity and specificity of the assays. Non-parametric testing, i.e.,
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Kruskal-Wallis testing with a subsequent application of Dunn’s multiple comparisons tests,
was used to compare the cycle threshold values as recorded with the different real-time
PCR assays. These calculations were performed with the software GraphPad Instat version
3.06 (GraphPad Software Inc., San Diego, California, USA). Significance was accepted at
p < 0.05.

5. Conclusions

The results of the present comparative study of Leishmania spp.-specific real-time PCR
assays suggest a reliable sensitivity and specificity of the kinetoplast DNA-PCR from serum
for the diagnosis of visceral leishmaniasis while ssTRNA gene-PCR and gpi-PCR proved
considerably less sensitive for this purpose. Based on these results as well as on the results
of previous studies, screening for Leishmania spp. kinetoplast DNA in serum in the case of
serological results suggesting visceral leishmaniasis or in the case of clinical suspicion can
be considered. In the case of a positive result, an additional sampling in order to obtain
whole blood or invasive collection of bone marrow may be avoidable. In case of a negative
result in spite of ongoing suspicion of visceral leishmaniasis, however, the provided
data are insufficient to consider a negative serum PCR as a definite exclusion of active
disease. In conclusion, serum PCR targeting Leishmania spp. kinetoplast DNA is a valuable
piece within the diagnostic puzzle that may avoid additional or invasive sampling. Its
potential suitability for therapy control assessments requires further assessment. For study
purposes in remote endemicity settings, the combined suitability of serum for Leishmania
spp. serology and PCR is interesting as well; in particular, the storage and transport of
blood serum under resource-limited conditions are more feasible compared to whole blood.
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Appendix A

Table A1. Sequence inserts of the positive control plasmids for the Leishmania spp.-specific in-house
real-time screening PCRs targeting kinetoplast DNA and the small subunit ribosomal RNA gene.

Positive control plasmid sequence insert for kinetoplast DNA-PCR protocol (GenBank Accession
Code: EU437405.1)

CCACCCGGCCCTATTTTACACCAACCCCCAGTTTCCCGCCTCGGACCCGATTTTTGAC-
ATTTTTGGCCAATTTTTGAACGGGATTTCTGCACCCATTTTTCGATTITCGCAGAACGCC-
CCTACCCGGAGGACCAGAAAAG

Positive control plasmid sequence insert for the small subunit ribosomal RNA gene-PCR protocol
(GenBank Accession Code: M81430.1)

AAGTGCTTTCCCATCGCAACCTCGGTTCGGTGTGTGGCGCCTTTGAGGGGTTTAGTGCGT-C
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