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Abstract: Leptospirosis is a worldwide zoonosis caused by Leptospira interrogans.
Laboratory diagnosis of leptospirosis can be done through sample culture. However,
microscopic observation of positive Leptospira spp. culture need to be supported by
molecular detection to confirm the presence of pathogenic Leptospira spp. This study
aimed to compare the effectiveness of two DNA extraction kits, from QIAGEN and Zymo
Research, to extract bacterial DNA genome from positive Leptospira spp. culture for
downstream molecular detection. This study is an analytical observational study with a
cross-sectional design conducted in June-September 2023, and part of the PESTO-RITA
2023 study. Fourteen identified positive Leptospira spp. culture, with Leptospira spp.
movement under dark field microscopy, was used for DNA extraction using both extraction
kits. QIAGEN kit yielded higher mean DNA concentration (0.900+0.161 vs 0.790+0.167
log10 pg/mL, p>0.05) and better DNA purity (1.854 vs 1.632, p<0.05) than the Zymo
Research kit. PCR results, targeting the lipL32 gene, showed that two samples extracted
with QIAGEN and one sample extracted with Zymo Research were positive for pathogenic
Leptospira spp. Our preliminary results showed that QIAGEN kit yielded better DNA
concentration and purity from positive Leptospira spp. culture.
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INTRODUCTION

Leptospirosis, a zoonosis disease with a worldwide distribution, is caused
by infection of pathogenic bacteria of the Spirochaete group, Leptospira
interrogans’. Leptospirosis is an acute febrile infection, mostly affecting the tropical
rural areas, through exposure to Leptospira spp. contaminated water and/or soil®.
Leptospira spp. infection is transmitted by animals, especially rodents, which is its
main and most widespread reservoir’®. Leptospirosis has a typical clinical
manifestation, making it difficult to distinguish it from other tropical diseases such
as typhoid, dengue fever, malaria, and rickettsiosis. Leptospirosis can also affect
multiple organs and may resulted in mortality>~".

Currently, there is various laboratory-based tests available to diagnose
leptospirosis including IgM ELISA, Microscopic Agglutination Test (MAT), Dark
Field Microscopy (DFM), Culture, Polymerase Chain Reaction (PCR), Indirect
Hemagglutination Assay (IHA), and Leptodipstick Assay®. Among these various
methods, isolation of Leptospira spp. through culture is a more definitive
confirmation test for leptospirosis, although this method is hampered by the slow
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growth characteristic of Leptospira spp., thus resulting in a longer culture time. In
addition, the positive culture rate of Leptospira spp. is generally low. However,
once bacterial isolates are successfully obtained, they can be very useful for further
molecular genotyping and epidemiological studies®.

Cultures of Leptospira spp. from the field isolates are generally prone to
other bacterial contamination. In addition, its shape similarity with the other
Spirochaete bacteria, makes it hard to identify the specific presence of Leptospira
spp. in the culture. Depending on the health of its cells, Leptospira spp. can also
change its morphological appearance to a more spherical shape instead of the
typical spiral shape. Therefore, identification of Leptospira spp. in the culture
cannot be performed based on microscopic observation alone, and need to be
supported by molecular DNA testing"".

Several studies have reported successful Leptospira spp. molecular
detection using different source of samples. Allan et al. reported that Leptospira
spp. genomic DNAs can be detected successfully from patients’ plasma and serum
samples, as well as urine sample, using the QIAGEN DNA extraction kit, by
modifying the final elution volume into 100 uL to increase the yield DNA
concentration®. Similarly, Goy-Thollot et al. also successfully extracted Leptospira
spp. genomic DNAs from blood and urine samples of infected dogs using the same
QIAGEN DNA extraction kit. They reported six positive results (out of 30 samples)
for Leptospira spp. in the first PCR screening, and two positive results in a repeat
PCR screening performed 10 months later'. Harran et al. detected the presence
of Leptospira spp. infection by real-time PCR using genomic DNAs extracted from
animal blood samples, by using a different DNA extraction kit from Zymo
Research'®. This particular DNA extraction kit has also been used to detect the
presence of the Leptospira spp. from soil and water samples by using 16s rRNA
real-time PCR'®,

Since there is no report yet on which commercial DNA extraction kit
produce good quality DNA yield from cultures of pathogenic Leptospira spp., this
study aimed to compare the quality of genomic DNAs from Leptospira spp. cultures
extracted with two DNA extraction kits from QIAGEN and Zymo Research for
Leptospira spp. molecular detection.

MATERIAL AND METHOD
Study design and sample collection

This is an analytical observational study with a cross-sectional design.
This preliminary study is part of the Research on Genomic Characteristics and
Molecular Epidemiology of PES, Leptospirosis, Rickettsiosis, and Hantavirus in
East Java and Central Java (PESTO-RITA) 2023 funded by the World Health
Organization (WHO) and National Innovation Research Agency (BRIN). This study
was approved by the Ethics Commission for Health of the National Innovation
Research Agency (No. 049/KE.03/SK/05/2023).

The study was conducted at BRIN CWS Salatiga, Indonesia from June to
September 2023. The population study was all PESTO-RITA 2023 Leptospira spp.
cultures obtained either from (1) whole blood, plasma, and urine samples from
suspected Leptospirosis patients or (2) kidney samples from suspected rat
reservoirs. The protocol used for Leptospira culture is based on the Amsterdam
UMC protocol.

Sampling was done through purposive sampling. The inclusion criteria
was culture with positive Leptospira spp. movement as identified under a dark field
microscope observation. Positive Leptospira spp. movement was defined as
morphological detection of spiral bacteria with hooks in the culture, with density
around 2 x 108 cells/mL, and no other presence of non-spiral bacteria with hooks.
The exclusion criteria was cultures with positive movement of other bacteria types
including Cocci, Bacilli, Filamentous, Vibrio, and other Spirochaete species.
Microscopic observations were performed twice (with second observation
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performed two weeks after the first observation) by 3 different people using the
100x and 200x objective magnifications.

DNA extraction with QlAamp® DNA Mini Kit (QIAGEN)

Nucleic acid from positive Leptospira spp. culture was extracted using
QlAamp® DNA Mini Kit (QIAGEN #51304, Hilden, Germany) according to the
manufacturer’s instructions. Briefly, 1 mL of media from positive Leptospira spp.
culture, was centrifuged at 7,340 rpm for 5 minutes. The pellet was resuspended
in 200 uL PBS (supplemented with 20 uL Proteinase K) and incubated at 56 °C for
1-3 hours or overnight. Following incubation, 200 pL Buffer AL was added to the
mixture and homogenized by vortexing for 15 seconds. The mixture was incubated
at 70 °C for 30 minutes, then centrifuged at 4,000 rpm for 1 minute. Two-hundred
WL absolute ethanol were added to the mixture to precipitate the nucleic acid,
continued with vortexing for 15 seconds and centrifugation at 4,000 rpm for 1
minute. The mixture was transferred into a spin column with fresh collection tube
attached, then centrifuged at 8,000 rpm for 1 minute. Flow-through was discarded
and fresh collection tube was attached to spin column after each centrifugation
step. The spin column was washed with 500 pL of Buffer AW1 and centrifuged at
8,000 rpm for 1 minutes. The spin column was washed again with 500 uL of Buffer
AW2 and centrifuged at 14,000 rpm for 3 minutes. The spin column was then
transferred to a fresh 1.5 mL microtube. To elute DNA, 200 uL Buffer AE was
added, followed with 1 minute incubation at room temperature and 1 minute

centrifugation at 8,000 rpm. The eluted DNA was stored at -20 °C.

DNA extraction with Quick-DNA™ Miniprep Plus Kit (Zymo Research)
Nucleic acid from the positive Leptospira spp. culture was also extracted
using Quick-DNA™ Miniprep Plus Kit (Zymo Research #D4069, California, USA)
according to the manufacturer's instructions. Briefly, 1 mL of media from positive
Leptospira spp. culture, was centrifuged at 12,000 rpm for 5 minutes. The pellet
was resuspended in 200 yL PBS and mixed with 200 uL Biofluid & Cell Buffer
(Red) and 20 pL proteinase K. The mixture was homogenized with vortex for 10-
15 seconds and incubated at 55 °C for 30 minutes. Equal volume (420 pL) of
Genomic Binding Buffer was added to the digested sample then vortexed for 10-
15 seconds to homogenize. The mixture was transferred to a spin column with a
fresh collection tube attached, and centrifuged at 12,000 x g for 1 minute. Flow-
through was discarded and fresh collection tube was attached to spin column after
each centrifugation step. The spin column was washed with 400 uL DNA Pre-Wash
Buffer, then centrifuged at 12,000 x g for 1 minute. The spin column was washed
two more times with 700 yL g-DNA Wash Buffer and 200 uL g-DNA Wash Buffer.
The spin column was then transferred to a fresh 1.5 mL microtube. To elute DNA,
50 pL of DNA Elution Buffer was added, followed with 5 minutes incubation at room
temperature and 1 minute centrifugation at maximum speed. The eluted DNA was

stored at -20 °C.

Measurement of DNA concentration and purity

One pL of eluted DNA, extracted using both the QIAGEN and Zymo
Research DNA extraction kits, was used to measure DNA concentration in ug/mL
and purity (A260/A280) using the Thermo Scientific Nanodrop One.

PCR detection of Leptospira spp.

The PCR assay is performed in SimpliAmp Thermal Cycler, using lipL32
as the gene target. The reagent mixture consisted of 12.5 yL GoTag® Green
Master Mix, 1 uL lipL32 primers (forward: 5~ATC TCC GTT GCA CTC TTT GC-
3’) and reverse: 5-ACC ATC ATC ATC GTC CA-3’), 10 uL extracted DNA, and
ddH20 until final volume of 25 pL. The PCR cycle is as the following: pre-
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denaturation at 95 °C for 5 minutes, continued with 35 cycles of denaturation at 95
°C for 30 seconds, annealing at 58 °C for 30 second, extension at 72 °C for 1
minutes, and long extension at 72 °C for 7 minutes. The PCR products were
analysed using electrophoresis in 2% agarose gel (at 90 V for 70 minutes) using
the Invitrogen’s SYBRSave dye. Visualization of positive band (474 bp) was
performed using Bio-Rad ChemiDoc Imaging Systems.

Data analysis

Data were presented descriptively in the form of tables. T-Independent
test was used to analyze the effectiveness of bacterial genomic DNA extraction of
positive Leptospira spp. cultures using the two DNA extraction kits, QIAGEN and
Zymo Research. The independent variable is the type of DNA extraction kit, while
the dependent variables are the concentration and purity values of the extracted
DNAs. DNA concentration and purity values from samples were presented as
mean for each group and were checked for normal distribution. p-value of less than
0.05 (p<0.0%5) is considered as statistically significant by using IBM SPSS Statistic
24 software.

RESULTS AND DISCUSSION
DNA extraction from culture samples

In this study, we performed comparative analysis of DNA quality extracted
from positive Leptospira spp. culture using two DNA extraction kit, QIAGEN and
Zymo Research, as template for molecular detection. The quality of extracted
genomic DNA was assessed based on two parameters, the DNA concentration
and DNA purity.

Genomic DNAs were extracted from 14 positive Leptospira spp. cultures
using both the QIAGEN kit and the Zymo Research kit. DNA extraction was
performed only once with each respective kit. The mean DNA concentration of
samples extracted with QIAGEN kit was 0.900+0.161 log1o pg/mL, while the mean
DNA concentration with Zymo Research kit was 0.790+0.167 log1o ug/mL (Table
1). The calculated p-value for the extracted DNA concentration between the two
kits was 0.642 (p>0.05), which indicates that there was no significant difference
between the DNA concentration of samples extracted with either kit.

Efficient DNA isolation technique will produce good quality and quantity
DNA yield which is pure and free from other RNA and protein contaminants'’.
Table 1 showed that samples extracted with QIAGEN kit produced higher DNA
concentration (0.900+0.603 vs 0.790£0.626 logio pg/mL, p>0.05). This result
showed that despite QIAGEN producing higher DNA yield, there was no significant
difference in the performance of the two DNA extraction kits in producing high
concentration of extracted DNA.

The mean DNA purity of 14 samples extracted with QIAGEN kit was
1.854+0.293, while for Zymo Research kit was 1.632+0.248. The calculated p-
value for the DNA purity between the two kits was 0.040 (p<0.05), which indicates
that there is a significant difference between the DNA purity of samples extracted
with QIAGEN and Zymo Research kits (Table 1).

In general, good quality DNA is defined as having a concentration above
20 pg/mL, with purity value (A260/A280) ranging from 1.8-2.02. DNAs extracted
with QIAGEN kit had a good average purity value compared to those extracted
with Zymo Research kit (1.854+0.293 vs 1.632+0.248; p<0.05). The A260/280
purity ratio of less than 1.8 indicates that the DNA isolates contain protein residues,
phenols, or other reagents related to the extraction protocol, while a ratio of more
than 2.0 indicates the presence of RNA contamination.
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Table 1. Analysis of extracted DNA concentration and purity using the two different
extraction kits

DNA Concentration DNA Purity
Extraction ilaerg Mg%ni Mendia i Mg%ni Mendia i
Kit 9 9
(M (ogn  (Min- % VAU ap60  win-  C19% VAl
pg/mL)  Max) A280) Max)
0.879 1.880
0.900+0 (- 1.854+  (1.22-
QIAGEN 14 161 0.22—- 0.293 2.54)
0.232 0.103
1.76) 0.64 0.0
(0.368- (0.011-
0917 “y'5g7) 2 1685 433 40
Zymo 14 0.790+0 (- ’ 1.632+  (1.06- '
Research 167 0.70- 0.248 1.93)
1.42)

Table 2 showed the complete DNA concentration and purity of the fourteen
positive Leptospira spp. and their source samples. In general, positive Lepfospira
spp. culture from urine source sample yielded higher DNA concentration with good
DNA purity compared to samples originated from blood. These observations are
consistent regardless of the type of DNA extraction kits used. These results
showed that both DNA extraction kits can be used for DNA extraction from positive
Leptospira spp. culture from either blood or urine source samples. Previous study
had shown that the concentration of DNAs extracted using the QIAGEN kit are
stable, even after being frozen for six months'®. We found that the DNA yield from
culture originated from urine samples yielded higher average of DNA
concentration. This result was in contrast with previous study showing lower DNA
yield from urine samples extracted using the Zymo Research extraction kit'°.

Chemical contamination from the residue reagents from the nucleic acid
extraction process can lead to an overestimation of the concentration of nucleic
acids obtained®®. On the other hand, low DNA concentrations can be caused by
the low numbers of growing Leptospira spp. and other deposit contaminants in the
culture. Sediments from the sample used in nucleic acid extraction process can
cause low concentration results because these sediments can form large pellets
that interfere with the DNA extraction process?'.

DNA extraction assay is a method used for DNA purification from samples
using physical and/or chemical methods to separate DNA from cell membranes,
proteins, and other cell components'’. The efficiency of DNA extraction protocol is
important to remove any potential inhibitors in the downstream polymerase chain
reaction (PCR) analysis. Removing the inhibitors ensures that the PCR results will
produce an overall representation of the existing microbial community within the
sample'®. Since culture from Leptospira spp. field isolates typically contain high
levels of bacterial diversity, it is necessary to optimize the DNA extraction protocol
so that the cells can be lysed efficiently, and good quality DNA can be obtained for
downstream molecular detection.

In principle, DNA purification consists of 4 steps, lysis, binding, washing,
and elution. The differences in the concentration and purity of the DNA isolates
can be influenced by the type of reagents used in each extraction kit. All buffers in
QIAGEN kits contain guanidine hydrochloride (GuHCI), while most of the buffers
in the Zymo Research contain guanidine tyocyanate (GuSCN). GuHCl is a stronger
protein denaturant and is more commonly used in DNA isolation procedures
compared to GuSCN. The difference between GuSCN and GuHCI lies in their
denaturing abilities, GUSCN has lower denaturing and cell homogenization
capabilities compared to GuHCI. In addition, GuHCI can inactivate DNAse
enzymes to produce intact DNA isolates, decrease enzyme activity found in cells
and increase the solubility of hydrophobic molecules?®. It has been reported that
QIAGEN DNA extraction kit yielded better quality DNA based on several indicators
such as the DNA integrity number median value, DNA fragment length in
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basepairs, median coverage value, and median percentage of positions with
coverage = 30x**.

Table 2. Positive lipL32 gene PCR results from positive Leptospira spp. cultures

Sample QIAGEN Zymo Research PCR
No Source DNA DNA DNA DNA Detection
Concentration Purity Concentration Purity
1 Blood 0.6 1.22 23 1.78 Negative
2 Blood 11 1.94 0.2 1.06 Negative
3 Blood 8.3 1.98 9.1 1.67 Negative
4 Blood 26 2.54 4.0 1.57 Negative
5 Blood 2.0 212 0.6 1.39 Negative
6 Blood 11.7 1.75 6.6* 1.83* Positive
7 Blood 6.3 1.72 7.5 1.36 Negative
8 Urine 6.5 1.59 13.8 1.42 Negative
9 Urine 23.9* 1.89* 26.5 1.93 Positive
10 Urine 42.5 1.87 24.0 1.85 Negative
11 Urine 6.9 1.79 43 1.83 Negative
12 Urine 57.1 1.92 20.4 1.85 Negative
13 Urine 36.1* 1.95* 22.0 1.70 Positive
14 Urine 20.0 1.68 13.8 1.61 Negative

Numbers and letters in bold are to highlight (1) DNA concentration value > 20 pg/mL, (2)
DNA purity value (A260/A280) from 1.8-2.0, and (3) positive PCR results. *marks the PCR-
positive samples.

The variety in DNA concentration and purity in the samples may be
influenced by the ability of the researcher's handling procedures during the
extraction process'. Higher genomic DNA yields are needed for downstream
molecular detection to allow for a more comprehensive reflection of the microbial
community present in the sample, while low genomic DNA yields reflect an
incomplete microbial community contained in the sample'?. The yield DNA
concentration from Leptospira spp. culture may be affected by several factors
including (1) the density of Leptospira spp. within the culture, (2) the presence of
other bacteria such as Coccus, Bacilli, Filamentous, and other Spirochaete, and
(3) the presence of residual extraction reagents in the isolated DNAs. RNA
contamination in the DNA isolates may cause low amplification during the PCR".
Other contaminants such as proteins and organic solvents will also cause
interference with enzyme reactions during the PCR%,

Molecular detection of Leptospira spp.

All positive Leptospira spp. cultures were screened by conventional PCR
using lipL32 as the target gene. PCR results showed that there were three positive
Leptospira spp. samples out of the 14 samples, two from urine samples (no. 9 and
13) which was extracted with QIAGEN kit and one blood sample (no. 6) extracted
with Zymo Research kit (Figure 1). Table 2 showed that positive PCR samples all
have DNA concentration > 20 yg/mL and DNA purity between 1.80-2.00.

QIAGEN

KERKS 1T 2B EN AN S 6 I R8I0 01+ 1213514

—=474bp

9 1011 12 13 14

wWeaRas

Figure 1. Conventional PCR results of positive Leptospira spp. cultures
from 14 samples extracted with both DNA extraction kits. Samples 6, 9, and 13
were found positive by conventional /ipL32 gene PCR
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DNA isolates were used as template for PCR by targeting the lipL32 gene
in Leptospira spp. The lipL32 gene encodes for the lipoproteins that reside under
the surface of Leptospira. lipL32 as major outer membrane protein is also a
virulence factor, and is only present in pathogenic species, thus making it ideal
target for specific detection of pathogenic Leptospira spp. (Leptospira interrogans)
825 Figure 1 showed that only three out of the 14 positive Leptospira spp. culture
were positive for pathogenic Leptospira spp. This result showed that molecular
detection by PCR is needed to confirm the positive microscopic identification of
Leptospira spp. cultures to ensure true identification of pathogenic Leptospira spp.
bacteria in the samples. Previous study had shown that molecular detection of
cultured Leptospira spp. from biological samples is needed to confirm the presence
or absence of pathogenic Leptospira spp.?®. Molecular detection results will provide
more definitive confirmation on the presence of Leptospira spp. in the culture,
particularly in samples with low abundance of Leptospira spp., and to estimate the
probability of a low estimate culture observations in epidemiologic studies with
long-term follow-up.

The low molecular detection rate of positive Leptospira spp. culture can be
associated to the presence of intermediate Leptospira in the culture. According to
Pui et al., intermediate Leptospira is a type of Leptospira whose pathogenicity is
not clearly known?. Intermediate Leptospira has similar characteristics to
pathogenic Leptospira spp. One of the similar properties of intermediate Leptospira
is possessing a lipL32-like protein as shown by Western and Southern blot results,
but does not have a LigA-related gene based on the Southern blot?2°,

The low positive rate of PCR detection may also be associated with the
technical issues related to the nucleic acid amplification process. Not all of the high
DNA vyield (> 20 pg/mL) samples showed positive DNA band on the
electrophoresis, despite having good purity value. This may be caused by the
presence of contaminant RNAs' and/or inhibitor molecules in the samples'*?°,
which may interfere with the amplification process and resulting in low amplification
rate during the PCR.

This is the first study that compared the effectiveness of different DNA
extraction kits for molecular detection of positive Leptospira spp. culture grown
from human samples. Various extraction kits have been used for molecular
detection of Leptospira spp. In previous studies, commercial kits that have been
used to extract Leptospira DNA were from different manufacturers, including
Thermo Fisher Scientific, Norgen's Urine DNA, TRIzol™ Reagent, Roche, Wizard
DNA extraction kit, Promega®, and others’?**°. In samples with large bacterial
abundance, commercial kits are generally recommended for genomic DNA
extraction, although specific type of kits may be needed based on the different
origin of the sample, since different sample type may have different residual
contaminant characteristics that may inhibit the downstream PCR process'®. We
have shown here that both the QIAGEN and Zymo Research DNA extraction kit is
suitable for genomic DNA extraction of positive Leptospira spp. culture grown from
both blood and urine samples. The sample numbers in this study are low, thus
repeat analyses on more samples will be needed to verify the initial findings.
Further, usage of a more sensitive molecular detection method such as
quantitative real-time PCR might be required to improve the detection rate of
pathogenic Leptospira spp. from positive Leptospira spp. culture.

CONCLUSION

Our preliminary study showed that QIAGEN kit yielded extracted genomic
DNA with better concentration and purity from the 14 positive Leptospira spp.
culture. Downstream PCR detection showed that three samples were positive for
lipL32 gene, two urine origin culture samples extracted with QIAGEN kit and one
blood sample extracted with Zymo Research kit. These results showed that both
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DNA extraction kits are suitable to be used for genomic DNA extraction from
positive Leptospira spp. culture for detection of pathogenic Leptospira spp. by
PCR. More samples are needed to confirm our preliminary results.
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