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Abstract Giardia lamblia is one of the most recognized
waterborne protozoan parasites causing gastrointestinal
disease. A simple but effective DNA extraction protocol
for real-time PCR detection from surface water samples
was developed in this study. Eleven protocols were com-
pared, which consisted of freeze—thaw treatments (liquid
N, and boiling water) and purification using the Qiagen
DNeasy kit, together with different combinations of pro-
teinase K, PVP360, GITC and Chelex 100 incubation.
Using concentrated surface water samples spiked with
G. lamblia cysts, the necessary steps for high DNA
recovery were shown to be freeze—thaw, DNeasy purifi-
cation and Chelex 100 incubation. Multiple rounds of
freeze—thaw treatment (five cycles per round) were repor-
ted for the first time in this study to significantly increase
the DNA yield from G. lamblia cysts, from ~20% after
one round of freeze—thaw to 40 and 70% after two and
three-rounds of freeze—thaw, respectively. More than three
rounds of freeze—thaw treatment did not promote additional
DNA recovery. The final protocol included three—three-
rounds of freeze—thaw treatment, DNeasy purification and
Chelex 100 incubation. This method was simpler, more
cost-effective, and had a comparable DNA recovery to
methods involving immunomagnetic separation.
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Introduction

Giardia lamblia (syn. Giardia intestinalis, Giardia duo-
denalis) is a waterborne protozoan parasite that infects the
gastrointestinal tract of humans. It is recognized as one of
the most common pathogens responsible for diarrhea in the
world, with an annual infection of about 2.8 x 10° cases
(Lane and Lloyd 2002). Contaminated source water and
inadequate drinking water treatment are the main reasons
for the reported outbreaks (Rose and Slifko 1999). In
addition, Giardia cysts are more resistant than bacteria to
chlorination, which is the conventional disinfection used in
most water treatment plants (Betancourt and Rose 2004).
To monitor and reduce the human health risk of pathogens
associated with drinking water, it is important to develop a
sensitive and quick method to detect G. lamblia in source
and drinking water.

The immunofluorescence assay (IFA), such as USEPA
method 1623 (2005), is the most widely applied diagnostic
technique to detect G. lamblia from water. However, it has
some shortcomings, in that the method is time-consuming,
costly, and unable to differentiate between closely related
species (Verweij et al. 2003; Wang et al. 2004). For this
reason, molecular approaches, including real-time PCR,
have been developed for Giardia detection. This quanti-
tative PCR method has been tested by many researchers for
the detection of waterborne protozoan parasites, including
Cryptosporidium parvum and G. lamblia (Amar et al. 2003;
Fontaine and Guillot 2002; Guy et al. 2003; Ramirez and
Sreevatsan 2006; Tanriverdi et al. 2002; Verweij et al.
2003, 2004).
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For G. lamblia detection, most real-time PCR testing has
been done using stool samples from infected patients
(Amar et al. 2003; Guy et al. 2004; Verweij et al. 2003,
2004). Because stool samples often contain a high cyst
concentration, cyst purification and DNA extraction using
commercial kits was not difficult. However, DNA extrac-
tion and purification from surface water can be more dif-
ficult. Usually the G. lamblia levels in surface water are
very low, typically below 1 cyst/l. In addition, the com-
position and properties of samples are complex, so that
sample concentration and DNA extraction and purification
become critical steps. Various methods for DNA purifica-
tion from Cryptosporidium have been developed (Fontaine
and Guillot 2003; Hallier-Soulier and Guillot 2003) using
immunomagnetic separation as a pretreatment from the
concentrated water samples, thus preparing almost pure
oocyst preparations of C. parvum before DNA extraction.
Though this protocol could be adopted for G. lamblia
detection, the IMS reagent is expensive, and this added cost
could prevent widespread use of the method. Guy et al.
(2003) and Anceno et al. (2007) developed an IMS free
DNA extraction method for surface and waste water,
however, the focus of this method in their papers was on
wastewater, and the (oo)cysts recoveries of surface water
samples were not provided.

In this study, we compared 11 protocols for direct DNA
extraction of G. lamblia prior to real-time PCR detection.
A protocol combining three-rounds of freeze—thaw treat-
ment (five cycles each round) followed by DNA purifica-
tion was found to be optimal for use in PCR detection.

Materials and methods
Giardia cysts

Giardia lamblia H3 isolate was purchased from Water-
borne Inc. (New Orleans, LA, USA). The live cysts were

Table 1 DNA extraction protocols

stored in phosphate buffered saline (PBS) at 4°C before
they were used.

Surface water sample preparation

Environmental surface water samples (10 1/sample) were
taken from Laurel Creek at the University of Waterloo
campus. During this study, the turbidity of the water varied
from 20 to 30 NTU. Five liter of water was filtered and
concentrated according to EPA method 1623 (2005). First,
the water was filtered through an Envirochek capsule filter
(Pall Corporation) at a speed of 2 1/min. The filter was
then eluted with elution buffer by vigorously shaking at
>450 rpm for 5 min. This elution step was repeated two
times. In total about 250 ml of eluate was collected in two
150 ml conical tubes and centrifuged (Sorvall RC 5B
PLUS, DUPONT) at 10,000 rpm for 10 min. After aspi-
rating the supernatant, the pellet was resuspended in 0.5 ml
PBS and transferred to a 2 ml screw-capped centrifuge
tube. Due to the low concentration of G. lamblia in Laurel
Creek, cysts were spiked into the concentrated surface
water samples so that recovery could be assessed. A 40 pl
aliquot containing 500 G. lamblia cysts was added to the
2 ml tube containing concentrated surface water sample,
and mixed by vortexing for 10-15 s.

DNA extraction and purification protocols

Eleven DNA extraction protocols were investigated suc-
cessively (Table 1). Protocol 10 resulted in the highest
recovery of protozoa, and this method is described as fol-
lows. The concentrated surface water samples suspended in
PBS were treated using five freeze—thaw cycles, with each
cycle consisting of 2 min in liquid N, and 2 min in boiling
water. The sample was then centrifuged at 8,000 rpm for
1 min, and the supernatant transferred to a 3 ml centrifuge
tube. The pellet was then resuspended in 0.5 ml PBS, and
treated using two more rounds of five freeze—thaw cycles

Proteinase K + ATL — freeze—thaw (1 round) — Chelex 100 + PVP 360 — DNeasy purification

Freeze—thaw (2 rounds) — slurry washing — Dneasy purification — Chelex 100

Protocol 1

Protocol 2 Freeze—thaw (1 round) — Chelex 100 + PVP 360 — DNeasy purification
Protocol 3 Chelex 100 — freeze—thaw (1 round) — PVP360 — Dneasy purification
Protocol 4 Chelex 100 — freeze—thaw (1 round) — Dneasy purification

Protocol 5 Freeze—thaw (1 round) — DNeasy purification

Protocol 6 Freeze—thaw (1 round) — Chelex100 — DNeasy purification

Protocol 7 Freeze—thaw (1 round) — DNeasy purification — Chelex 100

Protocol 8

Protocol 9

Protocol 10
Protocol 11

GITC incubation — freeze—thaw (2 rounds) — slurry washing — Dneasy purification — Chelex 100
Freeze—thaw (3 rounds) — Dneasy purification — Chelex 100
Freeze—thaw (3 rounds) — more rounds freeze-thaw — Dneasy purification — Chelex 100
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as described above. The supernatant from each round of
freeze—thaw treatment were pooled, and passed through a
DNeasy mini spin column (Qiagen) using the protocol
described by the manufacturer. The column was washed
with buffers AW1 and AW2, and eluted with two 50 pl
volumes of AE buffer (Qiagen). The final pooled sample
volume was 100 pl.

To further remove PCR inhibitors, the extracted DNA
sample was treated using Chelex 100 (Bio-Rad). A 25 ul
volume of a 1,000 mg/ml Chelex 100 solution (200 mg/ml
final in H>O) was added to the eluted DNA, and the sample
was shaken at 450 rpm for 30 min. The mixture of DNA
and Chelex 100 was transferred into a new DNeasy col-
umn, centrifuged at 12,000 rpm for 2 min, and the final
eluant volume was recorded.

The other DNA extraction methods (Table 1) are
described as follows. All of the methods involved one or
more rounds of freeze—thaw treatment and purification
through a DNeasy spin column, as described above. For
Protocol 1, a pretreatment before the freeze—thaw step was
done by adding 360 pl ATL lysis buffer (Qiagen) and 40 pl
proteinase K to the resuspended pellet and incubating at
55°C for 1 h. In Protocols 1 and 2, a combination of 20%
Chelex 100 and 2% polyvinylpyrrolidone (PVP360)
(Sigma-Aldrich) (final concentrations) were added, and the
sample was incubated at 55°C for 1 h prior to DNeasy
purification. Preparation of the Chelex 100 stock solution is
described above. The PVP360 stock solution (8%) was
made by adding PVP360 to ATL buffer (Qiagen), incu-
bated at 55°C for 10 min and then gently mixed to
dissolve.

In Protocols 3-7, various combinations of Chelex 100
and PVP360 treatments (as described in Protocols 1 and 2)
were conducted before or after the freeze—thaw or DNeasy
purification steps. In Protocols 7-11, the final Chelex 100
step was done as described above in method 10, by passing
the DNA solution containing Chelex through a new
DNeasy spin column.

In Protocol 9, preincubation of the cell pellet in a gua-
nidine thiocyanate (GITC; Sigma-Aldrich) solution was
performed prior to freeze—thaw treatment. GITC (5% in
H,O final concentration) was added to the cell pellet, and
the sample was incubated at 55°C for 1 h. After the first
round of freeze—thaw treatment, the cell pellet was again
resuspended in GITC solution and the second round of

freeze—thaw treatment performed. In Protocols 8 and 9, a
slurry washing step was also performed after two rounds of
freeze—thaw treatment. In this step, the resuspended pellet
(slurry) was directly transferred to the DNeasy column, and
washed as described above.

Protocols 10 and 11 tested the effects of three to five
rounds of freeze—thaw on DNA recovery rates. In Protocols
8-11, the amount of DNA recovered from the cell pellet
was measured after each round of freeze—thaw treatment or
slurry washing treatment.

PCR amplification

PCR primers and the fluorescently labeled probe (Table 2)
were described by Verweij et al. (2003). The primer pair
could amplify a 63 bp fragment of the G. lamblia small
subunit ribosomal RNA gene (Genbank accession number
M54878).

Real-time PCR was carried out using an iCycler Mul-
ticolor Real-time PCR Detection System (Bio-Rad).
Bovine serum albumin (BSA) was added to the mixture to
reduce the effect of amplification inhibitors. Each reaction
(25 pl) contained: 300 nM of each primer; 200 nM of
probe; 10 mM dNTP; 4 mM MgCl,; 1x PCR buffer; 1 U
Jumpstart Tag polymerase (Sigma-Aldrich); 20 ng/ul BSA;
10 ul DNA template. The amplification conditions were 1
cycle at 95°C for 5 min, 50 cycles at 95°C for 15 s, 60°C
for 30 s and 72°C for 30 s. The fluorescent signal was
detected at the end of each amplification cycle.

Each sample was tested in triplicate. A standard DNA
series equivalent to 10,000, 1,000, 100, 10 and 1 cyst(s)
from the pure culture and blank (H,O) controls were
included in every assay. Standard curves and data analysis
were completed using MS Excel 2003.

We evaluated the specificity of the oligonucleotides
using genomic DNA from negative control strains includ-
ing C. hominis (Synthesized DNA fragament, IDT inc.),
C. parvum (Waterborne P102), C. muris (Waterborne
P104), G. muris (Waterborne P105) Acanthamoeba cas-
tellanii (ATCC 30010D) and six bacterial strains including
Aeromonas hydrophila (ATCC 7966), Campylobacter
jejuni (ATCC 33291), Legionella pneumophila (ATCC
33152), Escherichia coli 0157:H7 (ATCC 43895), Salmo-
nella typhimurium (ATCC 13311), and Yersinia entero-
colitica (ATCC 9610).

Table 2 Primer pair and probe

sequence Oligonucleotide Sequence Nucleotide position
Primer-F 5'-GACGGCTCAGGACAACGGTT-3 80-99
Primer-R 5'-TTGCCAGCGGTGTCCG-3’ 142-127
Probe FAM 5'-CCCGCGGCGGTCCCTGCTAG-3’ BHQI 105-124
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Statistical analyses

All statistical analyses were performed by using Excel
2003 (Microsoft, US). When different DNA extraction
protocols were compared, at least three replicates were
used for statistical analyses. The protocols were compared
in a pairwise pattern, where t tests were applied to deter-
mine if one protocol could yield significant higher DNA
extraction than another.

Results

The efficiency of various DNA extraction and purification
protocols for G. lambia was tested. This was done by
comparing the results from two to three protocols in par-
allel, followed by modification and retesting of the various
methods. This process was repeated until the optimal
protocol was found.

The purified DNA was then quantified using a real-time
PCR assay that targets the small subunit ribosomal RNA
gene of G. lamblia (Verweij et al. 2003). In this assay, the
standard DNA series showed a good linear relationship,
usually with a correlation coefficient more than 0.95
(Fig. 1). The specificity of the primer and probes were
tested beforehand and they could only amplify the target
gene specifically.
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Fig. 1 PCR amplification graph (a) and standard curve (b) for an
assay of G. lamblia added to concentrated surface water samples and
processed using Protocol 1 without BSA addition. The G. lamblia
standard DNA series represents tenfold serial dilutions from 1 x 10*
to 1 cyst
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Effects of BSA, proteinase K, PVP360 and Chelex 100

The DNA extraction efficiency of various protocols was
initially tested by adding 500 G. lamblia cysts to a con-
centrated surface water sample. Initially, BSA was not
added to the PCR amplification mixture. It was unexpected
that in this first assay using Protocol 1 (without BSA) there
was no amplification signal (Fig. 1a). After the addition of
20 ng/ul BSA to the PCR amplification mixture, a weak
amplification signal was obtained (Table 3) which suggests
that BSA was effective at suppressing the effects of envi-
ronmental inhibitors in the DNA samples. For this reason,
BSA was used in all the following PCR assays. However,
even with the addition of BSA, the Ct values were still
greater than the lowest value on the standard curve,
resulting in a calculated cyst recovery efficiency of 0%. For
this reason, we tested a variety of other protocols to
improve cyst recovery from concentrated surface water
samples.

Protocols 2-7 all used one round of freeze—thaw (con-
sisting of five freeze—-thaw cycles) and DNeasy purifica-
tion, and different combinations of Chelex 100 and
PVP360 treatment (Table 1). Protocols 2-5 were first
compared (Fig. 2a). Protocol 2 and 3, which included
PVP360, had the lowest DNA recovery of about 2%.
Protocol 4, which included Chelex 100 but not PVP360
treatment, resulted in an increased recovery of 9.7 &+ 0.5%.
However, the highest recovery occurred in Protocol 5
(35.6 £ 5.4%) in which both the Chelex 100 and PVP360
treatment steps were removed. Protocol 5 was the simplest,
only freeze-thaw and DNeasy purification was included.
The results suggest that when PVP360 and Chelex100 were
mixed with the concentrated sample directly, they actually
had no promotion on DNA recovery efficiency in our
study.

Based on the above results, we next tested the addition
of Chelex100 after the freeze—thaw step (Protocol 6), or
after DNeasy purification (Protocol 7). A comparison of
Protocol 5, 6 and 7 resulted in recoveries of 23.4 £+ 5.2,
19.5 £ 4.1 and 29.6 + 7.8%, respectively (Fig. 2b), which
suggested Protocol 7 was the most effective among them.
When Protocol 7 was compared with Protocol 5 and 6
again, protocol 7 again showed the highest DNA recovery
from G. lamblia (Fig. 2c, d).

Table 3 Effect of BSA on PCR amplification of G. lamblia DNA
extracted from concentrated surface water samples using Protocol 1

Sample Ct value

Without BSA With BSA
1 N/A 383+ 0.5
1I N/A 392+ 04
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To improve cyst lysis, we tested an increased number of
freeze—thaw cycles. Protocols 1-7 used five freeze—thaw
cycles, and we tested DNA recovery following up to eight
freeze—thaw cycles, but this showed no promotion in DNA
recovery (data not shown). However, when we tested
multiple rounds (five cycles each round) of freeze—thaw
treatment (Protocol 8-11), we did obtain an increase in
DNA recovery. In these protocols, two to five rounds of
freeze—thaw were applied, and the DNA recovery for each
round was assessed separately, and then added to get the
total recovery. In Protocols 8, 9 and 10 (Figs. 3, 4), the first
round freeze—thaw could obtain an average DNA recovery
of 17.5 &+ 8.8%, and the second round obtained an addi-
tional 24.6 &+ 7.9%. Therefore, the sum of the two rounds
reached 42.0 £ 16.6%. These results suggest that after one
round of five cycles of liquid N,—boiling water freeze—
thaw, there were still many cysts that remained intact in the
concentrated surface water pellet. More rounds of freeze—
thaw were an effective approach to obtain more DNA from
the mixture.

Since Protocols 8 and 9 proved that two rounds of
freeze—thaw could effectively increase DNA extraction
efficiency, we then tested the effect of additional rounds to
explore the potential of this method. Figure 4 shows the
results of four different trials of the three round freeze—
thaw method (Protocol 10), and results show that the third
round could still increase the overall recovery by an
average of 23.8 £ 12.4%, resulting in a total average
recovery of 72.5 &+ 30.6%. However, when more freeze—
thaw rounds were tested, an increase in DNA recovery was
not detected (Fig. 5). These results show that three rounds
of freeze—thaw treatment were sufficient for optimal DNA
recovery from G. lamblia cysts in this study.

Recovery (%)
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0 P8 P8 P9 P9

Fig. 3 Cumulative DNA recoveries of G. lamblia cysts using
Protocols 8 and 9, including two rounds of freeze—thaw (F-T) and
a slurry washing step
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Fig. 4 Cumulative DNA recoveries of G. lamblia cysts using
Protocol 10, including one to three rounds of freeze—thaw (F-T)

Recovery (%)

Effects of direct slurry washing and GITC

In both Protocol 8 and 9, after the second round freeze—
thaw, the concentrated surface water sample (slurry) left in
the centrifuge tube was resuspended and directly applied
and processed through a DNeasy column for purification
without freeze—thaw. This step was taken in order to
investigate if any DNA attached to the particulates and
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Fig. 5 Cumulative DNA recoveries of G. lamblia cysts using
Protocol 11, including one to five rounds of freeze—thaw (F-T)

would be detached through the purification process. How-
ever, this step was not effective at improving DNA
recoveries.

Protocol 9 also used a GITC treatment, which is often
applied to lyse cells in RNA or DNA extraction, to resus-
pend the concentrated pellet before freeze—thaw treatment.
The average DNA recovery of this protocol was 15.4 £
19.0% from each round of freeze—thaw, which was some
lower and fluctuated more than that of Protocol 8
(19.6 £ 17.0%). This result suggested that additional
GITC treatment had no promotion in the DNA extraction
of Giardia.

Comparison of the DNA extraction efficiencies of the
protocols

DNA extraction efficiencies were compared in a pairwise
pattern using t test. From the results in Fig. 2a, P2, 3, 4
could be compared with PS5, respectively. While, P5, 6
were compared with P7, respectively, based on Fig. 2b, c,
d. P7 and P8, P8 and P9, P8 and P10, P10 and P11 could
also be compared with the results from Figs. 3, 4 and 5,
respectively. All of the comparison showed statistically
significant difference (P < 0.01), except for P10 and P11.
This step-by-step development and modification of the
protocols through comparison showed that P10 and P11
had the highest DNA extraction efficiency. However, five
rounds of free-thaw treatment made P11 more laborious
and time-consuming. So P10 with three rounds were the
optimal one and should be used in the future.

Discussion

DNA extraction and inhibitor removal can have a great
impact on successful target gene amplification, and are
critical steps in PCR. This is particularly important in
detecting protozoan pathogens in surface water, due to the
low concentration of target organisms and the large
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volumes of water that must be concentrated for detection.
Various protocols have been developed to achieve a high
DNA recovery from Giardia cysts. Based in a review of the
literature, we selected several steps to test in this study. The
freeze—thaw method was chosen because results in the
literature showed that it was effective for obtaining effi-
cient cyst lysis (Guy et al. 2004; Lane and Lloyd 2002;
Ramirez and Sreevatsan 2006; Tanriverdi et al. 2002;). The
violent temperature change from liquid N, to boiling water
has proven to be the most effective method to break the
hard (oo)cyst wall. In addition, we used DNeasy purifica-
tion in all the procedures tested. Our previous work
(unpublished data) has shown that it is useful in purifying
DNA from Giardia before real-time PCR protocols,
resulting in a lower Ct value and stronger amplification
signal. Additional treatments used in other studies (Alberti
and Fornaro 1990; Kotlowski et al. 2004) have included
proteinase K as a cell lysis agent, Chelex 100 and PVP360
to reduce the PCR inhibitors, and GITC to enhance cell
lysis and stabilize extracted DNA.

Our results differed from those of others (Amar et al.
2003; Anceno et al. 2007; Chung et al. 1998; Guy et al.
2003) in that proteinase K, PVP360 and Chelex 100
exhibited no promotion in DNA extraction and detection
efficiency (Protocols 1-6) when added before DNA puri-
fication using resin columns. This may be attributed to the
complex nature of materials present in environmental
samples such as surface waters. When water samples are
concentrated, not only microbial cells but also inorganic
particulates, colloidal materials including humic sub-
stances, and other inorganic and organic material were
retained by the filters. The physical and chemical proper-
ties of these materials can vary greatly. For example, the
largest particulates could have a diameter in the scale of
mm, and the smallest organic matter might have a molec-
ular weight of <100, the colloidal materials may contain
different electric charges, the humic substances (which are
an extremely heterogeneous supramolecular system, pos-
sessing both aromatic and aliphatic characteristics) can act
as chelator and detergent. Therefore, the complicated
electrochemical and colloidal chemical characteristics and
the possible physical processes such as interception may
prevent PVP360 and Chelex 100 from effectively removing
PCR inhibitors from different types of environmental
samples. Furthermore, the concentrated slurry from the
surface water samples might contain too many inhibitors to
be effectively removed by Chelex and PVP360 if they are
used before the resin column purification step. We also
found that proteinase K and GITC did not show improved
DNA recovery from either pure cultures or environmental
samples.

When added to the DNA solution after DNeasy column
purification, Chelex 100 could increase DNA recovery
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(Fig. 2b, c¢). The addition of BSA to the PCR reaction
mixture could also remove PCR inhibitors, and this has
been shown in numerous other studies (Anceno et al. 2007;
Guy et al. 2004; Ghosh et al. 2000). Both of these results
are evidence of the strong inhibition caused by compounds
that remain present in the DNA extracted from concen-
trated surface water samples. In our final procedure, Chelex
100 chelation was the last step, and the mixture including
the resin particles were transferred to the column for
spinning together, thus preventing a loss of DNA.

The use of multiple rounds of freeze—thaw treatment
was shown to be a critical factor in recovering high
amounts of DNA from G. lamblia added to concentrated
surface water samples. In other studies, only one round of
three to five cycles of freeze—thaw was applied to obtain
acceptable DNA recoveries (Anceno et al. 2007; Guy et al.
2003). However, in this study we found that a second and
third round of freeze—thaw treatment substantially
increased DNA recoveries. This suggests the large amount
of particulate material in the slurry pellet might hinder cyst
lysis and protect intact cysts from the effects of the freeze—
thaw treatment. These protected cysts may then be more
susceptible to cell lysis following removal of the super-
natant after each round of treatment. Based on a general
understanding of reaction kinetics, the release of DNA
during freeze—thaw would approach a steady and saturated
state in the first several cycles, so increasing the cycle
number was not practical. However, by removing the
released DNA and breaking the reaction balance, the
addition of new solvent, through a new round of freeze—
thaw, would re-establish the DNA mass transfer drive. In
addition, the removal of humic substances after each
freeze—thaw round would have reduced the amount of
inhibitors remaining in the pellet, which was clearly
observed by the reduction in color of the supernatant after
each round of freeze—thaw. Removal of this humic material
may have resulted in decreased protection from the effects
of freeze—thaw lysis in subsequent rounds of treatment.
This was the probable reason that the additional DNA
recovery from the second and third freeze—-thaw rounds
were similar to those from the first round.

Immunomagnetic separation could be applied as a first
step in the purification of G. lamblia cysts, to remove PCR
inhibitors prior to cell lysis. Hu et al. (2004) have reported
a cyst recovery of 89.0 £ 4.7% using IMS and fluorescent
assay (FA). Our tests also showed a DNA recovery of
around 100% using IMS and real-time PCR. However, the
commercial IMS reagent kit is very expensive, and would
add a significant cost per sample. In contrast, the treatment
reagents used in our method, including liquid N, and the
DNA column purification kit, have a much lower cost.
Because of the efficient DNA recovery and PCR detection
that could be obtained using our method, the cost savings is

a significant reason for the application of the method
developed in this study.

Conclusions

A new protocol using the combination of a multiple rounds
of freeze—-thaw, DNeasy column and Chelex 100 purifica-
tion was shown to be effective for direct DNA extraction
and preparation of G. lamblia for real-time PCR detection
from surface water. To our knowledge, this is the first
description for the application of a multiple-round freeze—
thaw treatment for DNA extraction from protozoa. Though
very simple, its effectiveness for efficient detection of
G. lamblia from surface water is evident. The low reagent
costs are of benefit when compared with protocols that
require IMS as part of the DNA extraction procedure. Since
G. lamblia is one of the most common threats for human
health resulting from water, the future application of this
protocol would contribute to the sensitive detection of this
pathogen. In addition, it may also prove useful in the
molecular detection of C. parvum and other protozoan
pathogens.
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