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ABSTRACT: In recent years, there has been a dramatic increase in the occurrence of waterborne disease outbreaks
caused by the Cryptosporidium parvum, and presence of this protozoan parasite in drinking water is a significant health
problem faced by the water industry.  A new strategy for detection of Cryptosporidium oocysts in water samples is
PCR– based techniques. In this study a nested– PCR assay was designed for the specific amplification of a 199 bp DNA
fragment of the gene encoding the heat shock protein (hsp70) of Cryptosporidium parvum oocysts. In order to prevent
the inhibition of PCR amplification by substances contained in water samples, three DNA purification methods including
QIAamp DNA mini kit, InstaGene Matrix, MagExtractor – Genome were compared in concentrates of tap water samples
spiked with the oocysts. After it was found that the QIAamp is only efficient purification technique, the efficiency of
QIAamp and immunomagnetic separation for nested–PCR assay of various water samples was compared. The results
show that QIAamp provide a useful and rapid tool for removing of PCR inhibitors. It seems that QIAamp purification-
nested PCR assay is a sensitive, rapid and cost effective method for detection of Cryptosporidium parvum oocysts in
clean water samples with turbidity < 2 nephelometric turbidity unit (NTU).
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INTRODUCTION
The protozoan parasite Cryptosporidium parvum

has recently been recognized as an important cause of
waterborne gastrointestinal disease worldwide (Fayer,
et al., 2000; Sturbaum, et al., 2002). The organism can
cause self-limited diarrhea in immunocompetent hosts
and chronic, life threatening diarrhea in
immunocompromised individuals, such as patients
receiving immunosuppressive therapy and those
suffered from acquired immunodeficiency syndrome
(AIDS) (Fayer and Ungar, 1986).

The widespread occurrence of Cryptosporidium
oocysts in surface waters (LeChevallier and Norton,
1995; LeChevallier, et al., 1991; Lisle and Rose, 1995),
the low dosage required for infection (Dupont, et al.,
1995) and their resistance to the normal chlorine
disinfection level used in water treatment plants
(Korich, et al., 1990) has become a major concern for
water  industry and increased the need for

understanding occurrence and distribution of the
parasite in drinking and environmental waters.
Therefore effective monitoring methods required for
detection of Cryptosporidium oocysts in water
samples. The immunofluorescence assay (IFA) which
is widely used for detection of Cryptosporidium
oocysts in water samples has many limitations
(LeChevallier, et al., 2003). Considerable effort is being
made worldwide to improve detection methodologies
through the application of techniques such as flow
cytometry (Vesey, et al., 1994) ELISA (De La Cruz and
Sivaganesan, 1994) and PCR (Johnson, et al., 1995;
Kozwich, et al., 2000; Mayer and Palmer, 1996; Rochelle,
et al., 1997a). PCR in particular is a rapid, sensitive and
pathogen specific (Kauncer and Stinear, 1998; Rochelle,
et al., 1997a) procedure that can overcome the
limitations of other methods. PCR amplification enabled
detection of one Cryptosporidium oocyst in purified
samples, but the method faces some limitations in
testing of water samples due to presence of PCR
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inhibitors such as humic acids (Johnson, et al., 1995;
Lowery, et al., 2000; Rochelle, et al., 1997a). Attempts
have been made to overcome this problem by
purification of extracted nucleic acids by spin column
(Rochelle, et al., 1997b), addition of compounds to
amplification reaction mixtures to overcome inhibition
(Rochelle, et al., 1997a), hybridization to specific probes
(Awad-el-Kariem, et al., 1994; Carraway, et al., 1996)
and immunomagnetic separation (IMS) of target
microbial pathogens before DNA extraction (Deng, et
al., 1997; Griffin and Rose, 1995; Hallier-Soulier and
Guillot, 1999). In the present study firstly we evaluate
efficiency of three DNA purification methods including
QIAamp DNA mini kit, Instagene Matrix and
MagExtractor  Genome for  detection of
Cryptosporidium parvum oocysts spiked in packed
pellet concentrates of tap water by a nested-PCR assay.
We compared IMS– nested PCR and QIAamp–nested
PCR for detection of low numbers of C.Parvum oocysts
seeded in various concentrated water samples.

MATERIALS AND METHODS
C.Parvum oocysts stock: Cryptosporidium parvum

oocysts were obtained as purified and enumerated form
from National Institute of Infectious Diseases (NIID,
Tokyo, Japan). Different oocyst densities were prepared
by dilution in sterile deionized water. Nested-PCR
sensitivity evaluation: sensitivity of nested-PCR was
tested with different numbers of purified C. Parvum
oocysts. Spiking of test water samples: in order to
evaluate the performance of the purification methods,
packed pellets of tap water samples (50 L) spiked with
100 Cryptosporidium oocysts in triplicate for each
method. Packed pellets of water samples were obtained
by filtering of water through a 142 mm diameter cellulose
nitrate membrane filter (Millipore) with a pore size of
1.2 µm. After filtration, the membrane was carefully
rinsed with phosphate buffered saline (PBS) containing
0.02 % sodium dodecyle sulfate (SDS) and tween 80
and centrifuged for 15 min at 3000 rpm to produce
packed pellet. Extraction of nucleic acid: DNA was
extracted from purified oocysts by eight cycles of
freezing in liquid nitrogen for 1 min, followed by thawing
at 98 ºC for 1 min.

DNA extraction and purification of spiked
concentrates:

Instagen Matrix (Bio-Rad): DNA was released in the
presence of Instagen Matrix by eight cycles of freezing

and thawing. DNA was then removed by centrifugation
for 3 min at 12000 rpm and used directly in PCR reaction.

MagExtractor – Genome (Toyobo): according to the
manufacturer’s protocol 750 µL lysis buffer and 40 µL
of magnetic beads were added to pellets containing
oocysts. After eight cycles of freeze and thaw, DNA
purification was performed as outlined by the
manufacture.

QIAamp DNA min kit (QIAgen K.K., Japan): DNA
was extracted and purified from spiked concentrates of
water samples by using a QIAamp DNA min kit
according to the manufacturer’s instruction with some
modifications including eight cycles of freeze and thaw
after incubation at 56 ºC and rapid centrifugation before
purification of DNA by spin columns.

PCR: A nested–PCR was performed to detect
Cryptosporidium oocysts. PCR primers (CPHSP2)
which amplified a 361 bp fragment of C. parvum heat
shock protein gene (hsp70) were reported previously
by Rochelle, et al. (1997b). Nested primers NesCPHF
(5µ- TGGTGGTGTTATGACCAAGC) and NesCPHR
(5µ-TGGTACACCTCTTGGTGCT G) which amplified a
199 bp product within the first amplicon were designed
using DNASIS software (Hitachi software, Japan). The
reaction was carried out on a PCR thermal cycler
(Takara, Japan) in 200 µL PCR tubes containing 30 µL
of reaction mixture and 20µL of template. The primary
PCR contained 100 µM dNTP, 300 nM each forward
and reverse CPHSP2 primers, 2.5 µLof bovine serum
albumin (10 mg/mL, sigma), 1× PCR buffer, 1.25 unit of
taq polymerase. The nested PCR amplified 1 µL of the
primary PCR product. The secondary PCR components
were the same as the primary PCR with the exception of
nested primers and concentration of dNTP (20 µM).
Bovine serum albumin also was not included in the
reaction mixture.

The following thermal protocol was used: primary
PCR consisted of an initial denaturation at 95 ºC for 5
min; 35 cycles of 94 ºC for 1 min, 55 ºC for 2 min and 72
ºC for 1 min and final extension at  72 ºC for 10 min. The
nested PCR amplification parameters were 5 min at 94
ºC, 30 s at 94 ºC, 45 s at 58 ºC, and 30 s at 72 ºC for 30
cycles; and finally 10 min at 72 ºC.
Positive and negative controls were run with every
PCR set. Detection of amplified PCR products: The PCR
product was analyzed by electrophoresis in a 1.6%
ogarose gel and was visualized with a image master
VDS system (Pharmacia, Biotech) after staining with
etidium bromide (0.5 µg/mL).
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Comparison between QIAamp–nested PCR and
IMS–nested PCR: replicate tubes containing different
water sample concentrates which spiked with
C.Parvum oocysts were processed by both QIAamp–
nested PCR and immunomagnetic separation (IMS)-
nested PCR. The turbidity of water samples was
determined with a spectrophotometer (BEKMAN DU
650). Immunomagnetic separation: spiked concentrates
of water samples were subjected to IMS as outlined by
manufacture and then purified oocycts subjected to
the DNA extraction by eight cycles of freeze and thaw.
Negative control in which oocyst or DNA was replaced
with sterile distilled water were included in the spiking
step and in the PCR amplification.

RESULTS
Nested – PCR assay sensitivity: to determine the

sensitivity of newly designed nested–PCR primer set
described in this study, dilution of C. Parvum oocysts
were prepared and nested–PCR was performed. Fig. 1
a shows that with CPHSP primers, oocyst dilutions
were detected at a level of approximately 102 oocysts,
but using nested -PCR it can detect as few as one
oocyst (Fig. 1b). Efficiency of purification methods:
nested–PCR amplification of the DNA purified by
QIAamp from the tap water concentrates seeded with
102 Cryptosporidium oocysts generated a 199 bp DNA
fragment. However when other DNA purification
methods were used with the tap water concentrates,
which were seeded similarly with Cryptosporidium
oocysts, the target gene failed to amplify.

These results suggest that other DNA purification
procedures except QIAamp may not yield enough pure

DNA to support PCR amplification for detection of
Cryptosporidium oocysts in tap water.

Limit of detection of QIAamp-nested PCR: To
demonstrate the sensitivity of the method, the limit of
the detection when QIAamp used as DNA purification
procedure was determined by spiking of tap water
concentrates with 10, 5 and 1 oocyst. Fig. 2 shows that
nested–PCR could amplify as few as one oocyst spiked
in packed pellet concentrates of 50 liters tap water.
Comparison of IMS–nested PCR and QIAamp–nested
PCR: A comparative study between the IMS-nested
PCR assay and QIAamp-nested PCR was carried out
on spiked concentrates of treated and untreated water
samples. The results are summarized in table 1. These
results show that our extraction purification method is
compatible with low turbidity environmental water
samples and the discrepancy between the two methods
is related to environmental water samples with
turbidities higher than 2 NTU.

DISCUSSION AND CONCLUSION
A common problem in PCR amplification of DNA

extracted from environmental samples is inhibition by
humic type materials that co-extract with DNA
(Kozwich, et al., 2000; Mahbubani, et al., 1998).
Techniques used specifically to relieve the inhibition
and enhance PCR detection of Cryptosporidium
oocysts include flow cytometry and immunomagnetic
separation of oocysts from water samples prior to PCR
(Johnson et al., 1995), and spin column purification of
extracted DNA (Rochelle, et al., 1997b).

 Fig. 1a: Sensitivity of the PCR assay for detection of C. parvum oocysts as determined by agarose gel electrophoresis.
M: 100 bp ladder, Lane 1: positive control, Lane 2: 104 oocysts, Lane 3: 103 oocysts, Lane 4: 102 oocysts, Lane 5: 10

oocysts, Lane 6: 5 oocysts, Lane 7: 1 oocyst, Lane 8: negative control. b: Sensitivity of the nested- PCR assay.  Lane 1:
positive control, Lane 2: 10 oocysts, Lane 3: 5 oocysts, Lane 4: 1 oocyst, Lane 5: negative control.

(a) (b)
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Magnetic beads with attached oligonucleotides also
have been used to isolate specific target nucleic acid
(Kauncer and Stinear, 1998; Stinear, et al., 1996). In this
study we used a nested–PCR assay which further
enhances the sensitivity of PCR for detection of C.
Parvum oocysts. Nested PCR has been used with
various degrees of success to increase the sensitivity
of detection, particularly for genes with one or a small
number of copies (Inglis and Kalischuk, 2003). The
nested-PCR method also was able to detect low numbers
of C. parvum oocysts spiked into tap water
concentrates. QIAamp DNA mini kit overcame potential
nested–PCR inhibition and proved to be an efficient
DNA purification procedure for tap water samples.

Although immunomagnetic separation (IMS) is now
more commonly used and many researches have been
used the method along with PCR for detection of
Cryptosporidium oocysts in environmental samples
(Hallier-Soulier and Guillot, 1996; Hallier-Soulier and
Guillot, 2000; Rimhanen-finne, et al., 2001; Sturbaum,
et al., 2002; Xiao, et al., 2001), but the procedure
selectively separate the Cryptosporidium oocysts.
However it would be advantageous to perform parallel
detection assay for multiple pathogen on a single
sample. This can be accomplished by extraction of total
DNA from a concentrated water sample without
selective separation (Rochelle, et al., 1997b). QIAamp
has the advantage that will not selectively target the

Table 1: Comparison of results obtained by QIAamp-nested PCR and IMS-nested PCR for detection of C. Parvum oocysts in
various water samples

nested PCR detection Sample Turbidity Volume Analyzed No. of seeded oocysts Replicate QIA amp IMS 
*Tap water <1 10-60 L 0 6 - ** 

  " 1 6 + ** 
  " 5 6 + + 
  " 10 6 + + 
  " 100 3 + ** 

River water 1.5 20 0 1 - - 
   5  + + 

River water 3.3 20 0 1 - - 
   5  - - 

River water 2.5 20 0 1 - - 
   5  - - 

River water 3.5 30 0 1 - - 
   5  - + 
   10  - + 

River water 1.7 20 0 1 - - 
   5  + + 

River water 2 20 0 1 - - 
   5  + + 

Stream water 1.9 15 0 1 - ** 
   5  + ** 
   10  + ** 

 *For IMS one replicate, **IMS not performed

Fig. 2: Sensitivity of nested-PCR assay for detection of C. parvum oocysts spiked into packed pellet concentrates from
50 liters tap water samples after purification of DNA by QIAamp. M: 100 bp ladder, Lane 1: positive control, Lane 2: 10

oocysts, Lane 3: 5 oocysts, Lane 4: 1 oocyst, Lane 5: negative control without oocyst,
Lane 6: negative control without DNA



M., Nikaeen, K. Makimura

245

Int. J. Environ. Sci. Tech., 4 (2): 241-246, 2007

DNA of any one organism and therefore potentially
could be used for purification of DNA in detection of
organisms in water samples by PCR.

As indicated by the results of this study, there is a
discrepancy between the two methods. The
discrepancy was due to the samples with turbidities
higher than 2 NTU. Samples of this nature may be
expected to contain higher level of debris and PCR
inhibitors that might bind DNA immediately upon
release from the target microbial cells. Moreover
nested–PCR amplification of the two samples failed
when IMS was used. The higher level of algae in these
samples, take as a guide to the level of humic acid, may
explain the failure. Lowery et al. (2000) indicated that
the sensitivity of IMS– PCR for environmental water
samples with turbidity between 2.5 and 5% ppv. is 100
fold lower than water samples with turbidity below 2.5%
ppv.

In conclusion QIAamp DNA mini kit is a suitable
procedure for purification of DNA in water samples
with low turbidity (<2 NTU) especially tap water
samples. The advantages of the method include
reducing process time, expense and using the method
for detection of any kind of microorganism by PCR -
based methods.
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