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A New Duplex Reverse Transcription PCR for Simultaneous Detection of
Viable Cryptosporidium parvum Oocysts and Giardia duodenalis Cysts

SEHEE NAM AND GYUCHEOL LEE?

Water Analysis and Research Center, K-water, Daejeon 306-711, Republic of Korea

Objective To simultaneously detect viable Cryptosporidium parvum oocysts and Giardia duodenalis cysts for the
purpose of reducing time and cost spent. Methods A duplex reverse transcription polymerase chain reaction (RT-PCR)
method was newly developed. Results Using duplex RT-PCR method for the hsp70 gene, viable (0o)cyst concentrations of
10" and 10° (0o)cysts/100 pL could be detected for C. parvum and G. duodenalis, respectively. However, after heat-shock
stimulation the expression of hsp70 mRNAs was detectable at 10°and 10 (00)cysts/100 uL concentrations of C. parvum and G.
duodenalis, respectively. Thus, the detection sensitivity was significantly increased when the viable (00)cysts were exposed to
heat shock. Conclusion This study describes a new duplex RT-PCR method for hsp70 gene to detect the viable (oo)cysts of
the C. parvum and G. duodenalis with less time consumed and at a lower cost. This newly developed duplex RT-PCR method
may be used to detect these parasites not only in aquatic environments but also in clinical samples.
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INTRODUCTION

Cryptosporidium parvum and Giardia duodenalis
are respective causative agents for cryptosporidiosis
and giardiasis. They are well known waterborne
protozoan parasites that are transmitted via fecal-oral
routes 2. The (oo)cysts of these organisms have
durable and thick cell walls providing resistance
against various types of environmental stress. For
example, resistance against the chlorination process
in water treatment plants has been reported™, and
these organisms have the ability to maintain their
vitality for several months.

In an outbreak caused by C. parvum at
Milwaukee, Wisconsin, USA in 1993, over 400 000
people were infected resulting in more than 100
deaths™. In 1996, a massive outbreak of
cryptosporidiosis due to the contamination of
water occurred in Saitama Prefecture, Japan'. In
South Korea, although no massive outbreaks
caused by C. parvum or G. duodenalis have been
reported, studies on the detection and surveillance
of these parasites in aquatic environments have
been conducted® .

Since C. parvum and G. duodenalis exist in
aquatic environments at very low concentrations,

detection methods with very high sensitivity are
required. Currently, the United States Environmental
Protection Agency (US-EPA) method 1 623 is used
for this purpose!®. However, this method has several
shortcomings: it is time-consuming, unable to
discriminate between viable and dead (oo)cysts, and
inconsistent results may be obtained by researchers
with different levels of experience. To overcome
these limitations, molecular based techniques, such as
polymerase chain reaction (PCR) and real-time PCR,
have been developed. Several reports demonstrated
excellent sensitivity and specificity of these
molecular based methods in analyzing environmental
samples®*®. However, neither PCR nor reverse
transcription (RT)-PCR is able to verify the viability
of detected (oo)cysts. In an attempt to address this
issue, Gobet et al. (2001) and other researchers
developed hsp70 RT-PCR as a tool to discriminate
between viable and dead oocysts of C. parvum**¢ |
and RT-PCR method to detect hsp70 mRNA of G.
duodenalis was developed by Lee et al. (unpublished
data). However, performing separate RT-PCR assays
in order to detect each protozoan will be more time
consuming and expensive. Hence, this study proposes
a duplex RT-PCR method to simultaneously detect
viable (oo)cysts of both C. parvum and G
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duodenalis.

MATERIALS AND METHODS

Preparation and Identification of the (Oo)cysts

The (oo)cysts of C. parvum and of G. duodenalis
were purchased from Waterborne Inc. (New Orleans,
LA, USA). The (oo)cysts were inactivated by heating
at 150 ‘C for 15 minutes™™. The identification
process of the (0o)cysts was established as follows.
The samples containing (oo)cysts were dried on a
well slide and fixed using 100% methyl alcohol.
Then, an immunofluorescence assay kit (Aqua-glo
G/C, Waterborne Inc.) was used to stain the nuclei of
the (oo)cysts through a fluorescence dyeing
process using 4', 6-diamidino-2-phenylindole (Sigma
Chemical Co., St. Louis, MO, USA). The verification
of the (oo)cysts was performed using the
immunofluorescence assay (exciter filter, 450-490 nm;
dichroic beam-splitting mirror, 510 nm; and barrier or
suppression filter, 515-520 nm), nucleus dyeing test
(exciter filter, 340-380 nm; dichroic beam-splitting
mirror, 400 nm; and barrier or suppression filter, 420
nm), and differential interference contrast observation
using a fluorescence microscope (Eclipse EB800,
Nikon, Japan) with at least 400 magnifications.

RNA Extraction

For the extraction of the mRNAs of the C.
parvum oocysts and G. duodenalis cysts, Dynabeads
mRNA DIRECTTM kit (Dynal Biotech, Oslo,
Norway) was used. Serial 1:10 dilutions of the
(oo)cysts were prepared to obtain concentrations of
10° to 10* (0o)cysts/100 pL of phosphate buffered
saline (PBS) solution. The number of (oo)cysts in
each dilution were counted three times to ensure the
accuracy of dilution steps. When necessary, a heat
shock was applied in order to induce the transcription
of hsp70 mRNA in the (0o0)cysts, where samples were
subjected to 42 ‘C for 20 min. After adding 200 puL
of lysis/binding buffer solution (Dynal Biotech) into
each (oo)cyst suspension, they were frozen in liquid
nitrogen for 1 min and then thawed in a water bath at
65 ‘C for 1 min. Then, the process was repeated six

times. After adding 20 puL of Dynabeads oligo
(dT)*-bead (Dynal Biotech), a reaction took place at
30 ‘C over 30 min in a mixer (Sample Mixer,
MXICI model, Dynal Biotech), and magnetic
particles bound with a nucleic acid were separated
using a magnetic particle concentrator. After
completion of these processes, samples were washed
using the washing buffers A and B, which were also
included in the kit. Then, mMRNAs were separated
from the magnetic body through a reaction at 80 C
for 2 min with a 50 pL of ice-cold 10 mmol/L
Tris-HCI solution. After the complete removal of
DNAs through the treatment of separated mRNAS
with 0.01 U/uL DNase I (ABgene, Epsom, UK), it
was used as a template for an RT reaction.

RT-PCR

For the RT reaction, a Sensiscript RT kit (Qiagen,
Hilden, Germany) was used. The mRNA templates
were mixed with the following: 2 pL of 10x RT
buffer, 1 pL of reverse transcriptase, 2 puL of PCR
primers (10 pmol/uL), 1 puL of 10 U RNase inhibitor,
and 2 pL of ANTP mixture to obtain a final volume of
20 pL, which was adjusted using RNase-free water
(Qiagen). Table 1 shows the list of each primer used
in the RT-PCR and duplex RT-PCR. Following the
completion of RT reaction at 37 ‘C for 60 min, a
PCR process was conducted using the synthesized
cDNA as a template by mixing 3 pL of the hsp70
cDNA, 2 pL from each of PCR primers (10 pmol/uL),
10 pL of 2x Taq DNA polymerase premixture (Taq
DNA polymerase 0.1 unit/uL, dATP, dGTP, dCTP,
and dTTP for each of 0.5 mmol/L and 4 mmol/L
MgCly), and 3 pL of nuclease free water (Ambion,
Austin, TX). The final volume was adjusted to 20 pL.
Then, it was denaturalized at 94 C for 1 min,
extended at 72 ‘C for 1 min, and annealed at 51 C
for 1 min from the completion of the reaction process
at 94 ‘C for 5 min. This process was repeated 40
times, and then it was reacted at 72 C for 7 min.
For this process, a GeneAmp PCR System 9 700
(Applied Biosystems, Foster City, CA) was used as a
PCR device.

TABLE 1

Primers Used for hsp70 RT-PCR and Duplex RT-PCR

Primers Sequences (5'-3") Size (bp) Target Region References
F AAATGGTGAGCAATCCTCTG
C. parvum 361 hsp70 Rochelle et al.[*"!
R CTTGCTGCTCTTACCAGTAC
F GTTTAAGAAGAAGCACGGGA
G. duedenalis 148 hsp70 Newly designed for this study
R GAAGTCTATGCCCTCGAAAA
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RESULTS AND DISCUSSION

C. parvum and G. duodenalis are transmitted via
fecal-oral route as important causative agents for
waterborne outbreaks*®l. Currently, in addition to
the US-EPA 1 623 method, molecular based
methods such as PCR are used for the detection of
these protozoan parasites®. However, microscopic
and molecular based methods are unable to
discriminate between viable and dead (oo)cysts,
representing a major disadvantage. In order to verify
the viability of (oo)cysts, additional assessments
such as experiments using animal models™®?! in
vitro excystation®®! and dye exclusion assay®®” are
required. Albeit various techniques have been
developed to detect the viable (00)cysts™*62321 it
is necessary to simultaneously detect the two
pathogens rather than separate detection of each
individual pathogen. Such an approach would
reduce the time needed for analysis and decrease the
cost. Considering this unmet need, we developed a
duplex RT-PCR method which is able to detect the
two pathogens in one tube.

First, it was investigated whether the monoplex
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hsp70 RT-PCR method developed by Rochelle et
al.®® for C. parvum and the monoplex hsp70
RT-PCR method by Lee et al. for G. duodenalis can
detect the mRNAs of the hsp70 transcribed by their
viable (oo)cysts. Ten-fold serial dilutions of the
viable and dead (oo)cysts were carried out to obtain
concentrations ranging between 10° and 10
(0oo)cysts/100 pL of PBS solution and then some
(oo)cysts were treated by heat shock at 45 ‘C for 20
minutes, whereas others were not exposed to heat.
hsp70 mRNAs of dead (0o)cysts were not expressed
in hsp70 RT-PCR assay (Table 2), which may be
explained by the absence of vitality. On the other
hand, in case of the viable oocysts of C. parvum, the
amplicon amplified from hsp70 mRNA detected 10*
cysts/100 pL when heat shock was not applied, and
detection of 10° cyst/100 uL was possible in samples
exposed to heat shock (Fig. 1a and Table 2). For the
viable cysts of G. duodenalis, hsp70 mRNA could be
first detected at concentrations of 10° cysts/100 pL
and 10° cysts/100 uL in samples with and without
heat shock application, respectively (Fig. 1b and
Table 2).

TABLE 2

Comparison of Detection Sensitivity of Monoplex and Duplex RT-PCR

Protozoa Viability Heat shock

Methods

Number of (00)cysts/100 pL

10* 10° 10? 10* 10°

C. parvum

G. duodenalis

Ma

<

g £ u £ U £ U £ U £ U £ O <L

Note. M?, monoplex RT-PCR; D’, duplex RT-PCR.
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Heat Number of C. parvum oocysts(/100 pL)
shock SM 10 10° 10° 10" 10° 0

+
HH

Heat Number of G. duodenalis cysts(/100 uL)
shock SM 10" 107 10° 10" 10° ©

>

2

Heat Number of oocysts or cysts(/100 pL)

shock SM 10" 10° 10° 10" 10" 0

B el

Fic. 1. Detection of viable C. parvum and G. duodenalis
(oo)cysts by using monoplex or duplex RT-PCR
with increasing sensitivity by heat shock. Oocysts
and cysts were diluted at 1:10 in 100 uL phosphate
buffered saline. Some samples received heat shock
treatment whereas others were not exposed to heat.
mRNA was extracted and RT-PCR and duplex
RT-PCR were conducted. a. Monoplex RT-PCR for
C. parvum; b. monoplex RT-PCR for G. duodenalis;

c. duplex RT-PCR for C. parvum and G. duodenalis.

SM, 100 bp size marker; an arrowed marker, 300
base pairs.

In order to reduce time and cost spent for
analysis, a new duplex RT-PCR method was
developed and tested. The hsp70 RT-PCR conditions
for G. duodenalis and their primers were designed
and optimized to be identical with those for C.
parvum. Viable and dead (oo)cysts were serially
diluted at 1:10 in 100 #L of PBS to obtain
concentrations between 10° to 10* (oo)cycts. The
amplification of hsp70 mRNA was not evident in
dead (oo)cysts (whether heat shocked or not) (Table 2).
However, for viable oocysts, the amplicon of hsp70
was first evident at 10° (oo)cysts/100 pL
concentration. On the other hand, there was no
amplification of hsp70 mRNA for the viable cysts of
G. duodenalis by duplex RT-PCR, although they
could be detected at concentrations of 10° cysts/100
pL by monoplex RT-PCR (Table 2). In order to
increase the sensitivity, the (oo)cysts were
heat-shocked at 45 °‘C for 20 min. Heat shock

resulted in better sensitivity by improving the
detection thresholds of C. parvum oocysts and G.
duodenailis cysts to 10° oocyst/100 pL and 10"
cysts/100 pL, respectively (Fig. 1c and Table 2),
suggesting that viable (oo)cysts of C. parvum and
G. duodenalis can be simultaneously detected at these
concentrations. In conclusion, this study developed a
new duplex RT-PCR method which is able to detect
the viable (0o)cysts of C. parvum and G. duodenalis
simultaneously , which provides rapid results at a low
cost. This new duplex RT-PCR method may be used
to detect these parasites not only in aquatic
environments but also in clinical samples. In addition,
further studies are needed to elevate the sensitivity of
the duplex RT-PCR for detecting G. duodenalis cysts
and develop the real-time duplex RT-PCR for the
quantitative detection of the (0o)cysts.
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