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Abstract The water volume required for daily monitoring of Cryptosporidium (which can statistically ensure
an annual risk of infection below 107%), was assessed by evaluating the applicability of the Poisson lognormal
(PLN) distribution in microbial risk assessment. PLN showed as good a fit to the observed data as to the
negative binomial distribution. From the estimated PLN distributions for the source and finished water, the
efficacy of the oocyst removal by the conventional water treatment process was estimated to follow log-
normal distribution (median = 3.16 log, 5, 95% Cl = 4.27-2.05 log, o). The 365 consecutive negative results
of daily monitoring for 180 L of finished water were found to be statistically equivalent to the annual risk of
infection below 107, This research also suggested the possibility of applying a qualitative detection method,
such as CC-PCR, as a routine monitoring method for the quantitative risk management.

Keywords Cryptosporidium; monitoring system; Poisson log-normal distribution; risk assessment;
treatment efficacy

introduction

Since the 1990s, cryptosporidiosis has become a worldwide concern as an emerging infec-
tious waterborne disease. In order to manage the risk due to drinking water and to assure its
safety, it is necessary to analyse the risk of infection quantitatively. However, quantitative
microbial risk assessment has several difficulties. For example, monitoring data for microbes
may contain some (sometimes many) “undetected” results, due to very low concentrations of
microbes in water. In this study, the monitoring data of Cryprosporidium observed at a water
treatment plant in Japan were analysed to assess the risk of waterborne infection as well as to
estimate the removal efficacy of the conventional water treatment. Poisson log-normal distri-
bution (PLN) was adopted as one of the possible distributions of the counts in a water sample
and its usefulness was evaluated from the viewpoint of waterborne risk assessment.
Additionally, a volume of water sufficient for daily monitoring was also tested to investigate
the possibility of ensuring that the annual risk remained at an acceptable level.

Materials and methods

Observed data for Cryptosporidium in surface and finished water

The monitoring data analysed in this study were obtained by Hashimoto er al. (2002).
Water samples (81) were collected at a water treatment plant in Japan from 1998 to 2002;
27 were collected from the influent surface water and 54 from the finished water (after
coagulation, flocculation, sedimentation and rapid sand filtration). The sample volume was
<100 L for surface water and 500-4,275.6 L for finished water. Figure 1 shows the log-nor-
mal probability plot of the observed data. Cryptosporidium was detected from all surface
water samples, and its geometric mean was 481 oocysts/1,000 L. However, half of the
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Figure 1 The observed data of Cryptosporidium

finished water samples (27/54) had no oocysts detected. The geometric mean of the detect-
ed samples was 1.39 oocysts/1,000 L.

Distribution of oocyst concentration in water

The best distribution to characterise the concentration of Cryptosporidium in water was
selected from among the Poisson distribution, the Poisson log-normal distribution and the
negative binomial distribution, using the counted data of the source and purified water.
Assuming the oocyst concentration to be constant, and the variability in counts being sim-
ply due to the randomness in sampling, the probability that a sample of volume (VCL) con-
tains X oocysts is given by the Poisson distribution. The negative binomial distribution
(NB) has also been used to describe the count data of Cryprosporidium (Teunis et al.,
1997). This distribution was derived as a y mixture of Poisson distributions (Greenwood
and Yule, 1920). The Poisson log-normal distribution (PLN) was selected when the con-
centration of oocysts was supposed to follow the log-normal distribution. The probability
distribution function is:

PLN(n = X) = ffn (mV)* ) —eexp -{m(zrz)z—u)’ P (1)
where u and o are the parameters for the log-normal distribution and V(L) was the volume
of the sample. Since this function has no analytical solution (Shaban, 1988), it was evaluat-
ed by numerical integration using Simpson’s Rule. A computer-based program was devel-
oped to calculate this probability function. The accuracy of the program was confirmed by
comparing the results with the table established by Brown and Holgate (1971). Best-fit
parameters of each distribution were obtained by the most-likelihood method. Most likeli-
hood estimates (MLEs) were obtained by minimising the following likelihood function.

LF(8) = -22 In(P(x;V ;8)) )]

where P(x,, V;; 6) is the probability function for the ith sample (x; oocystsin V; (L) of sam-
ple) with a parameter set 6.

Comparison between PLN and LN
The discreteness of count data caused problems in fitting the observed data accurately to
continuous distributions such as log-normal distributions. For example, the concentration



of the sample was calculated by dividing the number of detected oocysts by the volume of
sampled water. However, due to the spatial heterogeneity and the discreteness of the count-
ed data, the “calculated” concentration was not always equal to the “real” concentration,
especially when the concentration was very low and only a few oocysts were found in the
samples. Additionally, the sample for which no oocysts were detected (so-called “not
detected” or “ND”) cannot be directly applied to the log-normal distribution, because this
distribution is only defined for positive values. Accordingly, such data should be substitut-
ed by some assumptions (Haas and Scheff, 1990). One possible assumption was to treat ND
data as containing 0.5 oocysts in the tested volume. Another possibility was to use the
cumulative probability up to the concentration of 1 oocyst/sample as a substitution. The
effectiveness of these assumptions was evaluated by comparing the parameters with
those derived from PLN. The MLEs were obtained in the same way as the discrete
distributions, excluding the case where the “calculated” concentration was assumed to be
the “real” concentration.

Annual risk of infection

The annual risk of infection caused by drinking the finished water was assessed using
Monte Carlo simulation. The estimated distribution of Cryptosporidium concentration in
the finished water was used to determine the quality of the drinking water. The amount of
water consumed daily was assumed either to follow a log-normal distribution whose medi-
an value was 0.153 L/d/person (u = —1.88, o= 1.12) according to Teunis er al. (1997) or to
be constant at 1 L/d/person. The former was developed to assess the occurrence of infec-
tion. The latter was developed to assess the safety of the finished water. It was assumed that
consuming 1 L of tap water, which is approximately the 95th percentile of the distribution
for the daily consumption of tap water that has not been boiled or heated (Teunis et al.,
1997; Yano et al., 2000), should be assured to be safe. All oocysts were assumed to be
equally viable and infective to humans, regardless of their genotypes, because no
information on the strain or the genotype was available by microscopic count. The effect of
chlorination was neglected. The dose-response model was derived from Haas ez al. (1996).
The Monte Carlo simulation was conducted 10,000 times to achieve the distribution of the
annual risk of infection.

Required water volume for daily monitoring

The maximum annual risk, assurable by daily monitoring of the finished water, was evalu-
ated to develop the monitoring procedure to assure the safety of tap water. This assessment
was based on the results of the risk assessment derived from the constant (1 L/d/person)
water consumption model. The acceptable annual risk of infection was set as 10~ The
monitoring was conducted on the finished water every day (365 times/year) to assess the
water quality of the year. “All negative” (i.e. 365 consecutive negative results) was adopted
as a water-quality critericn. For comparison, the same evaluation was carried out using the
log-normal distribution to evaluate the possibility of the application of log-normal distribu-
tion instead of PLN. In this case, the cumulative probability <1 oocyst/sample was used as
the probability of “no detection”.

Results and discussion

Distribution of the cocyst concentration in water

Table 1 shows the MLEs for each distribution, and Figure 2 compares the estimated
distribution and the observed data of the source water. Comparing the LF among these three
distributions, Poisson distribution showed the poorest fit when compared with the others.
It, therefore, indicated that the oocyst concentration in water was not constant but variable.
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Table 1 Best-fit parameters and the likelihood function for each distribution

Distribution Source water (cocysts/L) Finished water (oocysts/L)
Parameter(s) LF(&) Parameter(s) LF()
Poisson A=0.824 978.7 A=1.23x1073 410.1
PLN u=-0.720, 0=0.709, a=0.293 2689 u=-8.01,0=1.71,a=348x 100 207.4
NB p=2.14 270.6 f=0.333 205.6
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Figure 2 Estimated distributions and the observed data of the source water concentration

However, it was difficult to judge which was better, PLN or NB. In this study, PLN was
adopted for the concentration distribution of Cryptosporidium in water. The median and the
95th percentile of the concentration of the source water and the finished water were 487,
1,562, 0.33 and 5.56 oocysts/1,000 L. respectively.

Comparison between PLN and LN

Table 2 shows the best-fit parameters and the arithmetic mean of each distribution. For the
source water there was no difference between the two methods of substitution, because all
samples were positive (i.e. there was no need for substitution) and little difference was
observed between the results of the LN and PLN. However, the PLN showed a lower
median value (u = -8.01 for PLN and -7.39 or —7.67 for LN) and a higher variability
(o= 1.71 for PLN and 1.14 or 1.46 for LN) for the purified water. This was due to the
substitution of all ND samples with the same concentration, which reduced the variability of
the concentration. The arithmetic mean of the PLN was found to be larger (1.44 oocysts/1,000
L) than those of the LN (1.18 or 1.35 oocysts/1,000 L) suggesting that the substitution of the
concentration could lead to the underestimation of the annual risk of infection.

Efficacy of the treatment
The estimated value of o (Table 1) for the concentration of source and purified water was
0.71 and 1.71 respectively; this suggested that the purified water showed a greater variabil-

Table 2 Evaluation of the effect of substituting N.D. data

Source water (oocysts/L) Finished water (cocysts/L)
I o Arlth. Mean " o Arith. Mean
0.5 oocyt -0.731* 0.727* 0.627* -7.39 1.14 1.18x 1072
Cumul. Prob. -7.67 1.46 1.35x 1072
PLN -0.720 0.708 0.626 -8.01 171 1.44 x10°

*No difference due to the absnece of N.D. samples.
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ity than the source water. Therefore, it can be considered that the efficacy of
Cryptosporidium removal by conventional water treatment was also variable. Based on this
assumption, the distribution of the remaining ratio was estimated from the difference
between the estimated distributions of the source and the finished water concentration.

According to the reproducibility of the normal distribution, the remaining ratio can be
assumed to follow log-normal distribution, and the parameters u and ocan be calculated by
those of the concentration of the surface and finished water. Figure 3 shows the estimated
distribution of the remaining ratio for the conventional water purification. The parameters
were u = —7.29 and o = 1.55. It was clear that the treatment efficacy was very variable
(median-3.16 log,, 95% C1 -4.27 to -2.05 log, o).

Annual risk of infection

Figure 4 shows the distribution and statistics of the natural logarithm of the annual risk of
infection for each model. The median and the 95th percentile of the annual risk were found
to be (a) -3.26 log,, (1 case in 1,820 people) and -2.58 log,,, (1 case in 1,295 people) for
the first case (log-normal distributed water consumption) and (b) —2.69 log,, (1 case in
488 people) and —2.58 log,, (1 case in 384 people) for the second case (constant water
consumption) respectively. The variability seemed to be very small for both cases,
partly because the distribution of the finished water was directly used as an input, i.e. no
additional assumptions (such as the efficacy of the water treatment) were required.
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Figure4 Cumulative frequency distribution of calculated annual risk of infection
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Figure 5 Assurable annual risk of infection by daily monitoring

o

Required water volume for daily monitoring

In this assessment, the result of the risk assessment derived from the second model (con-
stant water consumption) was applied to calculate the required water volume for the daily
monitoring of the finished water. First, the relationships between the parameters of the
log-normal distribution (u and o) and the expected value of the annual risk of infection
were evaluated. The point estimation was conducted because the range of the annual
risk of infection was very small (95% C.I. = -2.79 to -2.58 log, ;). The arithmetic mean of
log-normal distributions was given by:

AM. =exp(u+ c?/2) 3)

Thus, the equation of the relationship between the parameters was found to be:

2
p= JT <-9.64 @)

The range of the parameter owas set between 1.0 to 2.0 (corresponding to 50 to 2,540 of the
ratio of the 95th percentile to the 5th percentile of the distribution), which is supposed to
cover all possible variability of the oocyst concentration in water. Under these conditions,
the annual risk of infection could be calculated as a function of the sampling volume and the
positive ratio.

Figure 5 shows the relationships between the sampling volume and the arithmetic mean
of the annual risk without any positive results. As a result, negative results for all 180 L of
the finished water samples were found to be needed to assure an annual infection risk of less
than 10~%. However, when LN was directly used to calculate the detection probability, the
required sample volume increased up to 2,473 L, which was more than 13x as large as the
result obtained by PLN. This result indicated that the calculation of the detection probabili-
ty using a continuous distribution, such as a log-normal distribution, could lead to the over-
estimation of the volume required for daily monitoring to assure water safety.

Conclusions

In this study, the water volume necessary for daily monitoring was determined to assure
that the annual risk of Cryptosporidium infection via tap water was at an acceptable level.
The Poisson log-normal distribution showed just as good a fit to the observed data of
Cryptosporidium in source and finished water as did the negative binomial distribution.
PLN showed a better fit for the source water, while NB was better for the finished water.
Comparing the fitted distributions, PLN was found to give higher probability for high con-



centration (Figure 2), suggesting that the PLN may have led to more conservative estimates
for the annual risk assessment. The distribution of the treatment efficacy of the convention-
al water treatment process was found to follow a log-normal distribution with a median
value of -3.16 log,, (95% CI = -4.27 to -2.05 log, ).

Using the PLN distribution fitted to the concentration of the finished water, the maxi-
mum annual risk, assurable by 365 successive negative results, was computed. A water vol-
ume of 180 L was found to assure an annual risk of infection of below 10~*. For comparison,
the same analysis was conducted using the cumulative probability function of the LN. The
required water volume was found to be 2,473 L/d, suggesting that the use of cumulative
probability of the continuous distribution for the probability of detection could lead to the
overestimation of the volume required for daily monitoring.

Microscopic observation of Cryptesporidium has sometimes been pointed out to be
unfavourable, because little information can be obtained on the viability and the genotype
of the detected oocysts, despite considerable investment in terms of skills, time and cost.
The monitoring procedure developed in this study does not require any quantitative infor-
mation, suggesting the possibility of using molecular techniques, such as cell culture PCR,
as the routine monitoring method for Cryptosporidium in water.
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Abstract This study demonstrates molecular characterization of a single Cryptosporidium oocyst isolated from
sewage. Using glass capillaries, we manipulated an IFA-stained single Cryptosporidium oocyst from purified sewage
concentrate under inverted epifluorescence microscopy. Each singly isolated Cryptosporidium oocyst was analyzed
by 185 rRNA gene based semi-nested PCR and direct sequence. A total of 56 singly isolate oocysts were
characterized successfully as 51.8% (29 isolates) of C. parvum genotype 1, 17.9% (10 isolates) of C. meleagnidis,
12.5% (7 isolates) of C.parvum genotype 2, B.9% (5 isolates) of C. parvum isolated from pig, 7.1% (4 isolates) of C.
parvum isolate VF383 and 1.6% (1 isolate) of C. parvum isolated from mouse. Results of this study demonstrate that
185 rRNA based semi-nested PCR and direct sequence method can be used to characterize a single
Cryptosporidium oocyst from sewage with high sensitivity. Furthermore, this method revealed distribution of species
and genotypes of Cryptosporidium in a water environment,

Introduction

The use of molecular characterization techniques such as PCR-RFLP and PCR-direct
sequencing has been adopted in many studies for Cryptosporidium from water samples'™.
Most of those studies used DNA extracts from water concentrates as PCR templates. Hence,
genotyping results indicate the presence of the most dominant genotype. Distributions of
respective genotypes or species remain unclear.

To provide the distribution of genotypes or species of Crypfosporidium in a water
environment, we attempt to investigate molecular characterization of a single Cryptosporidium
oocyst, isolated under a microscope, from sewage concentrate using 18S rRNA gene based
semi-nested PCR and direct sequencing method.

Materials and Methods
Concentration of Sewage and Isolation of a Single Cryptosporidium Oocyst

Twice a month, we collected seven sewage samples of 4 L each from a sewage treatment
plant located in Tokyo. Samples were centrifuged at 1,500 x g for 15 min. Sediments were
meshed through 32 um metal mesh. The concentrates were purified by sucrose flotation and
washed with ethyl acetate. After purification, Cryptosporidium oocysts were separated by IMS
procedure (Dynabead anti-Cryptosporidium beads; Dynal Biotech, Norway). An
immunofluorescent antibody stain was applied to the separated samples using a

Cryptosporidium antibody kit (Easy stain; BTF Pty. Ltd., Australia).



Stained samples were dropped on a plastic dish; then FITC stained and intact oocyst was
manipulated, using a glass microcapillary under inverted epifluorescence microscopy. An
isolated single oocyst was dispensed into a 200 ul PCR tube containing 20 pl of lysis buffer (2.5
pl of 10x PCR buffer and 17.5 pl of milli-Q water).

PCR-Semi nested PCR procedure

PCR tubes containing a single Cryptosporidium oocyst were subjected to three
freeze-thaw cycles and then incubated at 100°C for 15 min with 5 pl of 10% TX-100 for DNA
extraction. Initial PCR amplification was performed in 50 ul containing 25 pl of the DNA extract
from a single oocyst, 2.5 pul of 1x PCR buffer, 1 uM concentrations of each primer set and 1 U of
Taq polymerase (EX Taq HS; TaKaRa Bio Inc., Japan). We used 1 pl of initial PCR product,
purified by spin column, as a template for nested amplification. Initial and nested PCR used
oligonucleotide primers that are complementary to 185 rRNA gene sequence of
Cryptosporidium (CPDIAGF 1/R for initial PCR, CPDIAGF1/R1 for nested PCR) ®. Nested PCR
products were sequenced on an auto sequencer. Sequence data were compared with
GeneBank sequences using BLAST.

Results and discussion
PCR and nested PCR

Table 1 shows results of nested PCR and the sequence of a singly isolated oocyst from
sewage. A total of 77 oocysts were isolated singly and subjected to semi-nested PCR and direct
sequence. Semi-nested PCR detection rates were 84% (65 isolates positive) for a single
Cryptosporidium oocyst from sewage. For the 73% (56 isolates) that were seguenced
successfully, we compared sequences with the GeneBank database.

The results demonstrate that 185 rRNA based semi nested PCR and the direct
sequencing method can be used to characterize a single Cryptosporidium oocyst from sewage
with high sensitivity and can reveal distribution of species or genotypes of Cryptosporidium in a
water environment.
18S rRNA gene sequence analysis
Nested PCR products were sequenced to confirm the identification of Cryptosporidium.
Sequences of the most variable region of known Cryptosporidium spp. from GeneBank and
isolates from the present study are shown in Fig. 1. Sequences of Cryptosporidium from sewage
were able to differentiate five genotypes and one species. All sequences were matched
GeneBank database as C.parvum genotype 1 (AY204235, etc.), C.meleagridis (AY166839, efc.),
C.parvum genotype 2 (AF178700, etc.), C.parvum isolated from pig (AF115377, etc.), C.parvum
isolate VF383 human type (AY030084.1) and C.parvum isolated from mouse (AF112571).

Distributions of these six genotypes/species are shown in Table 2. Among the 56 isolates,
51.8% (29 isolates) were C.parvum genotype 1 and 7.1% (4 isolates,) C.parvum VF383, which
have been reported as a human type. Potentially zoonotic types were 17.9% (10 isolates) of C.
meleagridis and 12.5% (7 isolates) of C. parvum genotype 2. Animal genotypes were, 8.9% (5
isolates, pig) and 1.8% (1 isolate mouse). An abattoir in the treatment district is presumed to be



one of the contamination sources of animal type (and zoonotic type), possibly.

Conclusion

This study is summarized as follows:

1) The 18S rRNA based semi-nested PCR and direct sequence method was a useful tool for
investigation of molecular characterization and distribution of Cryptosporidium genotype in a
water environment.

2) Distribution of Cryptosporidium genotype in sewage was: 51.8% (29 isolates) of C. parvum
genotype 1; 17.9% (10 isolates) of C. meleagridis; 12.5% (7 isolates) of C. parvum genotype
2; 8.9% (5 isolates) of C. parvum isolated from pig; 7.1% (4 isolates) of C. parvum isolate
VF383 (human type); and 1.8% (1 isolate) of C. parvum isolated from mouse.

References

1) Ward, P.L, etal., (2002), Parasitology, 124, 359-368

2)  Xiao, L. et al., (2000), Applied and Environmental Microbiology, 66, 5492-5498

3) Jellison, K.L., et al., (2002), Applied and Environmental Microbiology, 68, 569-575

4)  Sturbaum, G.D., et al., (2001), Applied and Environmental Microbiology, 67, 2625-2668
5)  Johnson, D.W., (1995), Applied and Environmental Microbioclogy, 61, 3849-3855

Table 1 Number of samples PCR positive or sequenced successfully
Tested singly isolate oocysts  Nested PCR positive” Sequenced successfully
77 65(84%) 56(73%)
*:Visually detected by etidium bromide and UV

Table 2 Distribution of isolated Cryptosporidium oocyst
Number of isolates %

C.parvum genotype 1 29 518
C.mereaglidis 10 17.9
C.parvum genotype 2 T 128
C.paruvum isolated from pig 5 89
C.parvum isolate VF383 4 74
C.parvum isolated from mouse 1 1.8

C.parvum genotype 1 (AY204235, ewc.) AATTCATATTACTATTTTT-TTTTTTAGTATATGAAATTTTACTTTGAGAAAA

Sewage type I-1

AATTCATATTACTATTTIT-TITTTTAGTATATGAAATTITACTTTGAGAAAA

C parvum genotype | (AY204241, etc.) AATTCATATTACTATTTTT-TITTT-AGTATATGAAATTTTACTTTGAGAAAA
Sewage type 1-2

AATTCATATTACTATTTTT-TITTT-AGTATATGAAATTTTACTTTGAGAAAA

C.parvum genotype | (AY204231.1, etc) AATTCATATTACTATTTTT-TTTT-AGTATATGAAATTTTACTTTGAGAAAA
Sewage type 1-3 AATTCATATTACTATTITTT-TTTT--AGTATATGAAATTTTACTITGAGAAAA
C.meleagridis (AY 166839, etc.) AATTCATATTACTAAA—---TTTATTAGTATAGGAAATTIT-ACTTTGAGAAAA
Sewage type 2 AATTCATATTACTAAA - TTTATTAGTATAGGAAATTT-ACTTTGAGAAAA

C. parvum genotype 2 (AF178700, etc.) AATTCATATTACTATAT-A-TT-TTAGTATATGAAATTTTACTTTGAGAAAA
Sewage type 3 AATTCATATTACTATAT-A-TT-TTAGTATATGAAATTTTACTTTGAGAAAA

C.parvum isolated from pig (AF115377, cic.) AATTCATATTACTATAAT-TTTTATTAGTATATGAAATTTTACTTTGAGAAAA
Scwage type 4 AATTCATATTACTATAAT-TTTTATTAGTATATGAAATTTTACTTTGAGAAAA

C.parvum isolated VF383 (AY030084.1. etc) AATTCATATTACTATATTA--TTATTAGTATATGAAATTTITACTTTGAGAAAA
Sewage type 5 AATTCATATTACTATATTA-TTATTAGTATATGAAATTTTACTTTGAGAAAA

C.parvum isolated from mouse (AF112571) AATTCATATTACTATAATTATTTTTTAGTATATGAAATTTTACTTTGAGAAAA
Scwage type 6 AATTCATATTACTATAATTATTTTTTAGTATATGAAATTTTACTTTGAGAAAA

Fig. 1 Sequences of the most variable regions of the 185 r RNA of Cryptosporidium from sewage and known Cryptospondium spp.



Abstract of Poster presentation in Health-related Water Microbiology Symposium 2005 Swansea

Genotyping of single Cryptosporidium oocysts
isolated from Sewage and River Water
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Abstract
This study demonstrates genotyping of individual single Cryptosporidium oocysts in sewage and river water. Using glass
capillaries, we manipulated an IFA-stained single Cryptosporidium oocyst under inverted epifiuorescence microscopy.
Each isolated Cryptosporidium oocyst was analyzed by 18S rRNA gene based semi-nested PCR and direct sequencing.
Most dominant genotype was C.parvum genotype 1 in both sewage and river water as 65 and 72%.

INTRODUCTION

The use of molecular characterization techniques such as PCR-RFLP and PCR-direct
sequencing has been adopted in many studies for Cryptosporidium from water samples'. Most of
those studies used balk DNA extracts from water concentrates as PCR templates. Hence,
genotyping results indicate the presence of the most dominant genotype. Distributions of
respective genotypes remain unclear. To provide the distribution of genotypes of Cryptosporidium
in a water environment, we attempt to investigate genotyping of a single Cryptosporidium oocyst,
isolated individually under a microscope, from sewage and river water concentrate using 18S rRNA
gene based semi-nested PCR and direct sequencing method.

MATERIALS AND METHODS
Tested Water Samples

Sewage samples were collected from a sewage treatment plant located in Tokyo, Japan. Eleven
sewage samples of 4 L each were collected during May 2003—September 2004. River water
samples were obtained from Miyayama, Kanagawa prefecture, Japan, downstream of the Sagami
River. Three samples of 200 liters were collected in October 2003, August and November 2004.
Concentration and Isolation of a Single Cryptosporidium Oocyst>®

Sewage samples were centrifuged at 1,500 x g for 15 min. Sediments were sieved through
32um metal mesh and washed with 100 ml of PBS containing 0.1% Tween 80. River water
samples were concentrated using the Microbe Sampler”. Sewage and river water concentrates
were purified by sucrose flotation and washed with ethyl acetate. After purification,
Cryptosporidium oocysts were separated by IMS procedure (Dynabead anti-Cryptosporidium
beads; Dynal Biotech, Norway). An immunofluorescent antibody stain was applied to the
separated samples using a Cryptosporidium antibody kit (Easy stain; BTF Pty. Ltd., Australia).
Stained samples were dropped on a plastic dish; then FITC stained and intact cocyst was
manipulated, using a glass microcapillary under inverted epifluorescence microscopy. An isolated
single oocyst was dispensed into a 200 pl PCR tube containing 20 u! of PCR buffer.
PCR-Semi nested PCR procedure

PCR tubes containing a single Cryptosporidium oocyst were subjected to three freeze-thaw
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cycles (-80°C -room temperature) and then incubated at 100°C for 15 min with 5 Jl of 10% TX-100
for  DNA  extraction. Intal PCR with the primer parr CPB-DIAGF1
(5-GCTCGTAGTTGGATTTCTGTTAA-3', modified from CPB- DiagF ”) and CPB-DiagR ”
(5-TAAGGTGCTGAAGGAGTAAGG-3') was used. Initial PCR products were purified by spin
column (Ultra Clean PCR Clean-up kit, Mo Bio Laboratories, CA, USA) and finally eluted with 50
of Milli-Q water. For nested amplification, 1 uL of purified initial PCR product was used as a
template.

The primer pair of CPB-DIAGF1 and CPB-DIAGR1 (5-CCAATCTCTAGTTGGCATAG-3',
modified CPB- DiagR), was used for Semi-Nested PCR. In both amplifications, samples were
incubated in a PCR thermal cycler (TP500; TaKaRa Biomedicals, Shiga, Japan) with initial
denaturation at 94°C for 5 min, followed by 40 cycles at 94°C for 1 min, 54°C for 30 s, and 72°C for
30 s, and a final extension of 72°C for 7 min.

This nested amplification resulted in approximately 400 bp DNA products containing a
polymorphic region enabling discrimination of Cryptosporidium species and genotypes 2.
Amplification products were purified through gel filtration and sequenced using an auto sequencer
(RISA384; Shimadzu Corp., Kyoto, Japan). All sequences were identified using the GenBank
database as 18S rRNA gene sequence.

RESULTS AND DISCUSSIONS

A total of 181 oocysts from 11 sewage samples and 81 oocysts from 3 river water samples were
isolated. The detection rate of semi-nested PCR was 67% (137/181 oocyst from sewage) and 49%
(40/81 oocyst from river water). Among 137 semi-nested PCR positive samples from sewage, 121
samples were sequenced successfully. In river water samples, only 25/40 PCR positive samples
were sequenced successfully.

Semi nested PCR products of individual Cryptosporidium oocysts from sewage and river water
were sequenced to confirm identification of genotype. Sequences of the most polymorphic region
of known Cryptospondium spp. from GenBank and isolates from sewage and river water are
shown in Table 1.

Among the 121 samples isolated from sewage, the most dominant genotype was C.parvum
genotype 1 (AY204231 or A204235 or AA204241) as 65% (78 isolates). The C.parvum genotype 1
and C.parvum VF383(AY 030084) 5% (6) were anthoroponotic type. Potentially zoonotic types
were 13% (16) of C.parvum genotype 2 (A204238) and 11% (13) of C.meleagridis(AY166839).
Animal genotypes were 4% (5) of C.sp Pig 1(AF108861) , 2% (2) of C.sp PG1-26(AY271721)
isolated from pig and 1% (1) of C.parvum CPM1 mouse type (AF112571). Among genotyped
Cryptospondium oocysts from sewage, 93% were anthoroponotic and zoonotic type.

In 25 river water isolates, C.parvum genotype 1 represented 72% (18). C.sp Pig 1 and C.sp
PG1-26 were 16% (4) and 4% (1) of the samples, respectively. C.parvum genotype 2 of zoonotic
type was 8% (2). It is interesting to note that C.parvurm genotype 1 was the most dominant
genotype (72%) in the river water. It suggested contamination of human origin sewage in the river.
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Table 1 Seguences of the most variable regions of the 18Sr RNA of Cryptosporidium from
sewage, river water and known Cryptosporidium spp.

C. parvum gerotype 1 (AY204235, etc.) ACTATTTTT-TTTTTTAGTATATGAAATTTTACTTTGAGAAAA
Sewage type 1-1, River type 1-1 ACTATTTTT-TTTTTTAGTATATGAAATT TTAGTTTGAGAAAA
C. parvum genotype 1 (AY204241, etc.) ACTATTTTT-TTTTT-AGTATATGAAATTTTACTTTGAGAAAA
Sewage type 1-2, River type 1-2 ACTATTTTT-TTTTT-AGTATATGAAATTTTACT TTGAGAAAA

C. parvum gerotype 1 (AY204231, etc.) ACTATTTTT-TTTT—AGTATATGAAATTTTACTTTGAGAAAA
Sewage type 1-3. River type 1-2 ACTATTTTT-TTTT—AGTATATGAAATTTTACTTTGAGAAAA
C.parvum isolated VF383 (AY030084.1, etc.) ACTATATTA—TTATTAGTATATGAAATTTTACTTTGAGAAAA
Sewage type 2 ACTATATTA—TTATTAGTATATGAAATTTTACTTTGAGAAAA
C. parvum gerotype 2 (AF178700, etc.) ACTATAT-A—TT-TTAGTATATGAAATTTTACTTTGAGAAAA
Sewage type 3, River type 2 ACTATAT-A—TT-TTAGTATATGAAATT TTACTTTGAGAAAA
C.meleagridis (AY166839, etc.) ACTAAA——TTTATTAGTATAGGAAATT T-ACTTTGAGAAAA
Sewage type 4 ACTAAA——TTTATTAGTATAGGAAATT T-ACTTTGAGAAAA
Csp Pigl (AF108861) ACTATAAT-TTTTATTAGTATATGAAATTTTACTTTGAGAAAA
Sewage type 5, River type 3 ACTATAAT-TTTTATTAGTATATGAAATT TTACTTTGAGAAAA
Csp PG1-26pig) (AY271721) ACT TTA-CAGTATGTGGAATTTTACTTTGAGAAAA
Sewage type 6, River type 4 ACT TTA-CAGTATGTGGAATTTTACTTTGAGAAAA
C. parvum strain CPM1 (mouse) (AF112571) ACTATAATTATTTTTTAGTATATGAAATTTTACTTTGAGAAAA

Sewage type 7 ACTATAATTATTTTTTAGTATATGAAATTTTACTTTGAGAAAA
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Development of Quantification and Genotyping methods for Cryptosporidium in
water by Quenching Probe PCR followed by RFLP '

Hry {5+ /e AETF* A #EZ* KiE BB
MASAGO Yoshifumi*, OGUMA Kumiko*,
KATAYAMA Hiroyuki* and OHGAKI Shinichiro*

ABSTRACT,

A new method was developed to quantify Cryptosporidium in water. Quenching Probe PCR (QProbe-PCR)
technique could successfully amplify approximately 1280bp of Cryptosporidium 18S rDNA from a sample with as low
as 60 [oocysts/tube] of Cryptosporidium parvum bovine genotype. QProbe-PCR showed high accuracy and high
sensitivity compared to Real Time PCR with TagMan probe.

QProbe-PCR has an advantage that the PCR products can be applied for molecular characterization. A restriction
fragment length polymorphism (RFLP) technique was used to distinguish Cryptosporidium species and genotypes. Five
species (C. parvum bovine genotype, C. parvim human genotype, C. meleagridis, C. felis and C. muris) could be
distinguished by the RFLP with restriction enzymes Ssp I, ¥sp | and Sty L. The Sty | successfully differentiated C. muzis
calf genotype (also known as C. andersoni) and C. muris mouse genotype. Database-based analysis revealed that 8
species out of 10 could be distinguished by RFLP with these three restriction enzymes.

QProbe-PCR-RFLP techniques can provide information on the genotype as well as the quantity of
Cryptosporidium from the same sample. This technique can be a useful tool for waterbome risk assessment of
Cryptosporidiosis.

KEYWORDS; Cryptosporidium, Genotyping, Quenching Probe PCR (QProbe-PCR), Real time PCR, Restriction
Fragment Length Polymorphism (RFLP)
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HEED, —EHEREHFE DNA 2B T, Th7I4v—F A <w—DERBDIRV T & PRERTE
Tete®, LIEOFHE T Z DAt 2 AV v,

KIZ, QProbe-PCR (TR V=7 0 — 7 DikEH 21T o7-. QProbe-PCR #5id, H¥:E3E BODIPY H4/ 7=
LEATHI L TEANHENETIRBEFATILD, 7u—T0ELL00ORRNY b 2 ThBLHEHR
H3, FI T, UTOFETTo—70RHEZTol, 1IZIULDIL. 754 +— &R CERFEMI FORE
F%. DDBJ] F—#~—2 "It NCBI-BLAST 200 L W3 L. REMBHER Y 7 b ClustalW 17202
T, O TORERINSHEOEH S 2 Uiz, &Iz, i U-EEES | OFH5, 7o—7 0 Tm ER
TI7A=—D TmELY SCRESRRBIE, Tuo—T7RBFEE L NIz WL, IS, v—¥1=
—EERLICCWI E, BE3 KEEEC, BE27o—7DEERSIZHRE LT, Table 1\ BRLETS
A <=—& ., FRE L7= Quenching Probe DR BRI 277,

Table 1. Primers for amplifying 18S rDNA of Cryptosporidium and Designed QProbe

Name Sequence Reference
Forward Primer 5'- GGAAGG GTT GTATIT ATT AGA TAA AG-3’ 14), 15)
Reverse Primer 5-CCC TAA TCC TTC GAA ACA GGA -3’

QProbe 5-CGA ACC CTAATT CCC CGT TAC CC -BODIPY -3'  This study

(3) PCR&#MRE L QProbe-PCR FEDEEME O

DNA DOHEigis JUE O ITIZ LightCycler (Roche Diagnostics, BLA)% AV 7=, QProbe PCR ¥ Ti1. 5'-
ITHFYRI LT —EFEHEDORVRY A S —EEE S LERH B, DNA RY A7 —FITiZ KOD -Plus-

(GREERS, KBR) 2RV, BUGHROEBEIT 20uL & L=, PCR /3y 77—, MgSOs dNTP 1IRY 25—

B BOLOEERA L, Mg AT ImM, dNTP #EITE 200nM & Ui, 7'5 A = —IRBESZ. Forward 7
74 =—% 1000nM. Reverse 77 4 =—% 300nM & L. E7= QProbe AT 100nM & L7=,

EEMEOFHEDANT, PCR DRoERIGEZRET Bsd, 7T=—1 L BE% 55C~60C OB TE{L =&
TPCR 1TV, RHBE L EETREHBE Li-. TOMDBESRIL, 94°C5 5 OBEMOHE ., 94°7C30 #,
T=—) &30, 68°C60FDY A 7% 60 BTV, B#EIZ68°C5 HTHEEIT-T-.

B oI BB % BV T, QProbe PCR (EOERMFHE AT o=, £F = — 7 ~OFJN DNA BikiL, 2.
1. (1) TYERRL/-DNA A, | F=2—TH12 0 6X10°~6X 10%oocysts} & 725 & 5 I(C BT HFIR LT
YERK L7,

(4) RMBEOREFZ

EHA I NVTRE LI EABEOT(LNOREY A 2L ZEH T, UTOFET, B LHETS
THYEROBHE(Threshold line) 2 X TE L7z, 7, ¥4 7 /UZBIT DX DENED S T 7 2k L=, I,
BHEZ 1%~99%DFEEN T 1%Z%#4 TR EF TV & | TR ENOERMED 518 bR o 7 4% A

TREREZER LU, TLT, 2096k bE\ EBREE 52 2EE R, RKESZBREL Lz, 20
BUEIX PCR %17 2 BEICYERR L 7=,

2.2,  RFLP Z it ~ = 5 ) 7 2R O LOEOH )

(1) #HALE=2Y TR OHLDFE

FEOFBFHEOFHED 3, B RRE T FAEBYIOEE SR LY 95 L TW=E\ Wz C pavum
7 A (Accession No.: AF161856), Rt & ([&] AF093491), C. meleagridis ([8) AF112574). C. felis ([8) AF112575),
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3. EBER
3.1. QProbe-PCRZEIZ&EDKPDY ) T RRARY DULDER

T=—) rVREPTLEET, RUBESLIUERTREBE LIER. 7=—Y »7REHM S5TCLT
DL xiE, PHREINE 6 X 10°oocystsiube) DD Ct EHH 32 A Z ARHETE o feDizf L, FRLAET
340 A Z NBHEE TIET L. £/, BREOERTIIEMDOERNR N2, —F, T=—V27
BENRSTCIVENE &3, FESREDORMIBIZL Y., To—7OWXEE if#: DNA OEWERR) K
FLz UEDBRLY, STCOHER, BE - BREASFOENORTRETHD LHMT LI

Figure 1 iZ, ZOFRMETIZRIT S, & PCRYA Z NV TRIE Lim# 0B BO, TR T+ 58
&% 1, EPD Threshold Line” > 1%, 2.1. (4) THR~-FETERLE BHE) 28T, =7 Figure2
2. ZOENLELIL-RHY A 70 & EN L7-85E DNA BOBEN O BRERZTT,

40 —
L
3’_?.‘ Szt ;u';".‘
E i
T 20 Threshold line (20%) & , “
= . ( |
o) ‘
E F o
R - AN S L “--‘-'f’-éf::‘:xuii! RIS i
1 6 11 16 21 26 31 36 41 46 51 56

initial template [oocystsftube]: -PCR Cycle
—+— 6X10° —a— 6X10°—¥— 6X10'—— 6% 10

Figure 1. Amplification plots of Cryptosporidium 183 rDNA by QProbe-PCR
with annealing temperature at 57°C (n=2 for each condition except NTC).

0

No Template Control

4

LOG o(Initial Template[oocysts/tube])

D 1 L - L
30 35 40 45 50
Ct value [cycle]

Figure 2. Standard line for QProbe PCR derived from amplification plots in Figure 1.
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NENType C. Type F) 2R/ L TRV, SEIAVVREOR TOHRBINRTTEETHo7-, C. sp. srain 938 IZEIL
Tid, SEHEE LS D O ToORERFINGE LN TV 2o, B LOWA R/ Y7 — idbhs
72D, —OEERSICET A EE S, 272K &% 33bp DETABTEET D Z EBFREN, Sp 1D
WihE 37— (Figure 3 a)) #F5 &, 1250bp fHIiz Ay FRRENDIETT, 33bp OWRIZT 54 =—
HAw— L B> THERTE 2 ot, LLEXY ., ZOBIZELTIL. 33bp DA ZE L TV A EREMRIE S
DR, FNLADBFTIIEM S22 EaibhoT,

Figure 3b) @ Vep 1IZ X DUIEHTA R/ — %2R 2 &, C pavum 7 AL C. sp. strain 938 TEHKD/ 4
—> (628bp, 550bp, Typec) AR oNi-fiz, FhENMBE D/ F— T LT,

Sty 11z & Ul &34 — > (Figure 3c)) 13, RV AOWAENEICL > TELREDLDD, C muwis
ZER{ £ TOETEITV = (707~74Tbp & 564~569bp) . C. muris 1%, £ T DR THIEZ2WTH & T 547 560bp
D/ FORBIZ, 450bp FH5E & 260bp 52/ KAR BTz, Table 2 O C. muris O % L ¥ 5 X I BIOW
FRAF—EHBTDEZLIZEY, ZOC muis 1TV A THOAREENBVEEZ NS,

LIEL Y| HIFEEERE Sspl, Vspl 2BV V2 RFLP EEIZ L 0 | BEFEFIV D> TWS 4 SOfEE - 1LRE
FR (C parvum & bE Ui AL C meleagridis, C.felis) #FNTFNER 2R TE, X, i
SylzZRAWDZ & T, Cmwis OBETFE (VIR FXIR) OHENTRETHZ Z bbbl

4, R
4.1. QProbe-PCREIZK 29U T AR SHLOCEERIZDONT

FHRTHRELIZZ V7 FARRY 7 L0 18S DNA Zx8 & L7z QProbe-PCR &I, FERIZEV HE @
ERE R*=0998) ¥ B~ TWA I LARALNER-T, ERERTRIZOVTIE, SEOREBRERNL
6x10'[oocysts/tube] & L7223, 6%10%oocysts/tube] DERE 5 L EBEOHABRHERRB LN TWA I L, £
7=, SEIZFNUTORNETRERBRL TWalnZ &nd, EBROERTRIZLVIEVTEEELH S,

WO, R URERFIOT' S 4 = —R I U7 e —72#A LT, TagMan 7o —T 2B/ Y TA¥
A LPCRIBIZEDERBEEATZ, ZDL T, PCRBUGERDVERRIZIE PCR Master Mix 268/ L. IREESRMT
QProbe-PCR kL RIL & LTz, FOFEER. FHEHNE 6x10°~6x10[oocysts/ube) DV YFHLDOEED & b E S
BRIETHZENTERDo, £, MOBREFEINCFT S TagMan 7o —7ZRV=FHE "PoEET
BRI, 3B&%F Sloocystiube] Th-o7z, L7zd8oT, SERER L1z QProbe-PCR il MHUIHFE - IHBED
M OEIZINT, TagMan 7’2 —72BWe U TAZ A4 LPCRIELERETHD EVAD,

E5IT, —UT, TagMan 70— 7 2BV T, MR SEERFIORSEHE VRS TERVWEE
DRTVW5, FER, QProbe IETHAV VZEEEMLIZX LT, TagMan 7o —7 % BV - FETIIEKROH 5H
FNRBONIED 0T, —F. QProbePCR #E#% AV V=ETIEIT. £ 1280bp @ DNA ZRHRICT 5 LT
= ZiUX LUTF@R2 20ETCENHETHD &\ 25, £T. 8617 PCR EW%E. 4ET-7-RFLP
EREOMOBEFIFHFECHEAT 2 2 & T, BEFEIICETAEHRZ2BOND LVIRTHS, &
MRTIE, ZO&IZBELT, RFLP HEICL V2 V7 R 2R DU LAORCREGEFROREESRITAAZ LT
Lic, IRIZ, 7o—7ORENIEEL, TagMan 7o—7OEFIZRETHHE LB L T, EFRROE S
ERRMWEW I RBEToND, T LD, ZWEED &L VIZ RS v—DERLIZS EOET, &£
DEN-T o —TERELCT 23, SEWER LIZRIZEV T 1280bp DE S ORBIEZRRIZTEDD,
IOMKIZAS L IBANRKEWEEZ NS,

7272 L. AFER, BFED TagMan 7o—72BW: U 774 L PCREERRR. Rptbns )7 A
RY T LD DNA ZRENRE LTWAED, BHEN2 )V 7 RARFY PO LOEFESR, b b~
e+ 2 2T TE RV,
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ABSTRACT:  Cryptosporidium spp. has been found in more than 150
species of mammals, but there has been no report in mongooses. In this
study, we report the isolation of Cryptosporidium sp. in a banded mon-
goose Mungos mungo, which was brought from Tanzania to Japan; the
isolate was analyzed genetically to validate the occurrence of a new,
host-adapted genotype. Cryprosporidium diagnostic fragments of 18S
ribosomal RNA and 70-kDa heat shock protein genes were amplified
from this isolate and compared with the other Cryptosporidium species
and genotypes reported previously. Analyses showed that the mongoose
isolate represents a new genotype, closely related to that of bears.

Cryptosporidium spp. are protozoan parasites found in a variety of
vertebrates, including humans. At present, 12 species, i.e., Cryptospo-
ridium parvum, C. wrairi, C. felis, C. canis, C. muris, and C. andersoni
in mammals, C. baileyi and C. meleagridis in birds, C. serpentis and
C. saurophilum in reptiles, C. nasorum and C. moinari in fish, are
recognized as valid (Fayer et al., 1997, 2000, 2001; Alvarez-Pellitero
and Sitja-Bobadilla, 2002). However, molecular studies have shown that
C. parvum and C. canis are composed of genetically distinct but mor-
phologically identical genotypes: human (recently proposed as a new
species, C. hominis [Morgan-Ryan et al., 2002]), bovine, mouse, mon-
key, ferret, marsupial, and pig genotypes in C. parvum; dog, fox, and
coyote genotypes in C. canis (Morgan, Xiao et al., 1999; Xiao, Morgan
et al., 2000; Xiao et al., 2002). Moreover, isolates that are genetically
different from the species or genotypes mentioned above have been
found in some animals and are referred to as host-adapted genotypes
(Xiao, Limor et al., 2000; Xiao et al., 2002). Although Cryptosporidium
spp. have been found in more than 150 species of mammals (Fayer et
al., 2000), isolates from relatively few species have been characterized
genetically. Therefore, it is likely that more host-adapted genotypes oc-
cur in mammals. In October 2000, a banded mongoose, Mungos mungo,
was brought from Tanzania to the Osaka Municipal Tennoji Zoological
Gardens in Japan. A fecal sample collected while the animal was in
quarantine was found by light microscopy and indirect fluorescence
antibody testing using a commercially available kit (Hydrofluor-Combo,
Startegic Diagnostic Inc., Newark, Delaware) to contain Cryptosporid-
ium sp. oocysts, The oocysts detected were 4-5 um in diameter and
were indistinguishable in size from those of C. parvum. Because Cryp-
tosporidium sp. has not been found in mongooses previously, we spec-
ulated that the isolate might be a new genotype. Therefore, we com-
pared this isolate with other Cryptosporidium species or genotypes re-
ported previously to validate the presence of a new host-adapted ge-
notype.

The purification of Cryptosporidium spp. oocysts from the fecal sam-
ple and the extraction of DNA from oocysts were performed following
the method reported previously (Abe, Sawano et al., 2002: Abe et al.,
2002a). Cryptosporidium diagnostic fragments were amplified by poly-
merase chain reaction (PCR) with the following primer pairs targeting
the different gene loci: 18SiF and 18SiR for the Cryptosporidium 18S
ribosomal RNA (18SrDNA) gene (Morgan et al., 1997) and chspl and
chsp4 for the Cryptosporidium heat shock protein (HSP70) 70 gene
(Gobet and Toze, 2001). The area amplified with each primer pair in-
cludes a variable region that can be used to distinguish Cryptosporidium
species as well as genotypes (Abe, Sawano et al., 2002; Abe et al.,
2002b; Abe and Iseki, 2003). PCR amplification was performed under
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conditions reported previously (Abe et al., 2002b). The DNA of C.
parvum strain HNJ-1 originating from a patient was used as a positive
control for the PCR. This strain was the bovine genotype of C. parvum
(Abe et al., 2002a). Amplification products were subjected to electro-
phoretic separation using 3% agarose gels, stained with ethidium bro-
mide, and visualized on a UV transilluminator. The PCR products were
gel purified using a QIAquick Gel Extraction kit (QIAGEN GmbH,
Hilden, Germany) and sequenced using an ABI PRISM BigDye Ter-
minator Cycle Sequencing FS Ready Reaction kit (PE Applied Biosys-
tems, Foster City, California) on an ABI 310 automated sequencer (PE
Applied Biosystems). PCR products were sequenced in both directions
using each primer pair mentioned above. Sequences obtained from the
mongoose Cryptosporidium sp. isolate were aligned with the available
nucleotide sequences obtained previously (Morgan, Monis et al., 1999;
Xiao, Escalante et al., 1999; Xiao, Morgan et al., 1999; Sulaiman et al.,
2000; Xiao, Limor et al., 2000; Xiao et al., 2002) from other Crypro-
sporidium species and genotypes using Clustal-X (version 1.63b). Evo-
lutionary distance between different isolates was calculated by Kimura
2-parameter method. Trees were constructed using the neighbor-joining
algorithm (Saitou and Nei, 1987). Branch reliability was assessed using
bootstrap analyses (1,000 replicates), and the phylograms were drawn
using the NJplot program (Perriere and Gouy, 1996). The partial se-
quences of 18SrDNA and HSP70 of the mongoose Cryptosporidium sp.
isolate obtained in the present study have been deposited in the
GenBank database under accession numbers AB102769 and AB102771,
respectively.

The partial 18SrDNA and HSP70 were successfully amplified in the
mongoose isolate. The 18SrDNA fragment was slightly larger than
HNJ-1 and was estimated to be approximately 310 bp (data not shown).
Abe et al. (2002b) showed that the size of the partial 18SrDNA gen-
erated with the primers 18SiF and 18SiR ranged from 288 to 299 bp
in the Cryptosporidium species and genotypes but was 312 bp only in
C. felis. However, as shown in Fig. 1, the size of the partial 18SrDNA
amplified in the mongoose isolate corresponded to that of C. felis (312
bp), and almost all the insertions were found between positions 253 and
275, the same as in C. felis, although some of the nucleotides inserted
differed between the mongoose isolate and C. felis (Fig. 1). As shown
in Fig. 2, the size of the HSP70 fragment amplified was 587 bp. In the
587 bp region examined, the mongoose isolate had 71, 74, 73, or 103
bp substitutions compared with the Cryptosporidium bear genotype, C.
canis dog genotype, C. canis coyote genotype, or C. felis, respectively
(Fig. 2). Phylogenetic analysis of the 18SrDNA sequences showed the
close relatedness between the mongoose isolate and the Cryprosporid-
ium bear genotype: the mongoose isolate was clustered with the Cryp-
tosporidium bear genotype (Fig. 3A). Moreover, the close relatedness
of the mongoose isolate to the Cryptosporidium bear genotype was also
reflected in a neighbor-joining tree constructed based on the HSP70
sequences (Fig. 3B). It is necessary for the species differentiation of
Cryptosporidium parasites to examine the host ranges and infection
sites, in addition to the molecular characteristics of the isolates. We
again collected fecal samples from this animal a month after the first
examination and tried to purify oocysts to infect laboratory animals
experimentaily. However, we could not find oocysts in the samples nec-
essary to examine the host range of this isolate. Therefore, in the present
study we refer to this isolate as the Cryptosporidium mongoose geno-



