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ABSTRACT

Several series of bench scale experiments were performed to evaluate the
usefulness of well established sucrose flotation techniques for separation of
Cryptosporidium oocysts from water samples under the various conditions.

Firstly, fresh (one month old) and aged (36 month old) oocysts of C. parvum
were spiked into distilled water and separated by the modified sucrose flotation
technique or by the discontinuous sucrose gradients. The mean recovery rate of fresh
oocysts by the modified sucrose flotation technique was higher (87.2%) than by the
discontinuous sucrose gradients (68.4%). In contrast, the mean recovery rates of aged
oocysts by two methods were significantly lower. The recovery rate using different
initial concentration of oocysts showed no significant differences in recovery between
each of them. The usefulness of the modified sucrose flotation technique for the
separation of oocysts from raw water samples was also evaluated. The recovery rate
of oocysts from low and moderate turbidity water (ntu=0.8 and 15.4) was nearly 80%,
however the recovery rate from high turbidity water (ntu=350) was significantly
lower (60.7%).

From these results we assume that the modified sucrose flotation technique is



SEPARATION OF CRYPTOSPORIDIUM OOCY ST

still useful as a fast one-step, simple to perform and inexpensive method for the

separation of Cryptosporidium oocysts in environmental water samples.

INTRODUCTION

Cryptosporidium parvum was identified firstly in 1907 and it was primarily
associated with infections in animals (Tyzzer 1907). The sporulated oocysts is the
dormant stage of the parasite and the only exogenous stage, it survives for a long time
in the environment. Infection of appropriate hosts by Cryptosporidium occurs directly
via the faecal-oral route, mainly by water or food contaminated with oocysts. After
the oocysts are ingested, four sporozoites excyst from oocysts and parasitize
epithelial cells of the hosts intestine. After multiplication and development the newly
produced oocysts in the infected host are excreted in the feces. Current (1985; 1986)
described two types of oocysts in the life cycle of C. parvum; the thin walled oocysts
(20% of the whole) responsible for the autoinfection of the host and the thick walled
oocysts (80% of the whole) which leave the body by the feces to widespread in the
environment.

C. parvum has been recognized to be one of the most important waterborne
pathogens for industrialized countries. Between 1993 and 1996, this parasite caused
23 waterborne outbreaks in USA and United Kingdom (Fricker and Crabb 1998;
Smith and Rose 1998). Other outbreaks have been reported from Canada (Bell et al.
1993; Wallis et al. 1996) and Japan ( Kuroki et al. 1996; Yamazaki et al. 1997).

The methodology currently used to'detect Cryptosporidium in water (Musial
et al. 1987; Rose et al. 1988; LeChevallier et al. 1991; Wallis et al. 1996; Karanis et al.
1998) is based on the method primarily developed for the detection of Giardia in
water (Jakubowski and Ericksen 1979; Jakubowski 1984). The most commonly used
technique is the U. S. Environmental Protection Agency (EPA) cartridge filter/
immunofluorescence method for concentration and identification of Cryptosporidium
oocysts in environmental samples. It has been designed to meet monitoring
reqauirements of the EPA and consists of four major steps: a) filtration of water to
concentrate oocysts, b) elution of filter material, c) separation of oocyst from debris,
and d) finally microscopic analysis for the identification of Cryptosporidium oocysts
in a pellet resulting from the sample preparation. Yet, there are still many problems
with this method, because recovery of oocysts from water may be affected by all of
the preparation steps for several reasons. Naturally occurring debris such as clays and



SEPARATION OF CRYPTOSPORIDIUM OOCY ST

algae in water and also chemicals added to the water during the treatment process
may affect the concentration of parasites by this detection method. Turbidity, caused
by debris usually occurring in water, results in additional interference and loss of
parasites during the preparation of the water sample (LeChevallier et al. 1995; Fricker
1995). Not only water quality, but also the biological properties of the parasite may
affect the effectiveness for Cryptosporidium oocysts separation resulting in the
decrease of the entire recovery efficiency of oocysts in water samples. There are
strong evidences that the sources of the isolate, age of oocysts, storage media, and
counting techniques may affect the results of the analytical procedure (Klonicki et al.
1997; Karanis, unpublished data).

For the separation of oocysts from debris in water, sucrose flotation or
percoll-sucrose flotation technique have been commonly used (Musial et al. 1987,
Rose et al. 1988; LeChevallier et al. 1991; Wallis et al. 1996; Karanis et al. 1998). A
number of oocysts must be lost in this separation step because of the factors
mentioned above, however the actual recovery efficiencies of the sucrose flotation
technique in several conditions (e.g. specific gravity of sucrose, age of oocysts, water
quality) are still unclear. The purpose of our study was: 1) to evaluate the sucrose
flotation techniques in bench scale experiments for the recovery of Cryptosporidium
oocysts from water, 2) to show possible variability in the recovery of oocysts from
water samples using fresh and aged oocysts, 3) to assess the usefulness of sucrose
flotation technique to separate oocysts from water with variable turbidity.

MATERIALS AND METHODS
Source and isolation of oocysts

C. parvum oocysts were isolated from fecal samples of infected calves and
have been stored in 2.5% potassium dichromate solution at 4°C. Oocysts were
purified by discontinuous sucrose gradients technique (Arrowood and Sterling 1987).
The oocysts used for the experiments were 1-5 months old and 36 months old. The
oocysts were identified and confirmed by phase contrast microscopy and by a
commercial immunofluorescence assay (IFA) kit (Cellabs Pty. Ltd., Sydney,
Australia). The numbers of oocysts were counted by a Neubauer hemocytometer.

Trials for the recovery of oocysts in distilled water using the discontinuous sucrose

gradients
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2.04 x 10° of one month old or 36 months old oocysts were suspended in 5 ml
distilled water and laid onto sucrose discontinuous solution in a 50 ml centrifugation
tube (Greiner Labortechnik) as described by Arrowood and Sterling (1987). After a
centrifugation at 1,500g for 30 min at 4°C without brake (Heraeus Sepatech, Varifuge
3.0 R), the middle layer from 15 ml to 7.5 ml which contained the interface of two
different gravity of sucrose solutions was pooled into a 50 ml centrifugation tube to
evaluate the recovery of oocysts. The upper layer from 25 ml to 15 ml, and the lower
layer from 7.5 ml to the bottom of the tube which contained sediment were also
pooled to be examined for possible presence of oocysts. All pooled layers were
diluted with distilled water and centrifuged at 3,000g for 20 min at 4°C with brake.
After the centrifugation, the supernatant was aspirated till 1 ml and the pellet was
stored at 4°C.

Trials for the recovery of oocysts in distilled water using the modified sucrose
flotation technigue

The modified sucrose flotation technique was performed as described by
Current (1990) with minor modifications. 2.04 x 10° of one month old oocysts or 36
months old oocysts were suspended in 5 ml of distilled water and mixed well with 30
ml of 1.3 specific gravity sucrose solution in a 50 ml centrifugation tube. Then 5 ml
of distilled water were carefully laid over the sucrose solution and centrifuged at
1,500g for 20 min at 4°C without brake (Heraeus Sepatech, Varifuge 3.0 R). After the
centrifugation, the upper layer from 40 ml t6 30 ml which contained the interface of
water and sucrose was pooled into a 50 ml tube. The lower layer from 30 ml to
bottom which contained sediment was also pooled. All pooled layers were diluted
with distilled water and washed by centrifugation at 3,000g for 20 min at 4°C with
brake. After centrifugation, the supernatant was aspirated till 1 ml and the pellet was
stored at 4°C.

Trials for the recovery of oocysts in distilled water with variable initial concentration
using the modified sucrose flotation technique

226 x 10%, 2.34 x 10° and 1.67 x 10° of four months old oocysts were
suspended in 5 ml of distilled water and the modified sucrose flotation technique was

performed as described above to evaluate the recovery of oocysts.
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Trials for the recovery of oocysts in raw water with different turbidities using the
modified sucrose technique

2.20 x 10* of five months old oocysts were suspended in 5 ml of three raw
water samples with different turbidities which were collected from a river (ntu=350),
from a lake at 15 ml depth (ntu=15.4) and at 40 m depth (ntu=0.8). The modified
sucrose flotation technique was performed as described above to evaluate the

recovery of the oocysts.

Evaluation of the results

Each series of experiments was performed at five separate trials. Numbers of
oocysts in resulting pellets were counted in a Neubauer hemocytometer under phase
contrast microscope. The significance of differences between each mean recovery
rate of experiment was expressed at a p value in Man-Whitney U test.

RESULTS

The mean recovery rate of fresh oocysts (one month old oocysts) in distilled
water using the modified sucrose flotation technique was higher (87.2%) than using
the discontinuous sucrose gradients (68.4%) (Table 1). The statistical comparison by
U test indicated a difference between them (p<0.1). For aged oocysts (36 months old
oocysts), the mean recovery rate was higher (48.1%) using the discontinuous sucrose
gradients than using the modified sucrose flotation technique (39.6%) (Table 1),
however there was no statically difference (p>0.1). Using both techniques, the mean
-recovery rates of aged oocysts was significantly lower than fresh oocysts (p<0.05 in
both techniques) (Table 1). Using the discontinuous sucrose gradients, 30.6% if fresh
oocysts and 15.3% of aged oocysts were found in the lower part of the layer with
sediment. Using the modified sucrose flotation technique, 11% of both fresh and aged
oocysts were found in the lower part of the layer with sediment (data not shown).

Table 1. Recovery of Cryptosporidium oocysts using the discontinuous sucrose gradients
or the modified sucrose flotation technique.

Age of Discontinuous sucrose gradients Modified sucrose flotation technique
Oocysts*
(month)  Mean recovery rate (SD)  Range Mean recovery rate (SD) Range
1 68.4 (12.9) 47.1 -78.8 87.2(13.1) 66.3 - 96.2
36 48.1(5.9) 39.8-55.3 39.6 (12.7) 32.0-62.1

#2.02 x 10° oocysts were spiked into 5 ml water.
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Table 2. Recovery of Cryptosporidium oocysts in variable initial
concentration using the modified sucrose flotation technique.

No. of Oocysts Mean recovery rate (SD) Range
2.26x 10° 83.1(14.0) 70.9 - 106.2
2.34x 10° 72.3(17.5) 47.0-95.7
1.67 x 107 73.3(41.1) 204-116.8

*3 months old oocysts were used.

The mean recovery rate using different initial concentrations of 2.26 x 10%
2.34 x10% and 1.67 x 10° of three month old oocysts in distilled water by the modified
sucrose flotation technique was 83.1%, 72.3% and 73.3%, respectively (Table 2).
There were no significant differences between each recovery rate (p>0.1).

The mean recovery rates of five month old oocysts in three raw water samples

with different turbidities are shown in Table 3. Recovery of oocysts in high turbidity
water (ntu=350) was lower (60.7%) than in moderate (ntu=15.4) and low turbidity
(ntu=0.8) water (79.3% and 84.6%, respectively). There was significant differences
between the recovery rate in high and low turbidity waters (p<0.05). In low turbidity
water, the mean recovery rate corresponded to the mean recovery rate in distilled
water which was suspended with the same number of oocysts (p>0.1) (Tables 2 and

Table 3. Recovery of Cryprosporidium oocysts in water with
various turbidities using the modified®sucrose flotation technique.

Turbidity (ntu) Mean recovery rate (SD) Range

High (350) 60.7 (13.3) 48.6 - 81.8
Moderate (15.4) 79.3 (11.3) 70.9 - 99.1
Low (0.8) 84.6 (17.3) 67.7 - 106.4

#2.2 x 10° oocysts were spiked into 5 ml water.

DISCUSSION

Flotation techniques used for purifying Cryptosporidium oocysts in fecal

samples had been adapted for separation of oocysts from debris in water samples by

combination of sucrose gradients or Percoll-sucrose gradient (LeChevallier et al.

1991; Karanis et al. 1998). The aim of flotation techniques is to separate particles and
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debris from oocysts by their diffefence in specific gravity and to arrive of specimen
for better visual detection for microscopy. In this study we focused on our trials not
only to evaluate the recovery efficiency of sucrose flotation technique but also to
examine the factors which may affet the recovery of oocysts during the flotation steps.
To evaluate this technique, we used two entirely different ages of oocysts to study the
affet of age of parasites to its recovery. In addition we examined the recovery of
oocysts under the influences of water turbidity.

The mean recovery rate of one month old (fresh) oocysts in distilled water
using the modified sucrose flotation technique was higher than using the
discontinuous sucrose gradients (Table ). In the discontinuous sucrose gradients,
nearly three times more fresh oocysts were counted in lower sediment layer
compared with the modified sucrose flotation technique. There results demonstrate
that mixing the sample with higher specific gravity of sucrose solution yields better
recovery rate particularly for fresh oocysts. Using a combination of Percoll-sucrose
density gradients, LeChevallier et al. (1995) also demonstrated that recovery of fresh
oocysts was improved when a specific gravity of 1.3 was used. Our results suggest
that the use of the modified sucrose flotation technique will be better for the
separation of fresh oocysts in clean water samples (Table 1).

In contrast to the recovery of fresh oocysts, the mean recovery rate of 36
months old (aged) oocysts was significantly lower and considerable part of them
were not found in any layer by both techniques. This is probably that the walls of
aged oocysts became fragile because of long-term storage and destroyed by the
osmotic pressure of the sucrose solution. Variability in the recovery of oocysts of
different age was also reported by Bukhari and Smith (1995). They found that sucrose
solution of specific gravity of 1.18 selectively concentrated viable or intact oocysts.
Prolonged storage of oocysts affects the viability and infectivity of the parasites has
been suggested for other coccidian parasites also. Especially for Cryptosporidium it
has been suggested that infectivity decreases significantly after two months of storage,
but a considerable percentage of oocysts remains viable for up to 12 months
(Sherwood et al. 1982; Current 1990). Also in our study, the mean recovery rates of
one to five month old oocysts spiked into distilled or low turbidity water showed no
difference (from 83.1 to 87.2%). These results suggest that the age of oocysts will
greatly affect the whole recovery rate in flotation separation step. Also Klonicki et al.
(1997) pointed out that the age of oocysts is one of the most critical factors in
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Cryptosporidium research. The same authors criticized that many publications offer
only incomplete documentation of important factors (e.g. sources of oocysts, age of
oocysts, storage media) which affect the quality of oocyst, resulting in large
discrepancy of counting methods. They also found high variation in oocyst recovery
using the Percoll-sucrose flotation which explains why the ICR method (Information
Collection Rule, EPA method) has shown low precision.

In low and moderate turbidity water, the recovery rate of five months old
oocysts was nearly 80% and corresponded to the recovery rate of one month old
oocysts in distilled water. In contrast, the recovery rate in high turbidity water was
significantly lower (Table 3). Fricker (1995) demonstrated that when the sucrose
flotation technique was used, the recovery of oocysts from raw water was lower
(55%) than from reservoir water or fully treated water (67% and 80%, respectively).
LeChevallier et al. (1995) also reported a significant decrease of oocysts recovery
from environmental samples in Percoll-sucrose gradient. This occurs presumably
because particles in raw water may attach to oocysts altering their sedimentation
characteristics or destroy them.

In this study, we directly contaminated small volumes of water (5 ml) with
oocysts because we attempted to evaluate only the recovery efficiency of flotation
methods without concentrate of oocysts by filtration step. From this reason, initial
concentrations of oocysts used in all our trials became higher than expected in the
natural contamination level (Karanis et al. 1998). Although the statistical evaluation
showed no significant difference of retovery rate between different initial
concentrations of oocysts (Table 2), we can not exclude the possibility that the high
initial concentrations of oocysts improved the recovery. In this point, further
investigation should be carried out using low initial concentrations of oocysts.

Recently new separation method, immunomagnetic separation (IMS) was
proposed alternative to flotation techniques (Bukhari et al. 1998). In IMS, the
recovery rates of oocysts from water samples of various turbidities (50 to 5000 ntu)
ranged from 0.12 to 85% using three commercially available kits (Bukhari et al.
1998). These data indicate the potential ability of IMS for separation of oocysts
especially from high turbidity raw water, but the method needs more development for
practical use. In addition, commercial kits of IMS are rather expensive to use in daily
routine works. For example, Dynabeads anti-Cryptosporidium kit (Dynal A.S. Oslo,
Norway) is 54,000 Japanese Yen (2,100 Norway-Krone) for 10 samples. We do not
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exclude the use of other techniques such as IMS for separation of oocysts from water
samples, but at this moment we assume that the modified sucrose flotation technique
is still useful as a fast one-step, simple to perform and inexpensive method for the

analysis and detection of Cryptosporidium oocysts in environmental water samples.
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