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I Abstract
Cryptosporidium spp. and Giardia lamblia (synonyms: Giardia duodenalis, Giardia intestinalis) are emerging protozoa causing
disease in humans and animals worldwide. These parasites can pose a serious threat to immunocompromised people, for
whom the symptoms are more severe and may include abdominal pain, watery diarrhoea, nausea, headaches, malaise,
and fever. One of the sources of these parasites can be treated wastewater from wastewater treatment plants (WTPs).
Samples of treated wastewater (effluent), each of 10 L volume, were collected from 13 municipal WTPs located in eastern
Poland. Cryptosporidium oocysts and Giardia cysts were separated by the immunomagnetic method. The presence and/or
concentration of protozoan (0o)cysts in effluent samples were determined by directimmunofluorescent microscopy, nested
PCR and Real Time PCR. Viability of (co)cysts was determined by double-staining with the use of Live/Dead BacLight kit
(Invitrogen). Cryptosporidium spp. oocysts were detected in 8 WTPs (61.5%) and Giardia spp. cysts in 11 WTPs (84.6%) by
microscopic analysis. Both pathogens were detected in samples from 7 WTPs. Median concentrations of Cryptosporidium
and Giardia (oo)cysts in 13 examined samples were 2.2/L and 6.6/L, respectively, while mean concentrations were 28.5/L
and 113.6/L, respectively. In positive samples, Cryptosporidium oocysts concentrations ranged from 0.4 — 154.1 oocysts per
litre, and Giardia cysts concentrations ranged from 0.7 — 660 cysts per litre. By nested PCR, Giardia DNA was detected in
4 samples of the 13 examined, (30.8%) while Cryptosporidium DNA was never detected. In Real Time PCR, positive results
for Giardia were obtained in 5 samples (38.5%) and in none of the samples for Cryptosporidium, with the exception of one
equivocal result. Viable (0o)cysts of Cryptosporidium and Giardia were detected in 3 out of 4 samples examined, in the ranges
of 12.5 - 60% and 50 — 100% of total (0o)cysts, respectively. In view of our preliminary study, the presence of oocysts and
cysts (largely viable) in effluents from WTPs imply a risk of transmission of waterborne protozoan parasites to humans.

Therefore, additional wastewater purification procedures are necessary.
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INTRODUCTION

Cryptosporidium spp. and Giardia lamblia (synonyms:
Giardia duodenalis, Giardia intestinalis) are emerging
protozoa causing diarrheal disease in humans and animals
worldwide [1, 2, 3]. According to Guy et al. [4] these parasites
are major causes of waterborne enteric disease throughout
the world. Currently, there are 13 recognized species of
Cryptosporidium and 6 species of Giardia that can cause
infections in humans or animals. Among them, C. hominis,
C. parvum and Giardia lamblia are responsible for most
human infections [5, 6]. Giardia lamblia is divided into at
least 7 genetically distinct assemblages (A to G), differing
with host specificity. Zoonotic potential have assemblages A
(divided into 2 major subtypes, A-I and A-II) and B [7]. At
least 325 outbreaks associated with waterborne transmission
of protozoan parasitic agents have been reported [8]. Giardia
lamblia and Cryptosporidium parvum have been responsible
for the vast majority of those outbreaks (40.6% and 50.8%,
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respectively) [9]. These parasites are transmitted by the faecal-
oral route through contaminated water and food. In 1993,
an extremely large waterborne outbreak of cryptosporidiosis
occurred in Milwaukee, Wisconsin, USA, which resulted
in 403,000 people being infected and included at least 70
fatalities [10]. In Europe, a big waterborne outbreak of
giardiasis with 1,300 laboratory-confirmed cases took place
in Bergen, Norway [11].

The (oo)cysts are resistant to conventional routine
disinfectants. The prevalence of Giardia infection in people
was estimated at 2 — 5% in industrialized countries and 20
- 30% in developing countries [12].

Studies including analysis of sewage for the parasites
Cryptosporidium and Giardia, have been performed
throughout the world [3, 13]. Cryptosporidium spp. and
Giardia lamblia have been detected in effluents and biosolids
from wastewater treatment plants, but so far only a little is
known about wastewater treatment and how it may affect
their survival and removal [14, 15]. Many authors report a
high reduction of proozoan (oo)cysts as a result of sewage
treatment processes: by 96 — 100% [16, 17, 18, 19] or by 1.4 -
3.0log,, [10, 20, 21].

Primary treatment involves the settlement of preliminary
treated wastewater in a sedimentation tank, whereas in
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secondary treatment the wastewater is aerobically broken
down during sludge activation in an aeration tank, oxidation
ditch, or by a percolating filter system [22]. Following this
treatment, the wastewater is removed to a clarifier where
the solids settle by gravity. Raw liquid sludge, with more
than 94% of water, is regularly removed from the bottom of
either a primary sedimentation tank (in the case of primary
sludge) or from a clarifier (in the case of secondary sludge),
and the sewage sludge is transported to a sludge drying bed
for thickening and dewatering [22]. Lim et al. [23] reported
that the treatment of sewage with extended aeration is
better than that in an aerated lagoon. Graczyk et al. [24]
expressed an opinion that reduction of the concentration of
Cryptosporidium and Giardia in dewatered and biologically
stabilized sewage sludge is significantly greater compared to
sludge activation process.

Depending on the efficiency of the conventional
wastewater treatment plants, (0o)cysts may pass through
the treatment process and contaminate surface waters (i.e.
rivers, recreational waters) and agricultural lands, which
leads to the potential infection of humans [9, 25]. Oocysts of
Cryptosporidium were detected from a few to 100% of tested
surface waters at concentrations ranging from 0.001 - 100/L
[26], and from 9.5 - 22% of groundwater samples [1].

Activated sludge systems demonstrate average removal
rates of 92% and 87% for parasite eggs and cysts, respectively,
which indicates the possibility of survival of protozoan
(0oo)cysts and helminth eggs beyond typical retention times
for treatment processes [27]. For this reason, there is a duty
to monitor the safety of these substances, including the
obligation for parasitological examination.

OBJECTIVE

The aim of the presented study was to estimate the
prevalence of Cryptosporidium oocysts and Giardia cyst in
wastewater (effluent) from selected sewage treatment plants
located in eastern Poland from the aspect of surface waters
contamination, and the potential threat to human health.

MATERIAL AND METHODS

Sampling. Samples of treated wastewater (effluent), each of
10 L volume, were collected from 13 municipal wastewater
treatment plants (WTP) located in eastern Poland (Fig. 1).
Details of the treatment process used in each of the WTPs are
shown in Table 1. The samples were taken between September
2012 - February 2013, and stored at 4 °C before analysis.

Immunomagnetic separation. The wastewater samples
were centrifuged at 1,500 g for 10 min. The supernatant was
aspirated and removed. Next, immunomagnetic separation
(IMS) was performed using Dynabeads GC-Combo kit,
(Invitrogen Dynal). The IMS procedure was performed
according to the US EPA method 1623 [28]. From the pellets
obtained after centrifugation, 0.5 ml was transferred to a
Leighton tube, already containing 1 ml of 10 x SL buffer A
and 1 ml of 10 x SL buffer B, and supplied with distilled water
(DW) to 10 ml. After that, 100 pl of anti-Cryptosporidium
and anti-Giardia beads were added to the tube, and the
sample rotated for 1 h at room temperature. The tube was

Figure 1. Localization of examined waste treatment plants.

Table 1. Characteristics of studied wastewater treatment plants (WTP)

Population of Flow capacity Mass of
WPT Water . . dehydrated
codes Type region sup:]:rat:glr;t\sNTP ((:;yc\i/:;) sewage sludge
(kg/day)
A M, PUB2 CW 20,000 (100%) 1,620 405
B M, B cw 2,158 (89.09%) 200 50
C M, B cw 6,274 (53.35%) 1,960 490
D M, B cw 2,448(69.9%) 905 226
E M, B UW 11,970 (99.9%) 2,500 625
F M, PUB2 CW 10,295 (100%) 1,620 405
G M,Non-B  CW 3,040 (75.96%) 2,200 550
H M, B CW 11,635 (87.83%) 3,200 800
| M, PUB1 CW 63,260 (67.66%) 25,000 6,250
J M, PUB2 CW 40,017 (89.09%) 9,000 2,250
K M, PUB2 CW  15,310(91.62%) 4,000 1,000
L M, PUB2 CW 25,000 (12.5%) 1,500 500
M M, PUB2 CW 15,921 (100%) 4,730 1,182

M - mechanical WTP; B - biological WTP fulfilling standards of effluent for agglomerations
with <15,000 inhabitants; Non-B - biological WTP not fulfilling standards of effluent for
agglomerations with <15,000 inhabitants; PUB1 - biological WTP with increased removing
compounds of nitrogen (N) and phosphorus (P) fulfilling standards of effluent foragglomerations
with = 100,000 inhabitants; PUB2 - biological WTP with increased removing compounds of
nitrogen (N) and phosphorus (P) fulfilling standards of effluent for agglomerations with = 15,000
RLM < 100,000 inhabitants; UW - Upper Vistula Water Region; CW - Central Vistula Water Region

placed in a magnetic particle concentrator and gently rocked
for 2 min. After removing the supernatant, and removal of
the tubes from the magnetic particle concentrator, 1 ml of
1 x SL buffer A was added to each tube. The suspension of
complexes of beads and (0o)cysts was transferred into a 1.5 ml
Eppendorf tubes. The tubes were placed in another magnetic
particle concentrator and rocked for 1 min. After removing
supernatant and magnet, 50 pl of 0.1 N HCl was added, and
the tube was vortexed for 15 s. Tubes were allowed to stand
for 10 min in a vertical position. After that, the magnet
was again inserted. The tubes were allowed to stand for
2 min to collect the beads at the back side of the tube. Next,
suspension of released (0o)cysts was transferred to the next
tube, containing 5 pul of IN NaOH.

Direct Immunofluorescence Assay (DFA). DFA was
performed using commercial test Aqua-Glo™ G/C Direct
Comprehensive Kit (Waterborne Inc., USA). 15 microliters
of IMS product were put on microscopic slide and allowed to
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dry at room temperature. Next, samples were fixed by 50 ul of
methanolandallowed todry. After that, 50 pl of 46-diamidino-
2-phenyl indole (DAPI) in PBS (0.4 ug DAPI/ml) was dropped
and left for 4 min at room temperature. After removing
DAPI, the slide was rinsed by adding 100 ul wash buffer and
left for 1 minute. The wash buffer was removed, and 50 pl
of conjugate anti- Cryptosporidium/Giardia with fluorescein
isothiocyanate (FITC) placed in each well. The slides were
placed in a humidified chamber and incubated at 37°C for
30 min. Then, the washing step was performed (as described
above). One drop of BlockOut™ counterstain (to reduce non-
specific background fluorescence) was added to each well,
and the slide incubated for 1 minute at room temperature.
After washing (as described above) and drying the slide, a
drop of Fade™ mounting medium was placed in each well,
covered by glass, and viewed under an epifluorescence
microscope (x 400). Cryptosporidium and Giardia (0o)
cysts were identified on the basis of their size, shape, and
structure, according to guideline described in method 1623
[28]. Positive and negative controls were used.

The number of pathogens per litre of effluent was counted
by multiplication of the number of parasites detected
microscopically in 15 pl of product IMS by 3.67 (factor for
whole volume of IMS product), multiplication of 0.5 ml
(volume used in IMS) by total volume of pellet obtained after
centrifugation of sample, and final division by 10.

Evaluation of viability. Viable cysts of Giardia lamblia,
produced by the passage of human strain H3 (assemblage B)
through Mongolian gerbils, were obtained (Waterborne
Inc., New Orleans, LA, USA). The cysts were suspended in
phosphate-buffered saline with penicillin, gentamicin and
Tween 20 and were stored at 4°C until use.

The IOVA strain of live Cryptosporidium parvum oocysts
produced by passage in calves were obtained from Waterborne
Inc., USA. Oocysts were suspended in phosphate-buffered
saline (PBS) containing antibiotics and stored at 4 °C until use.

The number of (oo)cysts in the stock solution was
determined in the laboratory by using a Fuchs-Rosenthal
chamber. Thus, precise numbers of cysts were determined.

Inactivation of control (oo)cysts was performed by
treatment at 70 °C in a water bath for 30 min. Dead and live
(0o)cysts were used as controls in the experiment.

Double-staining of (oo)cysts with the use of Live/Dead
BacLight kit (Invitrogen) was performed according to Taghi-
Kilani etal. [29]. After thawing of the kit at room temperature
in light protected conditions, equal volumes of reagents A
and B were combined in a 1.5 ml Eppendorf tube and mixed.
The tube was wrapped with aluminum foil. 3 microliters
of this mixture was then added to 97 pl of DW, containing
1 x 10% Cryptosporidium oocysts and a similar amount of
Giardia cysts.

After incubation at 37 °C for 60 min, 15 ul of aliquots were
placed on a slide and microscopical observations were made.
Preparations were observed under a fluorescence microscope,
using a 40 x magnification and filter for wave length 470 nm
(excitation) and 490 nm (emission). Colour and intensity of
live (dark green) and dead (light green or orange/yellow)
(0oo)cysts staining were visually assessed. The number of
unstained (oo)cysts was also assessed.

In order to assess viability of (0o)cysts isolated from effluent
samples collected in 4 selected WTPs, the same procedure
was performed.

Nested PCR. The remaining IMS product (40 pul) was designed
for the isolation DNA with the use of QIAamp DNA Mini kit
(QIAGEN GmbH, Germany), according to manufacturer’s
instructions with minor modification: samples underwent
seven freeze-thawing cycles by placing the tubes in liquid
nitrogen, followed by immediately placing the tubes in 70 °C
water. Next, samples with 20 pl of proteinase K and 180 pl of
ATL buffer were incubated overnight at 56 °C. The extracted
DNA was stored at -20 °C until PCR assay.

For molecular identification of Giardia spp., a semi-nested
PCR was performed according to Caccio et al. [30] with slight
modifications. Each reaction mixture (50 pl) consisted of 1 x
buffer and contained 3.2 mM of MgCl,, 0.1 uM of each primer,
1.3 units of Taq polymerase (Qiagen), 0.2 mM of each ANTP’s
(Fermentas), and 2.5 ul of DNA. Amplification was carried
out as follows: an initial cycle at 94°C for 5 min, followed
by 40 cycles of 94°C for 30 s, 65°C for 30 s, and 72°C for
60 s. Final extension was carried out at 72 °C for 7 min. Each
semi-nested PCR product was subjected to electrophoresis
on 1.5% agarose gel, and stained with ethidium bromide.

Molecular identification of Cryptosporidium spp. was
performed on the basis of 18S SSU rRNA gene analysis
using the primers previously described by Xiao et al. [31] in
modification by Santin et al. [32].

Negative and positive DNA controls were included
in each of PCR reactions. Amplification was performed
using a TProfessional 48 thermal cycler (Biometra GmbH,
Gottingen, Germany). After conducting the electrophoresis,
PCR products were analyzed on 1.5% agarose gel stained with
ethidium bromide under UV light.

Real Time PCR. To amplify a 74-bp fragment of p-giardin
gene of Giardia and 151 bp fragment of COWP gene of
Cryptosporidium, Real Time PCR according to Guy and al.
[4] was performed with some modifications: the commercial
mix IQ Supermix (Bio-Rad) was used and number of cycles
increased to 50. Real Time PCR was performed in a CFX96
Bio-Rad thermocycler.

RESULTS

Prevalence of Giardia and Cryptosporidium oocysts
determined by microscopy (DFA). Cryptosporidium spp.
oocysts were detected in 8 WTPs (61.5%) and Giardia spp.
cysts in 11 WTPs (84.6%) by microscopic analysis. Both
pathogens were detected in samples from 7 WTPs. In
positive samples, Cryptosporidium oocysts concentrations
ranged from 0.4 - 154.1 oocysts per litre, and Giardia cysts
concentrations ranged from 0.7 — 660 cysts per litre. The
highest number of Cryptosporidium oocysts was detected
in sample from WTP L (154.1 oocysts per litre), the lowest
in the sample from WTP C (0.4 oocysts per litre) (Tab. 2).
The highest number of Giardia cysts was detected in the
sample from WTP G (660 cysts per litre), and the lowest in
the sample from WTP B (0.7 cysts per litre).

Evaluation of viability. The results of Live/Dead BacLight
staining of 4 selected samples showed viable (green or dark
green colour) Cryptosporidium oocysts and Giardia cysts in
3 samples from WTPs A, B, and D. All (oo)cysts observed
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Table 2. Results of detection of Cryptosporidium spp. and Giardia spp.
in effluents from wastewater treatment plants (WTP) in eastern Poland

DFA

WP No. of (0o)cysts per litre Real time PCR Nested PCR
codes Coptospo- Ly Coptospo L Coptospo- -
ridium ridium ridium
A 33.0 3743 ) + ) ()
B 2.6 0.7 +/(-) () Q] ()
C 0.4 1.8 ) ) () )
D 0.0 5.5 ) ) ) +
E 0.0 11.0 ) Q] Q] ()
F 0.0 0.0 () Q] Q] ()
G 0.0 660.0 ) ) ) )
H 16.5 0.0 ) + ) ()
| 29.4 220.0 Q] + Q] ()
J 0.0 16.5 ) + Q] +
K 1321 6.6 ) + Q] +
L 154.1 176.2 () + () +
M 22 3.7 ) ) () ()
Median 22 6.6
T
+ = positive, (-) = negative, +/(-) = equivocal (doubtful)

Table 3. Viability assessment of Cryptosporidium and Giardia isolated
from effluent samples of selected WTPs

Viability
WTP codes No. of live/total (oo)cysts (%)
Cryptosporidium spp. Giardia spp.
A 1/8 (12.5) 2/4 (50.0)
B 3/5 (60.0) 2/2(100.0)
C 0/5(0.0) 0/1(0.0)
D 2/4 (50.0) 1/2 (50.0)

in the sample from WTP C were recognised as dead (light
green or orange/yellow color). The proportions of live/total
(0o)cysts determined in each sample are shown in Table 3.

PCR results. Based on detection of p-giardin Giardia gene,
4 (30.8%) of the 13 examined samples were positive. PCR
based on the fragment 185 SSU rRNA Cryptosporidium gene
revealed no positive reactions.

In Real Time PCR, positive results for Giardia were
detected in 5 samples (38.5%) and none in the sample for
Cryptosporidium, with the exception of one equivocal result
for WTP B sample (Tab. 2)

DISCUSSION

The purpose of the presented study was a preliminary
assessment of the prevalence of parasitic protozoans Giardia
and Cryptosporidium in finished effluents from selected
WTPs located in the Lublin region of eastern Poland. It
seems that estimating the efficiency of treatment plants in
removing these parasites is important from the aspect of
public health [33, 34]. Even well-operated water treatment
plants cannot ensure that drinking water will be completely

free of Cryptosporidium oocysts. Current Polish regulations
for treated wastewater and sludge define limits for chemical,
bacteriological, and helminth eggs, but do not include
regulations for parasitic protozoa [35, 36].

The transmission of Giardia and Cryptosporidium spp.
through contaminated water, food, and mainly the oral-
faecal route to humans, is well documented. The cycling
of pathogens can occur between humans and also between
animals and humans [6, 14]. The potential contamination
of water with parasitic protozoa can be initially assessed by
the presence of bacteria Clostridium perfringens in a sample
[37]. However, no statistical correlation was found to exist
between the counts of indicator bacteria (CI. perfringens), and
occurrence of Cryptosporidium or Giardia. (Oo)cysts of these
parasites are known to be environmentally resistant. Giardia
cysts remain viable for almost 2 months at 0 - 2°C [38], and
Cryptosporidium oocysts for nearly 6 months at 4°C [39].
(Oo)cysts can be effectively inactivated at the temperature
of 55°C [38, 40]. The number of pathogens can be reduced
by various treatments, e.g. aerobic or anaerobic digestion.
But after anaerobic digestion, Cryptosporidium oocysts have
been reported to remain viable at least for 30 days in sludge-
treated soil [40].

There is a lack of data concerning the occurrence of
Cryptosporidium and Giardia in treated water effluent from
sewage treatment plants in Poland. The presence of protozoan
(oo)cysts in effluent samples from the WTPs examined in the
presented study suggests that the methods utilized by WTPs
are not fully effective. Not completely removed protozoa and
the contamination of tap water systems may cause outbreaks
of cryptosporidiosis and/or giardiasis. DFA revealed
considerable quantities of effluent samples contaminated
with Cryptosporidium and Giardia (61.5% and 84.6%,
respectively). The microscopy results of this study revealed
that Giardia cysts occurred more frequently in the effluents
collected from WTPs: A, C, D, E, G, I, ], L and M, whereas
Cryptosporidium oocysts occurred less frequently, or were
absent altogether. The oocysts of Cryptosporidium prevailed
onlyin 3 WTPs: B H, and K. Using the USEPA Method 1623,
Castro-Hermida and al. [41] also found both parasites in
effluent samples from 12 WTPs in Galicia, northwest Spain,
and Giardia also outnumbered Cryptosporidium spp. Similar
observations were also made by Dungeni & Momba [42] in
South Africa.

The prevalence and concentrations of these parasites
found in the presented study are greater compared to some
figures reported from Brazil [43], Tunisia [44], Germany
[45], Hungary [46], Finland [47], USA [48, 49], Canada [21],
and Spain [20]. Tonani et al [43] reported from WTP eftluent
in Brazil, concentrations of Cryptosporidium and Giardia
ranging from 0 - 1.05 oocysts and 0.45 - 3.5 cysts per litre,
respectively. In Tunisia, Giardia cysts were detected by the
use of IMS-IFA in 4 of 8 treated wastewater samples, whereas
Cryptosporidium was never detected either by microscopic
examination or by IMS-IFA. Nested PCR amplification of the
SSU rRNA gene showed that 1 of the 8 treated wastewater
samples contained Cryptosporidium spp., and 3 of the 8
samples (37.5%) were PCR positive for G. lamblia [44].
In Germany, the parasites were detected in about 50% of
all treated water samples [45]. Plutzer et al. [46] reported
that 42% of treated sewage samples in Hungary contained
Cryptosporidium oocysts and 67% contained Giardia cysts. In
the study performed by Rimhanen in Finland [47], only 20.4%
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of treated sewage samples contained Giardia cysts and 6.8%
contained Cryptosporidium parvum. Gennacaro et al. [48]
found in the USA low numbers of Cryptosporidium parvum
in WTP effluent amounting to 40% of the examined samples,
with an average concentration of 0.07 oocyst/L. McHarry
[49], also from the USA, reported a very low concentration
of Cryptosporidium oocysts in WTP effluent, ranging from
0.011 - 1.19/L. Chauret et al. [21] found in treated sewage
in Canada very low levels of Cryptosporidium and Giardia
(0.052 oocyst/L and 3.29 cysts/L, respectively). Rodriguez-
Manzano et al. [20] in Spain reported that the concentrations
of Cryptosporidium and Giardia in sewage after the end of the
treatment cycle were 0 — 1.6/L and 0 - 13.2/L, respectively.

The presented results are comparable with those obtained
by Lim et al. [23] in Malaysia who found in treated sewage
20-80 Cryptosporidium oocysts and 1 - 1,462 Giardia
cysts per litre, and with those reported by Lalancette et al.
from Canada, who found in this environment peak values
of 89 Cryptosporidium oocysts/L and 472 Giardia cysts/L
[50], with those obtained by McCuin & Clancy in the USA
[51] who reported concentrations of Cryptosporidium
oocysts ranging from below 2 to 86/L, with those found by
Bonnadonna et al. [52] in Italy for Cryptosporidium ranging
from 0 - 82 oocysts/L, and with those obtained Wiandt et al.
[19] in France who reported concentrations of Giardia cysts
ranging from below 1 to 66/L.

Greater numbers of Giardia cysts, amounting to 380 -
1,450/L have been reported from Spain by Alonso et al.
[53]. Similarly, Robertson et al. [54] noted in WTP effluent
in Norway high concentrations of Cryptosporidium and
Giardia, ranging from 4,000 - 36,000 and from 4,000 -
44,000 (extrapolated to per liter), respectively. From eftluent
samples in Scotland in which oocysts viability was assessed,
46% contained viable oocysts [27].

The method of pellet concentration by centrifugation used
in the presented study was simple and inexpensive. IMS and
IFA used for detecting Giardia and Cryptosporidium are
implemented in the EPA method 1622/1623 [28]. Limitations
of these methods are the selected capacity to detect only
Cryptosporidium and Giardia, and high cost.

The current results did not show full agreement between
DFA and PCR. By microscopy, Cryptosporidium oocysts were
detected in 8, and Giardia cysts in 11 samples out of the total
of 13 samples. In contrast, by nested PCR, Cryptosporidium
was detected in none, and Giardia in 4 of the 13 samples. In
Real Time PCR, 4 positive results were obtained for Giardia,
whereas for Cryptosporidium only 1 doubtful-positive result.
These differences could be attributed to the small number of
parasites in the samples and/or to the non-full clearance of
PCR inhibitors, such as humic and fulvic acids. Generally,
from the perspective of molecular epidemiology, the number
of Cryptosporidium oocysts in treated wastewater was
lower than Giardia cysts. The differences between DFA and
PCR results can result also from some lack of DFA assay
specificity, which may have led to an overestimation of the
number of (0o)cysts in wastewater by cross-reaction with
non-target organisms. This could be due also to the fact
that the (oo)cysts could be of a different subspecies, and
amplification could not be achieved with the primers used
in this study [14, 55, 56]. The expected superiority of PCR
method over microscopy was also not confirmed by Guy
etal. [4] in relation to Cryptosporidium and Giardia (0o)cysts.
Alonso et al. [53] found by IF microscopy Cryptosporidium

oocysts in 50% of examined sewage samples, while in RT
PCR all samples were negative. Similarly, Mayer & Palmer
[10] noted for Cryptosporidium from treated sewage less
positive results in PCR compared to immunofluorescent
microscopy, although for Giardia, full agreement was noted
between these 2 methods.

The results of the presented study demonstrate that dual-
staining with Live/Dead BacLight viability kit accurately
stained (oo)cysts of Cryptosporidium and Giardia as viable
or dead. The proportion of viable Giardia cysts determined
was greater compared to that reported by Wallis et al. [57]
which amounted to 17%.

The infective dose for Cryptosporidium and Giardia is
as low as 1 cyst or oocyst, which is quite sufficient to cause
infection [14]. In view of our preliminary study, the presence
of oocysts and cysts (largely viable) in effluent from WTPs
does imply a risk of transmission of protozoan parasites that
are of health risk to humans. It may therefore be conclude that
additional wastewater purification procedures are necessary.
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