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Abstract

Cryptosporidium spp. we re identified in w ater s amples c ollected f rom R iver Melet in O rdu P rovince by Loop M ediated I sothermal
Amplification (LAMP). The water samples are regularly taken every month from River Melet where mix the sea point (M-1), near solid waste
storage area (M -2), Ordu-Giresun o n t he highway b ridge 1 ocation (M-3), n ear th e c ity's in dustry (M-4) and in the city out (M-5) from
December, 2010 to N ovember, 2 011. 6 0 water s amples were flocculated by Aluminum S ulfate and they were used for the c ounting o f
Cryptosporidium sp. oocysts by Modified Acid-Fast (MAF). The highest number of samples were purified by sucrose-gradient and DNA were
extracted for LAMP assay. The number of oocycsts decreased in the form of M-3, M-4, M-2, M-1 ve M-5, respectively in five stations of River
Melet. The six water samples from per site, which is the highest numbers of oocysts by MAF, were analyzed by LAMP and they were found
positive. Ordu has rich water resources, but, the availability of them have been reduced because of the waste waters discharge of river and sea
directly without processing. P arasites m ove to rivers, lakes and s treams by rainfall i n this area. T hereby, the d rinking, a griculture a nd

recreational use of water is important to identify potential risk factors for the protection of the public health.
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INTRODUCTION

Cryptosporidium spp.a nd Giardia duodenalis are
important causes o f p rotozoan waterborne d iseases. T hese
parasites are transmitted by both zoonotic and anthroponotic
cyclesan d t hey ar e c ause o fw idespread gastrointestinal
illnesses. T hese pa thogenic p rotozoan aret ransmitted
through contaminated water and food and ninety percent of
the r eported outbreaks of t hese pr otozoan ¢ ome t hrough
water and ten percent of are through food [1,2,3,4]

LAMPas sayh aveb een developedf orD NA
amplification and there is no need of heat de naturation of
double-stranded DNA products to initiate as the polymerase
chain r eaction (PCR) [5].Itisp ossibletohaveag reat
number of copies from the targeted DNA in a short period in
constant t emperature without t he c ontribution of t echnical
skills and professional e quipment [6]. There are numerous
reports r egarding as the s uccessfuluseo f LAMP inthe
biomedical field including the detection of viruses, bacteria,
fungi a nd parasites [7,8]. LAMPisar ecently d eveloped
technology fort he di agnosis of parasites especially
Cryptosporidium spp. [4,9].

In this study we in vestigated Cryptosporidium spp. in
water s amplesb y LAMP f romR iver M eleto f Ordu
Province of T urkeyinthe B lack S ea area. The L AMP
methodi s usefulf ort hede tection ofw aterborne
cryptosporidiosis outbreaks.

MATERIALS AND METHODS

Sampling Sites

All's amples were o btainedi nt hep eriod b etween
December, 2010 to November 2011. Five sampling sites in
River M eleto f Orduw eres elected ford etectiono f
Cryptosporidium spp. The site 1 was River Melet where mix
the sea point (M-1); The site 2 was River Melet near solid
waste storage area (M-2), The site 3 was Ordu-Giresun on
the hi ghway bridge 1 ocation (M-3), The site4 was River
Melet near the city's industry (M-4); The site 5 was River
Melet in the city out (M-5) (Fig 1).

River Melet is a n atural b oundary b etween the M iddle
Black Sea and the Eastern Black Sea region. All canyon of
River Melet is rich with various streams. Due to the rapid
change in the direction of East of Ordu, River Melet is now
discharging through the city to the sea. The rivers of Ordu
which is taking resources from the mountains parallel to the
beach r eaches the shore fromthe deep and steep v alley.
Because of the geological structure of the provincial land, It
give rise to a l ot of erosion. Melet River area features has a
typical B lack S ea climate. Thereby, s ummers areh ot,
winters are relatively mild, cold and rainy in all seasons.

Water sample collection and Microscopic detection
Water s amples were collected as p reviously d escribed
by [4] Briefly, IO L ofpersamples were flocculate with
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Figure 1. The map of sampling sites.

M-1: River Melet where mix the sea point; M-2: River Melet near
solid waste storage area; M-3: River Melet in Ordu-Giresun on the
highway bridge location; M-4: River Melet near the city's industry;
M-5: River Melet in the city out.

Aly(SO,); and t hen ¢ oncentrated by s ucrose-gradient a nd
centrifugation. The wet preparations in water pellet smear
were p repared and examined f or ooc ysts by Ac id-Fast
staining method as described by [6].

DNA Extraction

Genomic DNA was extracted from the s ucrose pellets
by t he QI Aamp DNA M ini Ki t ( Qiagen, G ermany) b y
modifiying with following the addition of 15 freeze-thaw
cycles as prior to described [4,10]. DNA was eluted in 50
puL TE buf ferandk eptat -20°Cunt ilus edi n L AMP
reactions.

LAMP assays for Cryptosporidium

LAMP assay was performed in water samples to [9] and
[11] targeting the SAM gene. Briefly, LAMP were set up in
a final v olume of 25 p L containing 1 2.5 p L 2X reaction
buffer (40 mM Tris—HCL, 20 mM KCI1, 16 mM MgSQO,, 20
mM (NH,4),SO,, 0.2% Tween 20, 1.6 M betaine, 2.8 mM
each de oxynucleoside t riphosphate), 8 U  Bst DNA
polymerase (New E ngland B iolabs, Japan), 1.3 p L primer
mixture (40 pmol each of the FIP and BIP primers, 20 pmol
each of the LF and LB primers, and 5 pmol each of the F3
and B3 primers), 2 pL DNA and 8.2 puL distilled water. The
samples were l eftat 6 3°C for 60 min and then heated at
85°C for 5 min to final the reaction. The L AMP products
were analyzed by agarose gel electrophoresis and visualized
under U V1 ighta ftere thidiumbr omides taininga s
mentioned before by [4].

LAMP in spiked water pellets

10 oocysts from the stock solution were added in 10%
aliquots o f2 tapand 7 river w ater co ncentrated s ample
pellets. After the DNA extraction, LAMP have been applied
for all 9 spiked sediments as demonstrated in Fig 2.

Sensitivity of the LAMP Assay

The sensitivity of the LAMP assay was evaluated with
genomic D NA of C. parvum (Iowa) c ontrol s ample. The
diluted to known amount of DNA (a range of 10 ng to 100
fg) were used for the sensitivity of LAMP.

Statistical analysis

Descriptive d ata an alyses were d one u sing m icrosoft
excel a nd hy pothesis t esting u sing S PSSv.18. Statistical
analysis was performed using one-way analysis o f variance
(ANOVA). The c omparisons be tween g roups were done
using a pos th octest, T ukey t est. The odds r atio, 9 5%
confidence i ntervalan d P <0 .05 v alue w as s tatistically
significant or nearly statistically significant (i.e. near a value
of 0. 05). I n a ddition, a m ultiple ¢ omparison r egression
model that included all variables was calculated [12,13,14].

RESULTS

Occurence of Cryptosporidium spp. by MAF

Atotal of 60 river water samples collected from R iver
Meleto f Orduci ty wereex aminedb y MAF.
Cryptosporidium sp.oocysts w ere detected i n 60 s amples
from R iver M elet of O rdu c ity t hroughout t he year. The
results from the prevalence o f Cryptosporidium oocysts in
ther iver w ater s amples co llected December, 201 0t o
November, 2011 w ere demonstrated in Table 1. Of the 12
river s amples co llected at site 1 from River M elet, r iver
samples t aken f rom M arch w as hi ghest num ber w ith 38
Cryptosporidium sp. oocysts per 0.5 L. River samples from
sittt 20 fM elet wereh ighlyp ositive with 51
Cryptosporidium sp. oocysts per 0.5 L in March. At site 3 in
River M elet, the maximum p resence o f Cryptosporidium
spp. were detected with 50 oocysts per 0.5 L in February.
The highly positive river water samples for the o ccurrence
of Cryptosporidium spp. were found in site 4 of River Melet
with 53 oocysts per 0.5 L in March. The river samples from
site 5 of Melet were found positive with 27 Cryptosporidium
sp. oocysts per 0.5 L in April.

Table 1. The number o f Cryptosporidium sp. oo cysts by
MAF in water samples from River Melet of Ordu

Investigation Sampling
Time Sites
M-1 | M-2 M-3 M-4 | M-5
10 13 20 14 2
22 11 39 32 3
19 8 50 36 4
December, 38 51 24 53 23
2010- 22 37 47 12 27
November, 19 11 7 9
2011 3 1 21 13 | 5
2 1 3 12
3 21 35 11
9 14 13 21 19
14 12 10 52 9
3 5 6 7 5
Total 164 185 275 272 118

Molecular detection of Cryptosporidium spp.

The s elected p elletso f9 (2tapand 7r iver w ater
samples) s piked w ater s amples were t ested by L AMP as
positive co ntrols. L AMP w ered etected (100%) for
Cryptosporidium DNA in all selected samples (Fig 2).
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Figure 2. Detection of Cryptosporidium spp. by SAM-1 LAMP

in spiked water pellets. M: 100 bp ladder

N: negative control (distilled water); P: positive control (C. parvum
Iowa D NA); l1anes 1 -4: s piked tap water; lanes 5 -9: s piked river
water samples.

Figure 3. Sensitivity of the LAMP. M: 100 bp ladder
N: negative control (distilled water); lane 1: 10 ng; lane 2:1ng; lane 3: 100 pg;
lane 4:10 pg; lane 5: 1 pg; lane 6: 100 fg; lane 7:10 fg.
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Figure 4. Cryptosporidium spp. in selected highly positive samples
from River Melet of Ordu by LAMP

M: 1 00 b p1adder; N : n egative ¢ ontrol ( distilled water); P :
positive control (C. parvum Iowa DNA); lane 1: M-1; lane2: M-
2; lane 3: M-3; lane 4: M-4; lane 5: M-5;

As previously explained by [4], the serial dilutions of
C. parvum DNA (Iowa) were te sted for s ensitivity test o f
LAMP. Briefly, the d etection limit for the S AM-1 L AMP
was found to be 100 fg, while was 1 pg by ne sted PCR
assays (Fig 3).

All six samples, which illustrated the highest number of
Cryptosporidium sp. oocysts, from all sites of River Melet
were used for LAMP assays. Cryptosporidium DNA w ere
detected i n al 1s elected r iver w ater s amples from R iver
Melet by SAM-1 LAMP assay (Fig 4).

The hi ghest num bers of Cryptosporidium spp. w ere
found in all of the river water samples at site 1, 2, 4 and 5 in
spring than the other seasons. But for site 3, winter had more
rainy than the ot hers. The river w ater ¢ ontamination w ith
Cryptosporidium sp. oocysts in spring was typically peaked
during the March at site 1, 2 and 4 and April for site 5. River
samples from site 3 were highly p ositive in F ebruary than
the other months of winter (Fig 5 and 6).

In o ur s tudy, w hen w e ch ecked t otal r ainfall (mm) in
Ordu, winter was more rainy than the other seasons. That is
why we did not find any correlation between the number of
oocysts an d s eason as w ell. The av erage monthly r ainfall
and temperature in Ordu were illustrated in (Fig 7).
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Figure 5. The numbers of Cryptosporidium sp.oocysts in River
Melet of Ordu in each of the months.
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Figure 6. The numbers of Cryptosporidium sp.oocysts in River
Melet of Ordu in each of the seasons.



Z. Koloren and E. Demirel / JABS, 7 (2): 28-32, 2013 31

MNumber of Cry ptosporidim spp.

Figure 7. The average monthly rainfall and temperature in Ordu

The s imilar seasonal p atternsw erep resentedi n
previously study by finding the number of Cryptosporidium
spp. and G. duedonalis ina llo fth e wastewater more
frequent in spring and summer than in the other seasons as
described by [15,16,17,18,19,20]. But u nlike s ummer, we
found t he n umber of Cryptosporidium more frequentin
spring than in the other seasons.

The contamination of Cryptosporidium spp. are not just
depending o n s easonality. F ertilization of p astures w ith
animal manure, | ambing, cat tle farming, cal ving could b e
reason for c ontamination as it was de monstrated by [ 20]
and i n a ddition a gricultural p ractices a nd dy sfunction of
sewage treatment plants on s tudy time might be reason for
contamination as described by [21].

The results of unvariate analysis showed that difference
in probability o f failure with months be tween M arch a nd
December, M ay, J une, July, No vember wa s a si gnificant
(Table 2). The number of Cryptosporidium spp. oocysts per
0.5 L atsite 1 are just as likely to be contaminated as site 2,
3,4 and 5 in River Melet of Ordu. The similar results were
obtained be tween autumn and the ot her s easons. T hereby,
there was no any asignificant variables for the all seasons
(Table 3 and 4).
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Molecular m ethods must t o be us ed t o de termine t he
distinctions between the species of some protozoan instead
of'cl assical methods w hicha ren otad equate f ort he
identification a s de scribed by [6]. In recenty ears, LAMP
has frequently been used to detect waterborne protozoan by
illustrating the a dvantages of t hism ethod ins everal
publication [4,11].

The SAM-1 LAMP assay which is targeting sadenosyl-
methionine synthetase (SAM) gene were used for detection
oft hree C ryptosporidiums pecies: C. parvum,
Cryptosporidium hominis and Cryptosporidium meleagridis
accordingt o[ 11]. I nour s tudy, we pe rformed S AM-1
LAMP as sayt o p resentt he levels of ¢ ontamination by
Cryptosporidium in river water samples as well.

As pr eviously r eported by [14], the occurence of
Cryptosporidium spp.insea and dr inking w ater s amples
from the Sinop Province of Black Sea in Turkey by M AF.
According to autors this data can just be able to support the
molecular r esults. T hey h ave t o u se m olecular an alysis in
order to identify whether the parasites asset in this samples
are hum an pa thogenic or not. In our study, we presented
similarly that how common Cryptosporidium spp. are in this
arcab yM AF as a classical method. S ubsequently, we
selected highly co ntaminated s ix s amples from per site to
determine t he species ofthese parasites by LAMP. Allof
the samples from investigated area were found positive by
LAMP. In addition, in here, the spiked samples were used as
internal p ositive c ontrols in LAMP assay and L AMP was
positive ( 100%) f or Cryptosporidium DNAin9s piked
water samples pellets.

CONCLUSION

Cryptosporidium spp. were identified in water s amples
collected from River Melet in Ordu Province by molecular
method. It will he Ip o ur u nderstanding of t he 1 evels of
contamination by Cryptosporidium in the investigated areas.
This contamination should be followed to standardize river
water from the study areas at least as a s easonal to protect

Table 2. Multiple c omparisons between months for Cryptosporidium sp. oocysts detection in w ater samples from

River Melet of Ordn

Measured Cryptosporidium spp. oocysts

Investigation months (95% Confidence interval) p value*

December 26.0%(0.39-51.60); p=0.044

January 16.4 (9.20- 42.00); p=0.558

February 14.4 (11.20-40.00); p=0.734

April 8.8 (16.80-34.40); p=0.988

May 27.8*(2.19-53.40); p=0.023

June 29.2*(3.59-54.80); p=0.013

July 32.4*(6.79-58.00); p=0.004

August 22.2 (3.40-47.80); p=0.147

March

September 22.6 (3.00-48.20); p=0.131

October 18.4 (7.20-44.00); p=0.384

November 32.6%(6.99-58.20); p=0.003
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public h ealth. Itisrecommended t hat the m unicipalities
should build advanced purified sewage systems or sewage
discharge to remote locations in the drinking water sources,
since Cryptosporidium spp. transmitted by fecal-oral route.

Table 3. Multiplec omparisons be tweens ites for
Cryptosporidium sp. o ocysts detection in w ater s amples
from River Melet of Ordu

Number of Cryptosporidium spp. oocysts/0.5L in River Melet
of Ordu

Cryptosporium spp.

(max-min) p

Seasons N
value

5.06 (29.01-17.81);
Winter p=0.868
12.33 (35.74-11.08);

Spring p=0.389

Autumn

Summer 3.04 (20.01-26.81);

p=0.965

Table 4. Multiple ¢ omparisons be tweens easons for
Cryptosporidium sp. o ocysts detection in w ater s amples
from River Melet of Ordu

Number of Cryptosporidium spp. oocysts/0.5L in River Melet
of Ordu
Cryptosporium spp.
Study Sites (max-min) p value *
Site 2 1.75(17.60-4.10);  p=0.998
Site 3 9.25 (25.10- 6.60); p=0.476
Site 1 Site 4 9.00 (24.85- 6.85); p=0.503
Site 5 3.83 (12.01-19.68);  p=0.960
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