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Abstract

Background: The main goal of the present study was to develop anew sensitive and specific PCR based method for
Identification of Cryptosporidium sp. using novel primers from 18S ribosomal RNA. Cryptosporidiosisin high-risk
host groups particularly in neonates and i mmuno-compromised individuals may result in death. To the best of our
knowledge thisisthe first study regarding develop a new PCR based method to diagnose the cryptosporidiosisin
Iran.

M ethods: A total of 850 human fecal samples from patients clinically suspected to cryptosporidiosis and 100 healthy
and diarrheic cattle stool specimens were collected. The simplified formol-ether concentration method was carried
out for al samples. They were then examined microscopically by modified Ziehl-Neelsen staining method. Total
DNA was extracted by QIA amp DNA stool mini kit. PCR and nested-PCR was carried out by using designed prim-
ers.

Results: Twenty nine cases of cryptogporidioss infection in human and 30 samples from cattle microscopically were
positive. The described primary and nested PCR method could detect all Cryptosporidium positive samples from
human and cattle. Regards to suspected negative samples in primary PCR examination, the Nested PCR could ap-
prove two more positive results. Furthermore, Nested PCR analysis was able to detect one more case which was
negative in both microscopically examination and primary PCR. Specificity of the test was 100%. Sensitivity of
Nested PCR in comparison to our gold standard; microscopy after Ridley concentration modified ziehl-Neesen, was
100 %.

Conclusion: Our developed PCR based method by using new primers devised from 18S ribosoma RNA revealed
the ability for identification of the Cryptosporidium species such as C. parvum and C. huminis with high specificity
and sensitivity.
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I ntroduction

Cryptosporidium Sp. are monoxenous
protozoan parasites causing water-
food borne gastrointestina infections
in both human and animal (1-3). They are
common seen in childhood, pregnancy and
immune-compromised people such as AIDS
patients (4). Children are the most infected
group in developing countries (5-7).
Cryptosporidium oocysts were detected in
13% of parsitologic stool investigations in
developing countries (5-7). Species which
involve human are C. muris, C. parvum, C.
hominis, C. felis and C. canis. Oocysts
contaminating food or water and direct
contact with infected animals or humans
cause acute gastroenteritis and diarrhea in
healthy people but in immunocompromised
patients, individuas with AIDS and
malnourished children, Cryptosporidium
parasites cause a chronic and life-threatening
disease (1, 8, 9).

Common methods for detection of Crypto-
sporidium are parasite visualization using
acid-fast staining as well as fluorescent
staining after concentration. Because they
are obligate intracdlular parasites, cultivat-
ing of the organism is not routine in the
laboratory (10, 11).

To obtain high sensitivity in the diagnosis
with microscope, a modified Ziehl- Neelsen
staining and a minimum amount of 500,000
oocysts in each gram of examined stool re-
quired (11). Besides, identification of oo-
cysts in direct microscopic detection is de-
pended to the time as well as experience of
stool examiner (12,13). In addition, the lack
of morphological characters to discriminate
Cryptosporidium  species causes low
sensitivity and specificity for detection of
this parasite (34). Furthermore,
Immunofluorescent-antibody assays (IFA)
methods which used to detect Cryptosporid-
ium oocysts in environmental samples are

not useful for species identification (14, 15-
17).

The PCR technigues have proved both spe-
cific and sensitive methods for detection of
protozoan infections and Cryptosporidium
specimen types (18, 19). In the present study,
based on a primer designed from 18S ribo-
soma RNA, we tried to set up a senstive
Nested-PCR for detection of Cryptosporid-
ium species from human, and cattle feces.
This method may help us for detection of
these parasites in a more rapid and sensitive

way.
M aterialsand M ethods

Fecal specimens

A total of 850 feca samples were obtained
from patients clinically suspected to crypto-
sporidiosis. One hundred stool specimens
from diarrheic and/or healthy cattle were
aso collected from rurd area in south of
Iran. The samples were referred to Parasitol-
ogy Laboratory, School of Public Health,
Tehran University of Medical Sciences the
simplified Formol-Ether concentration me-
thod was carried out for all samples (20, 21).
They were then examined and evaluated
microscopicaly by modified Ziehl-Neelsen
staining method. Briefly, thin smears of fe-
cal suspension were prepared on glass dlides.
The slides were flooded with carbol fuchsin
for 1 hour following fixing by absolute aco-
hol (20). Then they were washed and
decolorized in 3% acid-alcohol for about 30
seconds. The slides were then washed and
stained with 1% methylene blue for 4 mi-
nutes. After washing and air drying, the
dlides were investigated microscopicaly by
40x as well as 100x objectives (20). Postive
samples were separated for performing PCR
anaysis.
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DNA extraction

Total High Molecular weight DNA was ex-
tracted by QIA amp DNA stool mini kit
(Qiagen, Hilden, Germany). In according to
manufacturer’s instructions, we performed a
pre treatment as follows; 180 to 200 mg por-
tion of each stool sample was transferred
into an Eppendorf tube and dissolved in 700
pL of ASL buffer of DNA extraction Kit.
The samples were then exposed to a five cy-
cles of freeze and thaw within liquid nitro-
gen and boiling water in order to disruption
of oocyst cells. Afterwards, 700 pL of ASL
buffer was added into the sample tube and
then the procedure was followed based on
instruction of DNA extraction kit.

Primer designing and Nested PCR
amplification

A part of 18S ribosomal RNA gene from
Cryptosporidium genus which described
previously  (NCBI, Accession Nr.
GQ259149.1) was selected to design specific
primers for detecting of al Cryptosporidium
species. The mentioned gene fragment was
amplified with the primer pairs including:
Cryl8S-32, S
GGTGACTCATAATAACTTTACGG 3 as
forward and Cryl8S-As2, 5
ACGCTATTGGAGCTGGAATTAC 3’ as
reverse primers. Nested PCR was performed
by the following primers, Cryl8S-Sl, 5
TAAACGGTAGGGTATTGGCCT 3  as
foowad and Cryl8SAsl, 5 CA-
GACTTGCCCTCCAATTGATA 3 as re
verse. PCR was carried out by using a pegS-
TAR thermocycler (Peglab, Germany) under
the following conditions for both primary
and Nested analysis: 94 °C for 5 min, 35 cy-
clesof 1 min a 94 °C, 1.30 min a 60 °C, 2
min a 72 °C, followed by 35 cycles
comprising 1 min at 94 °C, 1.30 min &
60 °C, 2 min a 72 °C and a fina extension
step of 10 min a 72 °C. 20 pM of each
primer was added in a volume of 50 pl
containing: 20 MM (NH4), SO4, 75 mM

Tris-HCI (pH. 8.8), 1 mM MgCl,, 0.2 mM
dNTP mix, 1.2 Units of thermo stable DNA
polymerase (Roche), and 1 pl of template
(genomic DNA). The amplification products
were subjected to electrophoresison a1 %
agarose gel.

Result

From 850 human samples and 100 cattle
stool samples which have been investigated
microscopically, 29 cases of cryptosporidio-
sis infection in human and 30 positive sam-
ples from cattle have been revealed. These
positive samples were nominated for further
PCR andysis. In addition, A total of 100 mi-
croscopicaly negative human samples
which, based on clinicd manifestations,
were suspected to cryptosporidiosis were
selected for further PCR analysis.

Isolation of DNA from positive feces sam-
ples mentioned above has been done by
DNA stool mini kit (Qiagen, Hilden, Ger-
many).

Synthesized Designed Primers from Crypto-
sporidium 18S ribosomal RNA utilized in a
double-tube nested PCR. Both outer and in-
ner primers optimized at a same protocol.
Using the outer primers, a fragment with ap-
proximate size of 347 bp was amplified (Fig.
1), while by using inner primers a gene frag-
ment with 240 bp has been produced (Fig. 2).
The described primary and nested PCR
method could detect all Cryptosporidium
positive samples from human and cattle (Fig.
1&2).

Regarding to suspected negative samples in
primary PCR examination, the Nested PCR
could approve two more positive results (Fig.
1&2). Furthermore, Nested PCR anaysis
was able to detect one more case which was
negative in both microscopicaly examina-
tion and primary PCR (Fig. 3).

The specificity of the designed primers was
approved by performing the same PCR
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anaysis using isolated DNAs from Enta- Blastocystis hominis and showed no banding
moeba histolytica, Giardia duodenalis and pattern.

Fig. 1: PCR products of human samples (1-5) and cattle samples (6-9) on 1% agarose gel. WM:
100 bp molecular weight marker; lane 1: sample 229; lane 2: sample 145; lane 3: sample 142;
lane 4: sample 233; lane 5: sample 234; lane 6: sample 192; lane 7: sample 183; lane 8: sample
163; lane 9: sample 194; lane 10: human negative fecal sample; lane 11: positive control; lane 12:
negative control (Distilled water instead of DNA template)

TEUWM 4

Fig. 2: nested-PCR products of human samples (1-5) and cattle samples (6-9) on 1% agarose gel.
WM: 100 bp molecular weight marker; lane 1: sample 229; lane 2: sample 145; lane 3: sample
142; lane 4: sample 233; lane 5: sample 234; lane 6: sample 192; lane 7: sample 183; lane 8: sam-
ple 163; lane 9: sample 194; lane 10: human negative fecal sample; lane 11: positive control; lane
12: negative control (Distilled water instead of DNA templ ate)
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Fig. 3: PCR & nested-PCR products of a human sample that was negative in both microscopi-
cally and primary PCR analysis on 1% agarose gd. WM: 100 bp molecular weight marker; lane
1: sample k PCR pattern; lane 2: sample k nested-PCR pattern

Discussion

We described a sensitive and specific PCR
based method for the rapid and direct detec-
tion of Cryptosporidium in stool specimens.
Cryptosporidiosis, as mentioned before, is
one of the most important emerging infec-
tious diseases which are directly transmitted
by the fecal—-oral route and cause different
kinds of diseases in mammals, birds, and
fish (22). Although current |aboratory meth-
ods for the detection of Cryptosporidium
oocysts are primarily relied on examination
by microscopy, however, morphologica
characters for identifying Cryptosporidium
are few, and identification based on light mi-
croscopy aone is unreliable and relatively
time consuming (23, 24). In addition, re-
searches shown that methods based on
immunological detections are not more
sensitive than conventional microscopy (13,
25). In contrast, because of sensitivity and
easly performance, PCR amplification
seems to be an obvious choice for improved
detection of Cryptosporidium from feces. To
the best of our knowledge, PCR-based as-
says have not been previously developed lo-

caly in Iran for direct identification of
Cryptosporidium genus. However, some
investigations have been performed in order
to differentiation the related species (26-28).
In this study, we designed novel outer and
inner primer pairs with a same annealing
temperature in both analyses. Our investiga-
tion showed the ability of the first PCR with
the outer 18S rRNA primers in detection of
Cryptosporidium infected samples. In addi-
tion, in some cases with smal amount of
parasite, in which the direct microscopy as
well as primary PCR were unable to detect
the infection, the nested-PCR with inner 18S
rRNA primers was able to recognize the
infection. The study of Weber et d, reveaed
that the sensitivity of Immunofluorescence
(IF) diagnostic methods for detecting
Cryptosporidium oocysts in human stools
was related to the amount of oocysts. The
minimum of amounts of oocysts per gram
were indicated as 10,000 in watery stool,
50,000 in formed stools (11). In addition, at
least 500,000 oocysts per gram of formed
stool were needed for a 100% detection rate
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by modified cold Kinyoun acid-fast (AF)
staining (11). Therefore, in cases of low
amount of oocysts, we need more senstive
tests to identify infections. The method de-
scribed in this study, was able to detect all
Cryptosporidium infected samples by pri-
mary and nested PCR andysis. The specific-
ity of our test was gpproved by the DNA ex-
tracted from other common intestinal para-
sites (G. lamblia, E. histolytica and B.
hominis). In addition, using high temperature
as anneding in PCR (60°C), nonspecific
banding patterns was not observed in analy-
sis. Sensitivity of the mentioned Nested PCR
analysis in comparison with the standard mi-
croscopy was 100 %. Moreover, this method
can be useful in epidemiologica studies of
cryptosporidiosis as well as environmenta
studies and water sources testing of this
parasite.

Acknowledgements

This study was funded and supported by Te-
hran University of Medical Sciences
(TUMS); Grant no. 87/03/27/7931. The au-
thors declare that there is no conflict of
interests.

References

1. Zhu G, Janet SK, Herve Ph. What is the
phylogenetic position of Cryptosporidium?
Int J Syst Evol Micraobiol. 2000; 50: 1673
1681.

2. MacKenzie WR, Hoxie NJ, Proctor ME,
Gradus MS, Blair KA, Peterson DE. A
massive outbreak in Milwaukee of Crypto-
sporidium infection transmitted through the
public water supply. N Engl J Med. 1994;
331: 161-7.

3. Dupont HL, Chappell CL, Sterling CR, Ok-
huysen PC, Rose B and Jakubowski W.The
infectivity of Cryptosporidium parvum in
heslthy volunteers N Engl J Med. 1995,
332: 855-859.

10.

11.

13.

14.

Savioli L, Smith H, Thompson A. Giardia
and Cryptosporidium join the ‘Neglected
Diseases Initiative’ . Trends Parasitol. 2006;
22 (5): 203-208.

White AC Jr. Cryptogporidioss (Crypto-
sporidium hominis, Cryptosporidium par-
vum, other ecies). In: Manddl GL, Ben
nett JE, Dolin R, editors. Principles and
Practice of Infectious Diseases. 6"
ed. Philadelphia: Elsevier Churchill Living-
stone; 2005. P. 3215-3228.

Bushen OY, Lima AA, Guerat
RL. Cryptosporidiosis. In: - Guerrant  RL,
Wadker DH, Weller PF, editors. Tropica
Infectious Diseases. Philadelphia: Elsevier
Churchill Livingstone; 2006. P. 1003-1014.
Kosek M, Alcantara C, LimaAA, Guerrant
RL. Cryptosporidiosis: an  update. Lancet
Infect Dis. 2001; 1(4): 262-9.

Cook GC. Opportunigtic parastic infections
associated with the acquired immune defi-
ciency syndrome (AIDS). Q J Med. 1987;
65: 967-983.

Xiao L, Escalante L, Yang C. Phylogenetic
andyss of Cryptosporidium parastes
based on the small-subunit rRNA gene lo-
cus. Appl Environ Microbiol. 1999; 65:
1578-1583.

Arrowood MJ. In vitro cultivation of
Cryptosporidium species. Clin Microbiol
Rev. 2002; 15: 390-400.

Weber R, Bryan RT, Bishop HS, Wahlquig
SP, Sullivan 10, Juranek DD. Threshold of
detection of Cryptogporidium oocysts in
human stool specimens. evidence for low
sengtivity of current diagnogtic methods. J
Clin Microhial. 1991; 29: 1323-1327.

. Garcia LS, Brewer TC, Bruckner DA.

Fluorescence detection of Cryptogporidium
oocysts in human fecal specimens usng
monoclonal antibodies. J Clin Microbial.
1987; 25:119-121.

Kehl KSC, Cicirello H, Havens PL. Com-
parison of four different methods for the de-
tection of Cryptogporidium species. J Clin
Microbiol. 1995; 33: 416-418.

Xiao L, Lal AA, Jiang J. Detection and dif-
ferentiation of Cryptogporidium oocysts in
water by PCR-RFLP. Methods Mal Bial.
2004; 268: 163-176.



15.

16.

17.

18.

19.

20.

21.

Iranian J Parasitol: Vol. 6, No4, 2011, pp.1-7

Sterling CR, Arrowood MJ. Detection of
Cryptosporidium sp. infections using a di-
rect immunofluorescent assay. Pediatr In-
fect DisJ. 1986; 5: 139-142.

Stibbs HH, Ongeth JE. Immunofluores-
cence detection of Cryptosporidiumoocysts
in feca smears. J Clin Microbiol. 1986; 24
517-521.

Graczyk TK, Cranfidd MR, Fayer R.
Evaluation of commercia enzyme immu-
noassay (EIA) and immunofluorescent anti-
body (FA) test kits for detection of Crypto-
sporidium oocyds of species other than
Cryptosporidium parvum. Am J Trop Med
Hyg. 1996; 54: 274-279.

Johnson, D.W, N.J. Pieniazek, D.W. Grif-
fin, L.Misener, and JB.Rose. Development
of a PCR Protocol for Sengitive Detection
of Cryptogporidium Oocysts in Water Sam-
ples. Applied and Environmental
Microbiology. 1995 ; 61:3849-3855.
Haque R, Roy S, Siddique A e a. Multi-
plex red-time PCR assay for detection of
Entamoeba hidolytica, Giardia intestinalis,
and Cryptosporidium spp. Am J Trop Med
Hyg 2007; 76: 713-717.

Morgan UM, Pallant L, Dwyer BW, Forbes
DA, Rich G, Thompson RCA. Comparison
of PCR and Microsoopy for Detection of
Cryptosporidium parvum in Human Fecal
Specimens. J Clin Microbiol. 1998; 36(4):
995-998.

Ridley DS, Hawgood BC. Thevalue of for-
mol-ether concentration of feca cysts and
ova. JClin Patho. 1956; I(9): 74-76.

23.

24.

25.

26.

27.

28.

. ODonoghue PJ. Cryptosporidium and

cryptosporidiosis in man and animals. Int J
Parasitol. 1995; 25: 139-95.

Fall A, Thompson RC, Hobbs RP, Morgan-
Ryan UM. Morphology is not a rdiable
tool for ddlineating gpecies within Crypto-
gporidium. JParasitol. 2003; 89: 3909-402.
Clark DP. New ingights into human crypto-
sporidiosis. Clin Microbiol Rev. 1999; 12:
554-63.

Rodriguez-Hernandez J, Canutblasco A,
Ledesmagarcia M, Martinsanchez A M.
Cryptosporidium oocysts in water for hu-
man consumption comparison of saning
methods. Eur J Epidemiol. 1994; 10: 215-
218.

Meamar AR, Guyot K, Cetad G, De-Cas
E, Mohraz M, Mohebai M, Mohammad K,
Mehbod AA, Rezaie S, Rezaian M.
Molecular ~ Characterization of Cry-
ptogporidium Isolates from Humans and
Animalsin Iran. Appl Environ Microbiol.
Feb. 2007; 73(3): 1033-1035.

Pirestani M, Sadragi J, Ddimi-ad AH, Zav-
var M, Vaeznia H. Molecular characteriza-
tion of Cryptosporidium isolates from hu-
man and bovine using 18s rRNA gene in
Shahriar county of Tehran, Iran. Parastol
Res. 2008; 103: 467472,

Keshavarz A, Haghighi A, Athari A, Ka-
zemi B, Abadi A, Nazemahossani-Mo-
jaad E. Prevdence and molecular
characterization of bovine Cryptogporidium
in Qazvin province, Iran. Ve Parasital.
2009; 160: 316-318.



