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differences (P < 0.05) by Statistix for windows, Trial 
version 9.0 (Analytical software, Tallahassee, FL 
32317, USA).

Results
No differences have been observed between the 
two extraction methods in terms of final DNA 
concentration.

Results of microscopic tests
23/800  samples were positive for Cryptosporidium 
oocysts. Analysis according to health status and age 
is reported in Table I and II.

PCR‑RFLP data
Out of 23 samples tested positive by ZN, 22 were 
correctly amplified by the adopted nested PCR. 
The PCR products were then digested with the SspI 
and demonstrated similar products (385 bp and 
448 bp); with the VspI enzyme showing two bands 
of 731 bp and 102  bp, and with the DdeI enzyme 
showing three bands of 470 bp, 186 bp and 156 bp. 
All the 22  samples were identified positive for 
Cryptosporidium andersoni (2.75%).

Statystical analysis
No significant difference was found between age 
groups, and between healthy and diarrheal cows, 
using Chi‑square test (overall x2  =  0.07, p‑value = 
0.7847, d.f. = 1). It can be said that Cryptosporidium 
andersoni causes the same infection in all age groups 
(overall x2 = 1.27, p‑value = 0.5292, d.f. = 2) .

Molecular Diagnostics (Third Edition), 2017] 
and a Nucleospin® Tissue Kit (MN), following 
manufacturer's instructions, from 23 positive 
samples by modified Ziehl‑Neelsen method.  

PCR‑restriction fragment length 
polymorfism (RFLP) 
Cryptosporidium oocysts were identified at species 
level using a nested PCR of 18S rRNA gene followed 
by RFLP (Xiao et al. 1999).

Primary PCR

DNA from positive samples was amplified using the 
protocol described by Xiao and colleagues (Xiao 
et al. 1999).

The PCR master mix was prepared by using the 
AccuPower® PCR PreMix kit (Bioneer, Korea). The PCR 
master mix reaction was prepared according to kit 
instructions in 40 µl total volume by adding 1 µl of 
purified genomic DNA and 1 µl of 10 pmol/µl of F1 
and 1 µl of 10 pmol/µl of R1 and briefly mixed.

The following thermal profile was used: denaturation 
at 95 °C for 3 minutes, followed by 35 cycles of 
denaturation at 94  °C for 45  seconds, annealing at 
55 °C for 45 seconds, extension at 72 °C for 1 minute, 
and then a final extension at 72 °C for 7 minutes. 
Then, PCR products were loaded on 1.5% agarose 
gel stained with SYBR safe, and electrophoresed. 
The bands were visualized by UV and photographed 
using the gel Doc system.

Secondary PCR

By using published primers (Xiao et al. 1999)
the following thermal profile was used: initial 
denaturation at 94  °C for 3 minutes, followed by 
35  cycles of denaturation 94 °C for 45 seconds, 
annealing at 58 °C for 45 seconds, extension at 72 °C 
for 1 minute, and then a final extension at 72 °C for 
7 minutes.

RFLP
A total volume of 10 μl of the secondary PCR 
product was digested for 2 h at 37 °C with 10 U of 
each enzyme, SspI, DdeI and VspI (Fermentas) in 
32 μl following manufacturer’s instruction. The 
digested products were separated on a 2% agarose 
gel electrophoresis using SYBR safe staining and 
photographed by UV transilluminator.  

Statistical analysis 
The chi‑square test was used to evaluate significant 

Table I. Prevalence of Cryptosporidium spp. infection in cattle by age in 
Mashhad, Northeast of Iran.

Age group 
(months)

N. of 
cattle

Cryptosporidium 
spp. positive

Prevalence 
(%)

≤ 6 220 6 2.72

6-18 200 8 4

≥ 18 380 9 2.36

Total 800 23 2.87

Table II. Prevalence of Cryptosporidium spp. infection in healthy and 
diarrheic cattle in Mashhad, Northeast of Iran.

Group N. of 
cattle

Cryptosporidium 
spp. positive

Prevalence 
(%)

Healthy 500 15 3

Diarrheic 300 8 2.66

Total 800 23 2.87


