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ABSTRACT: Cryptosporidium is a protozoan parasite that affects a wide range of hosts, including humans and
animals. This study aimed to evaluate risk factor assessment and compare diagnostic methods for detecting Cryp-
tosporidium parvum in neonatal Holstein calves across various farms in Iran. A total of 301 fecal samples were
collected from 23 dairy farms located in six provinces. Samples were examined using immunochromatography
(ICG), the modified Ziehl-Neelsen (MZN) staining method, and species-specific PCR assays. The ICG technique
was performed immediately after sample collection, while the remaining samples underwent laboratory process-
ing. The prevalence of Cryptosporidium parvum was 50.5% and 45.85% based on the MZN and ICG techniques,
respectively. PCR analysis revealed a 70% positivity rate among 50 randomly selected samples. Infection rates
were higher in diarrheic calves compared to non-diarrheic ones, with rates of 39.52% versus 8.55% by MZN
and 41.9% versus 7.6% by ICG. Key factors influencing infection included annual rainfall, hutch hygiene,
fecal consistency, and calf-cow contact. While the ICG method showed acceptable diagnostic performance in
diarrheic calves, its accuracy was lower for detecting infections in non-diarrheic calves. The high prevalence of
Cryptosporidium parvum among neonatal calves in Iran highlights the need for improved diagnostic and preven-
tive measures. The ICG method can be a practical diagnostic tool but is less effective in identifying subclinical
infections in non-diarrheic calves.
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INTRODUCTION

Cryptosporidium is a protozoan parasite from
the phylum Apicomplexa, capable of infecting
a wide range of hosts, including mammals, birds,
and fish (Santin, 2020; Kumar Dhal et al., 2022).
Among its many species, Cryptosporidium parvum
is predominant in pre-weaned calves and poses sig-
nificant zoonotic and economic concerns (Cai et al.,
2017). This parasite’s ability to cause diarrhea and
growth retardation in neonatal calves underscores
its impact on livestock production.

Despite its clinical relevance, the role of C.
parvum in healthy versus diarrheic calves remains
contentious. While commonly associated with diar-
rhea, the parasite has been detected in asymptomatic
animals, suggesting its pathogenicity may depend
on host factors and co-infections (De Graaf et al.,
1999; Icen et al., 2013). Moreover, outbreaks linked
to Cryptosporidium have emphasized its importance
in public health, particularly due to waterborne and
foodborne transmission routes (Ryan et al., 2018).

In calves, cryptosporidiosis presents as diarrhea,
dehydration, and anorexia, with clinical severity in-
fluenced by immune status and environmental factors
(Castro-Hermida et al., 2002a). Infected calves shed
oocysts into the environment, contaminating water
and soil, which exacerbates transmission risks. Iden-
tifying and managing risk factors such as hygiene,
calf-cow interactions, and climatic conditions are
crucial for controlling the spread of this disease.

Diagnostic approaches for cryptosporidiosis vary
in accuracy and feasibility. Microscopy using the
modified Ziehl-Neelsen (MZN) method remains the
gold standard but requires time and expertise. Rapid
diagnostic tests like immunochromatography (ICG)
offer field applicability but may lack sensitivity for
subclinical cases. Molecular techniques, particularly
PCR assays, provide high specificity and are invalu-
able for epidemiological studies (Mahmoudi et al.,
2020; Bairami et al., 2018).

Despite prior studies on cryptosporidiosis in Iran,
comprehensive investigations into its prevalence, as-
sociated risk factors, and diagnostic efficacy remain
scarce. This study addresses these gaps by evaluat-
ing C. parvum infection in neonatal Holstein calves
using three diagnostic methods and assessing the
impact of environmental and management factors
on infection rates. Therefore, the objective of this
study was to comprehensively assess the prevalence
of Cryptosporidium parvum in neonatal Holstein

calves across different geographical regions in Iran,
identify and analyze potential intrinsic and extrinsic
risk factors associated with infection, and evalu-
ate the diagnostic performance of three commonly
used techniques—Modified Ziehl-Neelsen (MZN)
staining, immunochromatography (ICG), and spe-
cies-specific PCR. By integrating epidemiological,
environmental, and diagnostic perspectives, this
study aimed to provide a holistic understanding of
C. parvum infection dynamics to inform more effec-
tive surveillance and control strategies.

MATERIALS AND METHODS

Ethical Statement, Study Area, and Sample
Size

All procedures conducted in this study adhered to the
ethical guidelines outlined by ARRIVE 2.0 (Percie
du Sert et al., 2020) and were approved by the Shahid
Chamran University Ethics Committee (Protocol No.
94/3/24/60865). Sample collection was carried out
by licensed veterinarians following national regu-
lations on animal welfare.

The study was performed across 23 industrial
dairy farms in six provinces of Iran, chosen to rep-
resent diverse climatic and geographical conditions.
These farms were selected based on their accessibil-
ity and the lack of prior research on Cryptosporid-
ium prevalence in these areas. Sampling occurred
between October 2015 and February 2016, covering
both dry and wet seasons to account for potential
environmental influences on infection rates.

To determine the required sample size, the formula
for estimating proportions in a finite population was
employed. Based on an expected prevalence of 23%
(Mirzai et al., 2014), an absolute error of 5%, and a
confidence level of 95%, a minimum of 272 calves
were needed. Ultimately, fecal samples were collected
from 301 calves to ensure robust statistical power.

Sampling and Definition of Variables

Calves aged 1 to 30 days were included in the study,
with fecal samples collected directly from the rectum
using sterile equipment. Each sample was divided
into two portions: one for immediate analysis using
the ICG method and the other for laboratory-based
tests, including MZN staining and PCR.

Clinical examinations were conducted to classify
calves as diarrheic or non-diarrheic based on fecal
consistency scores. Diarrhea was defined as a fecal
score of 3 or above, following established guidelines
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(Larson et al., 1977). Additional data on intrinsic
factors (e.g., calf age and sex) and extrinsic factors
(e.g., herd size, hutch hygiene, contact with mature
cows, and environmental conditions) were recorded.

Environmental variables, such as mean annual
rainfall, ambient temperature, and relative humidity,
were sourced from local meteorological data. Man-
agement practices, including disinfection protocols
and feeding regimes, were documented through farm
surveys.

Immunochromatographic Technique

A small amount of fecal sample was collected direct-
ly from the rectum using the stopper plug and then
added to the diluent buffer in the provided sample
tube. In cases where the feces were solid prior to
analysis, any excess material was removed with a
spatula. The sample dilution buffer was thoroughly
mixed to ensure a uniform stool suspension. The tube
was then tapped on a flat surface to eliminate air bub-
bles before being placed into a strip tube and securely
sealed. The device was set upright, and the results
were read after 10 minutes. Diagnostic interpretation
of the ICG RAINBOW calf scours kit (BIO K 288,
BIO-X Diagnostics, Rochefort, Belgium) was carried
out according to the manufacturer’s guidelines. A
visible control band confirmed a valid test result. In
the test line, the yellow, blue, red, and green strips
correspond to Rotavirus, Coronavirus, Escherichia
coli attachment factor K99, and Cryptosporidium
parvum, respectively (Hamedian-Asl et al., 2022).

Modified Ziehl-Neelsen (MZN) Method

Fecal samples were collected directly from the
rectum of calves into clean plastic cups and subse-
quently analyzed using the concentration flotation
technique with sugar, as described by Georgi and
Georgi (1990). Smears were prepared, allowed to
dry, fixed in methanol, and stained according to the
Modified Ziehl-Neelsen (MZN) method (Henriksen
and Pohlenz, 1981). The detection and identification
of Cryptosporidium were performed under a light
microscope (Figure 1). Morphologically, C. parvum
oocysts (5.0 x 4.5 um) were distinguished from C.
andersoni oocysts (7.6 x 5.6 um) based on their size
(Soulsby, 1982).

DNA Extraction

Slide preparations were first washed with PBS,
then subjected to centrifugation at 10,000 xg for
5 minutes (repeated three times) to remove any re-
sidual stains. The pellet was resuspended in 250 uLL
of TE-SDS buffer (Tris-HCI 10 mM, EDTA 1 mM,

Figure 1. Cryptosporidium parvum in feces
sample of diarrohic calf (MZN stain).

SDS 1%). The oocyst suspension underwent seven
freeze-thaw cycles using liquid nitrogen and a wa-
ter bath at 80-95 °C. Next, 50 pL of proteinase K
(Cianneg, Tehran) was added, and the mixture was
incubated overnight at 60—65 °C in a water bath.
DNA was extracted using the Genomic DNA isola-
tion kit (Denazist Asia, Tehran, Iran) according to
the manufacturer’s protocol. The concentration of
purified DNA was determined at 260 nm and 280
nm using a Nanodrop Lite spectrophotometer (Ther-
mo Scientific, Waltham, USA). The extracted DNA
was stored at -20 °C until further analysis. For PCR
amplification, the following primer sequences were
used (5°-3"): TAAACGGTAGGGTATTGGCCT and
CAGACTTGCCCTCCAATTGATA, which amplify
a 240 bp fragment of the rRNA (18S) gene (Bairami
et al., 2018). The final PCR product was visualized
on a 1.2% agarose gel under UV light.

PCR Detection Setup

The PCR reaction was prepared in a total volume of
25 uL, containing 12.5 uL of master mix (Amplicon,
Denmark), 8.5 pL of DNA-free Milli-Q water, 20
pmol/uL of each primer, and 1 uL. of DNA. The PCR
cycling conditions were as follows: initial denatur-
ation at 94 °C for 5 minutes, followed by 30 ampli-
fication cycles consisting of 94 °C for 30 seconds,
55 °C for 1.5 minutes, and 72 °C for 1.5 minutes,
with a final extension at 72 °C for 5 minutes. A 100
bp DNA ladder (Cinaclon, Tehran) was used as the
size marker.

Statistical Analysis

The apparent prevalence for each diagnostic method
was calculated by dividing the number of positive
animals by the total number of animals included in
the study. The differences in the proportion of fecal
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samples testing positive or negative for C. parvum
were assessed using the chi-square and Fisher’s ex-
act tests, with a 95% confidence level. Both intrinsic
factors (age and sex) and extrinsic factors (farm size,
location, sanitation practices, calf-cow interaction,
colostrum management, milk pasteurization, envi-
ronmental conditions such as temperature, rainfall,
and relative humidity) were considered as potential
risk factors. Variables with a p-value < 0.2 in uni-
variate analysis were further analyzed using logistic
regression (Hosmer and Lemeshow, 2000) with the
MedCalc software (version 19.2; MedCalc Software
Ltd., Ostend, Belgium) to explore the relationships
between independent and dependent variables. The
fit of the final model was confirmed using the Hos-
mer and Lemeshow test, and potential collineari-
ty between independent variables was evaluated
through correlation analysis. Significance for both
univariate and multivariate tests was set at p < 0.05.

For method comparison, the minimum sample
size recommended was 40 subjects from the target
population (Jensen and Kjelgaard-Hansen, 2006).
To compare the performance of the ICG (rapid test)
with that of the MZN (standard method), results were
categorized as positive or negative for Cryptospo-
ridium spp. The diagnostic accuracy of the ICG was
evaluated against MZN using receiver operating char-
acteristic (ROC) curves, McNemar’s test, inter-rater
agreement (Kappa), and concordance correlation co-
efficient (CCC) tests (Thrusfield, 2005). Concordance
correlation was interpreted using McBride’s (2005)
guidelines as poor (<0.90), moderate (0.90-0.95),
substantial (0.95-0.99), and perfect (>0.99). Addi-
tionally, the precision and bias of each method were
compared to PCR results. The agreement between the
three methods (MZN, ICG, and PCR) in diagnosing
Cryptosporidium parvum was evaluated using the x
statistic (Thrusfield, 2005). Cohen’s Kappa (k) was
calculated to assess the degree of agreement between
each diagnostic method and the gold standard. Agree-
ment levels were interpreted as follows: k < 0.2 for
poor agreement, 0.2 <« < 0.4 for fair agreement, 0.4
<k < 0.6 for moderate agreement, 0.6 <« < 0.8 for
substantial agreement, and k > 0.8 for almost perfect
agreement (Bablok and Passing, 1985).

RESULTS

Disease Prevalence and Association with Risk
Factors

Table 1 provides an overview of geographical data,
weather indices, and the number of calves sampled
across various provinces and farms in Iran. The mean

Table 1. Geographical information, weather indexes [mean£SD with 95% confidence interval (CI) in parenthesis], number of tested farms and

animals of different studied districts for Cryptosporidium parvum prevalence in Iran (Based on Synoptic Automatic Weather Station)

No. of tested animals

Relative average No. of tested
temperature (°C) humidity (%) elevation (m) farms

ambient air

Number of sunny
hours (h)

Mean annual

rainfall (mm)

Geographical
information

District

Healthy
58

Diarrheic

46

(55.77%)

20

(44.23%)

21

6

1590

32.6£12.5
(24.6-40.5)

17.948.6
(12.5-23.5)
17.8+10.7
(11-24.7)
15.349.6

286+55
(250-321)
244+68

(0.5-15.6)
24.4+29.6
(5.6-43.3)

7.5+£12.7

32°38'41"N
51°40'03"E

Isfahan

(48.78%)
14

(51.22%)

15

1350 4

42.7+14.9
(33.2-52.3)
46.2+11.9

(201-288)
258+73

35°41'21"N
51°23"20"E
35°50'08"N

Tehran

(48.27%)

1312 (51.72%)
10

(38.6-53.7)

(9.2-21.5)
13£9.4

(211-304)
250475

17.8425.2

(1.8-33.8)

51°00'37"E
34°48'N
48°31'E

Karaj
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(44.45%)

15

(55.55%)

16

1850

47.7+20.9
(34.4-60.9)
42.4+19.1

(7.02-19)
17.7+9.4

(202-298)
242476

19.7+26.3
(3.03-36.5)
47.1+58.1

Hamedan

(48.38%)

41

(51.61%)

37

1147 3

(30.3-54.5)

(11.8-23.7)

16.62

(193-291)
176+67

(10.1-83.9)

33°29'16"N
48°2121"E

Khorramabad

(52.56%)

(47.43%)

81.4+2.84
(133-219) (12.7-22.5) (79.6-83.2)

69.8+63.7
(29.4-110)

36°33'05"N
52°40'44"E

Babol
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age of the animals was 14.76 + 5.2 days (mean =+
standard deviation), with ages ranging from 1 to 30
days. In this study, 40.86% of the calves were under
2 weeks of age, and approximately 52% of the an-
imals tested were female. The largest and smallest
Cryptosporidium oocysts observed in the study mea-
sured 6.4 X 4.5 um and 3.5 x 3.3 pm, respectively.

A total of 301 fecal samples were analyzed, with
the overall prevalence of cryptosporidiosis in neo-
natal Holstein calves found to be 50.5% (152/301)
based on the MZN method and 45.85% (138/301)
based on the ICG method. In calves with diarrhea,
the prevalence according to the MZN method was
39.52% (95% CI: 37.23-41.25), while in non-diar-
rheic calves, it was 8.55% (95% CI: 6.62-9.84). For
the ICG method, the prevalence in diarrheic calves
was 41.9% (95% CI: 38.13-44.29) and 7.64% (95%
CI: 7.05-8.62) in non-diarrheic calves. Among the
23 farms tested, 91.3% showed infection, with no
contamination detected in two farms located in Teh-
ran and Khorramabad. Additionally, the prevalence
of other key enteropathogens in both mono- and
co-infection forms is depicted in Figure 2.

The highest prevalence was recorded in calves
aged 15 to 30 days (30.23%) and in female calves
(26.91%) compared to calves aged 1 to 14 days
(19.27%) and male calves (22.59%). However, no
significant correlation (P> 0.05) was found between
these intrinsic factors and cryptosporidiosis preva-
lence. As shown in Table 2, extrinsic factors such as
location (P =0.0001), annual rainfall (P = 0.0001),
relative humidity (P = 0.01), herd size (P = 0.007),
fecal consistency (P = 0.0001), and cow contact (P
= 0.002) were significantly associated with infec-
tion rates. Additionally, hutch hygiene (P =0.0001)
emerged as a protective factor against Cryptospo-
ridium infection.

In the multivariate analysis, a backward deletion
method was applied to exclude non-significant fac-
tors from the model. The results indicated that with
over 62% confidence, the disease prevalence could
be explained using 9 independent variables. The Om-
nibus test results confirmed the model’s good fit,
showing statistical significance at an error level of
less than 0.05. The extrinsic variables accounted for
45.5% to 60.6% of the variation in Cryptosporidium
infection rates. In the final analysis, mean annual
rainfall (P = 0.05), hutch hygiene (P = 0.03), fecal
consistency (P = 0.0001), and contact with mature
cows (P = 0.04) remained significantly associated
with the infection (Table 3).

=E.coli (9.94%)
= Rotavirus (29.83%)
« Rotavirus + coronavirus (4.42%)

= Cryptosporidium  (48.85%)
Coronavirus ~ (23%)
= Rotavirus + E.coli (2.21%)

= Cryptosporidium + rotavirus (22.65%) = Cryptosporidium + coronavirus (6.1%)

= Cryptosporidium + coronavirus + rotavirus (2.76%)

Figure 2. Prevalence of four enteropathogens
by using ICG technique in feces samples of
diarrheic and non-diarrheic calves. Mono- and
co-infection of pathogens with each other’s
presented.

PCR Analysis and Genome Sequencing

Out of 50 samples, 35 tested positive in the PCR as-
say (Figure 3), and these were subsequently analyzed
through sequence analysis. The amplified genomic
region was sent for sequencing (Macrogen, South
Korea). The nucleotide sequence of the amplified
rRNA region exhibited a genomic identity of 99.87%
with Cryptosporidium parvum (GenBank accession
No. MK880570).

Method Comparison Analysis

As molecular techniques were not applied to fecal
samples in our study, the MZN method was consid-
ered the reference standard for evaluating the speci-
ficity and sensitivity of the immunochromatography
(ICG) method. The sensitivity, specificity, predictive
values, and likelihood ratios of the ICG-based di-
agnostic assay were calculated for diarrheic (145
cases) and non-diarrheic (156 cases) calves, with
respect to the standard diagnostic method (MZN),
as shown in Table 4.

The results indicated that the concordance cor-
relation and accuracy of the ICG method for detect-
ing C. parvum were lower in non-diarrheic calves
(0.62 and 0.64, respectively) compared to diarrheic
calves (0.72 and 0.73, respectively). Additional-
ly, the sensitivity of the ICG method was higher
in non-diarrheic calves (85.26%) than in diarrheic
calves (84.6%). False-positive results were more
common in diarrheic calves (12.6%) compared to
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Table 2. Cryptosporidium parvum infection rate [percentage with 95% confidence interval in
parenthesis] of newborn Holstein dairy calves based on intrinsic and extrinsic risk factors in

Iran

Risk factor No. MZN detection ICG detection . P-value
Sex

Male 144 22.59 (19.4-25.6) 21.3 (18.75-23.15) 0.57 0.44
Female 157  26.91 (24.1-28.97) 24.6 (22.3-26.2)

Age (days)

1-14 123 19.27 (17.77-21.09) 14 (12.55-15.8) 11.4 0.5
15-30 178  30.23 (28.45-33.6) 31.9 (29.3-33.23)

Location

Isfahan 104  21.6(20.09-23.40) 22.4 (20.81-24.49)

Tehran 41 6.3 (5.97-6.88) 3.3(2.29-4.03)

Karaj 29 4.3 (3.36-4.79) 3.3(2.36-3.87) 20.42 0.0001
Hamedan 18 4.3 (3.33-4.68) 4.3 (3.59-5.2)

Khorramabad 31 4.3 (3.37-4.74) 3.7 (3.11-4.89)

Babol 78 8.3 (7.55-9.12) 8.6 (6.9-9.56)

Temperature (°C)

>16 44 8.6 (8.05-9.11) 7.6 (6.65-8.45) 1.89 0.17
>16 257  40.9 (37.65-43.25) 38.2 (36.23-40.12)

Mean annual rainfall (mm)

>20 151 30.6 (28.9-31.5) 30.2 (28.41-31.23) 15.77 0.0001
>20 150  18.9(17.22-19.4) 15.6 (14.3-16.68)

Relative humidity (%)

>45 179 32.6 (30.45-36.5) 29.6 (28.45-32.12) 2.66 0.01
>45 122 16.9 (15.2-18.7) 16.3 (14.78-17.9)

No. of sunny hours

>250 154  23.48 (21.87-24.6) 24.59 (23.12-26.32) 6.88 0.34
>250 147  26.59 (25.25-28.2) 26.01 (25.03-27.32)

Average elevation (m)

>1300 109  12.6 (10.62-13.84) 12.3 (10.07-13.51) 14.6 0.0001
>1300 192 36.88 (33.34-38.12) 33.6 (30.56-34.8)

Herd size

>4000 153 21.3(19.66-22.8) 19.9 (18.5-21.25) 7.3 0.007
>4000 148  28.2(27.5-30.3) 25.9 (24.03-27)

Hutch hygiene

Yes 165 16.6 (14.85-17.6) 16.9 (15.68-17.87) 18.66 0.0001
No 136 20.9 (18-22.54) 28.9 (27-29.8)

Calf-cow contact

Yes 109  36.9 (34.45-38.9) 33.6 (32.2-34.77) 9.72 0.002
No 192 12.6 (11.5-13.6) 12.3 (11.59-13.22)

Fecal consistency 145

Diarrheic 156 39.52 (37.23-41.25) 41.86 (38.13-44.29) 156 0.0001

Non-diarrheic

8.55 (6.62-9.84)

7.64 (7.05-8.62)

J HELLENIC VET MED SOC 2025, 76 (4)
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Table 3. Final model of multivariate analysis of Cryptosporidium parvum infection risk factors.
Factors had been eliminated step by step (Akaike Information Criterion) until best model was built.
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Risk factor 0Odd ratio (95% CI) SE Regression equation (B) P-value
Location
Isfahan 2.89 (1.96-5.85) 0.13
Tehran 1.18 (0.78-2.59) 0.2
Karaj - reference
0.37 -0.39
Hamedan 1.21 (0.65-2.28) 0.24
Khorramabad 1.16 (0.59-2.26) 0.52
Babol 2.02 (1.63-5.58) 0.18
Temperature (°C)
>16 - reference
1.37 -0.04
=16 1.68 (0.9-3.52) 0.52
Mean annual rainfall (mm)
>20 2.1(1.87-4.93) 0.05
1.11 0.74
>20 - reference
Relative humidity (%)
>45 1.26 (0.58-3.49) 0.93
0.73 0.06
>45 - reference
Average elevation (m)
>1300 3.22(1.27-10.89) 0.45
0.7 -0.54
>1300 - reference
Herd size
>4000 reference
1.01 -0.25
>4000 1.57 (0.8-3.32) 0.8
Hutch hygiene
Yes - reference
1.16 -0.15
No 1.44 (1.09-2.59) 0.03
Calf-cow contact
Yes 2.32 (1.45-4.9) 0.04
0.89 0.25
No - reference
Fecal consistency
Diarrheic 39.4 (2.56-107.23) 0.0001
. . 0.35 3.67
Non-diarrheic - reference

non-diarrheic calves (9.72%). The area under the
curve (AUC) for the ICG method was 0.86 in diar-
rheic calves and 0.87 in non-diarrheic calves, both of
which were acceptable and did not show significant
differences when compared to the MZN method (P
> 0.05).

As detailed in Table 5, the Bias Correction factor
(0.999 vs 0.997) and Pearson’s p (0.84 vs 0.79) for
the MZN method were higher than those for the ICG

method when compared to the gold standard tech-
nique (PCR). Furthermore, the linear kappa statistic
and concordance correlation for the MZN method
in comparison with PCR were perfect (0.94) and
substantial (0.97), while those for the ICG method
were perfect (0.86) and poor (0.77), respectively.

DISCUSSION
Gastrointestinal infections, particularly Crypto-
sporidium spp., are significant health concerns in
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Table 4. Test performance characteristics

and area under curve (AUC) of
immunochromatography (ICG) method in
comparison to modified Ziehl-Neelsen (MZN)
for the diagnosis of Cryptosporidiosis among
diarrheic, and non-diarrheic Holstein dairy
calves in Iran

Test  1CG technique
Diarrheic Non-diarrheic

Parameters calves calves
Sensitivity 84.6 85.26
(95% CI) (77.7-90.0) (78.7-90.4)
Specificity 87.5 86.9
(95% CI) (81.2-92.3) (80.3-92.0)
NPV 85.3 84.6
(95% CI) (79.8-89.4) (78.9-88.9)
PPV 86.9 87.5
(95% CI) (81.2-91.0) (82.1-91.5)
+LR 6.77 6.51
(95% CI) (4.4-10.4) (4.3-9.9)
-LR 0.18 0.17
(95% CI) (0.1-0.3) (0.1-0.2)
AUC” 0.86 0.87
(95% CI) (0.82-0.89) (0.81-0.90)
Difference 0.14 0.14
(95% CI) (-0.1-0.19) (-0.22-0.19)
P-value 0.26 0.09

* DeLong et al., 1988

Figure 3. Gel electrophoresis

of Cryptosporidium SSU rRNA.
products resulting from digestion of
the PCR assay. Lines 1 and 8: 100
bp molecular marker, Line 2 through
5: C. parvum, Line 7: Positive
control, Line 8: Negative control (no
template).

young livestock, especially in tropical and subtrop-
ical regions (Burd and Hinrichs, 2016). Diarrhea
in calves can be caused by nutritional factors or
infectious agents, including viruses, bacteria, fungi,
and protozoa. Among these, Cryptosporidium is a
protozoan parasite known to cause substantial eco-
nomic losses due to diarrhea, poor growth, and even
death in calves (Bamaiyi and Redhuan, 2017). The
prevalence of Cryptosporidium infections varies by
region, with reports in Iran ranging from 3.6% to
50% (Azami, 2007; Mahami-Oskouei et al., 2014;
Noorani Kolije et al., 2020), and globally from
1.61% to 96.6% (Akinkuotu et al., 2014; Huang et
al., 2014; Thompson et al., 2017). In our study, we
found an overall prevalence of 50.5% based on the
MZN method, which aligns with similar studies in
Iran (Asadpour et al., 2013; Noorani Kolije et al.,
2020). Comparable high prevalence rates have also
been observed in neonatal calves in the USA, Viet-
nam, and Italy (Santin et al., 2004; Nguyen et al.,
2007; Diaz et al., 2018). On infected farms, preva-
lence rates in 1- to 3-week-old calves often exceed
50%, with some studies indicating that over 90%
of farms harbor this parasite (Anderson and Rings,
2008).

When assessing risk factors for Cryptosporidi-
um infection, we identified several key factors that
contribute to the spread of this parasite. First, our
study found that the infection rate was higher in
calves older than 2 weeks (30.23%) compared to
younger calves (19.27%), although this difference
was not statistically significant. This observation is
consistent with previous studies, which suggest that
older calves are more susceptible to Cryptosporid-
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ium infections (Doungmala et al., 2019). The peak
o shedding of oocysts typically occurs around day 12
"é B &~ g . E of'life, which could explain the higher infection rates
£ .2 § O S ® S in older calves (Anderson and Rings, 2008). This
._g 2 § N 3 2 QE s suggests that optimal sampling for detecting oocysts
S _%‘) A2 |22 s2 might occur during this window.
'§ E o Regarding sex distribution, we found that more
s 2 $ female calves were infected with Cryptosporidium,
B S S = ©° which aligns with other studies reporting a higher
-§ g & E £ § § Q infection rate in females compared to males (Ranjbar
& E ROUE | & S < and Fattahi, 2017). This finding warrants further in-
8 g . vestigation, as some studies have not observed any
= 8 - . significant sex-related differences in Cryptosporid-
= § -§ Z 8 § % § ium prevalence (Shobhamani, 2005).
E § 2 E N lg' — é — @ Environmental factors also play a crucial role in
e S32 1225 S the transmission of Cryptosporidium. We found that
E = - the infection rate was higher in regions with low
% = 2 ;n 1l e & < mean annual rainfa!l (<'20 mm) and loyv relative hu-
& = R 3 2 2 a: midity (<45%), which is consistent with other stud-
TS j§ 4 =2l % o Q ﬁ ies reporting increased oocyst shedding in warm and
'§ § E az § 9"_: g S 2 S g S humid climates (Paul et al., 2008; Joute et al., 2016).
g § However, some studies have shown higher preva-
S oz L lence rates in colder, winter months (Mohammad et
S, 8 s & & al., 1999; Ranjbar and Fattahi, 2017), likely due to
4 :«: E = |5 2 2 2 the confinement of animals in smaller spaces, lead-
5B £ g oo oy 2 % o & pt ing to increased contamination (Hatam-Nahavandi
gﬂg o dl LA gt A et al., 2019). This contradiction may be due to the
= 2 o - fact that warmer, humid conditions may accelerate
; & i . g % g oocyst transmission, while colder conditions may
.g £ g ' « = - cause oocysts to become more resilient due to freeze/
& L‘i g2l o thaw cycles (Jenkins et al., 1999; Kato et al., 2002).
8 = TE § 4 § % § Our study also revealed a positive correlation
S8 > ; between altitude and Cryptosporidium prevalence,
= S '_cg g . S S S which supports previous findings indicating that fe-
E] £ = 3 T| = & N cal' shedding and-infection rates are associatqd with
S ‘g 21 9 altitude (Montecino-Latorre et al., 2015). This may
g% "':?‘ = . 2 2 8 be due to factors such as temperature, relative hu-
QB) o | | 2 g = midity, and UV radiation, which vary with altitude
E 2 g and influence oocyst survival and transmission.
@ § % 3 S Cryptosporidium oocysts are known to be resilient
B £ = 5 E § to environmental conditions, but the geographical lo-
E o = E _ s 2 23 cation influences their ability to survive and spread,
g g § E 2 RS = @ often due to climate and weather patterns.
é = § Other risk factors identified in this study in-
TZ s b clude herd management practices such as hygiene
é E § = and animal density. We found that farms with un-
i : E g 6 6 E} hygienic conditions, where calves had close coptact
v = % A ~ = S g _ Wlth older cattle, apq larger he.rd sizes haq a hlgher
28 ] ; 2 2 § 3 risk of Cryptosporidium infection. This aligns with
AR 2Ly 8 9 |<: previous studies suggesting that high herd density
=20 =| = - = |95 increases the likelihood of infection due to greater
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contamination of the environment (Quigley et al.,
1994; Mohammed et al., 1999). Additionally, the
use of disinfectants like bleach or lime was found to
reduce infection risk (Castro-Hermida et al., 2002a),
highlighting the importance of proper hygiene and
sanitation in controlling Cryptosporidium infections.

Comparison of Diagnostic Methods

There are no internationally standardized meth-
ods for diagnosing Cryptosporidium infections,
and various diagnostic techniques, both low- and
high-tech, are used in the field. One of the most
common methods for detecting Cryptosporidium is
microscopic examination of stool samples, where
oocysts are colorless, spherical, or ovoid, smooth,
thick-walled, and contain four sporozoites (Mead
and Arrowood, 2020). In our study, only C. parvum
oocysts were considered, as the immunochromato-
graphic (ICG) method employed in this study detects
only this species. The average size of C. parvum oo-
cysts was found to be 4.6+0.3 x 5.24+0.3 pum, which
is consistent with previous reports (Noorani Kolije
et al., 2020).

We compared two diagnostic methods in this
study: the MZN method and the ICG method. The
MZN method demonstrated higher sensitivity, par-
ticularly for detecting infections in diarrheic calves,
likely due to its ability to detect subclinical infec-
tions and lower oocyst shedding in non-diarrheic
animals. Conversely, the ICG method showed lower
sensitivity in non-diarrheic calves, which could be
attributed to the lower excretion of oocysts in sub-
clinical cases. However, the ICG method proved
to be a useful on-farm tool, providing acceptable
diagnostic power in clinical settings, particularly for
identifying C. parvum infections in diarrheic calves.
Sensitivity and specificity estimates for both meth-
ods in other studies suggest that the carbolfuchsin
smear method, for example, has a sensitivity of 78%
and specificity of 79%, while immunological meth-
ods like ICG can achieve higher specificity (Geurden
et al., 20006).

The findings from our comparison indicate that
while the MZN method may be more effective for
detecting subclinical infections and providing over-
all diagnostic accuracy, the ICG method remains a
valuable tool for rapid on-farm diagnosis, especially
in acute clinical cases. For the detection of C. par-
vum and other Cryptosporidium species, species-spe-
cific PCR assays followed by sequencing provide
the highest diagnostic sensitivity and specificity,

offering reliable tools for characterizing infections
in clinical specimens.

CONCLUSION

Cryptosporidium parvum is a common pathogen in
neonatal calves on Iranian dairy farms, and its prev-
alence is influenced by several environmental and
management factors. Key risk factors for infection
include poor hygiene, close contact between mature
and neonatal cattle, and high herd density. Our study
also emphasized the need for effective herd manage-
ment practices, including improving sanitation and
separating calves from mature animals to reduce
infection risk. While the MZN method demonstrated
higher sensitivity for detecting infections, the ICG
method remains a useful, accessible tool for on-farm
diagnosis, particularly for acute cases. Species-spe-
cific PCR assays offer the most reliable diagnostic
approach for identifying Cryptosporidium species
in clinical settings.
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