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Abstract
 Cryptosporidiosis is an acute or chronic enteric disease 

caused by Cryptosporidium species and seen in neonatal or 
immunocompromised animals and humans. It causes a serious 
infection, especially of newborn calves and lambs that results 
in a serious economic loss. In this study, we aimed to diagnose 
Cryptosporidium spp. using carbolfuchsin staining and a ready-
made diagnostic kit and subsequently to determine its prevalence 
in neonatal lamb in Kırıkkale province. !e study also aimed to 
determine the etiologic frequency of Cryptosporidium spp. in lamb 
diarrhea. !is further aimed to compared carbol-fuchsin staining 
and the rapid diagnostic kit by means of diagnostic rate. !e fecal 
samples used in the study were collected from 0-30 days old newborn 
lambs in Kırıkkale province. Fecal samples were collected from a total 
of 110 lambs with and without symptoms of Cryptosporidiosis and 
stained with Carbol-fuchsin dye in accordance with the technique 
and examined with immersion oil at a magni"cation of 100x. As 
a diagnostic criterion, observation of a single agent is considered 
as enough evidence to consider the case positive. Positive samples 
were scored according to their density and photographs were taken. 
Samples were also examined with a second diagnostic procedure, the 
rapid diagnostic kit, following the vendor recommended protocol. 
Cryptosporidium spp. was detected with an incidence rate of %4,54 
(5/110) in carbol-fuchsin staining while it was %47,2 (52/110) in 
the ready-made diagnostic kit method that indicates there was a 
signi"cant di#erence between the two used methods by means of the 
diagnostic rate (p<0.001). !ere was no gender and age di#erences 
by means of diagnosed cases (p=0.382 and p=0.397, respectively). 
As result, there is a considerable Cryptosporidium spp. prevalence in 
the Kırıkkale province. Furthermore, compared to carbol-fuchsin 
staining the rapid diagnostic kit seems to be more sensitive to 
Cryptosporidium spp. 

Keywords: Crytosporidium spp, Carbol-fuchsin staining, 
lamb, neonatal diarrhea, prevalence, rapid diagnostic kit 
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Introduction

Cryptosporidiosis has been described worldwide as 
a neonatal disease that causes yield loss in ruminant 
species such as sheep and goats (Viu, Quilez, 
Sanchez-Acedo, del Cacho and Lopez-Bernad, 
2000). It was first reported in 1974 in lambs with 
diarrhea in Australia (Barker and Carbonell, 1974). 
The role of the causative agent in the etiology of 
lambs was defined by natural and experimental 
infections in 1980 (Ulutaş and Voyvoda, 2004). In 
Türkiye, it was first reported through a microscopic 
diagnosis in lambs with an incidence of 12% 
in Elazığ in 1989 (Sevinç, Uslu and Derinbay, 
2004). With a development of molecular methods, 
many species and sub genotypes belonging to 
Crytosporidium genus have been described in sheep 
up to date. The most common species in sheep are 
Cryptosporidium ubiquitim, C. parvum and C. 
xiaomi. Cryptosporidum spp. infections are more 
common in neonatal animals than in adults, and 
observation of oocyst emergence in asymptomatic 
cases without clinical signs is important for early 
detection of infections (Danišová, Halánová, 
Valenčáková and Luptáková, 2018).

Crytosporidium spp. may vary by means of 
geographical distribution and prevalence  C. 
parvum appears to be dominant in Europe while C. 
xiaomi in Australia, and C. ubiquitum in the North 
and South America and Asia. C. bovis, C. hominis, 
C. andersoni, C. suis, and C. fayeri are among the 
other Crytosporidium species also found in sheep.

Cryptosporidium species with monoxene 
development undergo through the stages of 
schizogony, gametogony and sporogony from 
asexual and sexual reproduction forms. The 
infection occurs following oral intake of oocysts 
(Sevinç and Dik, 2015).

Cryptosporidiosis is one of the main causes of 
diarrhea in lambs in the neonatal period (Paraud 
and Chartier, 2012). In infected animals, diarrhea 
is accompanied by dehydration, loss of appetite, 
abdominal tension and lethargy. Diarrhea occurs 
3-7 days after intake of infected oocysts. During 
this period, when oocyst excretion is high, oocysts 
can be seen in the stool between 105 and 107 per 
gram. After relief of clinical signs, oocyst excretion 

may continue for several more days. In animals 
infected with Cryptosporidium parvum as well 
as other enteropathogenic species, the infection 
appears more severe and death occurs within 2-3 
days after the onset of diarrheal symptoms (Coop 
and Wright 2003).

A large number of techniques have been used in 
the diagnosis of Cryptosporidium spp. infection 
in humans and animals. There are various staining 
techniques used to determine the presence of 
oocysts in feces, microscopy of histopathological 
sections to examine the stages of the parasite’s 
life cycle, and detection of antigens and DNA 
of the causative agent (Mirhashemi et al., 2015; 
Robinson and Chalmers, 2020). Various traditional 
techniques such as Sheather’s sugar/zinc sulfate 
solution flotation, formol ether concentration 
method, formal ethyl acetate sedimentation are also 
used in the diagnosis of oocysts (Rekha, 2016). 
However, there are difficulties in diagnosis because 
the clinical findings are not pathognomonic and the 
size of the oocysts is small, the excretion of oocysts 
is intermittent, and it is difficult to distinguish 
oocysts from other substances such as fungi and 
yeast in the stool. For this reason, various staining 
methods and modifications of these methods have 
been developed over time (Khurana and Chaudhary, 
2018). Carbol-Fuchsin, a staining technique used 
for the diagnosis of oocysts, is a simple but become 
pale in a relatively shorter time period (Ahmed and 
Karanis, 2018). In the Carbol-funchsin staining 
method, oocysts are seen as strongly reactive, 
small round spheres of small round size, which 
do not take dye, unlike other factors in the feces. 
Sporozoites, on the other hand, are slightly visible 
as darker spots within the oocyst (Potters and Van 
Esbroeck, 2010).

In addition to the traditional methods used for 
the detection of oocysts in diagnosis, various 
diagnostic techniques based on the detection of 
antigens in feces have been developed. The need for 
experienced personnel for microscopic examination 
in the diagnosis of oocysts with traditional methods 
and the fact that it is time-consuming has revealed 
the need for a simple, fast and objective method 
for diagnosis over time. These methods have 
been developed to eliminate the need for special 
equipment and experienced laboratory staff and to 
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examine more than one sample at the same time 
(Gabr, Abdellatif, Abd El-Hafeez and Abd Rabou, 
2014; O’ Leary, Sleator, & Lucey, 2021). One 
of them in an immunochromogenic commercial 
kit, which has a sensitivity and specificity range 
of 58-95% from microscopic methods. The test 
allows the detection of C. parvum antigens in non-
concentrated feces within a few minutes and can be 
used in the field (Kaya et al., 2014; Papini, Bonelli, 
Montagnani, & Sgobini, 2018; Gerace,  Lo Presti ve 
Biondo, 2019). This technique is easy enough to be 
applied by anyone without the need for experts, as 
it has a long shelf life, the analysis method is easy 
to apply and does not require special training, and 
the result is visible (Kaya et al., 2014). However, 
it only provides quantitative results, which are 
cysts sufficient for the detection of the presence 
of pathogens in enterprises (Danišová, Halánová, 
Valenčáková and Luptáková, 2018).

Materials and Methods

Collection of stool samples
The fecal samples were collected from 110 lambs of 
1-30 days old with and without diarrhea symptoms 
in the Kırıkkale Province between December 2023 
and April 2024. The lambs were either located 
in various regions of the Kırıkkale Province or 
submitted to Kırıkkale University Faculty of 
Veterinary Medicine Animal Hospital.

Samples were collected from different districts 
to find the regional distribution of this infection, 
which is a seasonal disease, in Kırıkkale Province. 
The ear number, age, gender, and information about 
the mother of each animal whose feces were taken 
were noted. Stool samples were taken from their 
rectum with the help of swabs. The materials taken 
were brought to Kırıkkale University Parasitology 
Department Routine and Research Laboratory on 
the same day and examined on the same day.

Examination of Fecal Samples
Carbol-fuchsin staining method and the Rapid 
diagnostic kit method (Bovine CRYPTO Ag 
Combo test (VET Diagnostix)) were applied 
to each stool sample and the results were noted. 
A drop of carbol-fuchsin staining with the help 
of a pipette on some feces taken on a clean slide 
was performed according to the method used by 
Heine, J. (1982). Immersion oil was dripped on 

these prepared preparations and examined under a 
microscope at x100 objective. The rapid diagnostic 
kit, which was a ready-made diagnostic kit, is an 
immunochromatographic testing method. The kit 
applied to the samples according to the vendor 
recommended procedure to examine the fecal 
samples for Cryptosporidium spp., Giardia spp., 
Escheria coli, Rota virus and Corona virus agents, 
each appearing in a different sites of the kit.

Statistical Analysis
The samples collected in the study were divided 
into two separate groups according to the 
examination method (Carbol-fuchsin and rapid 
diagnostic kit) and grouped according to the result 
values (negative and positive). These values were 
evaluated according to gender and age groups (<7 
and 7+). In the study, according to the method, in 
the evaluation of gender and age data, from Chi-
square analysis; McNemar test was used to compare 
the results of the methods regardless of age and 
gender. In the Khi square analysis, Yates correction 
was applied to the positive results of Carbol-
fuchsin. In the study, the ROC Curve model was 
used to determine the test sensitive to the presence 
of symptoms in the sampled individuals and AUC 
values were calculated. Analyses with IBM SPSS 
27 package program; graphics are completed 
with Graphpad Prism 9.5.1. p<0.001 values were 
considered positive.

Results
The incidence of Cryptosporidium spp. was 
determined as 4.54% (5/110) by Carbol-fuchsin 
staining in fecal samples taken from lambs. In the 
stool samples examined with the Rapid diagnostic 
kit method, the positivity rate for Cryptosporidium 
spp. was found to be 47.2% (52/110). 47 of the 
samples that were found negative by Carbol-
fuchsin staining method were evaluated as positive 
with a ready-made diagnostic kit. All samples that 
were detected as positive by staining method were 
also found positive in the ready-made diagnostic kit 
(Table 1.). There was no gender and age differences 
by means of diagnosed cases (p=0.382 and p=0.397, 
respectively).

The proportion of animals with diarrhea symptoms 
was 32.6% (17/52) and 67.3% (35/52) in those 
without diarrhea symptoms in the samples detected 
positive with the Rapid diagnostic kit. In the 
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samples examined with the Rapid diagnostic kit, the 
incidence rates of Giardia spp., Escheria coli, Rota 
virus and Cryptosporidium spp. alone were found to 
be 21.8%, 8.1%, 0.9%. Again, the rate of infection 
with a mixture of Cryptosporidium spp., Giardia 
spp., E. coli and Rota virus agents was found to 
be 18.18% (20/110) in the stool samples examined 
with a ready-made diagnostic kit. Cryptosporidum 
spp.+ Giardia spp. 10% (11/110), Cryptosporidum 
spp.+ Escheria coli 7.2% (8/110), Cryptosporidum 
spp.+Rota virus 0.9% (1/110), Cryptosporidum 
spp.+ Giardia spp.+ E. coli 1.8% (2/110).

Table 1. Number and percentages of animals examined 
with Carbol-fuchsin and Rapid diagnostic kit

Metod
Number 

of pozitive 
animale

Average 
of Serum 
Antibody 
(ng/mL)

Percent

(+ hs) (- hs)     %
Carbol-fuchsin pozitive 
(C+)  5  105  4.54

Rapid diagnostic kit 
pozitive (H+) 52  58  47.2

C+ ve H+  5  105  4.54
C- ve H+ 47  63  42.72
C+ ve H- 0  110  0
C- ve H- 105  5  4.54

Total number of animals 110, CF= Carbol-fuchsin, H= 
Rapid diagnostic kit

Discussion

There are many studies in the world and in Türkiye 
using microscopic diagnostic methods, molecular 
methods such as ELISA and PCR for the diagnosis of 
Cryptosporidium spp. in lambs (Papanikolopoulou 
et al., 2018; Majeed et al., 2018; Dessi et al., 
2020; Kabir et al., 2020; Khan et al., 2022; Aslan-
Celik et al., 2023; Sarı, Balkaya, Taşcı, Arslan and 
Küçükler, 2023). In recent years, coproantigen 
commercial test kits such as enzyme immunoassays 
or immunochromatographic tests have also been 
used for rapid diagnosis. The reported positivity 
rate in fecal samples examined by Carbol-fuchsin 
staining method in lambs in the world has been 
reported as 1.3% (Bordes et al., 2020). In the studies 
conducted in Türkiye, the reported positivity rate 
was stated as 4.55% and 46.53% (Ulutaş and 
Voyvoda, 2004; Arslan et al., 2016). In the study, 
the rate of oocyst presence in stool samples stained 

with Carbol-fuchsin was found to be 4.54%. In the 
study conducted by Bordes et al. (2020) with the 
carbol-fuchsin staining technique, the fact that the 
rate is less can be explained by the collection of 
samples from asymptomatic lambs, while it can 
be explained by the fact that it is not seen due to 
the low density in fecal staining or the host cannot 
always assign oocysts. Arslan et al. (2016) found 
the ratio with the carbol-fuchsin staining technique 
is very close to each other. In the study conducted 
by Ulutaş and Voyvoda (2004), oocyst presence was 
detected more by staining method. This situation 
may suggest that the positivity rate is high because 
the samples taken from 144 lambs in only one farm 
in Aydın Province.

Cryptosporidium spp. was detected at a rate of 
0%, 9.2%, and 10% in the stool samples examined 
in studies conducted with the rapid diagnostic 
kit (Abd-Al-Aal, Al-Kabbany, and Tehrani 2016; 
Danišová, Halánová, Valenčáková and Luptáková, 
2018; Ozcelik, 2018). This rate was determined 
as 47.2% in the stool samples examined in the 
Kırıkkale region. Danisova et al. (2018) compared 
four different techniques, including PCR, and 
concluded that the result found with the rapid 
diagnostic kit in lambs was not reliable. Özçelik 
(2018), on the other hand, looked at C. parvum, 
Clostridium perfringes, Rotavirus, E. coli F5, and 
epsilon toxins that will cause diarrhea in lambs in 
his study in Elazığ Province, and found that the 
rate of Cryptosporidium spp. was low compared to 
our study. This may suggest that Cryptosporidium, 
which is the factor we are investigating, will be 
caused by the time the samples were taken, since 
it is a seasonal disease. Although Abd-Al-Aal et al. 
(2016) found the rate of Cryptosporidium spp. to be 
9.2% in their study, they suggested that it would be 
low because the study was conducted with samples 
taken from sheep. In our study, a statistically 
significant difference was obtained between the 
rapid diagnostic kit method and carbol-fuchsin 
staining by means of diagnosis of Cryptosporidiosis 
(p<0.001). 

Cryptosporidum spp. infections are more common 
in neonatal animals than in adults, and observation 
of oocyst emergence in asymptomatic cases 
without clinical signs is important for early 
detection of infections (Danišová, Halánová, 
Valenčáková and Luptáková, 2018). Bordes et al. 
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(2020) found the rate of Cryptosporidium spp. to 
be 1.3% in the stool samples of 79 lambs without 
clinical symptoms examined by Carbol-fuchsin 
staining method. In our study, diarrhea symptoms 
were observed in only 17 (32.7%) of the animals 
examined with a diagnostic kit. This may suggest 
that it is proportionally high because it is a suitable 
period for the occurrence of the disease seasonally. 
In the master’s thesis conducted by Evgin (2022) 
in Kırıkkale and surrounding provinces, the rate 
of Cryptosporidium spp. in lambs with diarrhea 
was determined as 13% by carbol-fuchsin staining 
method. This ratio actually gives an idea about 
the spread of the agent in the region. Arslan et 
al. (2016) found that this rate was 9.09% in dead 
lambs with all signs of diarrhea. Ulutaş et al. (2004) 
found Cryptosporidium spp. in lambs with diarrhea 
(79.1%, 53/67%) and lambs without diarrhea in 
144 feces sampled from lambs with and without 
diarrhea (18.2%, 14/77%). Kaminjolo et al. (1993) 
stated that the incidence of Cryptosporidium 
oocysts was higher in animals with diarrhea than in 
those without diarrhea, but this was not statistically 
significant. Danisova et al. (2018) examined the 
rate of Cryptospridium spp. in lambs with diarrhea 
symptoms with a rapid diagnostic kit was 0.0%, 
while Özçelik (2018) examined it was 10% in lambs 
with diarrhea symptoms. Mild and high-severity 
diarrhea symptoms were observed in 4.54% of the 
5 samples evaluated positively in the fecal samples 
collected in the Kırıkkale region and stained with 
carbol-fuchsin, while 14 of the samples with 
diarrhea symptoms evaluated negatively by staining 
method were positive with the rapid diagnosis kit. 
In our study, although it was determined that the 
positivity rate was high in diarrheal samples, it was 
revealed that clinical symptoms were not important 
according to the ROC curve model statistically 
performed in the two methods compared.

In the literature reviewed, there was no data on the 
effect of Cryptosporidium spp. on sex and a certain 
age range in lambs. In our study, no significant 
gender and age differences by means of diagnosis 
with either method (p=0.382 and p=0.397, 
respectively). All samples taken in our study were 
sampled from lambs aged 0-30 days. 

Climatic factors such as temperature, precipitation, 
humidity and extreme weather conditions can affect 
the spread or incidence of Cryptosporidium spp.The 

fact that countries around the world are located at 
different latitudes and longitudes and the differences 
in precipitation regimes seen throughout the year 
depending on climate types have an impact on the 
spread of infection (Wang, Wang & Cao, 2023). 
Green et al. (2004) linked the spread of infection to 
precipitation. While 55.4% was found in the fecal 
sample taken from the lambs during the period 
when the rainfall was highest, 17.3% was found in 
the samples taken during the low rainfall period. In 
our study, according to the 2023-2024 water year 
precipitation report of the General Directorate of 
Meteorology, it was reported that precipitation was 
below normal (5%) in the Central Anatolia Region 
(General Directorate of Meterology, 2024). This 
situation, which was encountered during the study 
period, may have reduced the results obtained in 
the rapid diagnostic kit with the carbol-fuchsin 
staining method.

The need for experienced personnel in the direct 
diagnosis of the agent in the stool microscopically, 
the low density of oocysts excreted in the feces or 
the damage of the excreted oocysts by mechanical 
and enzymatic factors adversely affect the diagnosis 
microscopically. Again, due to the high costs of 
equipment used for molecular methods in diagnosis 
and the need for experienced personnel, practical 
diagnostic methods such as ready-made diagnostic 
kits are needed (Cheun et al., 2013; Danišová, 
Halánová, Valenčáková and Luptáková, 2018) On 
the other hand, the sensitivities and specificities of 
these kits, which are based on qualitative antigen 
detection in feces, vary. In a study conducted 
to investigate the sensitivity of four different 
immunochromatographic test kits, a rate of 47.2-
70.6% was detected. The use of these diagnostic 
methods alone also shows that some cases may 
be overlooked. Therefore, it has been stated that 
these tests can only be useful in the absence of 
experienced personnel (Agnamey et al., 2011). It 
has also been stated that the positive or negative 
results obtained by a single diagnostic method in the 
stool of these tests are not reliable and insufficient, 
especially in those in the life-threatening risk group 
(weak immune system). Danisova et al. (2018) 
stated that the use of C. parvum and C. hominis 
antibodies in commercially produced kits in 
commercially produced kits does not respond to the 
antigens of some genetically distant species or only 
responds weakly, and underlines that there will be 
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various copro antigens that cannot be detected by 
immunological tests.

Conclusions
In this study, the presence of infection was detected 
accurately and quickly with the rapid diagnosis kit 
and carbol-fuchsin staining, the latter is one of 
the classical methods. However, the high number 
of differences in results between the two methods 
suggested that the staining technique, which is 
important for definitive diagnosis, requires a second 
confirmation due to reasons such as low agent 
density. Although the 47% positivity obtained with 
the rapid diagnostic kit in the study proves to be 
more reliable than the carbol-fuchsin staining. It 
has been concluded that it is important to reduce 
animal losses by starting treatment early with early 
diagnosis for rapid diagnosis without a laboratory. 
As a result, the rapid diagnostic kit method is 
more sensitive in Cryptosporidiosis compared to 
carbol-fuchsin staining. There is a considerable 
Cryptosporidium spp. prevalence in the Kırıkkale 
Province. 
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