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ABSTRACT

The need for maintaining pets, such as dogs, is increasing along with the human population. When individuals keep
dogs as their pets, they must be aware of disease transmission from dogs. One of the disease agents transmitted from
pets to their owners is Cryptosporidium spp. causing cryptosporidiosis. The aim of the present study was to detect
Cryptosporidium spp. infection in dogs through a fecal examination using the acid-fast staining method (Ziehl
Neelsen) confirmed with the molecular examination of Polymerase Chain Reaction (PCR). Detection of
Cryptosporidium sp. in feces of dogs was set up by using an acid-fast staining method. Positive results of the acid-
fast staining were further confirmed using PCR. Polymerase Chain Reaction used primary AB210854 specific to the
Cryptosporidium canis and S139-S141 genes which were specific primary for the Cryptosporidium parvum gene.
Results of the acid-fast staining showed that 80% of the samples (40 samples from total samples) were infected with
Cryptosporidium spp. Further detection using PCR showed that four samples were positive for Cryptosporidium
canis infection, and two samples showed positive results of Cryptosporidium parvum infection. Dog samples were
mostly infected with Cryptosporidium spp. including Cryptosporidium canis and Cryptosporidium parvum through a
fecal examination using acid-fast staining and PCR.
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INTRODUCTION

These days, demand for keeping pet dogs is increasing among people all around the world, especially due to its
benefits for good mental health. On the other hand, there is an excessive need to be aware of transmitted diseases from
dogs to their owners. This condition could disrupt the life quality of the animals’ owners. Waterborne diseases from pets
include 4.1% of total cases of human death, and around 1.8 million people are suffering from such diseases every year.
Waterborne diseases are caused by infectious agents in the form of bacteria, worms, and protozoa. One of the protozoa
transmitted through waterborne diseases is Cryptosporidium spp. with a size of 2-6 um. Cryptosporidium spp. generally
causes digestive tract disorders called cryptosporidiosis. Cryptosporidiosis can be transmitted from animals to humans or
vice versa (Medema et al., 2006) and it has been reported as a cause of diarrhea in animals, especially dogs (Fayer et al.,
2001) and humans.

Cryptosporidiosis can be an acute disease, but it can turn into a chronic one, especially in immunosuppressive
patients. There is no specific treatment but using supportive therapy (Gerace et al., 2019). In this regard, disease
prevention is preferred by improving sanitation and hygiene. Most information about cryptosporidiosis comes from the
results of histological examination of small intestinal biopsies originating from immune-deficient hosts (Gerace et al.,
2019). The developmental phase can be detected in the pharynx, esophagus, stomach, duodenum, jejunum, ileum,
appendix, colon, and rectum. On post mortem examination, the jejunum would be in the worst condition (Hayes et al.,
1989).

The current study aimed to detect cryptosporidiosis in dogs in several animal hospitals and veterinary clinics using
acid-fast staining methods (Ziehl Neelsen) and PCR method. It was expected that the results of current study can provide
data on Cryptosporidium spp. in dogs that can be used later to control parasitic diseases, especially those caused by
Cryptosporidium spp.
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MATERIALS AND METHODS

Ethical approval

All experimental protocols and procedures were approved by the Institutional Animal Care of Indonesia. Data
sampling was taken in several animal hospitals and veterinary clinics in five areas of Surabaya (north, east, south, west,
and central of Surabaya). Samples observations were examined at the Laboratory of Veterinary Medicine Faculty
Universitas Airlangga.

Equipment and materials

Research equipment used in the research were glass stirrer, test-tube, test-tube rack, bunsen, centrifuge, binocular
microscope, sample pot, glass object and glass cover, micropipette, thermocycler, complete electrophoresis apparatus,
scales, transilluminator, vortex, and water bath.

In the present study, fresh feces samples were collected from dogs that had diarrhea in several animal hospitals and
veterinary clinics in Surabaya city. Other materials used were sample pots and potassium dichromate solution as
preservatives for dog feces samples. The materials for acid-resistant staining were iodine Lugol solution 2%, absolute
methanol, ethanol 50%, carbol-fuchsin, methylene blue, and sulfuric acid 1%. Materials for DNA isolation in PCR tests
were the NucleoSpin Tissue Kit (Macherey-Nagel, Germany) which includes a buffer lysis solution, absolute ethanol,
proteinase K solution, Wash Buffer (WB), and Elution Buffer (BE), Gene aid DNA extraction kit, 2 x PCR Master Mix
Solution (i-TagTM) (Intron Biotechnology), DNA template, distilled water, primary oligonucleotide S139-S141 with
forward 5° AAGCTCGTAGGTGGATTTCTG 3' and reverse 5° TAAGGTGCTGAAGT AAGG 3' (Hadfield et al.,
2011), primary oligonucleotide AB210854 with forward 5 'TCGCGAATGGCTCATTATAACA 3' and reverse 5'
AGGCCAATACCCTACCGTCT 3’ (Samie et al., 2006). Materials for electrophoresis gel included agarose, DNA
markers, ethidium bromide, electrophoresis buffer, gloves, yellow tip, blue tip, white tip, and Eppendorf tube.

Procedures

In the present study, 10% of the average cases of diarrhea in dogs at animal hospitals and veterinary clinics were
sampled in a certain period of time (1 month) by taking fresh fecal samples by a swab on the dog’s anus or by taking it
in the cage (maximum 5 minutes after the dog defecated). The sample was inserted into the sample pot that has been
filled with potassium dichromate solution as a protozoa preservative.

The acid-fast staining method was carried out after fecal solution was placed on the glass object, flattening to form a
thin layer and drying it at room temperature. Then, it was fixed with absolute methanol for 1 minute. Carbolic acid
solution 0.3% was dropped on the fecal smear to cover the entire surface for preparation. In the next step, it was heated
with Bunsen fire until it came out steam for 3-5 minutes. It was rinsed with slowly flowing water until the dye is wasted
and the alcoholic acid dripped (HCL alcohol 3%) until the fuchsine red color disappeared. Next, it was rinsed with
running water, and methylene blue solution 0.3% was dripped on the preparation until it covered the entire surface.
Then, it was rinsed with running water, and dried in the open air (Rekha et al., 2016). Observations were made with a
microscope with 1000x magnification. The results would be considered positive if there was an appearance of red
cryptosporidium sp. oocyst with a size of 2-6 um.

Further examination was carried out using Polymerase Chain Reaction (PCR). DNA extraction was examined
according to the Gene aid DNA extraction kit procedure (Azizah et al., 2014). After the DNA isolate was obtained, then
replication was done using the PCR method. The cocktail composition was according to the PCR Master Mix Solution
(i-TagTM) guide. The PCR replication cycle program was adjusted to the primary used which was 30 seconds
denaturation at 94°C, 30 seconds annealing at 55°C, and 40 seconds extension at 72°C. The polymerase chain reaction
(PCR) process used 39 cycles of reaction for the primary S139-S141, while the replication process for primary
AB210854 used a reaction of 50 cycles consisting of 45 seconds of denaturation at 94°C, 45 seconds of annealing at
60°C and 60 seconds of extension at 72°C. Agarose gel 2% and electrophoresis at 120 volts and 2 amperes for 50
minutes were used for visualization of PCR products. Positive results of the electrophoresis were marked by the
presence of the 18S gene band with a length of 435 bp for primary S139-S141 and 100 bp for primary AB210854.

Data analysis

The obtained results were presented descriptively. Samples with positive results of Cryptosporidium spp. (if red
Cryptosporidium spp. oocysts with 2-6 um in size) were found on the visualization PCR products. Moreover, there was
electrophoresis of the 18S gene band with a length of 435 bp for primary S139-S141 and 100 bp for primary AB210854.
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RESULTS

The percentage of occurrence for cryptosporidiosis which has been taken in five areas of the Surabaya city with an
examination using the acid-resistant staining method can be seen in Table 1 below.

Results of examination with acid-fast staining method were 80% positive; 40 dogs indicated positive results with
Cryptosporidium spp. Infection, and 20% (10 dogs) showed negative results. Based on the regional division, samples
from North Surabaya were positively infected with Cryptosporidium spp. (4 dogs, 8%), East Surabaya (12 dogs, 24%),
South Surabaya (9 dogs, 18%), West Surabaya (7 dogs, 14%) and Central Surabaya (8 dogs, 16%). According to the
data, most regions have been positively infected with cryptosporidiosis. The results of the microscopic observation test
on dogs’ fecal samples using the acid-fast staining method can be seen in Figure 1.

The morphology of Cryptosporidium spp. oocysts was oval-shaped, and they contained Sporozoa inside them. The
size of Cryptosporidium spp. was 2-6 um. The oocyst of Cryptosporidium spp. absorbed red substances (carbol-fuchsin)
in the acid-fast staining method.

Positive sample results from the examination of the acid-resistant staining were followed by PCR to confirm the
diagnosis species level. Results of PCR with primary AB210854 can be seen in Figure 2. Three fecal samples showed
positive results of infection with Cryptosporidium parvum.

Based on the results, there were 4 sample bands with a molecular weight of 100 bp. The tape was indicated that four
fecal samples were positive for infection with Cryptosporidium canis. The visualization results of PCR products with
primary S139-S141can be seen in Figure 3.

Based on the results, there were two bands of samples with a molecular weight of 435 bp. This tape showed that two
samples of feces were positive for infection with Cryptosporidium parvum.

Table 1. Occurrence of cryptosporidiosis in five areas of Surabaya city using an acid-fast staining method
The number of dogs

Areas

Positive percentage Cryptosporidium spp. (%)

Negative Positive
North Surabaya 0 4 8
East Surabaya 1 12 24
South Surabaya 0 9 18
West Surabaya 7 7 14
Central Surabaya 2 8 16
Total Amount 10 40 80

Figure 1. Cryptosporidium spp. oocyst in dogs’ feces (1000 magnification)
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Figure 2. PCR and electrophoresis results using primary AB210854 specific to Cryptosporidium canis. M: DNA marker 1
kb, 1-7: DNA sample
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Figure 3. Results electrophoresis using the primary S139-S141 specific to Cryptosporidium parvum. M: DNA marker 1
kb, 1-7: DNA sample
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DISCUSSION

The obtained results of the present study detected Cryptosporidium spp. at 80% of all samples using the conventional
method of acid-fast staining. Of 50 samples, 40 were found positive for cryptosporidiosis. Transmission of
cryptosporidiosis through food and beverages contaminated by Cryptosporidium spp. was infectious through waterborne
diseases. Dogs usually consume non-hygienic food and drink from outside (contaminated) or have dirty environmental
habits. Giving food and especially unhygienic drinks by the owners can also cause cryptosporidiosis in dogs. A
waterborne disease is a disease transmitted through water contaminated by infectious agents from the host or carriers.
When water containing an infectious agent is consumed, the disease could occur to another host (Kusnoputranto and
Susanna, 2000). A large number of detected samples could be caused by fecal sampling taken in February 2017 during a
rainy season. Gastrointestinal protozoan infections often occur in rainy seasons or around October to April (Mekibib and
Sheferaw, 2018; Sursal et al., 2020). A rainy season is the optimum environmental condition for infectious agents that
are waterborne diseases. Sanitation factors, cage cleanliness, and place of keeping dogs are important factors for
prevention of protozoan infections (Tangtrongsup et al., 2020).

The current study found a variety of Cryptosporidium spp. confirming the modern methods, namely the PCR
technique. There were two variations, namely Cryptosporidium canis and Cryptosporidium parvum. The
Cryptosporidium canis species are species of Cryptosporidium which attacks dogs, and Cryptosporidium parvum
commonly attacks humans who have contact with animals or live in tropical regions (Current et al., 1983).
Cryptosporidium canis was identified as a dog genotype (Fayer et al., 2000). Natural Cryptosporidium canis infections
have been reported for wolves (Vulpes vulpes), coyotes (Canis latrans), and more than 30 humans (Zhou et al., 2004).

The diagnosis of cryptosporidiosis was done by examining samples using a fecal examination of the host with acid-
fast staining method (Ziehl Neelsen) and molecular examination using PCR. The diagnosis of laboratory
cryptosporidiosis was done by finding causative agents, among others, and also by parasitological and molecular
methods (Osman et al., 2015). Cryptosporidium spp. is round and oval in shape. The size of Cryptosporidium spp. is 2-6
pum, and it is difficult to detect using the regular, sedimentary, and buoyant fecal examination method. However, it was
conveniently detected by an acid-fast staining method. This is due to Cryptosporidium spp. is an acid-resistant
protozoan, so it could absorb carbol-fuchsin (acid) dyes in an acid-fast staining method. In addition to the acid-fast
staining method, cryptosporidiosis was diagnosed by molecular methods, such as PCR to confirm the positive samples of
acid-resistant staining method.

The principle of PCR method was to multiply nucleic acids through a process of denaturation, annealing, and
extension using a thermocycler machine. This method has high sensitivity, compared to the conventional fecal
examination methods. Polymerase Chain Reaction has various advantages that make it practical especially in the
molecular biology field (Broll, 2010). Using molecular methods, such as PCR, was carried out to detect Cryptosporidium
to species level. DNA amplification of Cryptosporidium spp. aimed at 18S rRNA gene. Primary positive results of S139-
S141 for specific Cryptosporidium parvum showed a band of 435 bp (Nichols et al., 2003), while primary positive
results AB210854 for specific Cryptosporidium canis showed a band 100 bp in electrophoresis (Brody et al., 2004).

CONCLUSION

The present study concluded that detection of Cryptosporidium spp. with the acid-resistant staining method (Ziehl
Neelsen) and PCR in dog feces samples showed positive results. Cryptosporidium species that infect dogs in the current
study include Cryptosporidium canis and Cryptosporidium parvum. It suggested that this method can be useful for
detection of Cryptosporidium species in different animals specially in pets.
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