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Tick-borne pathogens of the genus Theileria and Anaplasma has been widely 
distributed and infect small ruminant in tropical and subtropical countries. Several 
species are considered highly pathogenic, while some cause subclinical infections in 
small ruminants. The distribution data of theileriosis and anaplasmosis in Samigaluh, 
Kulon Progo remain scarce and poorly understood. Therefore, further investigations 
are required to control this tick-borne disease. This study aimed to investigate the 
occurrence of theileriosis and anaplasmosis in domestic goats in Samigaluh, Kulon 
Progo, Western Yogyakarta. A total of 53 blood samples were collected from domestic 
goats. Blood sample was drawn from the jugular vein individually and kept in an EDTA 
tube. Thin blood smear was stained by Giemsa and observed under microscope for 
genus-level identification. As a result, it was found that theileriosis 12/53 (23%), 
anaplasmosis 25/53 (47%) and mixed infection 6/53 (11%) were detected in the 
present study.The conclusion of this study is that the incidence of Anaplasma sp. 
infection in goats is greater than Theileria sp. infection in Samigaluh, Kulon Progo. 
Although all domestic goats were asymptomatic, the finding of this study may shed 
light on the distribution of theileriosis and anaplasmosis infecting domestic goats in 
Samigaluh, Kulon Progo

Theileria sp. dan Anaplasma sp.  merupakan agen penyakit diperantarai caplak, yang 
dilaporkan telah menyebar secara luas dan menginfeksi ruminan kecil di beberapa 
negara tropis dan subtropis. Beberapa spesies dapat menjadi agen membahayakan dan 
menyebabkan infeksi subklinis pada hewan ruminansia kecil. Data distribusi penyakit 
akibat Theileria dan Anaplasma di Samigaluh, Kulon Progo masih jarang diteliti dan 
sedikit dipahami. Oleh karena itu, penelitian lebih lanjut mengenai patogen ini perlu 
dilakukan untuk mendukung pengendalian penyakit yang disebabkan caplak ini. 
Penelitian ini bertujuan untuk mendeteksi kejadian penyakit pada kambing lokal yang 
disebabkan oleh Theileria sp. dan Anaplasma sp. di Samigaluh, Kulon Progo, bagian 
barat Yogyakarta. Sebanyak 53 sampel darah diambil dari vena jugularis kambing 
lokal dan disimpan dalam tabung EDTA. Preparat apus darah menggunakan Giemsa 
dan diamati dibawah mikroskop untuk identifikasi genus Theileria dan Anaplasma. 
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Kata kunci:
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Hasil penelitian menunjukkan bahwa terdeteksi theileriosis 12/53 (23%), anaplasmosis 
25/53 (47%) dan infeksi campuran 6/53 (11%). Kesimpulan dari penelitian ini adalah 
kejadian infeksi Anaplasma sp. pada kambing lebih besar daripada infeksi Theileria sp di 
Sidoharjo, Samigaluh, Kulon Progo, meskipun semua kambing tidak menunjukkan gejala 
klinis. Data hasil penelitian ini dapat digunakan sebagai acuan distribusi theileriosis dan 
anaplasmosis di Samigaluh, Kulon Progo

INTRODUCTION

Theileriosis and anaplasmosis are tick-
borne diseases that are transmitted by ixodid 
ticks (Nguyen, Tiawsirisup, and Kaewthamasorn 
2020). These pathogens are spread by ticks and 
cause an economic impact on small ruminants 
due to their infection. Theileria has been 
reported to infect large animals such as cattle 
and buffalo (Thompson and Goodrich 2018). 
On the contrary, Theileria sp. infecting small 
ruminants such as goats in Indonesia remains 
scarce and poorly understood. Previous studies 
have revealed three Theileria spp. to cause high 
mortality in goats as follows: T. lestoquardi, T. 
luwenshuni and T. uilenbergi, while other three 
species: T. separata, T. ovis and T. recondite, are 
recognized as less pathogenic agent (Hassan 
et al. 2015; Metwally et al. 2021; Nasreen et al. 
2020). According to Mohsin et al. (2022), the 
clinical signs of infected animals consist of fever, 
anemia, weight loss, and even death. 

Anaplasmosis is a tick-borne disease 
caused by an obligate intracellular bacterium, 
Anaplasma sp., a member of the Anaplasmatacae 
family within the order of Rickettsiales (Long 
et al. 2022). Infected animals are recognized 
to have weight loss, high fever, decreased milk 
production, abortions, and even death (Wei 
et al. 2020). There are six Anaplasma species 
have been recognized as follows: Anaplasma 
ovis, A. marginale, A. centrale, A. platys, A. bovis 
and A. phagocytophilum. Among them, A. ovis 
has been reported as the most pathogenic, 
while A. marginale less pathogenic in small 
ruminants (Cabezas-Cruz et al. 2019). To date, 
Human-pathogenic Anaplasma species have 
been identified, including A. capra, A. ovis, A. 
phagocytophlum, and A. platys. However, a 
previous study pointed out human granulocytic 
anaplasmosis has been reported to be caused 
by A. phagocytophlum (Bakken and Dumler 
2015). In contrast, another Anaplasma species 
in small ruminants are less attention and poorly 

understood, although they have been detected 
in the vector (ticks) and small ruminants. There 
have been few reports about theileriosis and 
anaplasmosis in  Samigaluh, Kulon Progo the 
region in Yogyakarta province and they remain 
scarce. This finding provides an update about 
the occurrence of theileriosis and anaplasmosis 
in this area. Therefore, this study aims to 
investigate the prevalence of Theileria sp. and 
Anaplasma sp. in goats in Sidoharjo, Samigaluh, 
by microscopic examination. 

MATERIALS AND METHODS

Sampling site and study design
This study was conducted by a Cross-

sectional study design. Blood samples were 
collected from small and medium-sized goat 
farms and smallholder farmers in Sidoharjo, 
Samigaluh, Kulon Progo, Yogyakarta. It is 
in Menoreh hills, close to Purworejo and 
Magelang border of Central Java. This area is 
surrounded by clove and hardy plants as the 
most predominant vegetation. Map of sample 
collection as presented in Figure 1.

Sample collection
According to the data obtained from the 

department of agriculture and food, Kulon Progo, 
the domestic goat’s population is estimated 

Figure 1. Map of sample collection in this study 
created by Google earth pro version 7.3.6
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to be 711 animals in Sidoharjo, Samigaluh, 
Kulon Progo, consisting of 185 males and 526 
females (data up to date September 2022). 
In the present study, a total of 53 goat blood 
samples were collected in November 2022 from 
Sidoharjo, Samigaluh. The number of samples 
was calculated based on the detection of disease 
formula implemented in epidemiological tools 
freely accessed at https://epitools.au-svet.
com.au/. All measurements are based on a 
0.95 confidence level and 0.9 sensitivity test. 
Therefore, 33 samples were required as the 
sample size in this study based on population 
size. However, we increased the number of 
samples to 53 to increase the possibility of 
finding positive samples. All samples were 
screened for the presence of tick-borne 
pathogens Theileria sp. and Anaplasma sp. 
infection. Location, date of collection and data 
on goat information regarding age, history of tick 
infestation, and other symptoms were recorded. 
A total of 3 mL of individual blood samples were 
drawn from the jugular vein of individual goats. 
Blood samples were kept in EDTA tube collection 
and were subjected to thin blood smear 
microscopic examination.

Thin blood smear examination
Thin blood smear samples were prepared 

individually. Each blood smear was fixed with 
methanol before then stained by ten times 
Giemsa (MerckTM) dilution in aquadest buffer. 
An individually stained blood smear was ob-
served using emersion oil under 1000x magni-
fication lens of a microscope Olympus BX51 for 
the presence of Theileria sp. and Anaplasma sp. 
infection. A slide was considered positive when 
at least one Theileria sp. or Anaplasma sp. was 
found from a total of 2000 red blood cells accord-
ing to WHO protocol (WHO, 2015). All positive 
samples were documented by camera Olympus 
DP12 in the department of Parasitology, Faculty 
of Veterinary Medicine, Universitas Gadjah Mada. 
A negative blood smear sample was evaluated 
at least two times by two trained technicians for 
reliable negative results confirmation. 

Data and statistical analysis
The number of positive samples based 

on the microscopic was assessed by binomial 
Wilson confidence interval to estimate the 
proportion. Data regarding the association 

between infected goat males and females were 
analyzed by the Chi-square method. All statistical 
analyses were evaluated using an online 
statistical analysis platform freely available at 
https://epitools.ausvet.com.au.

RESULTS AND DISCUSSION

Microscopic blood smear examination
Based on microscopic examination, 

each pathogen was identified and classified 
morphologically according to developmental 
stage. It was found that out of 53 samples, 12 and 
25 samples were detected positive for Theileria 
sp. and Anaplasma sp. infection, respectively. We 
investigate the presence of piroplasm (Teileria 
sp.) in the red blood cells under microscopic 
examination. Theileria sp. was observed to 
infect red blood cells, as presented in Figure 
2a. Anaplasma sp. infection was also identified 
based on morphological examination depicted 
in Figure 2b. Mixed infection by Theileria sp. and 
Anaplasma sp. was also detected in 6 goats in 
this study, as shown in Figure 2c. 

Figure 2. Infected red blood cells in this study. 
Theileria sp. (blue arrow), Anaplasma 
sp. (red arrow). (a) Theileria sp. (b) 
Anaplasma sp. (c) Mixed infection Theileria 
sp. and Anaplasma sp.

Statistical analysis results show that the 
sample infected by Theileria sp. proportion was 
calculated as 0.23 (0.13-0.36), while Anaplasma 
sp. infection was 0.47 (0.34-0.60) and Mixed 
infection was 0.11 (0.05-0.23) as shown in 
Table 2. The association between males and 
females against infection rate was evaluated 
statistically by Chi-square. The data statistical 
results showed that there were no significant 
differences between infected males and females 
(p-value>0.05), 0.2 and 0.19 for Theileria sp. 
and Anaplasma sp., respectively (Table 3). 
Therefore, this finding implies no association 
between infected males and females, suggesting 
that these pathogens could infect male or female 
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goats without any tendencies. Theileriosis and 
anaplasmosis could be affected by many factors. 
For instance, biting arthropods and colostrum 
transfer have been reported previously as 
possible routes of this disease transmission. 
Although there was no report of tick infestation 
in this area, Theileria and Anaplasma could be 
transmitted by mechanical transfer (Hammer et 
al. 2016). In the present study, we found a higher 
infection rate with Anaplasma sp. than with 
Theileria sp.

Identifying the occurrence of theileriosis 
in goats is essential for the control of theileriosis 
in goats. A previous study was conducted to 
investigate the most common Theileria sp. in 
sheep in Iran. It was found that T. ovis is the 
most predominant species in southwest Iran 
while T. lestoquardi and T. annulata infection 
was detected in a lesser proportion of sheep 
(Jalali et al. 2014). In the present study, we 
identified Theileria sp. based on morphology by 
microscopic examination in the stained blood 
smear we confirmed the genus of Theileria. 
Our limitation is we did not use the molecular 
technique for Theileria sp. detection. However, 
microscopic examination can be used to 
investigate the parasite development stage inside 
the red blood cell and estimate the parasite 
burden (Gebrekidan et al. 2020). Microscopic 
examination was unable to determine Theileria 
up to the species level because it relies on their 
morphological characteristics in the stained 
Giemsa blood smear. It is also less sensitive 

when the parasite burden is too low and 
time-consuming. Consequently, an advanced 
molecular method should be conducted in order 
to improve the sensitivity and specificity of 
Theileria sp. detection in goats. 

On the other hand, anaplasmosis has 
been studied in domestic goats in northern 
China. The investigations conducted in rural 
areas of northern China noted that 48.9% 
(44/90) of goats were positively infected by 
A. phagocytophilum screened by PCR assay 
(Zhang et al. 2014). Moreover, anaplasmosis 
was detected in sheep in Shanxi and Mongolia, 
which was caused by A. capra infection (Peng 
et al. 2018; Yang et al. 2017). It should be noted 
that both A. phagocytophilum and A. capra were 
identified as human pathogens, as reported 
by (Khatat et al. 2016; Peng et al. 2021). 
Anaplasma ovis and A. marginale have also 
been reported by Rahman et al. (2022) to infect 
goats in Bangladesh. Although we are unable 
to differentiate Anaplasma at the species level, 
however, our study provides the current data 
on theileriosis and anaplasmosis occurrence in 
domestic goats. Moreover, our study revealed the 
mixed infection Theileria sp. and Anaplasma sp. 
in domestic goats in Sidoharjo, Samigaluh, Kulon 
Progo district.

Theileria sp. and Anaplasma sp. investi-
gated in the present study likely did not have 
high pathogenicity since all the tested goats did 
not show clinical signs. There is a variation in 
pathogenicity among these parasites. It should 

Table 2. Estimated proportion calculated by binomial Wilson confidence interval 
Test Number of tested Number positive Proportion (%) 95 % CL
Theileria sp. 53 12 23 0.13-0.36
Anaplasma sp. 53 25 47 0.34-0.60
Mixed infection 53 6 11 0.05-0.23
CL: Confidence level

Table 3. Chi-square statistical analysis of infected and uninfected goats
Sex             Theileria sp.            Anaplasma sp.

Infected Uninfected Infected Uninfected
Male 2 13 7 8
Female 10 28 18 20
Total 12 41 25 28
Chi-square (p-value) 0.20* 0.19*
*No significant difference (p-value greater than 0.05)
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be noted that the clinical sign of the infected 
animals is considered to depend on animal 
welfare and immune status (Čobádiová et al. 
2013). Whether anaplasmosis investigated in 
this study could infect humans is essential to be 
clarified. Therefore, further studies should be 
performed in order to determine the pathogenic-
ity of Anaplasma infected in goats as well as in 
humans.

CONCLUSIONS

In conclusion, the finding of this study 
suggests that tick-borne pathogens Theileria sp. 
and Anaplasma sp. in this study were detected 
in domestic goats in Samigaluh, Kulon Progo, 
Yogyakarta. The present study has revealed 
mixed infection between Theileria sp. and 
Anaplasma sp. in domestic goats. However, 
since all diagnosed diseases in this study are 
based on microscopic examination, which relies 
on morphological examination, molecular 
identification should be conducted for species-
specific confirmation. Therefore, the molecular 
technique would be helpful in theileriosis and 
anaplasmosis detection in the future, particularly 
in Kulon Progo.
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