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Abstract 
Background: Babesia ovis, an intraerythrocytic parasite carried by ticks and one of the most common subclinical ovine 

illnesses, was studied to ascertain its seroprevalence and endemic status in ram and ewe populations in East Azerbaijan 

Province, Iran, in lambs, yearlings, and adults of over two years of age. 

Methods: A total of 960 sheep from 10 cities were selected from Jan 2018 to Nov 2019. Blood samples were collected 

from each animal and tested for the presence of B. ovis antibodies by applying a developed enzyme-linked immuno-

sorbent assay (ELISA) technique. Checkerboard titrations were used to determine the optimal dilution of the antigen 

using negative and positive control sera. To determine whether the disease is endemically stable, inoculation rates for 

each age group were also calculated. Correlation coefficients were calculated between age and infection rates and also 

between age and inoculation rates. 

Results: The results revealed an average infection rate of 49.4% in East Azerbaijan Province. There was a positive cor-

relation between the age of animals and susceptibility to infection except for lambs and yearlings, whereas there was no 

meaningful difference in exposure to B. ovis between rams and ewes. The negative correlation between age and inocula-

tion rates indicates increased disease instability with age. Inoculation rate results revealed the endemically instable sta-

tus of B. ovis in the studied area. 

Conclusion: High prevalence rates and endemically instable status of the disease suggest demand for vaccine develop-

ment and implementation of appropriate control measures for ovine babesiosis to mitigate the associated economic loss-

es. 
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Introduction 
 

Babesia ovis is a species of protozoan par-

asite that is transmitted by ticks and infects red 

blood cells. It belongs to the Babesiidae fami-

ly and the genus Babesia, causing ovine babesi-

osis, a widely distributed zoonotic infectious 

disease of the small ruminants taking place in 

tropical and subtropical regions (1, 2). 

The main transmitting vectors of Babesia 

ovis are the tick genera Ixodes, Rhipicephalus, 

and Hyalomma (3, 4). In Iran and the north-west 

region of the country, Babesia ovis transmission  

 

 
primarily occurs through various tick species 

and genera, notably R. bursa (5, 6), Hyalom-

ma (7) R. turanicus and R. sanguineus (6). 

Chronic cases of infection are usually asymp-

tomatic, except for parasitemia and unthrifti-

ness. Severe infection cases are characterized 

by hyperthermia, progressive hemolytic ane-

mia, hemoglobinuria, icterus, and weakness (8), 

with a mortality rate of 30–50% (9, 10). The 

high prevalence rate of ovine babesiosis, a ma-

jor parasitic disease of small ruminants in Iran, 
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followed by substantial economic losses, de-

creased production, and cost of treatment and 

control programs, emphasizes the critical im-

portance of epidemiological studies in the men-

tioned areas (11–13). 

To conduct epidemiological investigations 

for efficient disease control, a valid diagnosis 

of the infection and a road map of the disease 

are required (14). The diagnosis of babesiosis 

is based on clinical symptoms and microscop-

ic inspection of Giemsa-stained blood films for 

merozoites (15). Recovered animals from acute 

infection often sustain subclinical infections, 

being undetectable by microscopic methods. 

These animals are considered a source of in-

fection for the disease for the potential vector, 

causing the disease's natural transmission (16). 

Livestock herds that operate under pastoral 

and small mixed farming systems increase the 

likelihood of interspecies transmission of in-

fections, often facilitated by asymptomatic car-

rier animals (17). Therefore, serological tech-

niques are commonly applied for the detec-

tion of subclinical infections (18, 19), among 

which the enzyme-linked immunosorbent as-

say (ELISA) is widely used as a sensitive di-

agnostic test for population screenings (20, 21). 

 Considerably different seroprevalence rates 

of B. ovis have been reported in East Azerbai-

jan and the surrounding regions in Iran; A prev-

alence of 23.6%, 24.5%, and 86.4% for the 

disease among sheep have been reported for 

East Azerbaijan, Baneh, and Ardabil, respec-

tively by PCR method (22–24). No previous 

reports are available for the endemic status of 

the disease for the mentioned region. The en-

demic status of a disease, which serves as an 

indicative factor for understanding the immun-

ity of a population, should be thoroughly stud-

ied to determine the necessity of developing a 

vaccine. The stability or instability of a pop-

ulation's immunity can be determined by the 

inoculation rate of the disease, a factor often 

measured by serological methods (25).  

Limited information exists regarding the se-

roprevalence, spatial distribution, and the en-

demic status of the condition in various areas 

of the country. Thus, the present study was 

accomplished to investigate the seroprevalence 

of B. ovis in sheep by ELISA technique in 

East Azerbaijan Province, northwest of Iran. 

 
Materials and Methods 
 

Study area and Sampling 

East Azerbaijan Province has a four-season 

climate affected by Mediterranean and arid to 

semi-arid subtropical climate, covering about 

45,650 km² at 37.9036° N, 46.2682° E. In the 

period between January 2018 and November 

2019, 960 sera were collected from 10 differ-

ent cities. Randomly selected sheep in each city 

were in three age groups of 6–12, 12–24, and 

more than 24 months old, with 32 sheep in each 

group (a total of 96 sheep from 8 herds in each 

city, 12 samples from each herd). There were 

equal numbers of samples selected from each 

age and sex strata. The collected blood sam-

ples were kept in ethylenediaminetetraacetic 

acid (EDTA) tubes and were maintained cold 

until they were delivered to the laboratory. No 

babesiosis mortality was recorded throughout 

the study. In this study, stratified sampling was 

employed, with samples randomly selected from 

distinct age and gender strata. A comprehensive 

approach was adopted, resulting in a large sam-

ple size to enhance the study's robustness. 

 

Serological assay 

An ELISA technique previously described 

by Hashemzadeh et al. (26) with slight modi-

fications was used to detect B. ovis-specific 

antibodies from the collected sera. 

 

Preparation of Babesia ovis ELISA antigen 

To prepare the ELISA antigen, a blood 

sample was previously collected in the pres-

ence of EDTA from a heavily infected lamb 

with a 5% parasitemia. The parasites were then 

rinsed in phosphate-buffered saline (PBS) and 

pelleted by centrifugation after being lysed in 

cold (four °C) distilled water. Next, the lysate 
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was centrifuged (12000 ×g for 30 min), and 

parasites were pelleted and then washed in 

PBS as before. Following sonication in the 

proper volumes for 75 seconds, the parasites 

were centrifuged with an ultra-high force of 

105000 g for 60 minutes at a temperature of 

four °C. The supernatant liquid was then kept 

and combined with glycerol for storage in ali-

quots at -70 °C until use in the ELISA. Addi-

tionally, negative control sera were earlier ob-

tained from newborn lambs before the initial 

intake of colostrum, while positive control sera 

were obtained from severely diseased sheep. 

 

ELISA procedure 

Multiple dilutions of the ELISA antigen were 

prepared, and 100 μl per well of the coating 

solution (0.1 M carbonate buffer with pH= 9.6) 

was applied for coating the ELISA plates 

(Greiner Bio-One, Germany) and incubated at 

four °C overnight. Initially, blocking was car-

ried out using 100 μl per well of a 10% solu-

tion of bovine serum albumin (BSA) in the 

coating buffer at a temperature of 25 °C for 

three hours. The wells were then rinsed with 

300 μl per well of a washing buffer containing 

tween (PBST, PBS pH= 7.2 with 0.1% Tween 

20). Next, 100 μl of the serum samples (diluted 

1:100 in PBST with 10% BSA) were applied 

to duplicate wells and left to incubate at 25 °C 

for one hour. Following three subsequent wash-

es, 100 μl of peroxidase-conjugated anti-sheep 

IgG (Sigma-Aldrich, USA), diluted 1: 1400 in 

PBST with 10% BSA, were added to each well. 

The plates were then incubated at 25 °C for an 

additional hour and washed three more times. 

Subsequently, 100 μl of ABTS ELISA peroxi-

dase substrate (2,2'-azino-bis(3-ethylbenzothi-

azoline-6-sulphonic acid)) (Roche Diagnostics, 

Mannheim, Germany) were added to each well 

and allowed to react for 15 minutes. To stop 

the substrate reaction, 100 μl/well of a 1% so-

lution of sodium dodecyl sulphate (SDS) was 

introduced. The absorbance was measured at 

405 nm using an ELISA microplate reader. The 

threshold for classifying sera as positive was 

determined as 1.5 times the average value ob-

tained from the negative control sera. 

 

Calculation of the endemic status 

The probability of occurrence of babesiosis 

sheep population in the province was deter-

mined by calculating the inoculation rate (25, 

27) formulated as follows: 

h= (-1)[ln(1-the rate of infection)]/average 

age of animal (day), where 'h' expresses the in-

oculation rate. A stable endemic status of a pop-

ulation would demonstrate an h value of 0.005 

up to 0.05, while an instable status would ex-

press an h value of 0.0005 up to 0.005. For h 

values lower than 0.0005, disease outbreaks 

are less likely to occur in populations. 

 

Statistical analysis 

Data analyses were performed using Minitab 

software (version 18.1, 2017). Tukey's test fol-

lowed by one-way ANOVA was performed to 

assess differences in infection rates in the three 

age strata. An Independent t-test was also per-

formed to assess differences in infection rates 

between rams and ewes. Spearman's correla-

tion coefficient test was used to determine the 

correlation between the three age ranges as 

ordinal ranked variables and the seropositivity 

to B. ovis. Pearson's correlation coefficient test 

was also utilized to evaluate the correlation 

between age and inoculation rates. Significant 

differences were declared at P< 0.05. 

 

Results 
 

Standardization of ELISA 

The checkerboard titration revealed that a 

dilution ratio of 1:300 was determined to be 

the optimal dilution for the ELISA antigen. The 

average absorbance value of the negative con-

trol sera was 0.150±0.01, which led to a cut-

off value of 0.225. 

 

Seroprevalence of Babesia ovis infection 

Of the 960 sera, 475 were seropositive to 

B. ovis, revealing that the total seroprevalence 
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of the infection in the province is 49.4%, with 

the highest rate (42.7%) in Tabriz and Bostan 

Abad and the lowest rate (33.3%) in Hashtrood. 

There was a significant difference in the 

prevalence of the infection between over two 

years old sheep and yearlings (p= 0.042) and 

also between over two years old sheep and 

lambs (p< 0.001); however, there was no sig-

nificant difference between lams and yearlings 

(p= 0.095). The highest seroprevalence was ob-

served in adult sheep over two years old (49%), 

followed by yearlings (38.7%) and lambs (30%). 

No significant difference was found between 

rams and ewes infection rates (p= 0.499). The 

prevalence rate significantly correlated (rs= 

0.659) with the animal's age according to the 

results obtained from Spearman's correlation 

test (p< 0.001). The results revealed the mean 

seropositivity of 38.7% in rams and 39.8% in 

ewes (Figs. 1 and 2). 

Endemic status of Babesia ovis 

To assess the endemic status of the disease, 

the inoculation rates for age groups for each 

city were determined using the ELISA data 

(Table 1). 

The inoculation rates in all the age ranges 

were almost lower than 0.005 in most of the 

regions suggesting an endemic instability. Fur-

thermore, the results of Pearson's correlation co-

efficient test indicate a strong negative corre-

lation (r= -0.761) between age and inoculation 

rates signifying the increasing endemic insta-

bility of B. ovis with age (P< 0.001). In addi-

tion, the inoculation rates for more than two 

years old sheep in Hashtrood, Bonab, Mianeh, 

Soufian, and Jolfa were lower than 0.0005, 

suggesting a low probability of occurrence of 

an outbreak for the mentioned age group. 

 

 
 

Fig. 1. The prevalence of Babesia ovis infection in blood sheep specimens determined by ELISA and categorized by 

gender in various locations of East Azerbaijan Province, 2018–2019 
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Table 1. Sampling regions, proportion of seropositive sheep blood specimens to Babesia ovis determined by ELISA, 

and the calculated inoculation rates for different cities and age groups in East Azerbaijan Province, 2018–2019 

 

Sampling 

region 

Animal 

age 

(month) 

Mean of 

age range (day) 

No. of test-

ed sera 

No. of 

positive sera 

Proportion of 

positive sera 

Calculated 

inoculation 

rate (h)* 

Hashtrood 6–12 270 32 9 0.28 0.0012 

12–24 540 32 11 0.34 0.0008 

>24 1440 32 12 0.38 0.0003 

Tabriz 6–12 270 32 11 0.34 0.0016 

12–24 540 32 14 0.44 0.0011 

>24 1440 32 16 0.50 0.0005 

Ahar 6–12 270 32 6 0.19 0.0008 

12–24 540 32 9 0.28 0.0006 

>24 1440 32 20 0.63 0.0007 

Maragheh 6–12 270 32 8 0.25 0.0011 

12–24 540 32 11 0.34 0.0008 

>24 1440 32 17 0.53 0.0005 

Bonab 6–12 270 32 13 0.41 0.0019 

12–24 540 32 16 0.50 0.0013 

>24 1440 32 11 0.34 0.0003 

Mianeh 6–12 270 32 11 0.34 0.0016 

12–24 540 32 12 0.38 0.0009 

>24 1440 32 14 0.44 0.0004 

Marand 6–12 270 32 7 0.22 0.0009 

12–24 540 32 12 0.38 0.0009 

>24 1440 32 20 0.63 0.0007 

Soufian 6–12 270 32 9 0.28 0.0012 

12–24 540 32 12 0.38 0.0009 

>24 1440 32 15 0.47 0.0004 

Bostan 

Abad 
6–12 270 32 9 0.28 0.0012 

12–24 540 32 11 0.34 0.0008 

>24 1440 32 21 0.66 0.0007 

Jolfa 

 

 

6–12 270 32 13 0.41 0.0019 

12–24 540 32 16 0.50 0.0013 

>24 1440 32 11 0.34 0.0003 

All regions 

 
6–12 270 320 96 0.30 0.0013 

12–24 540 320 124 0.39 0.0009 

>24 1440 320 157 0.49 0.0005 

 

*'h' indicates the inoculation rate: Stable endemic (0.005–0.05); Unstable (0.0005–0.005); 'h' 

below 0.0005 implies a lower likelihood of outbreaks. 
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Fig. 2. The distribution of Babesia ovis infection in sheep blood specimens determined by ELISA and categorized by 

age range and gender in various locations of East Azerbaijan Province, 2018–2019 

 
Discussion 
 

The widely employed diagnostic method for 

identifying clinical babesiosis in sheep and goats 

involves Giemsa staining, a technique where 

blood smears are stained with Giemsa dye to 

visualize the intraerythrocytic parasites. This 

staining method facilitates the microscopic ex-

amination of blood samples for the presence 

of characteristic Babesia species, aiding in the 

diagnosis of the disease (28). However, despite 

its common usage, Giemsa staining has limi-

tations in terms of both specificity and sensi-

tivity, particularly when it comes to detecting 

various species of Babesia. This method may 

not reliably identify subtle cases of subclini-

cal babesiosis in small ruminants, potentially 

leading to an underestimation of the true prev-

alence of the infection. Therefore, alternative 

diagnostic approaches are often necessary to 

complement and enhance the accuracy of babesi-

osis detection in diverse clinical and subclini-

cal cases (10). The disease commonly manifests  

 

 
with mild symptoms in older animals, attribut-

ed to the development of high protective im-

munity over time. Consequently, the preva-

lence rate of clinically apparent illness tends 

to decrease in older animals, underscoring the 

role of acquired immunity in mitigating the 

severity of Babesia infection in aging popula-

tions (29). Among the various serological as-

says, ELISA is recognized as a versatile and 

valuable tool, particularly suitable for investi-

gating large populations owing to its high 

sensitivity and scalability (30). 

In our investigation, we identified a sero-

prevalence of 49.4% for ovine babesiosis, sur-

passing the previously documented rate in the 

East Azerbaijan Province of Iran reported by 

Bazmani et al. (22), who utilized a semi-nest-

ed PCR method and reported a seroprevalence 

of 23.6% in a sample size of 123 sheep. Di-

verse prevalence rates of ovine babesiosis are 

reported in adjacent regions of Iran; Habibi et 
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al. (23) detected seropositivity of 86.4% in the 

sheep population in Baneh, Iran, using semi-

nested PCR and competitive PCR methods. 

Shahbazi et al. (24) reported a seropositivity 

of 24.5% in 200 sheep from Ardabil, north-

west Iran, using PCR. Ovine babesiosis has al-

so been a country-wide epidemiological issue 

in Turkey, with the infection rate ranging from 

0% to 67.38%, with the endemic status being 

instable across all age groups (29).  

Age emerges as a pivotal factor influenc-

ing the susceptibility rate to ovine babesiosis. 

Lambs younger than three months exhibit high 

resistance to acute B. ovis infections in areas 

where the disease is prevalent, owing to their 

non-specific inherent resistance and the pro-

tective immunity they acquire from colostrum. 

This immunity remains effective for three 

months following birth, potentially contrib-

uting to the endemic stability of the disease in 

sheep populations by elevating antibody titers 

and neutralizing sporozoites. Contrastingly, the 

resistance to infection in non-exposed lambs 

to transmitter ticks decreases before three months 

of age (27). The current study revealed that 

the prevalence rates of B. ovis among differ-

ent sexes were not statistically different. 

Furthermore, comprehending the age-related 

dynamics of ovine babesiosis susceptibility 

highlights the critical need for robust disease 

surveillance in resource-limited regions. A struc-

tured surveillance system not only aids in dis-

cerning disease epidemiology before vaccine 

introduction but also enables the evaluation of 

intervention impacts, providing valuable in-

sights into the effectiveness of vaccination pro-

grams. Many low- and middle-income coun-

tries have not fully benefited from such sur-

veillance systems, emphasizing the urgent im-

portance of implementing them to better un-

derstand disease dynamics and assess the im-

pact of interventions on reducing disease bur-

den (31, 32). 

In this study, Pearson's correlation test re-

sults further revealed a negative association 

between age and inoculation rates of B. ovis, 

supporting the hypothesis of heightened en-

demic instability in older individuals (29, 33). 

Despite the high prevalence of the disease with-

in a population, clinical symptoms are infre-

quent in cases of long-standing stable endem-

ic diseases. This situation occurs when func-

tional immunity is achieved at a young age in 

most of the population due to the sufficient 

power of the infection. Older animals possess 

high protective immunity causing mild symp-

toms and low prevalence of clinical disease (29). 

In the context of diseases exhibiting instabil-

ity within a population, vaccination is recom-

mended as a preventive measure. However, vac-

cination is not suggested as a control measure 

for diseases that are already stable within an 

endemic region. Despite the low occurrence of 

clinical diseases in stable endemic populations, 

the use of acaricides for the management of 

vector tick populations is not commonly em-

ployed (34, 35). This comprehensive under-

standing of disease dynamics and immunity 

status informs strategic decisions for effective 

disease control and management. 

Based on the findings from this study on in-

oculation rates of B. ovis across different cit-

ies and age groups (Table 1), it can be in-

ferred that the endemic status of the disease is 

almost instable among all age groups within 

the province. As a result, it is recommended 

to implement a vaccination program for this 

disease. Although specific proteins of B. ovis, 

such as rBoSA2, BoSPD, rBoSA1, and ovipain-

2, have been proposed for potential vaccine de-

velopment using recombinant DNA technolo-

gies, there is currently no existing vaccine 

available for ovine babesiosis (29). 

In light of our prior study (26) utilizing a 

similar ELISA procedure, wherein an 85% con-

cordance was observed between the results of 

ELISA and immunofluorescent tests, we 

acknowledge the inherent limitations of the in-

house ELISA technique in definitively distin-

guishing Babesia species due to potential cross-

reactivity. We recommend a cautious inter-

pretation of the observed seroprevalence, rec-
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ognizing that the high rates reported in our 

study may be influenced by the method's re-

duced specificity in differentiating B. ovis from 

other species. Due to the large sample size of 

the study, the feasibility of microscopic exam-

ination of blood samples for the identification 

of B. ovis was logistically impractical. Future 

research should explore additional diagnostic 

tools to enhance species identification. 

 
Conclusion 
 

This study uncovers a significantly higher 

rate of ovine babesiosis seroprevalence in the 

East Azerbaijan Province of Iran, surpassing 

previous reports. The findings underscore the 

substantial impact of age on susceptibility to 

the disease, with a notable prevalence among 

older animals. In contrast, no gender-based 

susceptibility differences to the disease were 

observed. The endemic instability of the dis-

ease in the studied area suggests the necessity 

for implementing a vaccination program. How-

ever, further studies are needed to assess the 

endemic status and devise a comprehensive 

strategy, as well as identify additional recom-

binant proteins for vaccine development, to ef-

fectively control ovine babesiosis and mitigate 

its associated economic losses. 
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