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 Leptospirosis, a zoonotic disease, is characterized by fever, jaundice, abortion and hemo-
globinuria. It is widespread and the determination of the dominant serotype in the animal 
species of each region accelerates the control and prevention program. 862 blood samples were 
prepared from ruminants and equines. Serum antibody of leptospira serovars were determined 
based on gender and age parameters. Sera were examined by microscopic agglutination test 
(MAT) with six live serotypes. The overall prevalence was 22.30%, with the highest (37.00%) 
and the lowest (6.60%) in Holsteins and mules, respectively. The overall male and female 
incidence were 12.20% and 9.86%, respectively, which was not different. The highest gender 
infection was in male Holsteins (19.20%) and the lowest were in male Simmentals and mules 
(1.72%). The highest dilution was 1:100 for pomona and the lowest was for canicola. All animals 
responded positively to grippotyphosa. The highest infection to one serovar was in Holsteins 
and the lowest for four serovars were in goats and Simmentals. Males less than 1.5 years old 
showed the highest infection. Age differences in leptospira infection except for sheep was 
significant. In conclusion, leptospira infection in ruminants was high compared to equines. 
Gender differences were not significant. The highest dilution was 1:100, with pomona in 
ruminants and grippotyphosa in all species. Leptospiral infection was increased with age and 
the differences among animals except for sheep were significant. Finally, regarding 22.30% 
infection rate, vaccination is necessary to Holsteins, and preventive measures for others. Health 
advices would be necessary for human safety. 
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Introduction 
 

Leptospirosis is a zoonosis among humans and animals 
in the tropical and subtropical areas of the world which 
affects domestic and wild ruminants, equines, rodent and 
human.1 The prevalence of disease is common not only in 
tropical and temperate regions but also in relatively cold 
regions.2 Pathogenic serovars of leptospira interrogans 
have been reported to cause significant economic losses in 
the food animal industries including severe milk loss, 
abortion or weak birth rate, weight loss and infertility as 
well as threatening to public health.3 The disease is some-
times associated with death which increases costs of 
prevention, control and treatment.4 Spirochetes are 
considered as the cause of disease which was first  
 

 described as an infecting of several organs with severe 
syndromes involving jaundice and renal injuries in 
humans.4 Meanwhile, the susceptible livestock can be vector, 
carrier or appears in the chronic form. Susceptible human 
and livestock are infected through the contaminated 
environment and water via infected mice or people.3 

Leptospirosis is also known as Weil's disease, autumn fever, 
swamp fever, canicola fever, rice fever, Stuttgart disease 
and red water disease in calf.5 Serological investigation 
around Iran and other countries indicated various reports 
of leptospira in cattle,6,7 buffalo,8,9 sheep,10,11 goats12,13 and 
horses.14,15 The definite diagnosis of disease was based on 
clinical signs and serological tests such as enzyme-linked 
immunosorbent assay (ELISA),16 polymerase chain reaction 
(PCR)17 and microscopic agglutination test (MAT)18  in 
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different locations of the world in buffaloes,9 Holsteins,19 
sheep,20 goats,21 and horses.22 

Due to the importance of leptospirosis as a zoonotic 
disease, special consideration and attention should be 
paid in epidemiology and its control and prophylactic 
procedures.23 Extensive studies in leptospirosis were 
based on human, animal, and environmental parameters 
such as multiple screening diagnostic methods using 
blood,24 urines25 and various tissue samples.26 These 
have been applied to eliminate and control the 
leptospirosis in order to exclude human from the 
circulating strains. In this situation, similar activities have 
been carried out in different locations in Iran6 mainly in 
ruminants,27 and less in other susceptible livestock. 
There are various studies in animal species with different 
laboratory methods in different regions accompanied by 
effective serovars. There is no a comprehensive study in 
ruminants and equines to indicate the overall 
epidemiological aspect of leptospirosis in Urmia. 
Therefore, the current study not only provided a 
fundamental source of information to the 
epidemiologists, but it could also outline the strategy to 
deal with this disease based on the species of animals for 
the future. Therefore, in order to promote and benefit 
from such comprehensive information in leptospirosis, 
epidemiological features of the disease such as 
percentage of seropositive to leptospiral serotypes 
(serovars), age, sex, serum titer and serotype prevailing 
in ruminants and equines were evaluated and compared. 

 
Materials and Methods 
 

Animals and samples. Eight hundred sixty-two blood 
samples were prepared in Urmia, the northwest of Iran, 
including 203 Holsteins, 130 buffaloes, 166 sheep, 95 
Simmentals, 130 goats, 80 horses and 58 mules. The 
overall frequency and percentage for males and females 
were 484 (56.20%) and 378 (43.80%), respectively. For 
Holsteins they were 119 and 84, for buffaloes 67 and 63, 
for sheep 142 and 24, for Simmentals 40 and 55, for goats 
71 and 59, for horses 25 and 55 and for mules 20 and 38, 
respectively. Samples were prepared from animals located 
in the herds of different regions in Urmia suburbs. Blood 
was taken from purebred, crossbreed and native breeds. A 
5.00 mL of blood was collected from the jugular vein into a 
test tube. Samples were then numbered; the gender and 
age information were noted and the age of animals was 
assessed according to their teeth conditions. The samples 
were refrigerated and centrifuged in 3,000 g for 15 min 
and, the sera were separated within the time. The sera 
were transferred to micro-tubes and frozen in a freezer  
(– 20.00 ˚C) to be ready for MAT. In this survey, the six 
common and live serovars of leptospira pomona, 
grippotyphosa, harjo, canicola, icterohaemorrhagiae and 
ballum with approved pathogenicity were used. The age of  
 

 ruminants was classified into five groups of < 1.5, 1.5 - 
2, 3, 4 and > 4 years old, according to the no change in 
deciduous teeth considered as group 1, conversion the 
first pair of deciduous teeth to permanent as group 2, 
the second pair was group 3, the third pair group 4, and 
the all-pairs group 5. The same category was considered 
for equines ages as 1 - 6, 7 - 12, 13 - 18, 19 - 22 and 25 - 
> 25 years old. Results were analyzed for the presence 
of leptospira serovars. None of the experimental 
animals were vaccinated against leptospirosis. This 
study has been received ethical review committee 
approval (No. 1161). 

Seroprevalence examination, MAT. The MAT was 
performed based on the Abdollahpour et al. report.6 A few 
hours before the MAT (Leptospira Lab Center, Faculty of 
Veterinary Medicine, University of Tehran), sera were 
taken out of the freezer and placed at laboratory 
temperature to gradually reach ambient temperature. The 
surface of the microscopic slides was divided into two 
rows of four (to test eight samples) and a rectangle for 
numbering. First, the dilution of 1:100 were performed for 
each of the six alive leptospira antigens. The antibody-
antigen mixture was incubated at – 30.00 ˚C for 90 min 
and examined under a dark field microscope (BX53M; 
Olympus, Tokyo, Japan). At first, the samples were read as 
related to negative control and then positive control were 
examined. Samples with no agglutination, + 1, + 2, + 3, and 
+ 4 agglutination were read. Where, 25.00% of leptospira 
bodies were agglutinated in each microscopic field it was 
assumed as + 1 (negative), where, 50.00%, 75.00% and 
nearly 100% were agglutinated, they were assumed as + 2 
(suspicious), + 3 (positive) and + 4 (positive), respectively. 

Determination of the final antibody dilution of 
positive samples. In order to determine the final dilution 
of sera that were positive in the first stage, the various 
dilutions of 1:100, 1:200, 1:400, 1:800 and 1: 1,600 were 
prepared and performed. The highest dilution in samples 
with + 3 or + 4 agglutinations was determined as the final 
antibody dilution in samples.  

Statistical analysis. SPSS Software (version 23.0; IBM 

Corp., Armonk, USA) and Chi Square test were used to 
analyze the data. 

 
Results 
 

Out of 862 blood samples from ruminants and equines, 
37.00% of Holsteins, 16.75% of buffaloes, 17.75% of 
sheep, 6.60% of Simmentals, 12.75% of goats, 9.12% of 
horses and 6.90% of mules showed a positive reaction to 
at least one leptospiral serotypes. The percentages of male 
and female infection to leptospiral serotypes in Holsteins 
were 19.20%, 16.80%, buffaloes were 26.90%, 23.80%, 
sheep were 15.70%, 3.60%, Simmentals were 2.10%, 
11.60%, goats were 13.00%, 6.20%, horses were 1.90%, 
10.40% and mules were 1.70%, 5.20%, respectively. 
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The overall prevalence to leptospira serovars was 
22.30%. The highest infection was observed in 
Holsteins and the lowest was recorded in mules (Fig. 1). 
  

 
 
 
 
 
 
 
 
 
 

Fig. 1. Comparison of sero-positive to leptospira spp. in males 
and females of ruminants and equines. 

 
Infection of males (12.20%) was significantly (p < 0.05) 

higher than females (9.86%). Holstein females showed the 
highest (16.75%) and ewes the lowest (3.60%) infection. 
The difference was significant (p < 0.05). Holstein males 
showed the highest (19.20%) and male mules the lowest 
(1.72%) seropositive to leptospira infection which was 
also different (p < 0.05). The comparison of male and 
female infection to leptospira serotypes showed significant 
differences only in sheep and Simmentals (p < 0.01). There 
was no gender difference in Holsteins, buffaloes, goats, 
horses and mules (Fig. 1). 

Frequency and percentage dilution of anti-leptospira 
antibodies by serotype and predominant serotype 
showed that the highest frequency was in the dilution of 
1:100 and the lowest was in 1:400 (Table 1). The headline 
was 1:100 for L. pomona, followed by L. grippotyphosa 
and L. harjo, and the lowest was for L. canicola. The lowest 
frequency of dilution was 1:100 and 1:200 in equines (Fig. 2). 

  
 
 
 

 
 
 
 
 
 
 
 

 Ruminants were susceptible to L. pomona, grippotyphosa 
and harjo serovars, however, horses were not susceptible 
to L. pomona. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Comparison of antibodies titer (1:100) against leptospira 
serotypes in ruminants and equines. 

 
Table 2 shows a comparison of the frequency and 

percentage of multi-infection to leptospira serovars in 
ruminants and equines. Seropositive to leptospira in 
Holsteins varied from one to four serovars: The highest 
prevalence of one serovar (29.44%) was in Holsteins and 
the lowest was four serovars (0.51%) in goats and 
Simmentals. Equines were not affected by more than two 
serovars, but up to four serovars were observed in 
ruminants. In total, the percentage of animals with one 
serotype (72.59%) was over three times higher than with 
two serotypes (22.84%). 

Age frequency of positive reaction to leptospira in 
animals (Fig. 2) showed that the highest and the lowest 
seropositive responses were in < 1.5 (3.10%) and > 4 
years old (0.80%). Age comparison (Chi-square) 
showed that there was not age difference only in sheep, 
however, there was significant difference in other 
animals (p < 0.01).  

 
Table 1. Percentages of antibodies dilution against leptospira serotypes in ruminants and equines. 

Animals L. pomona  L. grippotyphosa  L. canicola  L. icterohaemorrhagiae  L. harjo 
 1:100 1:200  1:100 1:200  1:100 1:200  1:100 1:200  1:100 1:200 

Holsteins 21.90 a 28.60 a  17.60 a 13.20 ab  - -  - -  1.10 a 17.60 a 
Buffaloes 13.10 a 3.10 b  4.60 ab 2.30 ab  - -  0.76 a 0.79 a  1.50 a 3.10 a 
Sheep 19.10 a 2.40 c  40.50 b 21.40 a  - -  - -  2.38 a - 
Simmentals 0.71 b 3.60 a  1.42 b 0.71 b  0.71 0.71 a  0.71 a 1.42 a  2.84 a 2.84 a 
Goats 30.90 a 19.10 a  38.10 b 7.17 ab  - 2.38 a  22.20 a 2.38 a  - 4.80 a 
Horses - -  16.70 b 11.10 ab  - 11.10 a  - -  27.80 a 11.10 a 
Mules 24.10 17.90  22.90 12.30  0.41 1.60  2.45 1.60  5.30 11.40 
abc Different letters in each column indicate significant difference at p < 0.05. 
 
Table 2. Comparison of frequency and (%) of co-infection with leptospira serotypes in ruminants and equines. 

Animals 1 serotype 2 serotype 3 serotype 4 serotype Total 

Holsteins 58 (29.44) 12 (6.09) 3 (1.52) - 73(37.00%) 
Buffaloes 27 (13.71) 6 (3.05) - - 33(16.75%) 
Sheep 22 (11.17) 10 (5.08) 3 (1.52) - 35(17.75%) 
Simmentals 8 (4.06) 3 (1.52) 1 (0.51) 1 (0.51) 13(6.60%) 
Goats 11 (5.58) 13 (6.60) - 1 (0.51) 25(12.72%) 
Horses 17 (8.63) 1 (0.51) - - 18(9.12%) 

Total 143 (72.59) 45 (22.84) 7 (3.55) 2 (1.02) 197(100%) 
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Discussion 
 
The presence of leptospira serovars in the sera of 

ruminants and equines indicates the attendance of 
leptospirosis in Urmia livestock. By determining the rate 
and type of infection, the strategy for prognosis, favorable 
diagnosis, control and treatment would be appropriated.28 
Although all isolated serotypes of leptospira are related to 
interrogans,29 these serotypes are often specific to areas 
with high precipitation and swamps such as West 
Azerbaijan and Urmia, which is considered as an 
epidemiological feature of the disease. The disease has 
been reported in human, equines, ruminants and 
carnivores in different parts of Iran with different 
serological infection.8,11,27 

 The prevalence of cattle leptospirosis has been 
reported up to 53.80% in Ahvaz,30 which was greater than 
the findings of this study (37.00%) and for sheep it was 
18.40% in Tabriz, which was slightly more than that of our 
study (17.75%).31 Infection of 16.75% of buffaloes was less 
than 35.30% in East Azerbaijan8 and it seems that the 
climatic conditions of Khuzestan and East Azerbaijan are 
more favorable for leptospirosis than West Azerbaijan in 
survival and transmission of bacterial agents. The 12.72% 
prevalence of goats in our study was slightly more than 
11.00% reported by others in Khuzestan.32 The prevalence 
of 9.12% in horses and 6.90% in mules in this study was 
still less than 20.00% and 9.10% mentioned in Lorestan 
and central regions of Iran.14,33 Despite the equines of this 
study, inhabitants in Turkey, Iraq and Azerbaijan borders 
exposing to the heavy traffic of imports and exports, this 
infection seems not much serious among Urmia equines.  

Comparison of the results of our study with the 
findings in Holsteins in Brazil (6.44%)1 and India 
(48.50%),34 showed lower and higher occurrences in 
Urmia Holsteins, respectively. The rate of 8.43% and 
15.70% leptospirosis in buffaloes of Thailand7 and India35 
were lower than those in Urmia buffaloes. The occurrence 
of sheep leptospirosis in Brazil20 and India10 were 15.00% 
and 22.20%, respectively, which were lower and higher 
than sheep in Urmia. Goat leptospirosis in India36 and 
Italy37 were reported 26.60% and 47.00%, respectively. In 
Italy the rate was higher than in goats of this study. Equine 
leptospirosis in South Africa38 and the Colorado, USA 39 

were reported 20.00 - 39.00% and 77.00%, respectively, 
that were quite higher than Urmia horses. Thus, Holsteins 
showed the higher rate of infection to leptospirosis and 
rest of the animals showed relatively the lower infection 
rate in comparison with the other findings. One 
explanation for the relatively lower partial level of 
leptospira infection compared to the other reports, despite 
the lack of local vaccination program, could be the 
observance of hygienic standards due to continuous and 
annual disinfection program of the health department of 
the Veterinary Organization, private sector veterinarians 
 

 and the careful attention of farmers to the fight against rats 
in their livestock farms and fundamental control of 
rodents as the main factor in the disease transmission.  

The overall infection to leptospirosis in Urmia animals 
(22.30%) was not high in comparison with the other areas 
of Iran31,33 and other countries38,39 except for Holsteins 
which showed the higher rate. It means that the sheep, 
goats, Simmentals, equines and mules of this study are less 
sensitive to leptospira serovars than Holsteins, therefore, 
the mentioned rate of infection is not serious and with 
improving hygiene standard the level of infection level will 
also decreases and will partially close to the normal level 
and not be an important problem for public health and 
human too, but for Holsteins the vaccination together with 
the improved hygiene procedures will be necessary.28  

Understanding the role of gender in leptospira 
infection can help find a way to set up control and 
prevention strategies. From the epidemiological point of 
view, the higher and non-significant leptospiral infection in 
males of this study might not be basically important as 
much as females due to the males’ short economic lifetime. 
In this regard the epidemiology of the disease including its 
expansion, development and transfer in males will be less 
than in the females which have longer lifespan, thus, in 
males the disease not only does not spread in 
environment, animals and human (zoonosis), but also will 
be automatically limited. This result was consistent with 
the findings of Balamurugan et al. that mentioned 
seropositivity to leptospira in males was significantly 
higher than in females.34 In general, the role of gender in 
leptospiral infection in animals is controversial and 
different results have been recorded. Among females of 
this study, Holsteins have shown the highest infection rate 
(37.00%) which should be considered serious. Lack of 
significant differences between genders in leptospira 
infection is reported by authors for animals,30 however, in 
human, males are significantly more infected than 
females.40,41 In contrary, Johnson et al.42 showed that there 
was not significant gender differences in human. 

The lowest dilution of anti-leptospira antibodies was 
1:100 which has been reported in most regional8 and 
global studies.30 It is quite comprehensive and not 
considered as an acute clinical infection, however, the 
observation of 1:400 in one goat and Simmentals shows a 
serious form of leptospirosis which was not observed in 
other species. The observation of serum dilution up to 
1:800 and 1:3,200 were reported by others30,34 but not in 
this study. Equines of this study revealed the lowest 
frequency of dilutions, thus, the prevalence of 
seropositivity to leptospira in equines was very low 
compared to ruminants. Among the serotypes, L. pomona 
was the predominant not only in this study but also in 
many parts of Iran and the world,4,15,37,43 and the other 
serovars were mentioned too.27 In the last decades the 
predominant serovar in Iran was L. grippotyphosa, which 
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has now been replaced by L. pomona. Differences in 
predominant serovars in various regions could be due to 
the number of samples, season of sampling and reservoirs 
in the regions.6 In overall, the predominant serovar in Iran 
is variable but for Urmia is L. pomona. 

In this study, the infection of animals varied from one 
to four serovars but they were often infected with one 
serovar (16.60%) which was consistent with the results of 
others.8 The local and global results, especially in 
ruminants, show that in each region, a specific antigen 
with a high frequency is usually predominant and the rest 
of the serovars are at a lower level. Haji Hajikolaei et al. 
recorded the multi-serovar infection up to five serovars in 
one animal which was not observed in global studies.27 

Simultaneous response to L. grippotyphosa/ L. pomona,  
L. grippotyphosa/ L. canicola and L. pomona/ L. canicola 
with different dilutions in this study could be evidence of 
concomitant serotypes. Therefore, considering the highest 
seropositive to leptospira in Holsteins (37.00%) as well as 
the presence of three serovars (1.52%), Holsteins play a 
more important role in the epidemiology and survival of 
leptospira than other ruminants and equines, thus, 
Holsteins should be considered in disease control and 
prevention strategies.44  

Investigation of age status in seropositive reaction to 
leptospira in animals showed that animals less than 1.5 
years of age (3.10%) had the highest sensitivity compared 
to older ages, however, this result was certainly affected by 
the high number of male sheep infections (19 positive 
sheep) while in female Holsteins and buffaloes the 
infection was increased by increase in age. This was 
variable in goats, Simmentals and equines. Thus, except for 
sheep, the age difference was significant (p < 0.01) in 
female ruminants and the highest prevalence was up to 4 
years of age. The results of this study were consistent with 
the findings of Tolouei and Haji Hajikolaei et al. who 
reported significant age sensitivity above two years of age 
in animals.8,30 Balamurugan et al. reported an increasing 
trend in leptospira infection with age in cattle.34 Patel et al. 
recorded that the highest seroprevalence of leptospira in 
buffaloes over 4 years of age was 20.00% while between  
1 - 4 years of age, it was only 4.60%.43 Agrawal et al. 
reported that the frequency of leptospirosis was increased 
with the age of the animals.45 

The results of studies in the last decades on leptospiral 
infection in the world show that despite the improvements 
in health conditions and limited vaccinations in susceptible 
animals, not in Iran, the seroprevalence of the disease is 
still growing. Since leptospira serovars are associated with 
different symptoms, therefore, the disease has multiple 
clinical signs, and serum tests, especially MAT, will be 
necessary to confirm the diagnosis.19 This is an excellent 
method with good performance where the live leptospira 
serovars exist in the laboratory. The gold standard for the 
diagnosis of leptospirosis is the MAT method, however, it 
 

 also has limitations.18 According to World Health 
Organization (WHO) standard, to definitively determine the 
disease, it is necessary to prepare two samples with two to 
three weeks’ interval to determine a doubling of the 
dilution or to obtain a serum dilution of 1:400 and above 
in the first sample. Meanwhile, the MAT method is more 
sensitive to the IgM (indicating acute disease) detection 
than IgG, so it is less sensitive in the diagnosis of vectors, 
carriers and chronic forms of the disease. Accordingly, one 
of the reasons for the low sero-prevalence results of 
leptospira in any study may be related to the stage of 
vector, carrier or chronic form of disease, therefore, the 
MAT method is not able to detect them. Thus, two or three 
diagnostic methods are recommended to be used 
simultaneously with MAT to achieve an accurate result.30 
In the absence of live leptospira serovars, alternative 
methods are PCR and ELISA with accurate and rapid 
diagnosis in the first 15 days of infection. In order to 
diagnose and screen for leptospirosis, the combination of 
PCR and MAT is recommended.12  

In conclusion, the seropositivity to leptospira was 
22.30% and in ruminants it was more than equines. There 
was no gender difference although males were infected 
more than females. The highest dilution was 1:100, which 
L. pomona was common in ruminants and L. grippotyphosa 
in all species. Multi-infection to various serovars in 
ruminants was greater than in equines. Leptospirosis was 
increased with age in Holsteins and buffaloes and the age 
difference except for sheep was significant. Finally, based 
on 22.30% infection, vaccination against leptospirosis in 
Holstein is necessary and for other animals the prevention 
procedures and hygienic recommendations will be 
necessary to protect human from leptospirosis. 
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