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CHAPTER 1 
INTRODUCTION 

 Horses hold a central position among draught animals, are used used to pull carts and to 

carry loads. Healthy and well kept horses are culturally a sign of dignity and power some parts of 

Pakistan (Hameed et al. 2014). According to Pakistan Economic Survey 2015-16, horse 

population in country is 0.4 million. About 33.33% donkeys, 64.66% mules and 60.61% horses 

are raised for breeding, sports and entertainment purposes.  

Likewise other animal species, equines also suffer from a range of medical ailments that not only 

hamper their performance, but also impart economic losses to the equine owners (Goraya et al. 

2013), resulting from ill-health of the animals and calamities in severe cases (Chaudhry et al. 

2014). Although livestock can harbor wide variety of ailments including bacterial, viral, 

parasitic, fungal, nutritional yet leptospirosis is globally spread bacterial disease infecting variety 

of domestic and wild animals like sheep, horse, cattle, canine, raccoons, wild boars, skunks, 

birds, reptiles and even humans are not an exception (Kojouri et al. 2009; Alvarado-Esquirel et 

al. 2016). This disease is also reported in poikilothermic animal species such as amphibians and 

reptiles (Haggag et al. 2015). Leptospirosis is caused by spirochetes Leptospira spp. having more 

than 260 serovars (Tonin et al. 2012a; Tadich et al. 2016). Leptospirosis is amongst six diseases 

marked by OIE as the subject of interest in reference to "animal diseases and climate change" 

(Rojas et al. 2010). 

Leptospires are highly motile, obligate aerobic organisms, having characteristics of both gram-

positive and gram-negative bacteria. Leptospires have a diameter of 0.15 to 0.3 µm, length of 6 

to 20 µm and can easily pass through 0·45 µm filters. As these organisms are not stained finely 

so dark-field and phase-contrast microscopy are used for direct visualization (Picardeau 2013). 
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Taxonimists classified Leptospira in order Spirocheatales, family Leptospiracae and genus 

Leptospira. So far 13 pathogenic species of Leptospira have been reported that includes L. 

interrogans, L. alstonii, L. santarosai, L. inadai, L. fainei, L. alexanderi, L. kirschneri, L. 

licerasiae, L. noguchi, L. terpstrae, L. weilii, L. borgpetersenii, and L. wolffii with over 260 

serovars (Adler and Moctezuma 2010), divided in 23 serogroups (Sakhae and Farahani 2014).  

Natural occurrence of leptospiral infection in horses was first reported around 69 years ago in 

1947 in Russia, followed by one in Croatia in 1953 (Turk et al. 2013). Titres of various serovars 

have been reported in horses, however, L. Icterohaemorrhagiae, L. Bratislava, L. Copenhageni, 

and L. Pomona are among the most prevalent serovars in horses (Tsegay et al. 2016). Individual 

animal can be simultaneously infected with multiple serovars, but such infections are uncommon 

(Goldstein et al. 2006). Changes in animal husbandry practices, climate and human behavior, 

altered the epidemiology of disease (Villagomez-Cortes et al. 2015). Animal species which serve 

as maintenance host for one serovar can become accidental host of the other serovar and no 

animal species has been identified as refractory to infection (Samir et al. 2015). Prevalence of 

leptospiral serovars varies in a particular geographic region (Balamurugan et al. 2013). 

Regrading regions, the predominant serovars in horses are Pyrogenes in Argentina, Australis in 

Portugal, Bratislava in USA and Pomona in Canada (Jung et al. 2009). The most common 

serogroup recovered from equine abortions was Pomona, while other serogroups (Sejroe, 

Australis, Icterohaemorrhagiae) have also been isolated from aborted equine fetuses in different 

countries (Hamond et al. 2015). 

Leptospirosis most commonly occurs in tropical and subtropical parts of the globe and is 

prevalent in both urban and rural areas (Zala et al. 2014). It spreads more readily in tropical 

regions than in temperate ones because organism can survive for a longer period of time in warm 
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and humid environment. Hence, Southeast Asia, China, South and Central America and Africa 

have areas where infection is endemic. Leptospirosis occurs sporadically throughout the year in 

these areas, with the highest incidence in warmer months of the year (Tilahun et al. 2013), 

marked by heavy rainfall (Hamond et al. 2014a). Outbreaks of the disease occur in rainy season 

particularly when followed by floods because moist environment promotes the survival of 

organism by a mechanism called, cell aggregation. Viscosity which comes from moist 

environment, provides matrix to keep cells together and helps in directional motility of organism 

resulting in chemotaxis (Trueba et al. 2004). Experimental studies associate several factors with 

survival of Leptospira in the environment, and its probability of transmission. The survival of 

Leptospira in water and soil depends on the acidity (pH) of the soil and salinity of the water. 

Ultraviolet light may also limit survival and it has been reported that survival is reduced at 

temperature above 27°C. The survival may vary from a few to more than 100 days and thus 

varying environmental conditions can greatly influence the probability of transmission (Jensen 

and Magnussen 2016). 

Presence of leptospires in the renal tubules of kidneys of chronically infected animals contributes 

to the maintenance and spread of infection within the species and between the species (Filho et 

al. 2013). Maintenance host, carrier host, environment and human beings are the key players in 

the transmission cycle of the leptospiral infection. Almost every known species of marsupials, 

rodents and mammals can be carrier and contaminate the environment (Himani et al. 2013). It is 

also transmittable to the foals born of an infected mare (Verma et al. 2013). Leptospiral DNA is 

reported from semen and vaginal fluid of naturally infected horses, leading to venereal 

transmission (Hamond et al. 2013). 
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Leptospirosis is a biphasic disease with an acute phase that consists of pyrexia for almost 3 days 

occurring after 7–9 days of Leptospira spp. exposure. The second phase, known as the immune 

phase, is characterized by the disappearance of etiological agent from bloodstream and 

appearance of antibodies which occurs after 2–3 weeks of Leptospira spp. exposure. Most of the 

complications of disease are associated with localization of Leptospira in the tissues during the 

immune phase (Frellstedt and Slovis 2009). Leptospirosis causes both acute and chronic disease 

in horses. Factors, like, susceptibility of the host, virulence of organism and affected host species 

affect the severity of the disease (Hajikolaei et al. 2005). The clinical picture of equine 

leptospirosis is very much similar to the other animals like cattle. In milder cases, horses may 

have fever, anorexia and listlessness but severe infections involve jaundice (mostly in foals, 

rarely in adult horses), anemia, conjuctival suffusions and petechial hemorrhages on the mucosa 

(Verma et al. 2013). Hematuria and respiratory distress are also observed in clinical disease 

(Baverud et al. 2009). In mares, it causes reproductive disorders like abortion, still birth, 

embryonic absorption, perinatal mortality and the birth of weak foals (Arent et al. 2015). Uveitis 

is the most commonly observed clinical presentation of equine leptospirosis (Ali and Saied 

2012). Experimentally and naturally infected horses are reported to develop clinical uveitis after 

a couple of years of infection. Various studies connect L. interrogans and uveitis by isolating the 

etiological organism from aqueous and vitreous humor of affected eyes of horses (Pearce et al. 

2007). 

Leptospirosis provokes clinical abnormalities that lead to significant changes in hematological 

and other laboratory findings. Decreased erythrocyte count, low haemoglobin concentration, 

packed cell volume (PCV) and lymphocytes are common lab findings (Tonin et al. 2012a). Liver 
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function tests revealed elevated serum aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and lactic dehydrogenase (Tonin et al. 2012b). 

Leptospirosis is a zoonotic disease of global concern and holds an occupational association in 

developed countries (Adler and Moctezuma 2010), and is of substantial public health 

significance in developing countries (Tilahun et al. 2013), where, agriculture is the main source 

of employment for a large rural population. Living or working close to animals or their waste 

may present higher risk of exposure and infection (Samir et al. 2015). Expansion of human 

population in wildlife habitat, rice and sugar cane cultivation, livestock farming, and slums 

increase opportunities for animal to human interactions (Hamond et al. 2015, Rahelinirina et al. 

2010). Humans catch infection due to serovars that are maintained by the reservoir animal 

population disseminating the infection in environment. Human beings are not reservoir host for 

any leptospiral serovar, so they present incidental infections (Martins and Lilenbaum 2013). A 

fine estimate for the load of the infection is still unknown because of the dearth of data. In 

temperate areas, the incidence ranges from 0.1 to 1/100,000/year to more than 100/100,000/year 

in tropical regions. Approximately, half a million of severe cases occur during the year having 

case fatality rate of 30% (Tilahun et al. 2013). The World Health Organization (WHO) estimates 

an incidence of 5.1 cases/100,000 people in endemic areas, and 14 cases/100,000 people in 

epidemics (Torres-Castro et al. 2014). Animal to human transmission of infection is common 

among the professionals dealing with live or dead animals or animal tissues (Poeppl et al. 2013). 

It is also a water-borne infection (Hamond et al. 2016) and people get infected by either direct 

contact with the urine or other secretions and excretions from the infected animals or indirect 

contact with contaminated soil, water and vegetation polluted with urine from animals harboring 

pathogenic Leptospira (Hamond et al. 2015). Anyone working in environment favorable for 
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leptospiral growth and survival is at the risk of getting infection. Animal handlers, sewage 

workers, forestry workers, butchers, and agricultural laborers are among the high risk groups 

(Haggag et al. 2015). Like in animals, the incidence of disease in humans is higher in regions 

and season with high humidity and temperature. (Vanasco et al. 2008). As human to human 

transmission is virtually unknown so infectious human beings are recognized as dead end hosts 

(Himani et al. 2013). 

In humans, incubation period can vary from three days to three weeks (Kenar and Ozdemir 2013) 

and course of disease varies from subclinical infection to syndrome of multiorgan failure 

characterized by fever, headache, jaundice, myalgia, hepatomegaly and convulsions (Deodhar 

and John 2011). Leptospira disintegrates the vascular endothelial cell lining's resulting in 

capillary leakage and hemorrhages (Nelson et al. 2013). The clinical manifestation of disease is 

hard to differentiate from, influenza, malaria, dengue and many other diseases having fever, 

myalgia and headache as characteristic clinical signs (Haggag et al. 2015).  

A prompt diagnosis is mandatory to cure the leptospiral infection (Saleem et al. 2013a). 

Leptospirosis is complicated by higher cross-reactivity between various serovars (Palaniappan et 

al. 2004). The most common method to diagnose leptospirosis is serology (Hamond et al. 2016). 

A variety of serological tests, with varying degrees of serogroups and serovars specificity have 

been described. Two tests enjoy pivotal role in veterinary diagnosis i.e; the microscopic 

agglutination test (MAT) and enzyme-linked immunosorbent assay (ELISA) (OIE 2000). MAT 

is considered a gold standard for the diagnosis. Other diagnostic techniques have also been 

developed such as immunohistochemistry, fluorescent antibody test (FAT), and dark field 

microscopy of infected tissues (Erol et al. 2015). Recently molecular techniques through 

conventional and real time PCR are recognized as specific and sensitive tests for the rapid 
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detection of infection during early stages of disease and real time-PCR can differentiate between 

pathogenic and non-pathogenic leptospires (Palaniappan et al. 2005). Molecular diagnostic 

techniques are now replacing serological testing in areas with endemic nature of disease owing to 

quick and accurate results. (Picardeau 2013). These techniques can be performed reliably on 

various templates, including urine and kidney tissues (Hamond et al 2014b). Loop-mediated 

isothermal amplification type (LAMP) method targeting genes lipL41 or rrs has recently been 

developed for the rapid detection of pathogenic Leptospira (Picardeau 2013). 

Due to difficulties in diagnosis and lab testing, clinically suspected cases are routinely treated by 

empirical chemotherapy (Chakraborty et al. 2010). An effective course of leptospirosis treatment 

still remains an unsolved problem. Leptospiral infection usually responds to antibiotics 

treatment, if they are administered in sufficient doses at the earlier stages of disease. A daily dose 

of 6-8 mega units of benzyl penicillin should be given intravenously (I/V) for a week (Prabhu et 

al. 2008). Treatment of equine leptospirosis is same as for other domestic animal species. 

Penicillin (10,000-15,000 IU/kg body weight) and Streptomycin (10 mg/kg body weight) are the 

most commonly used antibiotics, for the cure of disease, while tetracyclines are used as an 

alternative. For the prevention of intrauterine infections of the fetus in infected mares with high 

titre of leptospiral antibodies, a high dose of Penicillin G (20 million units, twice daily) is 

recommended (Verma et al. 2013). Use of fluoroquinolones and macrolides had also been 

analyzed for treatment of leptospirosis. Fluoroquinolones have relatively low MIC (<0.2 mg/l) 

against Leptospira. Enrofloxacin had been observed to be effective when investigated in-vitro 

against clinical equine leptospirosis (Frellstedt and Slovis 2009). One of the recommended 

antibiotic treatment of leptospiral infection is ceftriaxone (Raptis et al. 2006). Herbal medicines 

are considered to be the alternate for the alleviation of infection and have been reported to 
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decrease the concentration of leptospiral culture, with increase in dose. Effect of ethanolic 

extracts of adhatoda vasica has been observed to inhibit leptospiral growth, when compared with 

penicillin (Nelson et al. 2013). As clinical picture of the disease is broad and biphasic with 

distinct pathogenesis of both the phases, the treatment of leptospirosis remains debatable. 

Insufficient understanding of pathophysiology of infection are the main hurdles in designing an 

effective treatment regime for the disease (Pappas and Cascio 2006). 
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Chapter: 2 
REVIEW OF LITERATURE 

 Leptospirosis is a widely spread zoonosis of global concern which is now considered as 

threatening emerging infectious disease. It is caused by spiral shaped Leptospira. The disease is 

endemic to subtropical and tropical areas where high rainfall and humidity are found. The 

disease spreads through contact with urine of infected animals or through intake of contaminated 

feed and water. The clinical picture of leptospirosis does not differ substantially with respect to 

species of animals. In humans, working in sewage, veterinarians and individuals in close contact 

with animals are among the high risk groups. Serology, direct examination, and molecular 

diagnostic techniques are used for the diagnosis of leptospirosis. Specific serum therapy and 

antibiotics administration like tetracycline, chloramphenicol and penicillin are among the best 

therapeutic choices for the cure of disease. Leptospirosis can be prevented and controlled by 

eliminating the carrier state, control of  rodents, immunization of the animal and maintenance of 

environmental condition (Fentahun and Alemayehu 2012). 

2.1 EPIDEMIOLOGY  

 Numerous serological surveys have been undertaken in different parts of the world 

identifying the seroprevalence of equine leptospira, most prevalent serovars and possible risk 

factors associated with the disease. Following lines summarise the recent studies conducted on 

the subject. 

In Ethopia during 2015, 44.01% of 418 tested horse sera samples had antibody titres of 1:100 or 

higher to at least one of 16 serovars of Leptospira. Bratislava (34.5%) was the predominant 

serovar followed by Djasiman (9.8%), Topaz (5.98%) and Pomona (5.3%). Older horses were 
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found to be at higher risk. Risk factors associated with Bratislava seropositivity were drinking 

river water, horses of 13 years or older and the presence of dogs in vicinity. (Tsegay et al. 2016). 

 Tadich et al. 2016 used MAT to analyze the serum of 426 horses in Chile against 2 

serovars of L. borgpetersenii (Hardjo and Ballum) and 4 of L. interrogans (Canicola, 

Icterohaemorrhagiae, Pomona and Autumnalis). Among working horses, 63% were positive to at 

least one serovar, while seropositivity in army horses was 23.31%. The predominant serovars in 

the working horses were Ballum and Canicola while in the army horses Autumnalis was the most 

prevalent serovar (Tadich et al. 2016). 

 A total of 217 horse sera samples were collected from Egypt. All the samples were 

analyzed by serological examination using ProiCHECk L. Hardjo Ab Kits for presence of Hardjo 

antibodies. Results revealed that mares of Arabic horses and Balady horses had 45.3 and 45.8% 

seroprevalence, respectively. Furthermore, the foals of Balady horses had highest seroprevaence 

(63%). Results of current study verified horses as potential reservoirs for Hardjo (Haggag et al. 

2015). 

 In another study in Egypt, samples from 14 horses and 26 donkeys were subjected to 

culture, PCR and the MAT. None of sampled horses was found positive by any technique used, 

while only 2 donkey samples were positive by MAT, showing 7.7% seroprevalence (Samir et al. 

2015). 

 During a study in Iran, sera of 200 horses were screened against seven serovars of 

Leptospira interrogans i.e; Canicola, Pomona, Automenalis, Hardjo, Ballom, 

Icterohaemorrhagiae, and Grippotyphosa by MAT. The seroprevalence of leptospiral infection 

was 12%. 11.12% of males and 12.73% of females horses were positive. Significant association 
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was found between age and the occurrence of leptospiral infection. The highest number of 

animals had antibodies against Canicola (58.34%), followed by Grippothyphosa (41.67%) and 

Pomona (8.34%) (Dashilboron et al. 2013). 

 In another study in Iran, sera of 390 horses, 80 donkeys and 20 mules were screened 

against 6 serovars of L. interrogans, i.e; Pomona, Hardjo, Canicola, , Grippotyphosa, Ballum and 

Icterohaemorrhagiae by MAT, yielding overall prevalence of 39.18%. Males had 42.93% 

seroprevalence and females had 31.25%. Significant association was found between gender and 

infection but there was no association between aging and infection. Pomona (38.96%) was the 

most prevalent serovar. While, Grippothyphosa (32.73%), Icterohaemorrhagiae (15.15%), 

Canicola (10.39%), Hardjo (1.73%) and Ballum (1.04%) were among other prevalent serovars 

(Ali and Saeid 2012). 

 First time in Portugal, two leptospira strains were isolated during a bacteriological survey 

of kidneys from 145 abattoir horses. The isolates were found serologically belonging to 

serogroups Pomona and Australis. The 145 horses were also serologically testing showed that 

37% had MAT titres ≥ 1:10 (Rocha et al. 2004). 

 During a study, donkeys were found to have higher prevalence of disease, as compared to 

horses. Sera of 90 donkeys and 61 horses were screened against 6 serovars of L. interrogans, 

Pomona, Hardjo, Canicola, Ballom, Icterohaemorrhagiae and Grippotyphosa by MAT. 27.88% 

of horses and 40% of donkeys were found positive for the leptospiral infection. Both the species 

had the highest titres to serovar Grippotyphosa, followed by Icterohaemorrhagiae, Ballom, 

Pomona, Hardjo and Canicola in donkeys and Ballom, Pomona, Canicola, Icterohaemorrhagiae 

and Hardjo in horses. There was significant difference between donkeys and horses. In horses 
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there was association between sex and infection but no such association was ecorded in donkeys 

(Hajikolaei et al. 2005). 

 In Brazil, 1402 horse sera samples were analyzed by MAT. Among the tested, sera 754 

(54%) were positive for one or more serovars. The most prevalent serovars were 

Icterohaemorrhagiae (37.01%), followed by serovar Castellonis (16.97%), and serovar Djasiman 

(15.19%). Significant association was found between sex, and age of horses, with the incidence 

of disease. Disease was found to be more prevalent among working animals than in sporting or 

breeding horses (Langoni et al. 2004). 

 During a study in Australia, sera of 429 horses were collected and analyzed using MAT. 

Of the 172 properties that submitted samples, horses from 60 localities (35%) showed evidence 

of exposure to at least one serovar of Leptospira, 81 had titres for only one serovar and the rest 

had titres for two or more serovars. Arborea was the most prevalent serovar. Males were at 

higher risk of being exposed to Arborea. It had strong association with the average annual 

rainfall, presence of sugarcane fields and pigs in the surroundings (Wangdi et al. 2013). 

 The seroprevalence of leptospirosis was 7.77% in horses in Iran, when 90 horses were 

screened against seven serovars of L. interrogans: Hardjo, Pomona Canicola, 

Icterohaemorrhagiae, Ballom, Grippotyphosa and Australis by MAT. There was significant 

difference between males and females seroprevalence. Serovar Hardjo showed highest value of 

reaction that is 43%, followed by serovar Icterohaemorrhagiae (29%), serovar Pomona (14%) 

and serovar Grippothyphosa (14%) (Khousheh et al. 2012). 

 A study was carried out to find out leptospiral seroprevalence in apparently healthy 

horses in Korea. Sera of 1,226 racing horses were screened against 18 serovars using MAT. 
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25.0% of horses were positive. Seasonal variation in seropositivity was significant, being lowest 

in winter (12.5%), while highest in summer (36.7%). No statistically significant difference was 

found between age or gender and incidence of infection. Seroprevalence was higher in ponies 

than in thoroughbreds. Serovar Sejroe was the most prevalent serovar, followed by Bratislava, 

Ballum Autumnalis and Canicola (Jung et al. 2010). 

 Sampling was done twice in cart horses from an endemic area in Brazil collecting 42 

samples. Serology was performed using MAT. Overall 64.28% samples were reactive to at least 

one serovar of Leptospira spp. The most prevalent serovar was Icterohaemorrhagiae (59.052%) 

(Finger et al. 2014). 

 In a study in Iran, sera from 95 horses were screened against six serovars of L. 

interrogans: Pomona, Grippotyphosa, Hardjo, Icterohaemorrhagiae Canicola, and Ballom by 

MAT. There was statistically significant difference (P<0.05) between males and females, with 

males having higher prevalence (42.68%) than females (30.77%). Serovar Pomona was the most 

prevalent serovar (46.15%), followed by Grippothyphosa (41.03%), Icterohaemorrhagiae 

(17.95%), Canicola (12.82%) and Hardjo (2.56%) (Hassanpour et al. 2009). 

 Serum analysis of 75 samples of free-ranging wild carnivores, 103 dogs and 23 horses 

from 2002 to 2006, suggested that 42.7% wild carnivores, 17.5% dogs and 74.1% was in horses. 

High temperature and flooding in region, might have favored leptospiral persistence and 

transmission during study period (Jorge et al. 2011). 

 In another study conducted in Brazil, 125 horse serum samples were analyzed by MAT. 

Among all the tested samples, 60% were positive against one or more serogroup at titre ≥100, 

with Icterohaemorrhagiae having the highest prevalence (Lasta et al. 2013). 
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 During Leptospira seroinvestigation in equines of Brazil, antibodies were found in 16.2% 

of horses, 13.0% of mules, and 28.6% of donkeys. Equines between the age of 2.5 and 11  years 

were reported to have higher risk of infection than those younger than 2.5 years (de Oliveira et 

al. 2013). 

 In Croatia, sera samples from 8059 apparently healthy horses of different breeds, age and 

sex were collected during 2011 along with, 56 samples which were taken from aborted mares. 

Out of all samples, 2999 (37.2%) were positive. The highest prevalence for healthy horses was 

found for Bratislava in 44.8%, Pomona 18.2% and Icterohaemorrhagiae. Among 56 sera samples 

taken from the non-healthy mares, 66.1% were positive. The highest seroprevalence for non-

healthy mares was found for Bratislava (43.2%), Pomona (29.7%) and Icterohaemorrhagiae 

(10.8%) (Turk et al. 2013). 

 To investigate the seroprevalence in horses from the Equestrian Centre of Maule Region, 

55 serum samples were analyzed by MAT for 9 serovars. Overall prevalence was 65.4%, in the 

following order: serovar Autumnalis (54.5%), serovar Bratislava (52.7%), serovar Canicola 

(20%), serovar Copenhageni (12.7%), and Hardjo (7.3%) (Toro et al. 2013). 

 A substantial role of horses in transmission of Leptospira was proven when urine of 276 

thoroughbred horses were analyzed from Rio de Janeiro, Brazil. Sera samples were taken on 

days 20 and 35 post flooding. On 20th day, 47.8% horses were seropositive and, of those, 31.0% 

had higher antibody titres on 35th day. Moreover, 34 urine samples were collected from 

seropositive horses on 35th day for PCR and culture. The most frequent serovar was Copenhageni 

(88.8%). Although none of the urine samples were cultured positive and 12 (35.2%) were PCR 

positive (Hamond et al. 2013). 
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 Blood samplings were performed twice within a 2 month period to determine 

seroprevalence of Leptospira spp. in aborted mares by MAT. Seroprevalence of Leptospira. was 

96 and 100% in the first and second sampling, respectively. Antibodies against Pomona, 

Icterohaemorraghiae, Canicola and Georgia were most prevalent. Georgia (100%) was the most 

frequent serovar, which has been reported non-pathogenic for horses (Sotomayor et al. 2012). 

 In Italy, a study was carried out to find out the seroprevalence of Leptospira spp. in 

clinically healthy horses. Sera from 386 horses were tested for Ballum, Bratislava, 

Icterohaemorrhagiae, Canicola, Hardjo, Pomona, Grippotyphosa and Tarassovi. Three animals 

were observed to be positive to the serovars Icterohaemorrhagiae, two to Bratislava, and one to 

Pomona, for a total 1.5% seroprevalence. The seroprevalence was higher in >10 years old horses 

compared to younger ones. Total mean seroprevalence was recorded to be associated with the 

environmental conditions of the living area of animals (Ebani et al. 2012).  

 Serology for leptospirosis was conducted on 119 racing horses from Brazil. 71.4 % 

horses showed seropositivity, out of which 61.11% had high titers (400 - 800). Additionally, 

seroreactivity was mostly seen in horses with substandard athletic performance as compared to 

ones with good performance (Hamond et al. 2012). 

 Serological analysis of 22 Leptospira spp. serovars  in horses from 40 properties of  rural 

area of Brazil revealed that 95% properties had at least one positive animal. Out of 928 studied 

animals, 316 (34.08%) showed titers ≥100. The most frequent serovar in horses were Castellonis 

and Sentot (Hashimoto et al 2010). 
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 Houwers et al. 2011 reported Patoc and Copenhageni as the predominant serovars, 

followed by serovars Bratislava and Grippotyphosa in clinically healthy horses. 79% horses had 

antibodies against at least one serovar (Houwers et al. 2011). 

 During a study in Poland, 1588 equine sera samples were tested by MAT (1:100) from 

1999 to 2007. Out of tested samples, 39% had antibody titres for at least one of 17 serovars  

Grippotyphosa was the most prevalent serovar (11.7%) (Arent et al. 2013). 

Seroinvestigation of leptospirosis in Brazil revealed, 17.9% seropositivity for at least one serovar 

of Leptospira with Canicola, Icterohaemorrhagiae, and Castellonis among the most prevalent 

serovars (Coiro et al. 2012). 

 During a study in Brazil, MAT was applied on the horses with optical abnormalities to 

determine the seroprevalence of leptospirosis. out of tested samples, 53.8% horses were 

seropositive; 54 had high titres (>800), of which 44 were against Icterohaemorrhagiae, which 

was found to be the most prevalent serovar in horses (Braga et al. 2011). 

 Viotto et al. (2008) determined the seroprevalence of leptospiral antibodies in non-

vaccinated equines of Brazil by MAT using 22 serovars. One hundred and two sera samples were 

tested, out of which 68.6% were positive for at least one serovar. Icterohaemorrhagiae was the 

most prevalent serovar, found in 52.8% of horses, followed by Pyrogenes (10.0%), Autumnalis 

(4.3%), Cynopteri (2.8%), Hardjo (1.4%) and Hebdomadis (1.4%) (Viotto et al. 2008). 

During a study in Croatia, out of tested sera samples of horses, 19.64% had antibodies against at 

least one seovar of Leptospira. The highest seroprevalence was found for Bratislava (28.20%), 

followed by Pomona (14.81%) and serovar Australis (12.36%). serovar Ballum (0.3%) was least 

prevalent serovar in the region (0.3%) (Milas et al. 2013). 



Review of Literature 
 

17 
 

 A cross-sectional study was carried out on different animals from New Caledonia in 

2009. Out of 25 tested equine sera samples, 80% samples were seropositive for leptospirosis 

indicating high prevalnce in region (Roqueplo et al. 2013). 

 Sera from 24 horses was analyzed against the 12 Leptospira serovars in Mexico. Out of 

tested samples 70.8% of equines were seropositive against Leptospira. Most prevalent serovar 

was Tarassovi (41.6%), followed by serovar Hardjoprajitno (29.1%), serovar Wolffi (12.5%) and 

serovar Hardjoprajitno strain H89 (12.5%) (Mendez et al. 2013). 

 Blood samples were collected during two distinct periods from 52 animals. The first 

harvest revealed 23.07% eroreactivity and 15.38% at the second harvest, for at least one 

Leptospira serovar. Autumnalis  was the most prevalent serovar in both the sampling periods 

(40% and 37.5% ). According to age, 2 to 7 years animals were 27.78% and 13.89% prevalent  

respectively in the two samplings and > 7 years was found 12.50% and 18.75% prevalent (Pinho 

et al. 2014).  

 Prevalence of Leptospira spp, was determined in 42 collected horse sera samples by 

MAT, identifying Hardjoprajitno, Hardjobovis, Pomona, Canicola, Icterohaemorrhagiae, 

Grippotyphosa, Bratislava, Copenhageni, Ballum, Tarassovi, and Autumnalis. Of 42 sera 

samples, 28 were positive for at least one serovar, yielding a prevalence of 66.7%. A total of 9 

males (81.8%) and 19 females (61.3%) were positive and the prevalence for the different 

serovars were as follow: L. Bratislava (53.3%), L. Hardjobovis (28,5%), L. Icterohaemorraghiae 

(26.3%), L. Hardjoprajitno (5.1%), L. Grippotyphosa (2,8%), L. Pomona (2.6%). The most 

prevalent serovar was L. Bratislava (53.3 %), signifying role of horses for the maintenance of 

this serovar (Rios et al. 2013). 
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 A study on 105 horses in Khorramabad region of Iran reported 7.62% prevalence of 

Leptospira in horses. Male horses had significantly lower prevalence (12.5%) than females 

(87.5%), while no significant difference was reported owing to aging, or breed of the horses. The 

most prevalent serovar was Canicola (45%), followed by Grippothyphosa (33%) and 

Icterohaemorrhagiae (22%) (Maleki et al. 2015a). 

 A transversal study was performed on 94 horses from Guaviare and Meta using MAT 

against 10 serovars. The most prevalent serovar was L. Pomona (41.5% ), followed by L. 

Icterohaemorragiae (40.4%), L. Grippothyposa (24.5%), L. Javanica (23.4%), L. Canícola (16 

%), L. Hardjoprajitno (10.6%), L. Tarassovi (7.4%), L. Hebdomadis (7.4%), L. Wolffi (2.1%) 

and L. Bratislava (1.1%) (Riano et al. 2015). 

 During 1998 to 2008, serological examination was performed on 1701 sera samples of 

horses from stables, riding clubs, and hippodromes. The number of seropositive horses was 107 

(6.29%). L. Grippotyphosa (2.47%) was the most prevalent serovar followed by Leptospira 

Icterohaemorrhagiae (1.12%), L. Pomona (0.99%), L. Canicola (0.94%), L. Bataviae (0.65%), 

and L. Australis 2 (0.1%). None of the samples was seroreactive for L. sejroe. The highest 

number of samples had an antibody titer of 1:300, followed by 1:100, and 1:1000. The lowest 

number of sera had an antibody titer of 1:10000 (Dragica et al. 2009). 

2.2 ZOONOTIC POTENTIAL 

 Leptospirosis, a worldwide zoonosis transmitted directly or indirectly to human through 

infected urine and environment. The disease is an occupational hazard and is reported in 

individuals working in humid environment like fishermen and sewage workers, and in localities 

where rodents or other carrier animals are found. In developing countries, outbreaks are linked to 
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poor sanitation, overcrowding and climate. In developed countries, cases occur during water 

recreational and sports activities like swimming (Ullmann and Langoni 2011). 

 A case-control study in Mexico was conducted on 168 gardeners and 168 age and gender 

matched control individuals, not involved in gardening to testify exposure to soil as risk for 

Leptospira. The seroprevalence of anti-Leptospira IgG antibodies was determined by ELISA. 

Out of tested cases and controls, 6% gardeners and 8.9% of 168 control subjects were 

seropositive. Results revealed that Leptospira seroreactivity was positively associated with 

female gender, and negatively correlated with eating during work. In addition, multivariate 

analysis showed strong association with consumption of pig meat (Alvarado-Esquivel et al. 

2016). 

 In another case-control study, 124 meat workers and 124 age and gender matched 

controls were screened for anti-Leptospira antibodies by ELISA. Anti-Leptospira IgG antibodies 

were found in 17.7% meat workers and in 6.5% controls (OR = 3.12). Seroprevalence of 

Leptospira had no significant difference between male butchers and female butchers. Results 

revealed that Leptospira exposure was associated with rural residence, and consumption of raw 

fruit (Alvarado-Esquivel et al. 2016). 

 Sakhae and Farahani 2014 studied the zoonotic potential of the disease by screening 597 

serum samples (159 cattle, 147 goats, 142 sheep, and 149 humans) using MAT. Antibodies were 

detected for one or more serovars of L. interrogans in 17.24% of sera. Icterohaemorrhagiae was 

the most prevalent and Canicola was the least prevalent serovar examined (Sakhae and Farahani 

2014). 
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 In a study, blood and urine samples from dogs and pigs, rural workers, sera and kidney 

samples of rodents, and samples from different water sources were collected to determine 

seroprevalence in humans and animals in Colombia. MAT was used for initial antibody 

screening and then strains were cultured and confirmed by PCR amplifying lipL32 gene. 

Prevalence was, 35.2% in dogs, 55.9% in pigs and 75.8% in humans. Seven L. interrogans 

Sensulato strains were isolated: two from dogs, three from pigs, and two from water. (Calderon 

et al. 2014). 

 Blood samples of 511 veterinarians were analyzed by MAT to determine seroprevalence 

and associated risk factors for leptospirosis. 2.5% of veterinarians were found to be previously 

exposed to Leptospira. Modes of exposure were accidental needle pricks (74.2%), bites of 

animals (67.5%), and animal scratches (88.3%). Treatment of dog with influenza-like illness 

during past one year was reported to be strongly associated with seropositivity for antibodies 

against Leptospira (Whitney et al. 2009). 

 In Japan, 13 patients of leptospirosis was reported in 2009. All of them had contact with 

rodents before the onset of illness. Leptospira was isolated from the kidneys of 17% of Norway 

Rats captured from the area. Most of these isolates were L. interrogans serovar Copenhageni or 

serovar Icterohaemorrhagiae. Antibodies against these serovars and their DNA were observed in 

the patients, suggesting that rodents carried and transmitted infection (Koizumi et al. 2009). 

 In Andaman Islands, 611 sera samples from different high-risk individuals yielded 52.7% 

prevalence when tested by MAT with highest among agricultural workers (62.5%) followed by 

sewerage workers (39.4%), livestock handlers (37.5%), forest field workers (27.3%), and meat 

workers (30.0%). Seroprevalence of control individuals was lesser than that of the high risk 
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population groups. Serovar Grippotyphosa was the dominant serovar, followed by Australis, and 

the titre was identical in control group (Sharma et al. 2006). 

 Fonzar and Langoni examined 25 human and 357 stray dogs sera using MAT to detect 

leptospiral antibodies. 12.2% dogs were found seropositive for at least one serovar. The most 

prevalent serovars were serovar Pyrogenes (43.9%) and serovar Canícola (21.9%), and 

Copennhageni (19.5%). Among human beings, 8% were seropositive for Pyrogenes and Hardjo 

(Fonzar and Langoni 2012). 

 A small animal clinician in USA was reported to have leptospirosis after an occupational 

exposure. Around 10 days before the onset of illness, he examined an apparently healthy rat, 

which urinated on his uncovered abraded hands highlighting role of PPE in preventing infection 

(Baer et al. 2010). 

 In Ireland, incidence and possible associated exposure for human leptospirosis were 

studied, using enhanced surveillance, leptospirosis case notification, death registrations and 

hospital discharge data. On the basis of official notification data, there was three times increase 

in the incidence of leptospirosis from 1995 to 1999 and 2004 to 2009, which seemed to be due to 

efficient reporting. Contact with livestock and water based recreational sports were most 

reported exposures (Garvey et al. 2014). 

 During a study, blood sample of 50 veterinarians, 19 paraveterinary staff, 9 

administrative professionals, and 13 dog owners, exposed to Leptospira infected dogs, were 

analyzed by MAT. Results for antibodies against Leptospira serovars was as follows: serovar 

Bratislava (83%), serovar Australis (83%), serovar Grippotyphosa (35%), serovar Pomona 

(23%), serovar Autumnalis (12%), serovar Icterohemorrhagiae (8%), serovar Tarassovi (4%), 
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and serovar Canicola (2%). Seropositivity to Leptospira among veterinary professional staff 

following standard hygiene practices and pet owners exposed to infected dogs were found to be 

uncommon (Barmettler et al. 2011). 

 During a study in Thailand, applying fertilizer in wet fields for more than 6 hrs per day, 

ploughing in wet fields for more than 6 hrs a day, walking through water, and pulling out rice 

plant sprouts in wet fields for more than 6 hrs a day were found significantly associated with 

leptospirosis in humans (Tangkanakul et al. 2000). 

 From January 1999 to December 2005, National Reference Laboratory of Argentina 

received 812 suspected cases, out of which 182 were laboratory confirmed and 463 were 

unconfirmed. Icterohemorhagica was the most prevalent serovar followed by serovar Pomona, 

serovar Ballum and serovar Canicola. Most of the cases occurred during the rainy and warm days 

of the year. Severe clinical manifestations included renal failure and jaundice. After statistical 

analysis, age > 30 years (OR=2.16; 1.05-4.41), contact with contaminated water (OR = 2.16; 

1.01-4.68), occupation in a rural areas (OR = 3.41; 1.45-8.06),and flooding exposure (OR = 4.49; 

1.17-17.25) had statistically significant association with clinical form of human leptspirosis 

(Vanasco et al. 2008). 

 Blood samples of 100 Pakistani humans (78 males and 22 females) were analyzed by 

ELISA. The results of this first serosurveillance of leptospirosis in Pakistan, revealed 44% 

prevalence. Among 78 males and 22 females, 38 males (49%) and 06 females (27%) were 

seropositive. Prevalence in adults was 47% and was 35% in young ones, while 40%, 42%, 26% 

and 47% were in Fall, Summer, Spring and Winter, respectively. It was recorded that highest 
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prevalence was in adult males, whereas, spring and summer experienced maximum load of 

leptospiral infection (Saleem et al. 2013). 

 A retrospective study in Indian patients with acute febrile illness from 2004 to 2008 

showed increased incidence of leptospirosis with highest during rainy season. Average age of 

patients was 32.6 years and males (57%) had higher prevalence than females (43%). Exposure to 

rats, working in farm lands and contact with animals were risk factors. People working outdoors 

like farmers, laborers, paramilitary staff, and sewage workers were mostly affected. Respiratory 

failure, Renal failure, nervous signs and disseminated intravascular coagulation were the most 

common complications of the disease (Sethi et al. 2010). 

 During a study in Trinidad islands, sera samples were collected from clinically healthy 

sugarcane field workers. Seroprevalence of IgM immunoglobulins to Leptospira spp was 0.7% 

(Adesiyun et al. 2010). 

 To identify the predominant serogroups of Leptospira, 110 sera samples from individuals 

suspected of Leptospira infection were investigated using ELISA and MAT against 12 

Leptospira serovars. MAT analysis showed 36% seropositivity. L. Icterohemorrhagiae (27%), 

was the most prevalent serovar, followed by serovar Pomona (17%), and serovar Pyrogenes 

(12%). ELISA perfomed on these samples showed 37% seroreactivity as compared to MAT 

(Shekatkar et al. 2010). 

 Honarmand and Eshraghi performed MAT and ELISA on 282 human sera samples from 

Iran, with clinical symptoms like leptospirosis. Seventy sera samples antibodies against one or 

more pathogenic strain of Leptospira by MAT. Results showed that serovars Sejroe, 

Icterohaemorrhagiae, Grippotyphosa, Autumnalis, Celledoni, Pomona, and Javanica were the 

most prevalent serovars (Honarmand and Eshraghi 2011). 
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 During a survey in Iran, 127 suspected human serum samples were tested by IFA and 

MAT to determine common pathogenic serotypes. Prevalence rate of leptospirosis was 58.26% 

using IFA and MAT. Out of total positive samples, 82.43% were of male and 17.52% of females. 

Paddy field workers had the highest prevalence (66.22%). Among 107 male blood samples and 

20 female blood samples, 57% and 65% samples were seropositive, respectively showing no 

significant association between gender and leptospirosis. Living place (urban or rural) and 

contact with animals did not show any significant difference. The highest seroreactivity was 

found in age range of 40 to 50 years (25.67%). The most prevalent serotypes recognized 

included, serovar Ballum, serovar Sejroe, serovar Tarassovi, serovar Australis, serovar 

Pyrogenes, serovar Javanica and serovar Icterohaemorrhagiae (Faragi et al. 2010). 

 In 2010, 40 sera samples were examined yielding, 40% of the samples showed antibodies 

against leptospirosis by MAT. Icterohaemorrhagiae was the major serogroup, followed by 

Hebdomadis and Pyrogenes. The highest titre observed was 1:320 against serogroup 

Icterohaemorrhagiae. ELISA showed seroprevalence of 20% where as IgG ELISA showed 63%. 

The highest titre observed for IgM ELISA was 1:320 and for IgG it was 1:160, revealing 

environment of jungle and exposure to wild animals during hunting were potential risk factors 

for leptospirosis (Sharma et al. 2010). 

 Seasonal pattern of human Leptospira infection cases in France was studied through a 

retrospective study between 1998 and 2008. Time-series analysis identified the variables that 

described the occurrence of infection. During the study period, 58.56% of cases were diagnosed 

between February and May. A significant association was found between the number of cases in 

a particular month and the cumulated rainfall which showed seasonal distribution of disease in 

Reunion Islands of France (Desvars et al. 2011). 
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 A total 1,153 cases of Leptospira infection were reported in Korea from 2001 to 2010, 

with major outbreaks in autumn. Significantly more males were infected (59.5%) than females 

(41.1%). Results showed a high incidence in over 60 years old individuals (59.6%). Elderly 

people, especially, famers, showed a very high incidence rate (52.2%) due to increased outdoor 

activities and lesser young people in those area. The occupational distribution of leptospirosis 

was famers, veterinarians and dairyman. This study proved clear seasonal dependence of 

leptospirosis occurrence and spread (Jang et al. 2011). 

 Risk factors correlated with Leptospira infection were determined among 296 male 

Malay town service workers with the average age of 42.1 years with 15.6 years average duration 

of employment. The seroprevalence was 24.7%. The significant risk factors were distance from 

river, presence of rat in surroundings (OR: 3.48), and gardening activities (OR: 2.21). Workers 

who followed personal hygienic practices like wearing boots while working and washing hands 

with soaps after work had protective effect towards Leptospira infection, thus showing 

relationship between seroreactivity and occupational and environmental factors (Sulong et al. 

2011). 

 During a study in 2016, antibodies were found in 19.4% participants from 81 

communities in Fiji. Results showed associated variables included iTaukei ethnicity, male 

gender, rural residential area, lack of treated water, outdoor work, poverty, living less than 100m 

from major river, pigs and cattle in the surroundings and high rainfall (Lau et al. 2016). 

 In Iran, 190 sera samples were tested for detection of antibodies against leptospirosis, 

from butchers and slaughterhouse workers. The seroprevalence of leptospirosis reported was 

23.4% (Esmaeli et al. 2016). 
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 In Denmark, passive laboratory surveillance and clinical notifications from 1980 to 2012 

showed 584 cases of leptospirosis with mean annual incidence rate of 0.34 cases/100,000 

population. More than two third of patients were male. The predominant serogroup was Patoc 

(32%) with Icterohaemorrhagiae and Sejroe as most prevalent serovars. Notification data showed 

that work related exposure was reported in 48% of cases, with fish farming and agricultural 

farming as the most risky professions (Alphen et al. 2015). 

 Seroprevalence of anti-Leptospira antibodies in 90 Mexican waste pickers and 90 age and 

gender matched control individuals were determined of Mexico was determined by ELISA. The 

prevalence was same in waste pickers to that in controls. Leptospira exposure in waste pickers 

was not found associated with increasing age, lack of education and consumption of rat meat. 

Leptospira exposure in waste pickers was not associated with health status, duration of the 

activity, usage of PPE, history of cut, wound or contact with animals or soil (Alvarado-Esquivel 

et al. 2015). 

 Australian blood donors' samples were tested during 2009 and 2011 and were screened 

for the presence of antibodies to twenty two different leptospiral serovars using MAT. No 

sample was found having antibodies against Leptospira. Seven samples (1.44%) had titres 

suggestive of previous infection (Faddy et al. 2015). 

 During June and December 2012, 136 males and 64 females representing 10 sewage 

workers, 16 construction workers, 22 butchers, 108 agriculture workers, and 20 hospital sanitary 

workers were tested using ELISA to determine the seroprevalence of leptospirosis, which was 

found to be 42%. Sewage workers had highest prevalence (80%), followed by hospital sanitary 

workers (60%), construction workers (37.5%) farmers (37%), and butchers (36.4%) (Al-Robasi 

et al. 2015). 
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 In Iran, 200 samples from livestock farmers was analyzed using MAT (1:400). 

Seroprevalence was 24% with L. Grippotyphosa (66.67%) and L. Canicola (33.33%) as the most 

prevalent serovars. Males had higher seroprevalence (64.58%) than females (35.42%). 

Participants of more than 50 years of age had higher prevalence. Livestock farmers had highest 

risk of leptospirosis because of exposure to carrier animals (Maleki et al. 2015b). 

 Municipal service workers had been found to have an occupational risk of leptospirosis. 

Study among municipality workers showed high seropositivity of leptospiral antibodies detected 

among town cleaners and garbage collectors. Cross-sectional study involving 89 municipal 

service workers in Selangor revealed 34.8% of seroprevalence. Serovar Sarawak, Copenhageni, 

Hardjobovis, Lai, Bataviae, Patoc, Celledoni, Hardjoprajitno, Tarrasovi, and Pomona were 

among frequently found serovars. Significant association was reported between seroreactivity 

and job category and worker’s nationality (Samsudin et al. 2015). 

 During a study in 2015, 17.05% of the tested sera samples of humans and animals in 

Malaysia, were found to be positive serologically for all 15 serovars used in study. For humans, 

the most predominant serovar was L. Australis (55.55%) (Azizah et al. 2015). 

 In 2015, 277 Veterinarians from New Zealand were tested by MAT. Fourteen 

veterinarians (5.1%) were seropositive. However, veterinarians spending >50% to <75% with 

pets had higher risk of being seropositive (Sanhueza et al. 2015). 

 During a cross-sectional study involving 100 healthy individuals of Ampang Jaya, 27 

sera were found positive for 9 serogroups. The most prevalent serovar were Sarawak and 

Terengganu. The prevalence was higher in males with <50 years of age. Among the respondents, 

2% had good knowledge, 6% had good attitude and 21% had good practice. This study showed 
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no significant association between socio-demographic factors, exposure to rodents and 

knowledge, attitude, practice with seroprevalence (Sakinah et al. 2015). 

 In New Zealand, sera of 592 meat workers were tested twice for Pomona and Hardjo 

approximately 12 months apart. Forty-nine (8.3%) participants had titre increase by two dilutions 

against at least one serovar. The annual infection risk was 11.3% in sheep meat workers, 0% in 

deer meat workers and 1.2% in beef and cattle meat workers. Risk factors for new infection in 

sheep abattoirs were abattoir, time spent in the meat industry and worker designation. The new 

infection risk was highest at the start of the slaughter line, followed by positions on the line 

involving the removal of visceral organs. (Dreyfus et al. 2015) 

2.3 MOLECULAR DIAGNOSIS 

 There are a number of different techniques for the molecular dignosis of leptospirosis 

defining the application of basic and advanced molecular research techniques for diagnosis of 

equine leptospirosis 

Twenty one European isolates of serovar Bratislava and Muenchen were investigated using REA 

and multiple locus variable number tandem repeat analysis to explicate epidemiology. The 

restriction patterns were identified and fell into one of four REA designed patterns, B1, B2a, M1, 

M2a. Nine strains from Northern Ireland and two form Germany belonged to B2a, which was 

thought to be originally isolated from domestic and wild animals in UK. Five strains were 

identified as B1 originated from Portugal, Netherland, Germany, and Northern Ireland, 3strains 

from Germany belonged to M1, two strains belonged to M2a Genotypes B1 and M1 have been 

recovered only from horses (Arent et al. 2015). 
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 Kojouri et al. 2009 established a PCR assay for diagnosis of equine recurrent uveitis 

(ERU) caused by Leptospira. A total of 31 and 30 sera samples were collected from horses with 

clinically ERU and healthy horses, respectively from June 2007 to December 2008. It was 

revealed that out of 31 effected horses, seven samples were PCR positive for leptospiral 

infection, whereas there was no evidence of infection in healthy horses (Kojouri et al. 2009). 

 Real time PCR assay (LipL32) was established for leptospiral equine abortions. Out of 

339 equine fetuses necropsies, 21 (6.19%) were confirmed as abortions caused by Leptospira. 

Leptospiral abortions occurred mostly during January and February. The results indicated real-

time PCR as an effective method for the diagnosis of leptospiral abortion in horses (Erol et al. 

2015). 

 Development of conventional and real time PCR assays (targeting Lig genes) of 

Leptospira for diagnosis of leptospirosis was done by Palaniappan et al. (2004). Sensitivity of 

Lig1/Lig2 primers for conventional PCR was compared with already published primers 

(LP1/LP2 and G1/G2). G1/G2 primers amplified the target DNA from all pathogenic and non-

pathgenic serovars, while, LP1/LP2 and Lig1/Lig2 primers amplified only pathogenic 

Leptospira. Diagnostic PCR was also established to detect pathogenic Leptospira interrogans in 

urine. A Lig-based qPCR was developed having detection range of 10-107 gene copies. 

Conventional and qPCR were compared for the early detection of Leptospira in experimentally 

infected hamsters (Palaniappan et al. 2004). 

 Pearce et al. (2007) reported presence of Leptospira and DNA in fixed equine ocular 

tissues having ERU. Sections of eyes from 10 normal equine eyes and 10 equine eyes with a 

non-recurrent form of uveitis were included in the control group. While 10 ERU affected eyes 
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were included in experimental group. Real-time PCR was performed on DNA extracted from 

fixed tissues. Not a single control was positive for Leptospira antigen. All experimental and 

control samples were negative for leptospiral DNA by real- time PCR (Pearce et al. 2007). 

 In a study, DNA extracted from culture was subjected to PCR assays to identify and 

characterize Leptospira. Of 99 positive cultures, 52 pathogenic isolates were characterized at 

species level by partial rpoB gene sequences. Phylogenetic analysis revealed that 30, 8, and 14 

isolates belonged to L. borgpetersenii, L. interrogans, and L. kirschneri, species, respectively 

(Balamurugan et al. 2013). 

 Hamond et al. (2014) used serology and urinary PCR to examine 300 cattle, 59 goats, 

138 horses, and 15 pigs, with reproductive disorders in Brazil. Overall, 43.5 % of tested samples 

were seropositive (cattle: 45.6%, horses: 41.3%, goats: 34% and pigs: 60%). PCR detected 

leptospiral DNA in 32.4% of samples (cattle 21.6%, horses 36.2%, goats 77.4%, pigs 33.3%). 

So, it was revealed that urinary PCR is a valuable assay for an accurate diagnosis of leptospirosis 

(Hamond et al. 2014). 

 During a survey in Manila, four groups of rat kidney isolates were detected on the basis 

of gyrase B gene sequence analyses and pulsed-field gel electrophoresis. L. interrogans serovar 

Manilae, Losbanos, and Grippotyphosa, L. borgpetersenii serogroup Javanica. were the most 

isolated serovars and were fatal when hamsters were experimentally infected (Villanueza et al. 

2010). 

 In Colombia, PCR, microbial culture and dark field microscopy were compared for the 

leptospiral diagnosis. Molecular and microbiological diagnostic techniques were performed on 

83 bovine urine samples with presumptive diagnosis of leptospirosis. Out of tested samples, 36% 
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were Leptospira positive by microbiological culture, 37% by PCR and 32% by dark field 

microscopy. Amplicons were 482 bp long which were Leptospira specific. An amplicon of 262 

bp, specific for pathogenic Leptospira was found in 71 out of 74 PCR positive samples, while 

remaining samples showed 240 bp amplicon, specific for saprophytic serovars. PCR for 

diagnosis of Leptospira was found to be 99% specific and 100% sensitive as compared to 

microbiological culture (Hernandez-Rodriguez et al. 2011) 

 Rojas et al. (2010) designed a quantitative real-time PCR targeting lipL32 to identify the 

shedding of Leptospira from urine of dogs. The sensitivity and specificity of the assay was 

assessed by a panel of pathogenic Leptospira species, clinical microbial isolates, and urine 

samples from experimentally infected and non-infected rats. When test was applied to canine 

urine samples, it yielded 7.05% urinary shedding of Leptospira (Rojas et al. 2010). 

 In Iran, PCR reaction was performed on 120 bovine aborted fetuses rennet samples by 

specific primers for 16S rRNA gene. Leptospira DNA was found in 17 out of 120 samples, 

suggesting PCR potential for leptospiral diagnosis through rennet samples (Doosti and Tamimian 

2011). 

 A real-time PCR assay, using a TaqMan probe targeting lipL32, of L. Interrogans  sv. 

Icterohaemorrhagiae, yielded 20 genomic equivalents per reaction as the lower limit of detection. 

This assay identified only pathogenic strains of Leptospira. When testing the assay on clinical 

specimens, whole blood and plasma were better specimens for detecting the same initial number 

of leptospires as compared to serum (Stoddard et al. 2009). 

 Presence of Leptospira organism, was detected through PCR in snakes. Out of 147 

snakes examined, 35.4% were seropositive for Leptospira by MAT. Hardjoprajtino was the most 
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frequently found serovar. Leptospira interrogans was found in liver and kidney of 

Jararacapintada and Caiçaca breeds of snakes, showing 93% and 100% detection, respectively 

(Biscola et al. 2011). 

 Dehkordi et al. 2011 diagnosed the pathogenic serovars of L. interrogans in dairy cows 

herds by PCR. PCR products were detected and identified as Leptospira. Purification and 

sequencing of PCR products revealed that 28% of urine samples and 23% of plasma samples 

were positive for Leptospira. The most commonly found serotypes were Icterohaemorrhagiae 

(50%) and Pomona (37.5%) (Dehkordi et al. 2011). 

 Genomic DNA was extracted from 130 blood samples to find the molecular prevalence 

of leptospirosis in camels of Iran. PCR reaction was performed for detection of leptospiral DNA 

using specific primers for Leptospira 16S rRNA gene. The frequency of leptospiral DNA in 

tested samples was 14.61% showing the potential of molecular technique for diagnosis of 

leptospirosis (Doosti et al. 2012). 

 Conventional PCR was used to detect Leptospira in Mus musculus and Rattus rattus in 

Mexico by sequencing and phylogenetic analysis. PCR-based test was performed on kidney 

tissues, yielding 4.81% of positive samples for leptospirosis. Sequencing and phylogenetic 

analysis of the PCR products revealed the presence of the pathogenic species L. interrogans and 

L. kirschneri (Castro et al. 2014). 

 Hernandez-Rodriguez et al. (2014) harvested 16 strains from cattle urine and, isolated 

DNA to perform PCR test to identify LipL32 and OmpL1 genes. Amplicons of 423 bp and 960 

bp corresponding to LipL32 and OmpL1 genes were identified in all the tested samples. Thus, the 

pathogenicity and conservation of genes in the isolated strains were verified along with the 
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potential of these genes as molecular markers for diagnosis of leptospirosis (Hernandez-

Rodriguez et al. 2014). 

 Leptospira was discovered and characterized as the causative agent for abortion in cattle 

using PCR-RFLP in Iran. After isolation of 60 Leptospira from aborted fetuses and vaginal 

discharge samples, RFLP analysis was carried out with HindIII and HaeIII restriction enzymes 

and was isolated for characterization. Out of 340 specimens, 11.66% and 20.9% were recognized 

as Leptospira positive from vaginal discharges and aborted fetuses, respectively (Momtaz and 

Moshkelani 2011). 

 Khamesipour et al. (2014) performed PCR for the detection of leptospiral DNA in blood 

samples of clinically healthy 103 sheep and 92 cattle using primers for 16S rRNA gene. Results 

revealed 18.63% positive blood samples. Leptospiral DNA was found in 21.73% and 15.53% of 

cattle and sheep blood samples, respectively, showing PCR usage for the leptospiral diagnosis in 

clinically healthy animals (Khamesipour et al. 2014). 

 Prevalence of Leptospira species in Iran was determined using nested PCR, RFLP 

methods and sequencing analysis. By using IFAT 29.4% cases had leptospiral antibody titers. 

Nested PCR assay also determined 50.4% Leptospira infection. Furthermore, 73.3% PCR 

products were sequenced which identified, L. kirschneri L. interrogans, and L. wolffii species. 

All positive cases diagnosed by IFAT or PCR were in individuals who had contact with animals, 

high risk occupational activities, and exposure to polluted water (Zakeri et al. 2010). 

 Prameela et al. (2016) purified 17 leptospiral isolates using 0.22 μM membrane filters. 

Molecular characterization of the isolates was studied using 16S rRNA PCR using primers sets 

for the identification of pathogenic Leptospira. Based on DNA sequencing results of 16S rRNA, 
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the isolates recovered from sheep were identified as L. Hardjo, L. Inadai. Among rats, L. 

Noguchi (RR1) and Leptonema illini (RG1) and from pigs, L. Pomona (P4) were identified 

(Prameela et al. 2016). 

 A commercial Leptospira PCR assay targeted to amplify hap1 gene present only in 

pathogenic Leptospira strains, detected the presence of Leptospira DNA in various tissues of the 

foal. These findings indicated that the PCR assay based on the amplification of the hap1 gene is 

a useful tool for detection of pathogenic Leptospira (Leon et al. 2015). 

 A strain of L. Kirschneri (Grippotyphosa) was characterized by serogrouping, multiple-

locus variable-number tandem repeat analysis (VNTR), PGFE, and sequencing of genes rrs and 

secY, revealing diagnostic potential of molecular techniques (Hamond et al. 2015). 

 In an observational study in Indonesia, 99 rat samples were subjected to real time PCR, 

using primers specific for rRNA gene of Leptospira, and standard PCR using different set of 

primer specific for 16S rRNA gene of Leptospira. Detection of Leptospira using qPCR revealed 

25 positive samples while only 6 samples were detected by conventional PCR. The new primer 

set corresponding to 16S rRNA gene was able to detect pathogenic Leptospira in the rats. 

Sequencing analysis of 6 PCR amplicons showed close relation with pathogenic Leptospira from 

humans, animals, rodents and environment (Sumanta et al. 2015a). 

All these studies confirm the use of advanced molecualr biology techniques for the accurate and 

quick identification of leptospiral strains. 

2.4 TREATMENT 

 Although the global burden of leptospirosis remains sufficiently higher and novel aspects 

of infection and infectious agent are constantly recognized, not enough advancements have been 

made in leptospirosis therapeutics. From the available literature, final words on the efficacy of 
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antibiotic usage in severe infection cannot be drawn easily, since clinical trials have different 

selection criteria and may focus on Leptospira serovars with variant virulence. New choices, 

such as ceftriaxone, have a superior safety profile compared to penicillin (Pappas and Cascio et 

al. 2006).  

 Based on the best available literature, the current choices of treatment for leptospirosis 

include cefotaxime penicillin, doxycycline, and azithromycin. Penicillin has been considered a 

drug of choice. Doxycycline is a usable alternative, but its use in every patient is debatable. 

Recent trials exposed ceftriaxone and cefotaxime as right options for treatment. For many 

reasons, these may be preferred antimicrobial agents at this time (Matthew et al. 2006). 

 The MIC of 24 antimicrobials agents for twenty six Leptospira. serovars were evaluated 

by broth microdilution technique. The minimum inhibitory concentration at which 90% of 

isolates were inhibited of erythromycin, imipenem-cilastatin, clarithromycin, cefepime and 

telithromycin were all less than 0.01 g/ml. The MICs at which 90% of isolates were higher than 

3.13 g/ml were for amoxicillin, cefdinir, aztreonam, chloramphenicol, and penicillin G (Murray 

and Hospenthal 2004). 

 Chakroborty et al. (2010) investigated in-vitro susceptibilities of 46 Leptospira rat 

isolates to 14 antimicrobial agents. All the strains were sensitive to cefotaxime, ciprofloxacin, 

ampicillin, norfloxacin, erythromycin, doxycycline,  and streptomycin. Whereas, had resistance 

to 5-fluorouracil, fosfomycin, amphotericin B, sulfamethoxazole, neomycin, trimethoprim, and 

vancomycin. These results helped in selecting effective antimicrobials to treat leptospirosis 

(Chakroborty et al. 2010). 
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 In another study, antimicrobial susceptibility was tested with 4 different leptospiral 

strains against 3 antimicrobial agents. The MBC and MIC of amoxicillin against Leptospira were 

6.25-25.0 µg/ml and 0.05-6.25 µg/ml, respectively. The ranges of MBC and MIC of enrofloxacin 

were 0.05-0.39 µg/ml and 0.05- 0.39 µg/ml, respectively (Kim et al. 2006). 

 Efficacy of whole blood transfusion in addition to antibiotic and vitamin B in Leptospira 

infected cattle was studied in 2010. The cattle of one group were administered 

dihydrostreptomycin-penicillin along with vitamin B complex, while the group was given the 

same treatment- with a whole blood transfusion. Survival percentage in first and second group 

was 57.1% and 90.5% respectively. Thus, the administration of whole blood transfusion with 

antibiotic therapy and vitamin B was found useful in life-threatening leptospiral cases (Ozkanlar 

et al. 2010). 

 In 2009, three horses were presented with acute renal disease because of L. interrogans. 

Treatment included IV crystalloid fluids, anti-inflammatory medication, diuretics, antibiotics, 

polysulphated glucosaminoglycan and pentoxifylline. One horse required a continuous infusion 

of vasopressors to restrain the azotaemia. Pyrexia resolved within couple of days after the start of 

treatment, while azotaemia resolved completely after 90 days (Case 1), 21 days (Case 2) and 5 

days (Case 3) (Frellstedt and Slovis 2009). 

 A scientific study was conducted on the plants used by the traditional healers to resolve 

liver problems with symptoms of leptospirosis. Methanolic and ethanolic extracts of 4 plants 

were investigated for anti-leptospiral activity. Out of the tested plants, adhatoda vasica extracts 

showed maximum anti-leptospiral activity by damaging cellular architecture of lengthy 
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spirochaete. Electron microscopic examination revealed discontinuation at different sites in the 

lengthy cells and restricted the restriction of inclusion body (Nelson et al. 2013). 

 A prospective trial was conducted in Thailand to evaluate the efficacy of sodium 

penicillin G and ceftriaxone for the treatment of severe leptospiral infectoin. A total of 173 

patients were given either ceftriaxone (I/V, 1 g daily for 7 days) or sodium penicillin G (I/V, 1.5 

million U 4 times a day for 7 days). Results showed that the average duration of fever was 3 days 

for both groups. Five patients in each group died of severe disease (Penaphut et al. 2003). 

 During a retrospective study in Brazil, 112/287 patients (39%) received penicillin. There 

was no difference in the onset of symptoms before hospital admission and mortality between the 

patients receiving penicillin and the ones who did not take penicillin. Dialysis and renal recovery 

were more frequent in patients who were not given penicillin. The main advantage of using 

penicillin in the current study was decrease in hospital stay and lesser complications (Daher et al. 

2012). 

 Ananda et al. (2008) reported case of a 6-years old male Dobberman dog with a history 

of anorexia since 3 days, not able to walk, bloody motions, dehydration with sunken eyeball, 

vomiting and weight loss. The urine sample was also obtained for detection of Leptospira under 

dark field microscopy. The animal was treated with streptopenicillin @ 40,000 IU/kg body wt. 

Other supportive therapy included neohapate 2 mL I/M, rantac 1.5 mL S/C, imferon 1 mL I/M 

and stadren 2 mL I/M. Fluids were also administered during 5 days treatment. The animal got 

recovered successfully with streptopenicillin as supportive treatment along with penicillin which 

is drug of choice for leptospiremia (Ananda et al. 2008). 
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 Niwattayakul and sitprija (2007) conducted a study on two groups of Leptospira infected 

individuals, having mild acute renal failure having serum creatinine 2.4-5 mg/dL and sodium 

excretion 1.21 - 2.08. One group was given only penicillin G sodium and supportive treatment, 

while other group received, dopamine, furosemide and electrolyte replacement, in addition to 

penicillin. Recovery of renal activity and Diuresis was quicker in latter group. Dopamine and 

furosemide were found beneficial in mild acute renal failure in leptospirosis (Niwattayakul and 

sitprija 2007). 

 A daily IV dose of  ceftriaxone 2g was administered to 22 severe late leptospirosis 

patients, out of which one patient died due to respiratory complications of the leptospirosis, 

while others recovered. The side effects and the ease of the regimen were better than previously 

reported penicillin regimens (Raptis et al. 2006) 

 The efficacy of eclipta alba against L. interrogans serogroups was assessed by evaluating 

the MIC of the acetone, water and saponified lipids extracts. Different concentrations (50, 100, 

150, 200 and 250 μg) of compound were tested for anti-leptospiral activity. The water extract (50 

and 100 μg) showed better antileptospiral activity against serogroups, Autumnalis, Australis, and 

Grippotyphosa. Rest of extracts had mild effect in reducing numbers but Pomona showed 

resistance. The ethanol extract displayed 80% inhibition rate at 50 μg against Autumnalis, 

Grippotyphosa, Australis, and Icterohaemorhagiae. The Autumnalis was inhibited by acetone 

extract of this plant extract (200 μg). However, no considerable result was shown by petroleum 

ether extract (Prabhu et al. 2008). 
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STATEMENT OF PROBLEM 

 Leptospirosis is a wide spread disease of global concern and affects reproductive, 

productive and work capacity of almost every species of animal. Transmission mainly occurs 

through contact with water and feed contaminated with the urine of infected animals. It is wide 

spread in rainy season and in areas subjected to flooding and poor sanitation. This study has been 

designed to explore the prevalence, risk factors associated with the spread of disease within 

horses, its zoonotic potential, phylogenetic analysis and sorted out the better chemotherapeutic 

approach to cure the disease. 

Objectives: 

 To study the epidemiology and associated risk factors of leptospirosis in horses in 

Bahawalpur, Lahore and Rawalpindi. 

 To study the zoonotic potential of equine leptospirosis. 

 Molecular characterization of Leptospira and phylogenetic analysis of Pakistani 

isolates. 

 To evaluate the efficacy of synthetic and herbal drugs against equine leptospirosis 

and their effects on blood profile and serum biochemistry. 
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Chapter: 3 
MATERIALS AND METHODS 

3.1. Study Area. 

 This study was accomplished in 3 climatically distinct regions of Punjab province, of 

Pakistan, viz. Rawalpindi, Lahore and Bahawalpur  

Rawalpindi lies in plateau region at coordinates 33.36oN and 73.02oE, at elevation of 505 m from 

the sea level (Fig 3.1). Temperature reaches to extreme levels in summers and winters. Minimum 

temperature is in the month of January (10.1°C) and maximum in the month of June (31.2°C). 

The annual rainfall of the area is more than 1000mm (Arshadullah et al. 2012). Horse population 

in this area is 2127 heads.  

Lahore lies in semi-arid region at coordinates 31. 32oN; 74.22oE, at an elevation of 217 m from 

the sea level (Fig 3.2). The climate of Lahore is hot and semi-arid, with wet and reasonably high 

temperature in summer and dry, warm winters (Alam et al. 2012). Temperature reaches its 

minimum limit in the month of January (12.8°C) and maximum in the month of June (33.9°C). It 

has an average annual rainfall of 489 mm (Ali et al. 2014). Area holds 4596 horses.  

Bahawalpur lies  between latitude 29o.59oN, longitude 73o.19oE, and at an altitude of 461 meters 

above sea level in the irrigated agro-ecological zone of Punjab (Fig 3.3). Bahawalpur 

experiences weather extremities during the year. Minimum temperature is in the month of 

January (13.3°C) and maximum in the month of June (35.1°C). The average annual rainfall is 

250mm (Akhtar et al. 2012). 1238 horses are reared in this district.  
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3.2. EXPERIMENT NO. 1 

Seroepidemiology of Leptospirosis in Horses  

A cross-sectional epidemiological study was conducted to determine the seroprevalence and 

associated risk factors of Leptospira in horses of urban and rural areas of Rawalpindi, Lahore 

and Bahawalpur districts of the Punjab province.  

3.2.1. Description of Area 

 Urban areas are characterized by crowded human population, better sanitation and 

sewerage system. Horses are reared for breeding and for sports like polo and racing. The rural 

areas are those with high rate of population increase and where animals are kept for draught 

purpose. 

3.2.2. Sample Size 

 A total of 384 horses (n=128 from each of Rawalpindi, Lahore and Bahawalpur) were 

included in this study. It  was calculated  through convenient sampling methods using following 

formula: 

N =  
p × (1 −  p) × (𝑍

1−
∝
2

)
2

D2
 

Where; N = required sample size 

p = prevalence of diseased animals in population (0.5) 

(Z1 −
∝

2
)

2

= square of standard normal z value corresponding to cumulative probability of 1 −
∝

2
 

(1.96)2 

D = desired level of absolute precision (0.05). 
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Figure No. 3.1: Sample collection sites in Rawalpindi 
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Figure No. 3.2: Sample collection sites in Lahore 
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. 

Figure No. 3.3: Sample collection sites in Bahawalpur
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3.2.3. Blood and Serum Sample Collection 

Prior to the collection of blood samples, a written consent from the owners of each horse 

was obtained. Five mL blood sample was collected from the jugular vein of each horse using 

disposable syringe attached to hypodermic needle. After withdrawal, the blood samples were 

transferred to gel activated vacutainer (yellow toped) and were allowed to clot. Then the samples 

were centrifuged at 3000rpm for 10 minutes to harvest serum (Mikniene et al. 2014a). The sera 

samples were stored in sterile cryogenic vials at -20oC till further processing at University 

Diagnostic Lab (UDL), University of Veterinary and Animal Sciences (UVAS), Lahore.  

3.2.4. Collection of Data  

For each sampled horse, an interview was conducted with the owner using pre-designed 

open and closed ended “Data Capture Form” (Annexure I). The interview was conducted by a 

well-trained local research assistant conversant in English and respective local language. A total 

of 16 variables grouped as individual data and management data were included in the analysis. 

Entries related to individual data included age (mean age 5.25 years), gender, breed “mostly 

animals were local non-descript and rest of breeds did not have sufficient number of animals to 

be put into separate category so all other than local non-descript horses were placed in 'other' 

category” and area with geographic location including latitude and longitude coordinates 

collected by a global positioning system (GPS) receiver. The management data included, 

breeding system, herd size, presence and breeding with other animals around the sampled 

animal, water source, exposure to floods, rodents and wildlife. The animals of areas that have 

been declared as flood affected by Punjab Disaster Management Authority (PDMA), Pakistan, 

during anytime in past three years were categorized as exposed, and rest were as un-exposed. 
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Exposure to rodents and wildlife was measured on the basis of respondents' response to the 

question. Other variables were feeding practices, quarantine and sole reason for rearing the 

animal (working, breeding, and/or sports).  

3.2.5. Detection of Antibodies Against Leptospira 

For the detection of anti-leptospira antibodies, serum samples were subjected to Enzyme Linked 

Immunosorbant Assay (ELISA) using Horse Leptospira IgG ELISA Kit (Cat# MBS043705) 

procured from MyBiosource, SanDiego, CA, USA. Assay procedure was followed as per 

manufacturer's recommendation. 

3.2.6. ELISA Protocol  

Reagents Provided 

Microtitre plate, positive and negative controls, sample diluent, HRP-conjugate reagent, 20X 

wash solution, chromogen A & B, and stop solution were provided with the kit. 

Assay Procedure 

All the reagents and solutions were brought to room temperature before the start of procedure. 

Positive and negative controls were set and 50 µL of control reagents were poured in respective 

wells. 10 µL of sera samples to be tested and 40 µL sample diluent were added in each well of 

antigen coated microtitre plate. Then 100 µL of HRP-conjugate reagent was added in all the 

wells except blank well and incubated at 37oC for one hour. After incubation, all the wells were 

washed four times with wash solution (1 volume of wash solution was diluted with 19 volumes 

distilled water) using squirt bottle. After drying the washed wells, 50 µL each of chromogen A 

and B were added stepwise in each well and incubated at 37°C for 15 minutes in the absence of 
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light. After incubation, 50 µL stop solution was added, which led to change in color from blue to 

yellow (Fig: 3.4). Optical density (OD) was read at 450nm within 15 minutes. 

 
 

Figure No: 3.4 Validation of ELISA procedure 
 

Validation and Determination of Results 

The average of positive controls ≥1.00 and  the average of negative controls well ≤0.15  

were used for validation of  the assay. Cut off value was calculated as per stated by 

manufacturer.  

Calculate Critical (CUT OFF) = the average of Negative control well + 0.15. 

OD values lesser than calculated critical cut off value indicated the negative results, while higher 

OD showed positive results. 
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3.2.7. Statistical Analysis 

The data obtained was gathered in the Microsoft Excel version 2010 and was exported to the 

Statistical Product and Service Solutions (SPSS) version 20.0 program to establish association 

between seroprevalence of leptospirosis and the risk factors at 95% level of confidence. 

Summary statistics, Pearson’s chi-square test, univariable analyses, and multivariable analyses 

were carried out to identify associations between selected risk factors and leptospiral 

seropositivity of sampled horses. The seroprevalence was the proportion of positive animals out 

of the total number of animals sampled and analyzed. After the summary statistics that showed a 

considerable difference in seroprevalence among the three study areas, the analysis for risk 

factors associated with leptospiral seropositivity was determined. Initially, univariate analyses 

were performed on all variables. Variables with a P-value of <0.05 on Pearson’s chi-square test 

(X2 test) were included in multivariable models. Finally, logistic regression was used to see the 

effect of potential risk factors on the risk of leptospiral seropositivity in horses. 

3.3. EXPERIMENT NO. 2 

Seroepidemiology of Leptospirosis in Human 

3.3.1. Study Design and Sample Collection 

A cross-sectional study was conducted to estimate the seroprevalence of leptospirosis  in 

different individuals of three study areas viz, Bahawalpur, Lahore and Rawalpindi. A total of 360 

humans were included in this study. Before collection of blood samples an informed written 

consent was obtained from each of the participant. Seroprevalence was evaluated in association 

with different variables. The population surveyed, was assigned numbers forming a list, from 

which samples were taken randomly. Through a structured questionnaire, categorical data 

regarding age (mean age = 36 years), gender, marital and educational status, area of residence 
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and occupation, exposure to animals and flood water (residents of areas declared as flood 

affected by Punjab Disaster Management Authority), water recreational activities, usage of PPE 

and rodent control program and history of cut or wound was collected (Annexure II). 

Blood samples were collected by registered medical practitioner from Pakistan Medical 

and Dental Council (PMDC), after formal written consent from all the participants.  

3.3.2 Blood Collection and Serum Separation 

Blood samples were collected from the cephalic vein of each individual using disposable 

hypodermic needle attached to syringe. After collection, the blood samples were poured into gel 

vacutainer (yellow toped) and were allowed to clot. These samples were transported to 

University Diagnostic Laboratory (UDL), University of veterinary and Animal Sciences 

(UVAS), Lahore and were centrifuged  at 1800g for 10 minutes to harvest serum. The serum 

samples were stored at -20°C in sterile cryogenic vials (Sigma-Aldrich Chemie GmbH, 

Germany) until tested. 

3.3.3. Detection of Antibodies Against Leptospira 

Sera samples collected from humans were subjected to ELISA using human Leptospiral 

IgG (LEBTOSPIRA IgG) ELISA Kit (Cat.#: MBS036135), MyBiosource Inc. San Diego CA, 

USA). This assay was performed to qualitatively determine the human Leptospira IgG, in serum.  

3.3.4. ELISA Procedure.  

The assay was performed as per manufacturer's instructions. Briefly, 50 µL each of 

positive and negative control were added to corresponding wells and 10 µL testing sample and 

40 µL sample diluent were poured in testing sample wells. In each well, 100 µL of HRP-



Materials and Methods 
 

50 
 

conjugate reagent was added and incubated at 37°C for 60 minutes. Then, samples were treated 

with wash solution. After drying the plate, 50 µL each of chromogen solution A and B were 

added to every well and was set for incubation for 15 min at 37°C. Then 50 µL of stop solution 

was added to each well which led to color change from blue to yellow. O.D. was measured at 

450 nm using a microtiter plate reader within 15 min.  

3.3.4.1. Validation and Determination of Results 

The average of positive controls ≥1.00 and the average of negative controls well ≤0.15  

were used for validation of the assay. Cut off value was calculated as per manufacturer's 

instructions.  

Calculate Critical (CUT OFF) = average of Negative control well + 0.15. 

OD values lesser than calculated critical cut off value indicated the negative results, while higher 

OD showed positive results. 

3.3.5. Statistical Analysis 

 Questionnaire was entered into Epi Data software 3.1 (www.epidata.dk/download.php). 

Data by cross checking all the records (computerized) were validated with original hard copy of 

the complete data. Descriptive statistics were estimated using SPSS version 20.0. for all the 

variables and the Pearson's chi-square test was performed for area-wise seroprevalence with 

significant level <0.05. The seroprevalence was the proportion of positive human samples out of 

the total number of samples tested. Association between risk factors and Leptospira 

seroreactivity were analyzed using binomial logistic regression analyses. Odds ratio along with 

95% CI was also computed to narrate the odds of being seropositive. Variables with P value 

<0.05 initially, were selected for inclusion in the multiple logistic regression model.  
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3.4. EXPERIMENT NO. 3 

Molecular Characterization of Leptospira strains in Pakistan  

In this study serum samples of ELISA positive horses were subjected to molecular 

characterization of Leptospira. For this purpose, out of 128 ELISA positive horse blood samples, 

65 whole blood samples were processed for the detection of leptospiral DNA, using primers 

sequence specific for 16S rRNA gene.  

3.4.1 Genomic DNA Extraction 

 Genomic DNA was extracted from the collected blood samples using PureLink®  

Genomic DNA minikit Thermo, Fisher Scientific Inc. USA. Following procedure was followed. 

3.4.1.1. Cell Lysate Preparation 

 To prepare cell lysate, 200 µL frozen blood was poured in a sterilized microcentrifuge 

tube. Then, 20 µL of Proteinase K and 20 µL of RNAase A was added to the sample, vortexed 

and was kept at room temperature for 3 minutes. After that 200 µL of PureLink® genomic lysis 

buffer was added and vortexed well. This solution was set for incubation for 10 minutes at 55°C. 

to encourage protein digestion. Then, 200 µL 96% of ethanol was added to the lysate and mixed 

well  

3.4.1.2. Binding 

 Prepared cell lysate was added to the PureLink® spin column and centrifuged at 10,000g 

for 60 seconds at room temperature. Spin column was placed into a clean PureLink® collection 

tube. 
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3.4.1.3. Washing 

 Washing was done by adding 500 µL of wash buffer 1 to the column and centrifuged at at 

10,000g for 60 seconds at room temperature. Collection tube was discarded and column was 

placed into a clean PureLink® collection tube. Similarly, second washing was done by 500 µL of 

wash buffer 2. 

3.4.1.4. Elution 

 Spin column was positioned in a 1.5 mL microcentrifuge tube and 40 µL of Purelink® 

genomic elution buffer was poured into the column and was incubated at room temperature for 

60 seconds. Then, column was centrifuged at 13000 rpm for 60 seconds at room temperature to 

elude DNA. 

Concentration of extracted DNA was measured using Nanodrop-1000 spectrophotometer 

(Thermal Scientific, Wilmington, USA).  

3.4.2. Polymerase Chain Reaction (PCR) Test  

  The primer sequences for L. interrogans were designed for 16S rRNA gene through 

Primer3 Software (Doosti et al. 2012) (Table 3.1). 

Table No. 3.1: Primer sets used for characterization of Leptospira 

Primer  Sequence 

Lp-F (Forward) GCGCGTCTTAAACATGCAAG 

Lp-R (Reverse) CTTAACTGCTGCCTCCCGTAG 
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Reaction mixture (25 µL) was prepared in a 0.5 mL PCR tube containing 2.5 µL of 10X 

(NH4)2SO4 buffer, 2.0 µL MgCl2 (1 mM), 1.0 µl of each primer, 2.5 µL of dNTPs, 8 µL of 

genomic DNA (40-50 ng/μl), 0.5 µl of Taq DNA polymerase and 7.5 µL of PCR water. The 

following thermal cycle conditions were used: initial denaturation at 95 °C for 5 min, 30 cycles 

of de-naturation at 94°C for 60 seconds, annealing at 58°C for 60 seconds and extension at 72°C 

for 60 seconds. The program was followed by a final extension at 72°C for 5 min (Doosti et al. 

2012). Thermocycler T3000 (Biometra, Gottingen, Germany) was used for PCR. 

3.4.3. Agarose Gel Electrophoresis 

 PCR products were analyzed on agarose gel (2%). The gel was prepared by heating the 

mixture of 1g of agarose and 50ml 1X TBE buffer (0.89 M Tris-Borate, 0.025 M EDTA, pH 

8.3), for 60 seconds. For loading in gel, 5 µL of PCR product was mixed with 3 µL bromophenol 

blue loading dye (0.25% bromophenol blue in 40% Sucrose solution). The size of amplified 

products were analyzed using DNA ladder (1Kb). Electrophoretic gel was run at 120 volts for 30 

minutes in a horizontal gel electrophoresis apparatus (Bio-Rad, Hercules, USA). Amplified 

products were visualized using UV transilluminator (Biometra, Germany). 

3.4.4. Purification of PCR Product 

 Amplified fragments were gel purified using an EZ-10 spin column DNA gel extraction 

kit (Bio Basic Inc, NY, USA). 

3.4.4.1. Procedure 

 DNA fragments were excised using a sharp and clean scalpel blade and was transferred to 

1.5 mL centrifuge tube. After weighing, 600 µL binding buffer II (400 µL for each 100 mg of 

gel) was added. This mixture had been incubated at 55°C until agarose gel was completely 
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dissolved. It was then added to EZ-10 column and was centrifuged at 13200 rpm for 60 seconds. 

After centrifugation, flow through was discarded and 750 µL of wash buffer was added and 

centrifuged again at 13200 for one minute. After that, column was positioned in sterilized 1.5 mL 

eppendorf tube and 40 µL of elution buffer was added and kept at room temperature for 2 

minutes. After 2 minutes, PCR product was eluded by centrifugation at 13200 rpm for 60 

seconds. Purified product was sent for sequencing. 

3.4.5. Sequence and Phylogenetic Analysis  

 Sequencing of DNA fragments was performed using dideoxy chain termination method. 

The 16S rRNA gene sequences of the Leptospira isolates were retrieved from NCBI database. 

Phylogenetic tree was constructed on the basis of partial sequences of 16S rRNA using 

Molecular Evolutionary Genetics Analysis (MEGA) version 6 (www.megasoftware.net). The 

alignment gaps were excluded from pair wise distance estimations. The tree topologies were 

evaluated by using bootstrap test of phylogeny in the neighbor-joining method and the bootstrap 

P-values were obtained after 1000 replicates of the dataset. The tree was constructed to scale, 

with branch lengths in the same units as those of the evolutionary distances used to infer the 

phylogenetic tree. The bootstrap consensus tree inferred from 1000 replicates was taken to 

represent the evolutionary history of the isolates. The evolutionary distances were computed in 

the units of the number of base substitutions per site, using the maximum composite likelihood 

(MCL) method. For comparison, already reported 16S rRNA gene sequences of 

Leptospira spp. were retrieved from GenBank, NCBI database to identify the species of isolates, 

which clustered in to respective genenomospecies of the Leptospira genus. 

3.5.EXPERIMENT NO. 4 
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Therapeutic Trials Against Leptospira  

 In this study therapeutic efficacy of ampicillin and adhatoda vasica was compared in 

Leptospira positive horses using clinico-pathological and ELISA test. For this purpose, 18 

leptospirosis ELISA positive horses were randomly selected and divided into 2 groups of 9 (A, 

B). A third group (C) comprised of 9 horses negative for Leptospira were kept as control. The 

horses in group A were treated with Ampicillin at 30 mg/kg BW 12 hourly interval by slow IV 

injection for a period of 5 days. On the other hand, the members in group B were given adhatoda 

vasica (aroosa) at 400mg/kg BW orally for 5 consecutive days while the animals in group C 

served as negative control. The animals in each group were kept in separate stables of 20m2 and 

were provided with ad-libitum routine feed and fresh water during the whole experiment. 

3.5.1. Plant Extract Preparation 

 The medicinal plant, adhatoda vasica (aroosa),  was obtained from Ayubia National Park, 

located between 34-1 to 34-3.8°N latitude and 73-22.8 to 73-27 longitude, the only moist 

temperate forest in Pakistan. 
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 Figure No. 3.5: Location of Ayubia National Park (Source of medicinal plant) 

The plant material was authenticated by a qualified taxonomist and was carried to laboratory for 

extract preparation. Fresh leaves were washed and disinfected with distilled water and HgCl2 

solution (0.1%) respectively, for 5 minutes. Then disinfected leaves were set to dry and were 

made into a powder which was then passed through a 40-mesh sieve to obtain homogenized 

particle size. This homogenized powder (500g) was then subjected to continuous hot extraction 

in soxhlet apparatus with methanol and the residue was collected. The extract was then filtered 
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by Whatmann filter paper. The extract was later evaporated under reused pressure evaporator, at 

temperature 50°C until the solvent had been completely evaporated to give extract.  

3.5.2 Sample Collection and Analysis 

 Blood and serum samples were collected from the horses in each group at day 0 (Pre-

treatment and then at day 7, 21 and 35 (Post-treatment). These samples were tested for 

hematology, liver function test (LFT) and renal function test (RFT).  

3.5.3 Hematology 

 Hematological parameters included, Hemoglobin concentration (Hb), Hematocrit (PCV), 

Erythrocyte count, Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), 

Mean Corpuscular Hemoglobin Concentration (MCHC), Red Cell Distribution Width (RDW), 

Total Leukocytic Count (TLC), Differential Leukocytic Count (DLC), Neutrophils, Eosinophils, 

Basophils, Lymphocytes, Monocytes and Platelet Count. All the mentioned parameters were 

recorded at day 0 (pre-treatment), 7, 21 and 35 (post treatment), by automated hematological 

analyzer (Abacus Junior Vet 5, Diatron, Hungary). 

3.5.3.1 Procedure 

 Hematological analyzer aspirated 20 µL blood sample and measuring of blood cells was 

achieved by impedance method. In this method, changes in electrical resistance was measured 

when a cell in liquid passed through a small aperture.  

The principle of hemoglobin estimation was based on red blood cells lysis by diluent in 

hematological analyzer. 
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3.5.4 Liver Function Test (LFT) 

 Liver function tests included Alkaline Transferase (ALT, enzyme commission number 

2.6.1.2), Aminotransferase (AST, enzyme commission number 2.6.1.1), Alkaline Phosphatse 

(ALP, enzyme commission number 2.3.22) and Total Bilirubin (TB). All the above parameters 

were recorded like the hematological parameters at day 0 (Pre-treatment), 7, 21 and 35 (post 

treatment). 

3.5.4.1 Estimation of Alanine Aminotransferase (ALT) 

 Human kit was used for the estimation of Alanine aminotransferase. The method is 

described as under: 

2 mL from substrate bottle (SUB) was poured into buffer bottle (BUF) and mixed to prepare 

working reagent (annexure III), which was kept in dark at 20°C. Serum sample (200 uL) and 

1000 uL of working reagent were mixed in a cuvette at 25°C. After 60 seconds absorbance was 

measured against air at 365 nm at 25°C.  

3.5.4.2 Estimation of Aspartate Aminotransferase (AST) 

 Aspartate aminotransferase was estimated using done using “Human kit”. The method is 

described as under: 

2 mL from substrate bottle (SUB) was poured into buffer bottle (BUF) and mixed to prepare 

working reagent. Serum sample (200 µL) and 1000 µL working reagent were mixed at 25°C. 

Absorbance was read after 60 seconds against air at 365 nm at 25°C.  
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3.5.4.3 Estimation of Alkaline Phosphatse (ALP)and Total Bilirubin (TB) 

 Aminotransferase (AST) and total bilirubin (TB) were estimated by Pictus 700 chemistry 

analyzer (Diatron, Hungary). 

3.5.5 Renal Function Test (RFT) 

 In renal function test (RFT), levels of creatinine and blood urea nitrogen (BUN) in sera 

samples were measured by chemistry analyzer (URIT-800). 

3 5.5.1 Estimation of Creatinine 

 Estimation of creatinine was done using “Human kit”. The method is described as under  

Sodium hydroxide was diluted with distilled water (1:4) at 25°C and picric acid was mixed with 

diluted sodium hydroxide (1:1) to make working reagent. Sera samples (100 µL) were mixed 

with 1000 µL working reagent in cuvette and 100 µL standard was mixed with 1000 µL of 

working reagent in another cuvette. After 30 seconds absorbance of sample was read against air 

at 492 nm. 

3.5.5.2. Estimation of Blood Urea Nitrogen (BUN) 

 Estimation of BUN was done using “Human kit”. The method is described as 

underEnzyme and reagent 1 (RGT 1) were mixed (1:100) to make enzyme reagent 1 (EGT 1). 

Ten uL of sera samples were mixed with 1 mL EGT 1 in cuvette. In second cuvette 10 µL of 

standard was mixed with 1 mL of EGT 1 and in third cuvette 1 mL EGT 1 was pipetted and 

incubated for 5 min at 25°C. After incubation 1000 µL RGT 2 was mixed in three cuvettes and 

incubated for 10 min at 25°C. Absorbance of sample and standard was measured against reagent 

at 578 nm. 
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3.5.6. Serum Mineral Analysis 

 Serum quantity of Copper (Cu), Zinc (Zn), Sodium (Na), Potassium (K), Magnesium 

(Mg), Calcium (Ca) and Phosphorus (P) was also determined at day 0 (Pre-treatment) 7, 21 and 

35 (Post-treatment).  

3.5.6.1 Estimation of Zinc and Copper 

 Serum levels of zinc and copper were estimated by the method described by (Ali et al., 

2013). Briefly, for wet digestion, a quantity of 0.5 ml serum and 5ml nitric acid was taken in a 

digestion flask and was placed on hot plate at 90°C for 15 minutes until 2 mL material was left 

over. After cooling, 2.5 ml perchloric acid was added and heated until the volume was reduced to 

2 mL, which was stored in plastic bottles. These digested samples were used for estimation of 

copper by atomic absorption spectrophotometer (Perkins Elmer Analyst 800, USA). Zinc level 

was estimated by using commercial kits in chemistry analyzer. 

3.5.6.2. Estimation of Sodium, Potassium, Magnesium, Calcium, and Phosphorus 

 Determination of serum levels of sodium, potassium, magnesium, calcium, and 

phosphorus was done by automated blood chemistry analyzer Hitachi 705 (Hitachi, Japan), using 

Thermo Fisher Scientific Inc. (USA) reagents. 

3.5.7. Statistical Analysis 

 Statistical analysis was done by using Statistical Product and Service Solutions version 

20.0 (SPSS 20.0, SPSS, Chicago, USA). Data were analyzed with one way analysis of variance. 

The differences were considered significant at (P<0.05) and were analyzed by Tukey’s test. 
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Chapter: 4 
RESULTS 

 

4.1. Seroprevalence of Leptospirosis in Horses  

 Data on seroprevalence of Leptospirosis in horses in different districts of Punjab province 

are shown in Table 4.1. Overall seroprevalence of equine Leptospira in horses in Punjab 

province was 33.85%. When compared, Rawalpindi had highest seroprevalence 40.62% 

(confidence interval [CI] = 32.04 – 49.66), followed in order by Lahore 38.28%; (CI = 29.83 – 

47.28) and Bahawalpur 22.65% (CI = 15.73 – 30.89). Statistical analysis revealed significant 

difference (P<0.05) in seroprevalence of Leptospira among horses of different study areas.  

Table 4.1: Seroprevalence of Leptospirosis in horses of three different study areas of 

Punjab province, Pakistan.  

Study area 

Number 

examined 

(n) 

Number 

Positive 

Prevalence 

(%) 

Confidence 

interval 
P-value 

Bahawalpur 128 29 22.65 15.73-30.89 

0.004 Lahore 128 49 38.28 29.83-47.28 

Rawalpindi 128 52 40.62 32.04-49.66 

Overall 384 130 33.85 29.13-38.83  

 

Results of univariate analysis of risk factors for the seroprevalence of Leptospira in horse are 

given in annexure VII. Results showed significant (P<0.05) association of age with the 

Leptospira seropositivity (odds ratio [OR] 0.661; CI = 0.51–0.85). The seroprevalence was 

higher in 3 to 9 years age group of horses (Figure No. 4.1).  
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Figure No. 4.1: Seroprevalence of Leptospira among horses of different age groups (P<0.05) 

 

Figure No. 4.2: Seroprevalence of Leptospira among horses of different gender (P<0.05) 
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Sex of the horses imparted significant difference (P<0.05) in susceptibility to Leptospira, with 

female horses having almost twice the chances of leptospiral exposure compared to male animals 

(OR = 2.762; CI = 1.72–4.36) (Figure No. 4.2). Living area of horses was significantly (P<0.05) 

associated with seroprevalence of Leptospira and animals in rural areas were twice at the risk of 

exposure (OR = 2.763; CI = 1.74–4.38) than the ones in urban areas (Figure No. 4.4). Results 

revealed space for breeding had no significant association (P>0.05) with risk of leptospiral 

seropositivity (Figure No. 4.5). Herd size was a significant (P<0.05) risk factor for leptospiral 

seroprevalence. When animals were kept in large size herds, risk of having elevated antibodies 

for Leptospira was doubled (OR = 2.164; CI = 1.67–2.79) (Figure No. 4.6). Horses when bred in 

close proximity to other animals like cattle, sheep, goats, and dogs, the risk of having leptospiral 

exposure increased (OR = 2.234; CI = 1.43–3.47) (Figure No. 4.7).   

 

Figure No. 4.3: Seroprevalence of Leptospira among horses of different breeds (P>0.05) 
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Figure No. 4.4: Seroprevalence of Leptospira among horses of different areas (P<0.05) 

 

Figure No. 4.5: Seroprevalence of Leptospira among horses of different breeding system 

(P<0.05) 
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Figure No. 4.6: Seroprevalence of Leptospira among horses of different herd size (P<0.05) 

 

Figure No. 4.7: Seroprevalence of Leptospira among horses having different breeding 

practices (P<0.05) 
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Figure No. 4.8: Seroprevalence of Leptospira among horses using different water sources 

(P<0.05) 

 

Results revealed that the risk of seropositivity increased 3 times when animal was exposed to 

flood or flooding waters (OR = 2.716; CI = 1.68–4.37) (Figure No. 4.9). Exposure to rodents was 

a significant (P<0.05) risk factor and increased the risk of exposure 3 times (OR = 2.763; CI = 

1.74–4.37) (Figure No. 4.10). Results showed horses exposed to wild animals such as wild pigs, 

jackals, and snakes had no significant association with seropositivity (OR = 1.546). When water 

from nearby reservoirs was used to meet routine water requirements, the risk of leptospiral 

exposure increased threefold (OR = 2.748; CI = 2.14–3.51) (Figure No. 4.8). Horses kept and 

reared for sports had lower risk of acquiring Leptospira (OR = 0.761; CI = 0.58–0.98) (Figure 

No. 4.12). If feeding and water sources were easily accessible to other animal species in the 

vicinity, the risk of exposure to Leptospira was doubled (OR = 2.237; CI = 1.44–3.47) (Figure 

0

10

20

30

40

50

60

70

Underground water Municipal supply Nearby water reservoir

Pr
ev

al
en

ce
 p

er
ce

nt
ag

e



Results 

67 
 

No. 4.15). Horses that were offered hay all around the year were significantly (P<0.05) at higher 

a risk of getting exposed to Leptospira (OR = 2.308; CI = 1.48–3.58) (Figure No. 4.14). Stall fed 

horses had lower risk of Leptospira than horses at grazing. (OR 0.422) (Figure No. 4.16). 

 

 

Figure No. 4.9: Seroprevalence of Leptospira among horses according to flooding exposure 

(P<0.05) 
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Figure No. 4.10: Seroprevalence of Leptospira among horses according to exposure to 

rodents (P<0.05) 

 

Figure No. 4.11: Seroprevalence of Leptospira among horses according to exposure to 

wildlife (P<0.05) 
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` Figure No. 4.12: Seroprevalence of Leptospira among horses with different usage (P<0.05) 

 

Figure No. 4.13: Seroprevalence of Leptospira among horses with different quarantine 

practices (P>0.05) 
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Figure No. 4.14: Seroprevalence of Leptospira among horses according to hay feeding 

(P<0.05) 

 

Figure No. 4.15: Seroprevalence of Leptospira among horses according to access of different 

animals to water and feed sources (P<0.05) 
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Figure No. 4.16: Seroprevalence of Leptospira among horses with different feeding 

practices (P<0.05). 

 

Finally, logistic regression was used to see the effect of potential risk factors on the risk of 

leptospiral seroprevalence. This procedure reports the OR after adjusting all other risk factors, 

thus removing any biases associated with confounding factors. Table 4.2 shows the multivariate 

analysis of risk factors, after adjusting all other factors. Only five variables were associated with 

the seropositivity to leptospirosis: age, floods, usage of animals, other animal access, and hay 

feeding. Of the five, three factors, floods, animal access, and hay feeding, were found to have a 

protective effect while, age and usage of horses were associated with a higher risk of being 

seropositive for leptospirosis. 
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Table 4.2: Multivariate analysis of risk factors associated with the leptospirosis in horses. 

 

4.2. EXPERIMENT NO. 2 

Seroprevalence of Leptospirosis in Human  

In the present study, the overall seroprevalence in humans in Punjab province was 40.83% (CI; 

35.71-46.11). A statistically significant difference (P<0.05) was observed in leptospiral 

seropositivity among different regions (Table 4.4). Rawalpindi had the highest seroprevalence of 

50.83% (CI; 41.55-60.07), followed in order by Lahore (44.16%, CI; 35.11-53.52) and 

Bahawalpur (27.50%, CI; 19.75-36.40). 

 

 

 

Variable Odds ratio C-I p-value 

Age 1.46 1.11-1.90 0.005 

Flooding 0.64 0.41-0.99 0.050 

Usage of animals 1.42 1.08-1.86 0.010 

Animal access 0.52 0.33-0.81 0.004 

Hay feeding 0.55 0.35-0.86 0.009 
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Table 4.3: Seroprevalence of Leptospirosis in humans of three different study areas of 

Punjab province, Pakistan. 

Study area  No. Examined No. Positive  Prevalence (%)  P-value 

Bahawalpur 120 33 27.50 P < 0.05 

Lahore 120 53 44.16 

Rawalpindi 120 61 50.83 

Total 360 147 40.83  

 

A total of 15 variables were analyzed using univariate logistic regression model and all 

variables, except for marital status and rodent control programs were found statistically 

associated with seropositivity (annexure VIII). Age of the subjects, was revealed to be 

significantly associated (P<0.05) with leptospiral seroreactivity. Exposed population ranging in 

age from 19 to 50 years had the highest seroprevalence (68.10%) and was found to be at highest 

odds of getting exposed to Leptospira (OR= 4.10; CI= 2.37-7.11) (Figure No. 4.17). The results 

also showed that males were at higher risk (OR=2.56; CI= 1.65-3.96) of being seroreactive than 

females (Figure No. 4.18). Marital status and rodents control program were found to have 

insignificant association with seroreactivity (not shown in table). 

Results showed that area of residence and occupation were statistically associated 

(P<0.05) with leptospiral seroprevalence, revealing that people living and working in rural areas 

were at higher risk (OR= 4.32; CI= 2.72-6.84, OR= 3.48; CI= 2.22-5.43 respectively) of 

leptospiral exposure than people living and working in urban areas (Figure No. 4.20-4.21). 
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Figure No. 4.17: Seroprevalence of Leptospira among humans of different age group 

(P<0.05)s 

Figure No. 4.18: Seroprevalence of Leptospira among humans of different genders 

(P<0.05) 
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Figure No. 4.19: Seroprevalence of Leptospira among humans of different marital 

status (P>0.05) 

 

Figure No. 4.20: Seroprevalence of Leptospira among humans of different residential 

areas (P<0.05) 
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Figure No. 4.21: Seroprevalence of Leptospira among humans of different 

occupational area (P<0.05) 

 

Figure No. 4.22: Seroprevalence of Leptospira among humans of different 

occupations(P<0.05) 
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Agricultural workers had the highest seroprevalence of Leptospira (64.86%), followed in 

order by animal handlers (44.44%) and office workers (20.66%) (Figure No. 4.22). Floods were 

found as a risk factor, having significant (P<0.05) impact on leptospiral seroprevalence. People 

exposed to floods or flooding waters were more than three times as likely (OR=3.64; CI= 2.34-

5.67) to be seropositive than those in areas not experiencing floods (figure No. 4.23). Data 

analysis revealed that people engaged in recreational activities in water were at higher risk 

(OR=2.27; CI= 1.48-3.50) compared to those not involved in swimming or in other water sports 

(Figure No. 4.24). Educational status of human population had a significant correlation (P<0.05) 

with seroreactivity, poorly educated people were found to have higher odds of being seropositive 

(OR= 5.91 for primary education level; CI= 3.37-10.38) (Figure No. 4.25). 

High risk groups exposed to animals were recorded to have higher rates of 

seroprevalence with 72.16% in groups exposed to rodents (OR= 10.08; CI= 5.54-18.94), 

followed by people exposed to pets (20.45%, OR= 2.40; CI= 1.39-4.20) (Figure No. 4.26). Type 

and quality of water source was found to be significantly associated (P<0.05) with leptospiral 

seroprevalence. People using nearby water reservoirs for daily consumption had 5 times more 

risk of leptospiral exposure (OR= 5.68; CI= 3.26-9.91), while people using well water had lower 

seroprevalence of 23.84% (Figure No. 4.27). Results also showed that groups cleaning and 

disinfecting their homes (and clothes) once a week were at a lowest risk of exposure as compared 

to those doing so every 14 to 28 days (OR= 1.76; CI= 0.98-3.21, OR= 6.13; CI= 3.54-10.89) 

(Figure No. 4.28).  

Data revealed that people with history of cuts or wounds were at higher risk (OR= 3.26; 

CI= 2.08-5.09) of getting infection compared to those with no lesions (Figure No. 4.29). Results 

showed that rodent control program practiced to keep rodents under control did not have any 
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significant association with the disease (Figure No. 4.30). People using PPE during work were 

less likely to have leptospiral seropositivity (OR= 0.33; CI= 0.21-0.51) (Figure No. 4.31). 

 

 

Figure No. 4.23: Seroprevalence of Leptospira among humans according to flood 

exposure (P<0.05) 
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Figure No. 4.24: Seroprevalence of Leptospira among humans according to water sports 

(P<0.05) 

 

Figure No. 4.25: Seroprevalence of Leptospira among humans of different 

educational levels (P<0.05) 
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Figure No. 4.26: Seroprevalence of Leptospira among humans according having 

exposure to different animals (P<0.05) 

 

Figure No. 4.27: Seroprevalence of Leptospira among humans according to water 

source (P<0.05) 
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Figure No. 4.28: Seroprevalence of Leptospira among humans according to hygienic 

practices (P<0.05). 

 

Figure No. 4.29: Seroprevalence of Leptospira among humans with history of wound 

(P<0.05) 
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Figure No. 4.30: Seroprevalence of Leptospira among humans according to rodent control 

program (P<0.05) 

 

Figure No. 4.31: Seroprevalence of Leptospira among humans according to usage of 

PPE (P<0.05) 
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Finally, multiple logistic regression was applied to analyze the effect of risk factors on the risk of 

leptospiral seroprevalence. This procedure reports the OR after adjusting for other risk factors, 

hence removing any biases associated with confounding factors. Table 4.4 shows the 

multivariate analysis of potential risk factors, after adjusting all other factors. Only six variables, 

age, gender, water usage, disinfected of surroundings and belongings, history of cut or wound 

and exposure to flooding were found to be  associated with the seropositivity to Leptospira. 

People exposed to flooding water had 6.04 times the odds of being seropositive as compared to 

people not exposed to floods, after adjusting the effects of age, gender, type of water usage, 

disinfection of surroundings and history of cut or wound. Moreover, people having history of 

wound or cut had significantly higher odds of being seropositive than those having no such 

lesions. 

Table 4.4. Multivariable logistic regression analysis of Leptospira seropositivity and 

potential risk factors 

Variable Variable description 
OR 

(95% CI)* 
P value 

Age 

< 18 years - 

0.000 19 to 50 years 2.77 (1.09-7.03) 

More than 50 years 0.17 (0.06-0.51) 

Gender  
Male  5.51 (2.38-12.72) 

0.000 
Female  - 

Flooding 
Yes 6.04 (2.83-14.61) 

0.000 
No - 

Water usage Govt. 0.47 (0.18-1.18) 0.000 
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Water reservoir 5.71 (2.33-13.94) 

Bore - 

Disinfection of area 

and belongings 

Once in 7 days - 

0.000 Once in 14 days 2.82 (1.05-7.88) 

Once in 28 days 7.63 (318-19.65) 

History of wound 
Yes 6.43 (2.83-14.61) 

0.000 
No - 

*OR, Odds ratio; CI, confidence interval 

 

4.3.EXPERIMENT NO. 3 

Molecular characterization of Leptospira strains in Pakistan  

 This experiment was designed for molecular detection of Leptospira by exploring the 

whole blood samples of ELISA positive horses from experiment no. 1. For this purpose, 65 

whole blood samples, collected in EDTA coated vacutainers were processed for extraction of 

genomic DNA, PCR, purification of PCR products, sequencing and phylogenetic analysis. Out of 

65 tested samples, 20 (30.76%) samples were found to have leptospiral DNA. Primers designed 

for leptospiral16S rRNA amplified 265bp lengthy fragment of leptospiral DNA, revealing 306bp 

length fragment after gel electrophoresis (Figure No. 4.32). PCR product was purified by gel 

extraction method and sequencing was performed to detect the circulating Leptospira in horses 

in Pakistan. Blast sequence analysis of the sequences recorded in this study showed 100% 

resemblance with Leptospira interrogans serovar Icterohaemorrhagicae and serovar Australis, 

revealing the circulation of pathogenic Leptospira in Pakistan. 
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Figure No. 4.32. Agarose gel electrophoresis of PCR analysis products for 16S rRNA 

(pathogenic Leptospira, 306bp). Line 1: DNA ladder (1Kb), Line 2: negative sample, Line 3: 

Positive sample (306bp). 

Phylogenetic tree (Figure No..4.33) revealed L. interrogans from our study was closely related to 

sequences reported from India, another neighboring country of Pakistan. Dendogram showed 

samples studied in this experiment and already reported sequences of intermediate species lie in 

different clades, providing no evidence of circulation of intermediate Leptospira species in 

Pakistan. This analysis depicted that L. interrogans is the prevalent pathogenic species in this 

region and targeting 16S rRNA can be basis of leptospiral detection in Pakistan. 

 

 

 

 

1 3 2 

306bp 
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Figure No. 4.33: Maximum likelihood phylogenetic tree based on the nucleotide sequence of 
Leptospira spp. 16S rRNA in horses. Dendogram was constructed with 1000 replication 
using MEGA 6.0 software. Highlighted are the sequences determined in this study. 
Genebank accession no.s of already reported strains are shown in parenthesis. 
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4.4. EXPERIMENT NO. 4 
Therapeutic trial of equine leptospirosis 
 This experiment was designed to evaluate the clinico-pathological changes in Leptospira 

positive horses and to record the changes in clinico-pathology of horses after treatment with 

ampicillin and adhatoda vasica (AV). 

Table 4.5 shows erythrocyte count of all the three groups in experiment at day 0 (pre-treatment), 

7, 21 and 35 (post-treatment). When compared within group, RBCs were lower significantly 

(P<0.05) due to leptospiral infection at day 0 in group A and B. However after the treatment, 

significant increase (P<0.05) was observed at day 7, 21 and 35 in both treatment groups 

whereas, no significant change (P>0.05) was recorded within control group during experiment. 

When compared between groups, ampicillin treated group had significantly higher values 

(P<0.05) than AV treated group on day 7 and 21, furthermore on day 35, no significant 

difference (P>0.05) was seen between treatment and control groups, as shown in figure No. 

4.32. 

Table 4.5: RBCs count (ˆ12/L) in horses of ampicillin treated, AV treated and control 

group at day 0 (pre-treatment), 7, 21 and 35 (post-treatment). 

Days 0 7 21 35 

Ampicillin  3.24±03A,a 4.21±0.01B,b 5.34±0.02B,c 5.93±0.03B,d 

Adhatoda Vasica 3.22±0.03A,a 4.07±0.03A,b 5.12±0.03A,c 5.77±0.02A,d 

Control 5.85±0.04B 5.85±0.03C 5.85±0.03C 5.82±0.03AB 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.34: Trends in RBC`s count before and after treatment in  experimental groups 

 

Table 4.6 shows haemoglobin concentration of experimental groups before and after treatment. 

When compared within group, Hb concentration was significantly lower (P<0.05) during 

infection at day 0. However, significant increase (P<0.05) was observed after treatment in both 

treatment groups whereas, no significant change (P>0.05) was recorded within control group. 

When compared between groups, ampicillin treated group had significantly higher values 

(P<0.05) than AV treated group on day 7 and 21, furthermore on day 35, no significant 

difference (P>0.05) was found between ampicillin treated and control groups, while AV treated 

group had significantly lower values (P<0.05) than group A and C (Figure No. 4.35). 
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Table 4.6: Hb count (g/dl) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  7.26±0.02A,a 7.97±0.35B,b 10.53±0.03B,c 12.04±0.03B,d 

Adhatoda Vasica 7.19±0.02A,a 7.83±0.03A,b 9.32±0.03A,c 11.81±0.03A,d 

Control 11.84±0.03B 11.86±0.39C 11.85±0.03C 11.91±0.04B 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05 

 

Figure No. 4.35: Trends in Hb concentration before and after treatment in all the 
experimental groups 
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Table 4.7 shows PCV before treatment and at  7th, 21st and 35th day after treatment. When 

compared within group, PCV was significantly lower (P<0.05) due to infection at day 0. 

However after the treatment, significant increase (P<0.05) was seen at day 7, 21 and 35 in 

treatment groups whereas, no significant alteration (P<0.05) was observed within control group. 

When compared between groups, ampicillin treated group had significantly higher values 

(P<0.05) than AV treated group on day 7 and 21, while on day 35, no significant difference 

(P<0.05) was recorded between ampicillin treated and control groups. AV treated group had 

statistically significant lower (P<0.05) PCV on day 35 as compared to ampicillin and control 

groups. 

Table 4.7: PCV (%) in horses of ampicillin treated, AV treated and control group at day 0 

(pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  24.59±0.03A,a 28.31±0.03B,b 34.58±0.03B,c 37.90±0.03B,d 

Adhatoda Vasica 24.54±0.04A,a 26.37±0.03A,b 31.37±0.03A,c 36.88±0.03A,d 

Control 37.71±0.03B 37.71±0.04C 37.88±0.02C 37.82±0.05B 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.36: Trends in PCV before and after treatment in all the experimental groups 

 

Table 4.8 shows MCV of horses from all the three groups at day 0 (pre-treatment), 7, 21 and 35 

(post-treatment). When compared within group, MCV was recorded significantly higher 

(P<0.05) due to leptospirosis before treatment. However after the treatment, significant decrease 

(P<0.05) was observed at day 7, 21 and 35 in both treatment groups whereas, no significant 

change (P<0.05) was recorded within control group during experiment. 

When compared between groups, ampicillin treated group had statistically significant lower 

values (P<0.05) than AV treated group on day 7 and 21 and 35, furthermore on day 35, 

significant difference (P<0.05) was recorded between treatment and control groups. 
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Table 4.8: MCV (fl) in horses of ampicillin treated, AV treated and control group at day 0 

(pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  58.44±0.03B,d 55.62±0.03B,c 48.77±0.05B,b 41.67±0.03B,a 

Adhatoda Vasica 58.39±0.03B,d 57.81±0.05C,c 50.31±0.04C,b 43.21±0.04C,a 

Control 41.39±0.04A 41.42±0.03A 41.49±0.03A 41.51±0.04A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05 

 

 

 

Figure No. 4.37: Trends in MCV before and after treatment in experimental groups 
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due to infection at day 0. However after the treatment, significant decrease (P<0.05) was 

recorded at day 7, 21 and 35 in both treatment groups whereas no significant change (P<0.05) 

was observed within control group during experiment. 

When compared between groups, ampicillin treated group had lower values (P<0.05) than AV 

treated group on day 21, furthermore on day 35, significant difference (P<0.05) was recorded 

between ampicillin treated and control groups. 

Table 4.9: MCH (fl) in horses of ampicillin treated, AV treated and control group at day 0 

(pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  23.71±0.03B,d 22.09±0.04B,c 16.43±0.03B,b 15.23±0.03A,a 

Adhatoda Vasica 23.74±0.03B,d 22.31±0.04C,c 18.34±0.03C,b 15.99±0.04B,a 

Control 15.12±0.3A 15.15±0.03A 15.23±0.04A 15.19±0.04A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.38: Trends in MCH before and after treatment in experimental groups 

 

Table 4.10 shows MCHC before and after treatment. When compared within group, MCHC had 

significant lower values (P<0.05) due to leptospiral infection before treatment. However in 

response to treatment, MCHC increased significantly (P<0.05) at day 7, 21 and 35 in both 

treatment groups whereas, no significant change (P<0.05) was seen within control group during 

experiment. 

When compared between groups, ampicillin treated group had significantly higher values 

(P<0.05) than AV treated group at day 7, and 21, furthermore on day 35, significant difference 

(P<0.05) was found among treatment and control groups. 
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Table 4.10: MCHC (g/l) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  25.09±0.033A,a 29.13±0.03B,b 33.78±0.03B,c 36.24±0.04B,d 

Adhatoda Vasica 25.18±0.04A,a 27.31±0.04A,b 31.47±0.03A,c 35.19±0.03A,d 

Control 36.19±0.03B 36.39±0.03C 36.71±0.04C 36.51±0.03C 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05 

 

 

Figure No. 4.39: Trends in MCHC before and after treatment in experimental groups 
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Table 4.11 shows mean RDW of all three groups in experiment at day 0 (before treatment), 7, 21 

and 35 (after treatment). RDW was significantly higher (P<0.05) due to infection at day 0. 

However, when given treatment, significant decrease (P<0.05) was observed at day 7, 21 and 35 

in both treatment groups whereas, no significant difference (P<0.05) was recorded within control 

group during experiment. 

When compared between groups, ampicillin treated group had lower values (P<0.05) than AV 

treated group on day 7, 21 and 35, furthermore on day 35, significant difference (P<0.05) was 

found between treatment and control groups. 

Table 4.11: RDW (%cv) in horses of ampicillin treated, AV treated and control group at 

days 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  27.01±0.03B,d 25.19±0.03B,c 23.67±0.04B,b 20.25±0.03B,a 

Adhatoda Vasica 27.04±0.03B,d 26.34±0.04A,c 24.31±0.04C,b 21.29±0.03C,a 

Control 19.32±0.04A 19.33±0.03A 19.42±0.03A 19.42±0.04A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.40: Trends in RDW before and after treatment in experimental groups 
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Table 4.12: TLC (10^9/l) in horses of ampicillin treated, AV treated and control group at 

days 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  14.39±0.04B,d 12.67±0.03B,c 12.07±0.03B,b 11.88±0.04C,a 

Adhatoda Vasica 14.33±0.03B,d 13.71±0.04C,c 12.11±0.03B,b 10.72±0.04B,a 

Control 7.21±0.03A 7.22±0.04A 7.22±0.03A 7.23±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No. 4.41: Trends in TLC before and after treatment in experimental groups 
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Table 4.13 shows mean neutrophils percentage of treatment and control groups at day 0 (pre-

treatment), 7, 21 and 35 (post-treatment). When compared within group, neutrophils percentage 

was significantly higher (P<0.05) during leptospirosis. However, when treatment was given, 

significant decrease (P<0.05) was recorded at day 7 and onward in both treatment groups 

whereas, no such significant change (P<0.05) was noticed within control group. 

When compared between groups, ampicillin treated group had significantly higher (P<0.05) 

values than AV treated group on day 7, while significant lower value (P<0.05) on day 21, 

furthermore on day 35, significant difference (P<0.05)was noticed among both treatment and 

control groups. 

Table 4.13: Neutrophils (%) in horses of ampicillin treated, AV treated and control group 

at day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  57.29±0.04B,d 54.31±0.41B,c 47.32±0.03B,b 42.19±0.04B,a 

Adhatoda Vasica 57.25±0.04B,d 52.99±0.03C,c 49.31±0.03C,b 44.27±0.04C,a 

Control 41.76±0.04A 41.69±0.03A 41.84±0.03A 41.76±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

Table 4.14 shows mean basophils percentage in treatment and control groups, before and after 

treatment. Statistical comparison within group revealed significantly higher (P<0.05) values at 
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day 0. However, when treated, significant decrease (P<0.05) was seen at day 7 and 21 treatment 

groups whereas, no significant difference (P<0.05) was recorded within control group during 

this period. 

When compared between groups, no significant difference was observed between treated groups 

at day 7, while ampicillin treated group had significantly lower values (P<0.05) than AV treated 

group on day 21. On day 35, no significant difference (P<0.05) was recorded between treatment 

and control groups. 

Table 4.14: Basophils (%) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  1.08±0.03B,d 0.95±0.04B,c 0.61±0.03B,b 0.43±0.03A,a 

Adhatoda Vasica 1.15±0.02B,c 1.01±0.03B,c 0.73±0.03C,b 0.47±0.03A,a 

Control 0.36±0.03A 0.34±0.03A 0.37±0.03A 0.37±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

Table 4.15 shows mean eosinophils percentage of horse in of all three groups in experiment 

during disease and treatment. When compared within group, statistically higher (P<0.05) 

basophils percentage was recorded before treatment. However, after the treatment, significant 

decrease (P<0.05) was observed at day 7, 21 and 35 in both treatment groups while, no such 

significant alteration (P<0.05) was recorded within control group. 
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Statistical analysis between groups showed that  ampicillin treated group had significant lower 

values (P<0.05) than AV treated group on day 7 and 21. On day 35, significant difference 

(P<0.05) was recorded among treatment and control groups, with lowest eosinophils percentage 

in control group, followed by ampicillin treated group and AV treated group. 

Table 4.15: Eosinophils (%) in horses of ampicillin treated, AV treated and control group 

at day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  21.55±0.04B,d 18.97±0.03B,c 14.92±0.04B,b 12.62±0.03B,a 

Adhatoda Vasica 21.42±0.03B,d 20.21±0.04C,c 15.31±0.04C,b 13.71±0.03C,a 

Control 11.19±0.08A 11.15±0.07A 11.24±0.03A 11.24±0.02A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

Table 4.16 shows mean value of lymphocytes percentage for all the groups in experiment at day 

0 (before treatment), 7, 21 and 35 (after treatment). When compared within group, lymphocytes 

were also significantly higher (P<0.05) like other leukocytes during leptospirosis. However, 

treatment caused significant decrease (P<0.05) at day 7 and 21. No statistically significant 

(P<0.05) alteration was observed within control group. 

Comparison between groups revealed significantly lower (P<0.05) lymphocyte percentage in 

ampicillin treated group at day 7, 21 and 35. On day 35, significant difference (P<0.05) was seen 
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between treatment and control groups, with highest values in ampicillin treated group, followed 

by AV treated group and lower in control group. 

Table 4.16: Lymphocytes (%) in horses of ampicillin treated, AV treated and control group 

at day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  64.79±0.03B,d 56.17±0.04B,c 54.31±0.08B,b 53.19±0.04C,a 

Adhatoda Vasica 64.84±0.04B,d 60.31±0.03C,c 56.94±0.04C,b 50.42±0.03B,a 

Control 45.59±0.03A 45.61±0.03A 45.56±0.03A 45.73±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

Table 4.17 shows mean monocytes percentage of horses in all the three groups at day 0 (Pre-

treatment), 7, 21 and 35 (post-treatment). When compared within group, lymphocytes were 

significantly higher (P<0.05) due to leptospiral  infection at day 0. However, after the treatment, 

significant decrease (P<0.05) was recorded at day 7, 21 and 35 in both the treatment groups 

whereas, no such change (P<0.05) was recorded within control group during experiment. 

Statistical comparison between groups showed significant lower values (P<0.05) at day 7, and 

higher values at day 21 and 35 in ampicillin treated group than AV treated group. While, on day 

35, significant difference (P<0.05) was recorded among treatment and control groups with 

highest value in ampicillin treated group, followed by AV treated group and lowest in control 

group. 
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Table 4.17:Monocytes (%) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  4.34±0.03B,d 3.51±0.04B,c 2.25±0.03B,b 1.97±0.04C,a 

Adhatoda Vasica 4.31±0.04B,d 3.67±0.03C,c 2.16±0.04B,b 1.83±0.03B,a 

Control 1.21±0.03A 1.24±0.02A 1.29±0.03A 1.24±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

Table 4.18 shows platelets count of before and after treatment. When compared within group, 

platelets were significantly lower (P<0.05) during infection. However, treatment induced 

significant increase (P<0.05) at day 21 in both treatment groups whereas, no significant change 

(P<0.05) was recorded within control group during experiment. 

When compared between groups, ampicillin treated group had statistically non significant higher 

values than AV treated group on day 21 and 35. On day 35,  treatment and control groups had no 

significant difference (P<0.05). 
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Table 4.18: Platelets count (ˆ12/L) in horses of ampicillin treated, AV treated and control 

group at day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  145.19±3.85A,a 153.24±4.41A,a 171.83±6.15A,b 178.84±7.16A,b 

Adhatoda Vasica 145.12±3.86A,a 148.23±5.48A,a 169.32±6.42A,b 175.47±5.05A,b 

Control 185.92±6.88B 184.82±7.06B 186.62±6.83A 185.76±6.51A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

Figure No. 4.42: Trends in platelets count before and after treatment in experimental 
groups 
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treatment, significant decrease (P<0.05) was observed at day 21 and 35 in both ampicillin and 

AV treated groups whereas, no such change (P<0.05) was recorded within control group. When 

compared between groups, ampicillin treated group had non-significant lower values than AV 

treated group on day 7 and 21, while on day 35, no significant difference (P<0.05)was recorded 

among all three experimental groups. 

 

Table 4.19: ALT (U/L) in horses of ampicillin treated, AV treated and control group at day 

0 (pre-tretment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  33.65±0.92B,b 31.57±0.91B,b 27.21±0.76AB,a 25.89±0.46A,a 

Adhatoda Vasica 33.59±0.75B,c 32.41±0.69B,c 29.34±0.89B,b 26.71±0.63A,a 

Control 25.35±0.52A 25.29±0.55A 25.44±0.50A 25.37±0.50A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.43: Trends in ALT before and after treatment in experimental groups 
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Table 4.20: AST (U/L) in horses of ampicillin treated, AV treated and control group at day 

0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  33.65±0.92B,b 31.57±0.91B,b 27.21±0.76AB,a 25.89±0.46A,a 

Adhatoda Vasica 33.59±0.75B,c 32.41±0.69B,c 29.34±0.89B,b 26.71±0.63A,a 

Control 25.35±0.52A 25.29±0.55A 25.44±0.50A 25.37±0.50A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No. 4.44: Trends in AST before and after treatment in experimental groups 
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Table 4.21 shows mean values of serum ALP in experimental groups at day 0 (before treatment), 

7, 21 and 35 (after treatment). Statistical analysis within group showed significantly higher 

(P<0.05) values of serum ALP concentration at day 0, which decreased significantly (P<0.05) 

after treatment at day 7, 21 and 35 in both treatment groups. Whereas, no such statistical 

difference (P<0.05) was noticed within control group. 

Statistical comparison between groups showed no significant difference between  ampicillin 

treated group and  AV treated group on day 7, 21 and 35, while no significant difference 

(P<0.05) was recorded between treatment and control groups on 35th day. 

Table 4.21: ALP (U/L) in horses of ampicillin treated, AV treated and control group at 

days 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  552.29±4.39B,d 539.24±3.57B,c 520.31±2.64B,b 497.41±3.64A,a 

Adhatoda Vasica 551.89±4.15B,c 545.30±2.64B,c 527.38±2.46B,b 501.11±5.60A,a 

Control 492.28±2.44A 492.21±2.35A 492.35±2.37A 492.37±2.36A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.45: Trends in ALP before and after treatment in experimental groups 
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Table 4.22: CK (U/L) in horses of ampicillin treated, AV treated and control group at day 0 

(pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  178.18±2.20B,d 168.27±2.20B,c 143.32±2.25B,b 129.86±2.08A,a 

Adhatoda Vasica 178.22±2.00B,c 171.56±2.96B,c 149.58±2.18B,b 132.12±2.44A,a 

Control 127.61±2.92A 127.58±2.97A 127.59±2.94A 127.55±2.95A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No. 4.46: Trends in CK before and after treatment in experimental groups 
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Table 4.23 shows mean values of serum TB level in experimental groups at day 0 (pre-

treatment), 7, 21 and 35 (post-treatment). Statistical analysis within a group revealed 

significantly higher (P<0.05) values of TB level at day 0. However, significant decrease 

(P<0.05) was observed 21 and 35 in both treatment groups. No statistical significant difference 

(P<0.05) was observed within control group. 

When compared between groups, ampicillin treated group had significant lower values (P<0.05) 

than AV treated group at day 21. Furthermore on day 35, no significant difference (P>0.05) was 

recorded among treatment and control groups 

Table 4.23: TB (mg/dl) in horses of ampicillin treated, AV treated and control group at 

days 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  1.29±0.04B,b 1.23±0.06B,b 0.95±0.04A,a 0.93±0.04A,a 

Adhatoda Vasica 1.32±0.03B,b 1.29±0.04B,b 1.12±0.03B,a 1.03±0.03A,a 

Control 0.83±0.04A 0.82±0.03A 0.89±0.02A 0.83±0.04A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No.4.47: Trends in TB before and after treatment in experimental groups 
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(P<0.05) change was recorded within control group. 
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Table 4.24: BUN(mg/dl) in horses of ampicillin treated, AV treated and control group at 

days 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  37.38±0.54B,d 34.81±0.52B,c 32.83±0.57B,b 29.98±0.66A,a 

Adhatoda Vasica 37.31±0.48B,c 35.72±0.64B,c 33.23±0.93B,b 31.02±0.73A,a 

Control 29.15±0.90A 29.24±1.10A 29.34±1.00A 29.38±0.67A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No.4.48: Trends in BUN before and after treatment in experimental groups 
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Table 4.25 shows mean values of serum creatinine level before and after treatment. Comparison 

within group showed significantly higher values (P<0.05) during infection at day 0. While, when 

given treatment, significant decrease (P<0.05) was recorded at day 7, 21 and 35 in both 

treatment groups. No such significant difference (P<0.05) was observed within control group 

during experiment. 

When compared between groups, no significant difference (P<0.05) was found between 

treatment groups at day 7, 21 and 35. On day 35, all three groups had statistically non-significant  

(P>0.05) values. 

Table 4.25: Ceatinine (mg/dl) in horses of ampicillin treated, AV treated and control group 

at day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  1.94±0.04B,d 1.69±0.04B,c 1.42±0.04B,b 1.24±0.03AB,a 

Adhatoda Vasica 1.91±0.03B,d 1.71±0.05B,c 1.53±0.04B,b 1.34±0.03B,a 

Control 1.19±0.03A 1.16±0.03A 1.23±0.04A 1.16±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No.4.49: Trends in creatinine before and after treatment in experimental groups 
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Table 4.26: Na (mmol/l) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  99.15±0.61A,a 111.32±1.00B,b 127.91±1.35B,c 136.21±0.46A,d 

Adhatoda Vasica 98.17±0.78A,a 105.31±1.14A,b 115.19±0.79A,c 128.34±0.46A,d 

Control 137.76±0.72B 136.32±0.81C 138.11±0.64C 137.89±0.61C 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

Figure No. 4.50: Trends in serum Na concentration before and after treatment in 
experimental groups 
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Table 4.27 serum potassium (K) concentration in horses of all experimental groups before and 

after treatment. When compared within group, serum K level was significantly lower (P<0.05) 

prior to treatment at day 0. However when treated, significant increase (P<0.05) was observed at 

day 7, 21 and 35 in both treatment groups whereas, no statistically significant difference 

(P<0.05) was observed within control group. 

Statistical analysis between groups showed significant higher values (P<0.05) in ampicillin 

treated than AV treated group at 21st day. On day 35, no significant difference (P<0.05) was 

seen between ampicillin treated and control group, while AV treated group had significantly 

lower values (P<0.05) than control group.  

Table 4.27: K (mmol/l) in horses of ampicillin treated, AV treated and control group at day 

0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  2.07±0.04A,a 2.93±0.04A,b 3.93±0.04B,c 4.02±0.03AB,c 

Adhatoda Vasica 2.38±0.05A,a 2.86±0.06A,b 3.75±0.06A,c 3.91±0.05A,c 

Control 4.10±0.06B 4.04±0.06B 4.06±0.05B 4.11±0.05B 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.51: Trends in serum K concentration before and after treatment in 
experimental groups 
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Table 4.28: Ca (mmol/l) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  2.49±0.02A,a 2.63±0.03A,b 2.95±0.31B,c 3.11±0.03B,d 

Adhatoda Vasica 2.48±0.02A,a 2.66±0.02A,b 2.91±0.02A,c 3.03±0.02A,d 

Control 3.14±0.01B 3.13±0.02B 3.12±0.02C 3.11±0.02B 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No. 4.52: Trends in serum Ca concentration before and after treatment in 
experimental groups 
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Table 4.29 shows mean serum magnesium (Mg) level of animals in at day 0 (pre-treatment), 7, 

21 and 35 (post-treatment). Comparison within group showed that serum Mg level was 

significantly lower (P<0.05) at day 0. However when treatment was given, significant increase 

(P<0.05) was observed at day 7, 21 and 35 in ampicillin treated group. AV treated group 

experienced significant increase at day 21 after treatment. No significant change (P<0.05) was 

recorded within control group during experiment. 

When compared between groups, no significant difference (P<0.05) was found between 

treatment groups at day 7 and 21. On day 35, no significant difference was seen among treatment 

and control groups. 

Table 4.29: Mg (mmol/l) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  0.38±0.03A,a 0.52±0.03A,b 0.67±0.03AB,c 0.75±0.03A,c 

Adhatoda Vasica 0.35±0.03A,a 0.44±0.04A,a 0.64±0.03A,b 0.69±0.03A,b 

Control 0.740±0.05B 0.71±0.03B 0.78±0.05B 0.74±0.03A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.53: Trends in serum Mg concentration before and after treatment in 
experimental groups 
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Table 4.30: P (mmol/l) in horses of ampicillin treated, AV treated and control group at day 

0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  0.57±0.02A,a 0.69±0.03A,a 0.93±0.04A,b 1.07±0.03AB,c 

Adhatoda Vasica 0.65±0.03A,a 0.73±0.03A,a 0.91±0.04A,b 0.97±0.03A,b 

Control 1.11±0.04B 1.07±0.04B 1.15±0.04B 1.12±0.04B 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No. 4.54: Trends in serum P concentration before and after treatment in 
experimental groups 
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Table 4.31 shows mean serum copper (Cu) concentration of horses in experimental group before 

and after treatment. When compared within group, serum Cu level was significantly lower 

(P<0.05) before treatment and when treatment was given, statistically significant increase 

(P<0.05) was observed at day 21 and 35 in both treatment groups whereas, no significant change 

(P<0.05) was recorded within control group during experiment. 

Comparison between groups revealed that both treatment groups had non-significant difference 

at day 7, 21 and 35. No statistical difference (P<0.05) was found between treatment and control 

groups after treatment on day 35. 

Table 4.31: Cu (mmol/l) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  11.21±0.55A,a 13.55±0.62A,b 16.21±0.62A,c 18.31±0.59A,d 

Adhatoda Vasica 11.37±0.60A,a 13.51±0.58A,b 15.78±0.62A,c 18.03±0.61A,d 

Control 18.43±0.44B 18.41±0.42B 18.93±1.04B 18.38±1.10A 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 
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Figure No. 4.55: Trends in serum Cu concentration before and after treatment in 
experimental groups 
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Table 4.32: Zn (mmol/l) in horses of ampicillin treated, AV treated and control group at 

day 0 (pre-treatment), 7, 21 and 35 (post-treatment) 

Days 0 7 21 35 

Ampicillin  7.18±0.25A,a 8.15±0.23A,b 12.99±0.28B,c 14.01±0.24A,d 

Adhatoda Vasica 7.28±0.19A,a 8.31±0.19A,b 11.47±0.17A,c 13.51±0.16A,d 

Control 14.07±0.26B 14.14±0.25B 14.11±0.22C 14.12±0.22B 

Significance is indicated by superscripts a-c within a group and A-C between groups. 
Differences are considered significant at p-value <0.05. 

 

 

Figure No. 4.56: Trends in serum Zn concentration before and after treatment in 
experimental groups 
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Results of ELISA conducted after 90 days of initial screening and treatment showed significant 

difference in number of recovered animals in both the groups. Table 4.33 shows that ampicillin 

recovered 58.33% of animals while AV was successful in 41.66% of subjects which shows efficacy 

of both the drugs for equine leptospirosis with ampicillin having better effect. 

Table 4.33. Efficacy Of Ampicillin and Adhatoda Vasica Against Equine Leptospirosis 

 

 

 

 

 

 

Group Positive Negative Percentage 
(%) 

Ampicillin 7 5 58.33 

Adhatoda Vasica 5 7 41.66 
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Chapter: 5 
DISCUSSION 

 

5.1. EXPERIMENT NO. 1 

Seroepidemiology of Leptospirosis in horses 

 The present  study was the first ever study on seroprevalence of Leptospira in horses in 3 

distinct ecological zones of Punjab province of Pakistan. Results of present study demonstrated a 

significant difference in seroprevalence of Leptospira in horses of Rawalpindi, Lahore and 

Bahawalpur regions. In Bahawalpur, the lowest seroprevalence of Leptospira was recorded 

where the average annual rainfall is lowest than Lahore and Rawalpindi. On the other hand, the 

highest seroprevalence of Leptospira was observed in Rawalpindi that also had highest average 

annual rainfall. Leptospira is a waterborne pathogen, that can be associated with the rainfall in 

the area which is evident from this study. Filho et al. (2014) also reported lowest prevalence of 

Leptospira in Alagoa that had lowest rainfall. Similarly, the results of present study are also 

congruent with those of Odontsetseg et al. (2005), who reported higher prevalence in humid 

environments than in dry areas. Moreover, Finger et al. (2014) observed a positive correlation 

between rainfall and Leptospira seropositivity. .According to Srivastava et al. (2008) rainy 

season favor the occurrence of Leptospira because it has the capability to survive in the stagnant 

water, ponds, and slow moving streams for a long time. Likewise, outdoor reared pigs exhibited 

increased OR values for the leptospiral seroprevalence, with every extra millimeter of rainfall 

(Boqvist et al. 2012). Saleem et al. (2013a) also reported peak prevalence of canine Leptospira 

in Lahore during high rainfall period. Boqvist et al. (2012) reported that different climatic zones 

hold significant potential for the variable seropositivity of Leptospira in mammals. Another 

study showed an increase in leptospiral seroprevalence in human population with increasing 
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precipitation (drizzle, rain, snow, hail) (Coelho et al. 2012), which is coherent with the results of 

present study. All these evidences support clear variation in Leptospira seroprevalence according 

to variation in climatic conditions with special emphasis on rainfall in the area. Significant 

(P<0.05) association was found between the sex of horse and seroprevalenceof Leptospira and 

so was reported by Dashliboron et al. (2013) and Langoni et al. (2004), due to herd management. 

This study revealed that animals living and working in rural areas had higher seroprevalence for 

Leptospira compared to the animals of urban areas. Similar results were reported by Filho et al. 

(2013) due to exposure and contact of horses with other livestock and wild animals in the 

vicinity. Another factor responsible for higher seroprevalence in rural areas was the quality of 

water and sewerage system. In Pakistan, 90% of rural population is deprived of safe water, and 

due to poor sanitary conditions and open latrines, sewerage water drains into water reservoirs 

(Qasim et al. 2014). Therefore, waterborne diseases are commonly reported in rural areas of 

Pakistan (Batool et al. 2015). Equine leptospiral seroprevalence was highest when water source 

for daily water usage was nearby water reservoirs which was shared by multiple species of 

livestock for bathing and drinking and was the main source for seropositivity due to 

contamination with urine of animals carrying Leptospira (Martins et al. 2014; Turk et al. 2013). 

In multivariate analysis, after adjusting all other factors, hay feeding throughout the year, age of 

the animal, exposure to floods, access of other livestock animals to feed and water reservoirs, 

and usage of animals were the factors which influenced the risk of leptospiral seroprevalence in 

horses. Age and usage of animal imparted positive impact on seroprevalence of Leptospira. Hay 

feeding was not found as risk factors as it is dry feed and may not facilitate growth or survival of 

Leptopsira that needs warm and humid environment for survival (Tilahun et al. 2013). Exposure 

to floods was found not to be a risk factor in multivariate analysis, for the occurrence of 
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leptospiral seroprevalence in study area, unlike reported in previous studies (Verma et al. 2013; 

Finger et al. 2014; Filho et al. 2013; Turk et al. 2013). Access of other animals to feed and water 

reservoirs was not a risk factor for the leptospiral seropositivity for the region because livestock 

animals are a source of income for the residents of region and hence receive better care and 

management (Shahzad et al. 2013). During risk factor analysis, horses with older age were found 

to be at the lowest risk of catching Leptospira, as compared to younger horses. These results are 

in parallel to those of Leon et al. (2006), who reported higher prevalence in very young animals. 

Mostly foals are not fed colostrum in Punjab, which deprives them of the required immunity and 

they are invaded more readily. Lower seroprevalence of Leptospira in older animals could be 

due to the reason that older animals have greater exposure and re-exposure to infectious agent 

resulting in immunity against Leptospira (Dashliboron et al. 2013; Filho et al. 2013; Perkins and 

Wagner, 2015; Toro et al. 2013). Leptospiral seroprevalence was maximum in horses of age 3 to 

9 years in current study which was also reported by Dashliboron et al. (2013), and this might be 

because maximum working activities are performed by animals during this age in this region and 

they are exposed to the infectious agent and other potential risk factors up to maximum. We 

found a linear relationship between age and risk of leptospirosis seropositivity. Multivariate 

analysis tells that the odds of being seropositive increase 1.5 times from one age group to next. 

The sole purpose of animal rearing turned out to be a significant (P<0.05) risk factor in the 

present study. Animals kept for draught purpose catch organism more readily than the animals 

reared for breeding or sports like racing or polo. This was also stated by Langoni et al. (2004) 

and Baverud et al. (2009) because working, breeding, and sports horses experience different 

management practices which make them variably exposed to infectious agents. Working horses 
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are frequently engaged in outdoor activities experiencing different infections (Broster et al. 

2009). 

This debut study on serology of equine leptospirosis provides quantitative evidence supporting 

exposure of a significant proportion of equine population to leptospirosis over time. Climatic 

differences among various regions translate top variability in prevalence, but risk factors are 

equally important. The study highlights the role of equine husbandry in the risk of leptospiral 

seropositivity as many of the risk factors are related to the environment of equines. 

5.2. EXPERIMENT NO. 2 

Seroepidemiology of Leptospirosis in humans 

 This study was the first of its kind in Pakistan reporting leptospiral seroprevalence in 

human population of urban and rural areas of three climatically distinct regions. Our results 

showed seroprevalence of Leptospira to be statistically different among these areas. The highest 

seroprevalence was observed in Rawalpindi, having highest average rainfall and the  highest 

elevation from sea level. Bahalwapur having hot and dry climate with lowest average annual 

rainfall, had the lowest seroprevalence among other regions. As discussed in section 1, all the 

study areas have different altitude which is one of the most important geographic factor 

influencing changes in temperature and moisture (Tajeda et al. 2013), and so was the status of 

Leptospira in study areas as Leptospira is water and temperature dependent spirochete (Sumanta 

et al. 2015b). According to Punjab Meteorological Department, higher altitudes experienced 

larger wet deposition and higher rainfalls which fuels the propagation of water born Leptospira. 

Numerous recent reports have cited an increase in occurrence of leptospiral seropositivity in 

individuals living in areas with a high average precipitation level; moreover, for every additional 

20 mm of precipitation, there is a non-linear increase of 31.5% in the hospital admission cases 
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for leptospirosis (Coelho et al. 2012). Previous studies reported positive association of humidity 

and temperature with seroprevalence, areas with higher temperature and humidity experienced 

higher seroprevalence of Leptospira (Saleem et al. 2013a; Hinjoy et al. 2014), as discussed in 

section 5.1.  

Age of human beings was found significantly associated with seroprevalence of 

Leptospira. In this study, individuals of 18 to 49 years of age had highest seroprevalence rate due 

to the socioeconomic conditions prevailing in Pakistan that aid the higher exposure rate among 

people of this age group. Also this age group in the study areas is considered as working age 

group for male individuals (Ali et al. 2013). Moreover this might be due to the fact that young 

and the elderly people are given better care when it comes to the working environment and 

nature of work done by them, thus decreasing the exposure to risk factors. Highest 

seroprevalence was also reported in productive age bracket (21-40 years) (Saleem et al. 2013b; 

Villagomez et al. 2015), which is in line with the findings of this study as same age bracket is 

considered productive age in study areas. In one study, highest prevalence was reported in 13 to 

85 years of individuals (Garvey et al. 2014). During current study, males were found to be more 

at risk of having leptospiral seropositivity as compared to female population. Similar results were 

reported in males of the same study area as males were more involved in outdoor activities which 

increased the occurrence of disease in them because of exposure to associated risk factors 

(Saleem et al. 2013b). Moreover, females had better personal hygiene, which significantly 

reduced the risk of seropositivity as compared to males (Himani et al. 2013). Previous 

publications reported higher prevalence in males in study groups (Garvey et al. 2014), which is 

in line with the findings of this study. Differences in health seeking behavior also contributes to 

the difference in seroprevalence of Leptospira in males and females (Goris et al. 2013).  
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Residential and occupational area status were recorded as risk factors. This might be due 

to the rural population being more involved in agriculture activities (Tilahun et al. 2013; Riasat 

et al., 2014), and are more exposed to rodents (Hinjoy et al. 2014), as agriculture and animal 

related activities are the main occupation in rural areas of Pakistan (Khan et al. 2013). Current 

results are in line with the previous published studies (Kim et al. 2013; Poeppl et al. 2013; 

Padma et al. 2014; Sharma et al. 2014). Among other factors, as mentioned in section 1, the poor 

quality of water and open sewerage systems in rural areas may promote the occurrence of 

different microbial infections (Qasim et al. 2014; Batool et al. 2015). Like previous reports, 

flooding and water sports were found strongly associated with elevated seroprevalence of 

Leptospira in human population (Villagomez et al. 2015; Garvey et al. 2014, Lau et al. 2016). 

During current study, low educational status was recorded as a risk factor. This amounts to the 

fact that an individual`s personal hygienic standards and practices are considered better in 

educated personnel as compared to uneducated or poorly educated individuals (Fang et al. 2014). 

Another reason is that educated people were found to be more conscious about the usage of PPE 

(Personal Protective Equipment) which also lowered the risk of seropositivity among human 

population (Sakinah et al. 2015). 

Exposure to rodents and wildlife were found significantly associated with leptspiral 

serprevalence. This is due to the fact that wild animals and rodents are reservoirs of Leptospira 

and shed the organism in their urine (Samir et al. 2015; Mikniene et al. 2014b). This study also 

revealed history of cuts or wounds as a significant risk factor in leptospiral seroreactivity. 

Results showed that cuts or abrasions increased the likelihood of Leptospira exposure. Our 

results are in line with the results of previous studies (Tilahun et al.2013; Kim et al. 2013), 
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reporting higher prevalence of disease in farmers working in paddy fields with scratched bare 

feet allowing the organism entry into the body.  

This was the first ever study of human leptospirosis in climatically distinct regions of 

Pakistan and highlighted the effect of climate on seroprevalence of Leptospira. As a matter of 

climate change, floods are frequent feature in Pakistan which also aggravate the spread of 

disease. 

5.3. EXPERIMENT NO. 3 

Molecular characterization of Leptospira strains in Pakistan 

 Leptospirosis is among the most widespread zoonoses in the world with higher 

prevalence in tropical countries. Its clinical signs are nonspecific, making its diagnosis a 

challenge (Ye et al. 2014). Despite high rates of seropositivity among animals in Pakistan 

(Anwar et al. 2010; Saleem et al 2013a) to this date, no data exists on the molecular studies of 

leptospirosis in horses or in any mammalian host. This investigation reports the first molecular 

evidence of equine leptospirosis in Pakistan, whereas previous serological reports have revealed 

prevalence of over 40%. The aim of this investigation was to detect the presence of leptospiral 

DNA in horse blood samples and to analyze genetical diversity of the Leptospira in the country. 

Conventional diagnostic tests, such as MAT, are mostly serological and, thus, confirm the 

disease best at a late acute phase, when antibiotic treatment is already less effective (Vanasco et 

al. 2016). Diagnosis of leptospirosis through culture is not practical in diagnostic laboratories 

because of the complexity of reagents, several weeks of growth time, and contamination 

problems in culture media (Erol et al. 2015). All these challenges drew attention towards 

molecular techniques for the diagnosis of equine leptospirosis.  
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 The purification, sequencing and phylogenetic analysis of the ribosomal 16S gene 

amplicons revealed that the species involved in infection was Leptospira interrogans (Fig. 2). 

This confirms that the primer set for standard PCR was specific to pathogenic Leptospira spp. 

The 16S rRNA is the most common molecular marker for the detection of Leptospira (Sumantah 

et al. 2015), because of its low variability and holding highly conserved region (Musso et al. 

2013). PCR with the use of these primers is a simple and specific tool for identification of the 

organism from different species. Several researchers used 16S rRNA for identification of 

pathogenic Leptospirae (Prameela et al. 2016). 

Molecular detection rates were lower in this study as compared to previously reported 

serological studies in animals (Anwar et al. 2010; Saleem et al. 2013a) because present study 

explored blood samples for the extraction of leptospiral DNA where bacteria are found only after 

3-10 days exposure. This septicaemic phase is followed by an immune phase (4-30 d) which is 

characterized by the increased titre of antibodies correlated with the elimination of bacteria from 

blood (Picardeau 2013; Prameela et al. 2016).  

 Prevalence of leptospiral serovars varies in a particular geographical region 

(Balamurugan et al. 2013). Titres of various serovars have been reported in horses, but 

Icterohaemorrhagiae, Bratislava, Copenhageni, and Pomona are among the most prevalent 

serovars (Tsegay et al. 2016). Pakistan is a tropical country (Soomro et al. 2010) and in tropical 

regions serogroup Icterohaemorrhagiae has been reported to be the most frequent infection 

(Arent et al. 2015). Blast sequence analysis of the sequences recorded in this study showed 

100% resemblance with L. Icterohaemorrhagiae and L. Australis, revealing the circulation of 

pathogenic Leptospira in Pakistan. Pakistan is bordered by India, Iran, and China and sero-

epidemiological study in these countries used L. interrogans as antigen for the detection of 
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antibodies for MAT, confirming the prevalence of this species in these regions (Ali et al. 2012; 

Mitra et al. 2015). Moreover, L. interrogans has been reported as prevalent in 60% cases of 

leptospirosis in china (Zhang et al. 2012). The mapping results of phylogenetic analysis revealed 

that L. interrogans detected in our study is closely related with L. interrogans serovar 

Icterohaemorrhagiae Automunalis, and Copenhangeni which has also been detected in Iran 

(Dehkordi et al. 2011). Phylogenetic tree reveals that L. interrogans from this study was closely 

related to sequences reported from India. Moreover, it reveals that no intermediate species of 

Leptospira was found in this study. This analysis demonstrates that L. interrogans is the 

prevalent pathogenic species in this region and the use of 16S rRNA sequences can be the basis 

of leptospiral detection in Pakistan.  

 This is the first study in Pakistan that has a groundbreaking for the molecular detection of 

equine leptospirosis in this country and has opened a gateway of research in this area. A further 

study, involving human and environmental samples to explore molecular epidemiology, will help 

to design effective strategies for leptospirosis prevention. 

5.4. EXPERIMENT NO. 4 

Therapeutic Trials against Equine Leptospirosis 

In this experiment therapeutic efficacy of ampicillin and AV was compared against equine 

Leptospirosis. Leptospira infected animals experienced statistically significant alterations in 

hematological profile, serum biochemistry and mineral profile before treatment. Hematological 

analysis, before treatment, showed reduction in  RBC, HB, PCV, MCHC, as stated by Pinna et 

al. (2010) and Oliviera et al. (2013), because of hemolytic anemia caused by leptospiral 

infection. Same results were reported in dogs (Goldstein et al. 2006) and rats (Tonin et al. 2012). 
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This study revealed that TLC and DLC (neutrophils, basophils, eosinophils, monocytes and 

lymphocytes) were higher before treatment which too is supported by the studies of Pinna et al. 

(2010), and Oliviera et al. (2013) who reported this increase due to bacterial infection and causes 

leukocytosis to combat bacterial infection. Lather et al. 2009 and Goldstein et al. 2006 reported 

same results in canine leptospirosis because of bacterial invasion. 

Fewer Platelets were observed prior to treatment because of hemorrhages caused by the 

Leptospira (Fernandes et al. 2015) as pulmonary hemorrhage syndrome is found in Leptospira 

infected animals (Levette, 2011), humans (Al-shere et al.2009) and dogs (Birnbaum et al. 1998). 

During serum biochemistry analysis, liver enzymes (ALP, AST, ALT) and TB were higher when 

no treatment was given. Same elevations were reported by Pinna et al. (2010) and Adler et al. 

(2010) because of hepatocellular damage, caused by the leptospiral toxins duringleptospiremia 

(Birnbaum et al. 1998)  

Before treatment BUN and creatinine were increased because of renal damage caused by 

Leptospira (Sitprija, 2008). These results are in contrast with Oliviera et al. (2013) who reported 

values of BUN and creatinine in normal range, this might be because he reported case of an 

animal in the very initial stage of disease where renal damage had not been started yet. 

 When serum mineral analysis was done, all the studied minerals were lower than control groups. 

Similar results can be seen owing to Sitprija, (2008) where low level of Ca, Mg, K and P has 

been reported because of their unusual excretion due to kidney damage in untreated leptospiral 

infection. Low levels of Na were caused by increased levels of antidiuretic hormone during 

leptospirosis, causing loss of sodium (Sitprija 2008). Sitprija (2008) further reported decreased 

copper and zinc levels during tropical diseases as malaria and leptospirosis which is in agreement 

with the findings of this study. 
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Both the infected groups were given treatment and results were analyzed on day 7, 21 and 35. 

Significant changes were observed in both the groups after treatment in all the parameters. In 

group treated with adhatoda vasica, RBC, HB, PCV, and MCHC increased and MCV and RDW 

decreased due to antibacterial action of its active ingredient vasicine (Kaur et al. 2013). Kaur et 

al. (2013) further reported increase in all mentioned parameters with the span of time as seen in 

this study. Antibacterial activity of AV caused hematological parameters to be normal which 

were  interrupted by leptospiral invasion. Another reason may be that AV inhibits inclusion body 

formation in Leptospira, leaving the cell non virulent (Nelson et al. 2013), thus causing the 

suppression of hemolytic anemia, and reversing changes in hematological parameters caused by 

leptospiral infection.  

Adhatoda vasica has been reported to resolve hepatic injury and recovering the normal status of 

liver (Pingale, 2009) so level of liver enzymes (ALT, AST, ALP) and TB were decreased 

significantly at day 7, 21 and 35 and are brought closer to values found in control group. 

Vasicinone (component of adhatoda vasica) had been reported to decrease liver enzyme and TB 

levels caused by hepatic injury (Sarkar et al. 2014). Adhatoda vasica was found to decrease 

BUN and Creatinine when given orally to rats (Jahangir et al. 2007) which supported our results. 

Ampicillin also imparted the alleviating response on treated animals. It was found to increase 

RBC, HB, PCV, MCHC, Na, K, P, Ca, Mg, Cu and Zn and decrease MCV, MCH, RDW, TLC, 

neutrophils, basophils, eosinophils, lymphocytes and monocytes as compared to control group 

and group treated with AV. Ampicillin is an antibacterial agent and was found to clear 

Leptospira from the liver and kidney on 6th day, when given orally in high dose (100mg/kg) 

once a day as prescribed by Truccolo et al, (2002). In present study penicillin was injected 

30mg/kg (IV) twice a day which possibly cleared Leptospira from liver and kidney on 7th day 
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because of IV route being more efficient that's why statistically significant difference (P<0.05) 

was found in all the parameters at day 7, and onwards. According to (Sitprija, 2008) mineral 

perpetrations are transient and resolve when disease was controlled so after treatment in group A 

and B significant changes were observed in serum mineral level after treatment. 

When compared between the groups A and B on day 7 and 21 ampicillin showed better 

performance in alleviation the interruptions in normal body parameters with reference to normal 

values, this might be because AV was given orally while ampicillin was given intravenously, 

intravenous route reaches the results  quickly as compared to orally given AV. 

On day 35, ELISA results indicated that both the tested drugs showed antileptospiral activity, 

which has been reported previously (Nelson et al. 2013; Adler et al. 2010). But ampicillin treated 

more number of diseased animals as compared to AV and thus had better therapeutic efficacy 

against leptospirosis in horses.  

CONCLUSION 

This study concludes high seroprevalence of Leptospira spp. in horses and human of Punjab 

province of Pakistan. Molecular studies revealed circulation of. pathogenic Leptospira in 

Pakistan. Moreover, herbal medicines hold the potential to cure equine leptospirosis. 

RECOMMENDATIONS 

Further research on prevalent serovars and investigation of urine samples of animals, humans 

and environmental samples will uncover the transmission routes for the disease which in turn 

will help in designing effective preventive strategies. 
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Chapter: 6 
SUMMARY 

 Leptospirosis is an important zoonotic disease. It affects a wide range of mammals, fish 

and even a few reptiles. It is caused by Leptospira interrogans, having more than 250 serovars, 

distributed geographically throughout the world. In horses, Leptospira interrogans causes liver 

and renal abnormalities, ERU, and reproductive disorders in mares like abortion, perinatal death 

and still birth. It is transmitted to human beings, working with live or dead tissue of infected 

horses and through surfaces contaminated with urine of carrier or infected animals. In humans, it 

causes influenza like illness and death in severe cases. Serological testing, bacterial culture and 

molecular techniques are used for the diagnosis of disease. This study was aimed at estimating 

the seroprevalence of Leptospira spp. in horses and humans of three climatically distinct regions 

of Punjab, Pakistan. Furthermore, molecular biology techniques were employed for the 

confirmed diagnosis of equine leptospirosis and therapeutic efficacy of ampicillin and adhatoda 

vasica was analyzed against disease. It was the very first study in Pakistan conducted to explore 

equine leptospirosis in the country. 

During this study, 384 horse blood samples and epidemiological data were collected from three 

climatically distinct regions, viz;Rawalpindi, Lahore and Bahawalpur (128 from each study area) 

and were subjected to ELISA to determine seroprevalence of Leptospira. Results showed overall 

prevalence of 33.85% in Punjab with highest prevalence in Rawalpindi (40.62%) which 

experienced highest rainfall, followed by Lahore (38.28%), and least in Bahawalpur (22.65%). 

Risk factor analysis showed that age, gender, living area, herd size, water source, exposure to 

rodents and floods, feeding practices and usage of animals were found significantly associated 

with the disease. To study the seroprevalence of human leptospira, 360 human blood samples 

were collected (120 from each study area). Epidemiological data on pre-structured questionnaire 



Summary 

140 
 

were collected from all the participants of study. All the samples were subjected to ELISA and 

results showed overall prevalence of 40.83%, with highest seroprevalence in Rawalpindi 

(50.83%), followed by Lahore (38.28%) and least in Bahawalpur (27.50%). Age, gender, 

occupational and living area, water recreational activities, occupation, exposure to floods, 

educational status and history of wound were significantly associated risk factors while use of 

PPE during work was deterrent. 

During this study, 65 ELISA positive horse samples were subjected to molecular biology 

diagnostic technique PCR for the molecular characterization of equine leptospirosis in country. 

After DNA extraction, PCR was performed using primer sets specific for 16S rRNA gene, which 

yielded a fragment of length 306bp after gel electrophoresis. Out of 65 tested samples, 20 

samples (30.76%) were PCR positive and was further sequenced and phylogenetic tree was 

constructed. Dendogram showed the sequenced samples were related to pathogenic Leptospira 

interrogans, revealing potential of 16S rRNA primer sets for the detection of eqine leptospirosis 

in country. Dendogram further showed closed resemblance of analyzed samples with serovar 

Icterohemmorhagae, Australis and Autumunalis which are dominant serovars in India, Iran and 

China, the neighboring countries of Pakistan. Therapeutic efficacy of ampicillin and AV was 

studied by analyzing the hematology, liver function test, renal function tests and serum mineral 

levels at day 0 (pre-treatment), 7, 21 and 35 (post-treatment). Results showed that all the tested 

parameters were changed significantly during infection and significant improvement was 

observed after treatment. Ampicillin was instrumental in revealing hematological abnormalities 

while AV played important role in normalizing the liver and renal insufficiency. After treatment 

ampicillin treated 58.33% of animals and AV treated 41.66% of animals. 
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This first ever study of equine leptospirosis in country uncovers the high prevalence rates in 

horses and humans and raises a need for control strategies to prevent the transmission and spread 

of the disease. It also highlights the potential of molecular biology techniques for the confirmed 

diagnosis of equine leptospirosis and explores options for designing better specie specific 

treatment regimes for the disease. 
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ANNEXURE I 

DATA COLLECTION PROFORMA FOR HORSES  

                                                                                                      No. ______    Date:__________ 

Name of the owner.______________________________ 

Address ______________________________________________   Area        Urban  

No. of horses kept.  ____                                                                                    Periurban 

No. of other animals kept._________________ 

Age of animal.     1-3 years  3-6 years  6-9 years  >9 years 

Gender.          Male   female 

Usage of animal.     Trotting    Exercise Competition riding Riding school        Gallop
 Breeding Draught Others ________________________ 

Flooding in the area 

 Yes   No 

Average rainfall in the area (mm) __________ 

Occurrence of rodents in the area.      None         Few        Many       Not known 

Other animals present in the area     

 Cattle         Canines       Felines              Others ____________________ 

Wild animals present in the area.    

  Yes   No  If yes, Specify _____________________ 

Water source for drinking.    

Municipal water  Bore water  Canal water  Dam water  

other ____________________________ 

Feeding of animals 

Grazing  Hay  Fodder  Concentrate 

Other ____________________________ 

Access of other domestic animals to water source  

 Yes   No  If yes, specify ____________________ 
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Access of other domestic animal to feed source 

 Yes   No  If yes, specify ____________________ 

Access of wild animals to water source 

 Yes   No  If yes, specify ____________________ 

Access of wild animals to feed source 

 Yes   No  If yes, specify ____________________ 

Presence of rodents in water source 

 Yes   No  If yes, specify ____________________ 

Presence of rodents in feed source 

 Yes   No  If yes, specify ____________________ 

Access of rodents to water source 

 Yes   No  If yes, specify ____________________ 

Access of rodents to feed source 

 Yes   No  If yes, specify ____________________ 

Breeding system 

  Field   Stabled   Others ____________________ 

Breeding close to other animals 

 Yes   No  If yes, specify __________________ 

 Cleaning of animal    

 Daily   Twice in a week   Once in a week   Fortnightly  

 Monthly 

Water source of cleaning of animal 

Municipal water  Bore water  Canal water        Dam water  

Other ____________________________ 

Disinfection of area 

  Daily   Twice a week   Once in a week     Fortnightly             Monthly 
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ANNEXURE II 

DATA COLLECTION PERFORMA FOR HUMANS 

                                                                                                                   No. _______ 

Date ________ 

Name _______________________________ 

Address __________________________________________________ 

Contact No. _______________________ 

 Sex        Male   Female 

Age __________ 

Occupation _______________________________ 

Equine species kept and their number. ____________ and ______________ 

Animals kept other than equines and number 

 Cattle _____         Canines ___             Felines _____   Other_____ 

Exposure to animals other than equines  

 Cattle         Canines       Felines              Others ____________________ 

Sewerage system  

 Paved   Open   Covered   Others  ____________________ 

Agriculture activities if any ______________________________ 

Recreational activities in water ____________________________ 

Swimming in water 

 Yes  No   If yes, specify the water source_______________ 

Disinfection of the dress and shoes 

 Daily   Twice in a week   Once in a week   Fortnightly  

 Monthly 
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Disinfection of the residential area 

 Daily   Twice in a week   Once in a week   Fortnightly  

 Monthly 

Disinfection of the occupational area 

 Daily   Twice in a week   Once in a week   Fortnightly  

 Monthly 

Do you have separate clothes at work and at home? 

 Yes   No 

Do you have separate shoes at work and at home? 

 Yes   No 

Any antibiotic treatment you gone through  

 Yes   No  If yes, Specify _________________________ 
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Annexure III 

Reagents (Estimation of Alanine Aminotransferase (ALT)) 

 Buffer/ Enzyme reagent (BUF) 

 TRIS buffer 
(pH 7.4)  125mmol/L 

 L-alanine  625mmol/L 

 LDH  >1.5kU/L 

 Sodium azide  0.095% 

 

 Substrate (SUB) 
 2-

oxoglutarat
e 

 75mmol/liter 

 NADH  0.9mmol/liter 

 Sodium 
azide  0.095% 

 

 Serum Sample 
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ANNEXURE IV 

REAGENTS (ESTIMATION OF ASPARTATE AMINOTRANSFERASE 

 Buffer/ Enzyme reagent 

 TRIS Buffer 
(pH 7.9)  100 mmol/liter 

 L-aspartate  300 mmol/liter 

 LDH  >1.13 kU/liter 

 MDH  >0.75 kU/liter 

 Sodium azide  0.095% 

 

 Substrate 

 2-oxoglutarate  60 mmol/liter 

 NADH  0.9 mmol/liter 

 Sodium azide  0.095% 

 

 Serum sample 
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ANNEXURE V 

ESTIMATION OF CREATININE 

Picric acid (PIC) 26 mmol/L 

Sodium Hydroxide 
(NaOH) 

1.6 mol/L 

StandardCreatinine 2 mg/dL 

 

 Serum sample 
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ANNEXURE VI 

ESTIMATION OF BLOOD UREA NITROGEN 

 Reagent 1 (RGT 1) 
 Phosphate buffer 

(pH 7.0)  120 mmol/liter 

 Sodium salicylate  60 mmol/liter 

 Sodium 
Nitroprusside  5mmol/liter 

 EDTA  1 mmol/liter 

 

 Reagent 2 (RGT 2) 
 Phosphate buffer (pH 

˂13)  120 mmol/liter 

 Hypochlorite  0.6 g/ LCl 
 

 Enzyme (ENZ) 
 Urease   >500 KU/L 

 

 Standard (STD) 

 Urea  80 mg/dl 

 Equivalent to 
BUN  37.28 mg/dl 

 Sodium azide  0.095% 
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ANNEXURE VII 

Univariate analysis of risk factors for the seroprevalence of Leptospira in horses 

Factor  Group 
No. 

examined 

No. 

Positive 

Prevalence 

(%) 

Univariate Analysis 

Odds 

ratio 

Confidence 

interval 

P-

value 

Age 

<3 years 115 36 31.30 

0.661 0.51-0.85 0.001 3-9 years 121 71 58.68 

>9 years 148 23 15.54 

Gender 
Male 181 41 22.65 

2.762 1.72-4.36 0.000 
Female 203 89 43.84 

Breed 
Local 160 56 35.00 

N.S - - 
Others 224 74 33.04 

Area 
Rural 203 91 44.82 

2.763 1.74-4.38 0.000 
Urban 181 40 22.09 

Breeding 

system. 

Field 196 75 38.26 
1.546 1.00-2.36 0.044 

Stabled 188 55 29.25 

Herd size 

<10 146 27 18.49 

2.164 1.67-2.79 0.000 10-30 118 39 33.05 

>30 120 64 53.33 

Breeding Yes 189 81 42.86 2.234 1.43-3.47 0.000 
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with 

animals No 195 49 25.13 

Waters 

source 

Boring 151 19 12.58 

2.748 2.14-3.51 0.000 
Govt. 102 35 34.31 

Nearby 

water 
131 76 58.02 

Flood 
Yes 229 97 42.36 

2.716 1.68-4.37 0.000 
No 155 33 21.29 

Rodents 
Yes 204 90 44.12 

2.763 1.74-4.37 0.000 
No 180 40 22.22 

Wildlife 
Yes 197 76 38.58 

1.546 1.00-2.37 0.044 
No 187 54 28.88 

Usage of 

animals 

Breeding 138 22 15.94 

0.761 0.58-0.98 0.040 Sports 116 30 25.86 

Working 130 78 60.00 

Quarantine 
Yes 200 120 65.22 

N.S - 0.712 
No 184 64 34.78 

Hay 

feeding 

Yes 181 79 43.65 
2.308 1.48-3.58 0.000 

No 203 51 25.12 

Access of 

other 

Yes 177 77 43.50 
2.237 1.44-3.47 0.000 

No 207 53 25.60 
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NS = non-significant. 

animals 

Feeding 

practices 

Stall 180 43 23.89 
0.422 0.26-0.66 0.000 

Grazing 204 87 42.65 
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ANNEXURE VIII 

Univariate analysis of risk factors forseroprevalence of Leptospira in humans 

Variable Variable description 
Samples % 

(n) 

+ve 

samples 

%  (n) 

OR 

(95% CI)* 
P value 

Age 

< 18 years 44.44 (130) 22.30 (29) - 

0.000 
19 to 50 years 32.22 (116) 68.10 (79) 

4.10 (2.37-

7.11) 

More than 50 years 31.66 (114) 34.21 (39) 
0.55 (0.31-

0.97) 

Gender 
Male 39.16 (141) 54.60 (77) 

2.56 (1.65-

3.97) 0.000 

Female 60.83 (219) 31.96 (70) - 

Residence 
Rural 53.88 (194) 

56.18 

(109) 

4.31 (2.74-

6.84) 0.000 

Urban 46.11 (166) 22.89 (38) - 

Occupational 

area 

Rural 51.66 (186) 
54.83 

(102) 

3.48 (2.22-

5.43) 0.000 

Urban 48.33 (174) 25.80 (45) - 

Occupation 

Agriculture workers 
30.83 (111) 

 
64.86 (72) 

7.08 (4.06-

12.34) 
0.000 

Animal handlers 27.50 (99) 44.44 (44) 
3.07 (1.75-

5.37) 
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Office workers 41.66 (150) 20.66 (31) - 

Flooding 
Yes 47.5 (171) 56.72 (97) 

3.64 (2.34-

5.67) 0.000 

No 52.50 (189) 26.45 (50) - 

Water sports 
Yes 45.83 (165) 51.51 (85) 

2.27 (1.48-

3.50) 0.000 

No 54.16 (195) 31.79 (62) - 

Education 

Primary 29.44 (104) 62.50 (65) 
5.91 (3.37-

10.38) 

0.000 
matriculation 31.94 (115) 44.34 (51) 

2.82 (1.64-

4.86) 

Graduation 39.16 (141) 21.98 (31) - 

Exposure to 

animals 

Ruminants 36.66 (132) 20.45 (27) - 

0.000 

Pets 36.38 (131) 38.16 (50) 
2.40 (1.39-

4.20) 

Rodents 29.94 (97) 72.16 (70) 

10.08 

(5.54-

18.94) 

Water usage 

Govt. 32.22 (116) 37.06 (43) 
1.88 (1.08-

3.26) 

0.000 
Water reservoir 31.66 (114) 64.03 (73) 

5.68 (3.26-

9.91) 

Bore 36.11 (130) 23.84 (31) - 
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Disinfection of 

area and 

belongings 

Once in 7 days 32.77 (118) 22.03 (26) - 

0.000 
Once in 14 days 30.00 (108) 33.33 (36) 

1.76 (0.98-

3.21) 

Once in 28 days 37.22 (134) 63.43 (85) 
6.13 (3.54-

10.89) 

History of 

wound 

Yes 53.33 (192) 
53.64 

(103) 

3.26 (2.08-

5.09) 0.000 

No 46.66 (168) 26.19 (44) - 

Use of PPE 
Yes 54.72 (201) 29.35 (59) 

0.33 (0.21-

0.51) 0.000 

no 45.27 (159) 55.34 (88) - 

*OR, Odds ratio; CI, confidence interval 

 

 

 


	3.5.6.1 Estimation of Zinc and Copper
	Serum levels of zinc and copper were estimated by the method described by (Ali et al., 2013). Briefly, for wet digestion, a quantity of 0.5 ml serum and 5ml nitric acid was taken in a digestion flask and was placed on hot plate at 90 C for 15 minutes...

