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ABSTRACT 

 

Tularemia, caused by Francisella tularensis (F. tularensis), is a zoonotic disease 

transmitted through contact with infected animals and contaminated environment. The disease has 

been reported from many countries of the world but no study has been done in Pakistan. In the 

current project, a total of 2280 soil samples representing 456 villages of eight districts of Punjab 

province were collected from way-points having human-animal interaction, processed for genomic 

extraction and tested through real time PCR for presence or absence of F. tularensis. Association 

of risk factors was determined from data such as gender and age of animals, plough method, 

irrigation system, fertilizer type used, availability of veterinary services, level of farmer education, 

physical and chemical composition of the soil. Moreover serum samples (n=707) collected 

randomly from goat (n = 200), sheep (n = 175), cattle (n = 179), and buffalo (n = 153) were 

analyzed for antibodies against F. tularensis by using enzyme-linked immunosorbent assay. 

Seventy four soil samples (3.24 percent) were found positive for F. tularensis. Phylogenetic 

analysis showed 100 percent similarity index with F. tularensis sub specie holarctica reported 

from other regions like USA, Sweden, Spain, Turkey and Germany. Presence of F. tularensis in 

soil showed negative association with increase in number of human density (0.7159; 0.3834-

0.2054). Prevalence of anti- Ft ELISA antibodies were significantly higher (p<0.05) in large 

ruminants (cattle and buffalo) as compared to small ruminants (goat and sheep). Age and gender-

wise analyses showed non-significant differences (p>0.05) between small and large ruminants. 

Whereas, rain-irrigation system (2.96: 1.35- 6.48), lack of veterinary services (4.77:1.26-18.03) 

and use of organic fertilizer (5.3: 11.38- 20.39) have positive association with prevalence of anti- 

Ft ELISA antibodies in the serum. Sero-prevalence of F. tularensis in the animals has significant 
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association with quantity of clay in soil (p<0.05). A conventional PCR based test has also been 

optimized for detection of F. tularensis using tul4 gene specific primers. Specificity of primer 

showed Ft detection in soil DNA in the presence of other cross-reactive organism. Sensitivity was 

determined in two fold dilutions with detection limit of up to 320 pg/µL. Utilizing pET28a vector, 

a construct was prepared containing transformed tul4 gene (450bp) showing 100 percent sequence 

homology to query gene sequence. For manufacturing diagnostic assays especially in developing 

countries where availability of BSL-3 facilities and positive control reagents is an issue, provision 

of tul4 gene based constructs in vector can act as positive control and safe to use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

CHAPTER 1 

INTRODUCTION 

 

As a habitat of microorganisms, soil is very diverse and complex on the planet and serves 

as home of 25 percent of biodiversity (Powlson et al. 2001; Jeffery and van der Putten 2011). Soil 

is multilayered and has complex environment of mineral and organic ingredients that may be 

present either in gaseous, solid or liquid forms (Baumgardner 2012). Action of weathering and 

erosion of rocks have resulted in different mineral and soil types such as sand, silt or clay (Paul 

2014). Due to variety of composition of soils, physical parameters, agricultural cultivation 

practices, and crops have resulted in vast diversity of microbial flora (Berg et al. 2005). Organic 

wastes like sewage sludge, composted products of municipal waste, and effluents from agro-based 

industries are used to enrich soil (Powlson et al. 2001). Organic part of soil help provides energy 

for growth of microorganisms and carbon dioxide for new cells formation (Microbes 2010). 

Sources of pathogens in soil are either direct intentional introduction for biological control or 

indirect through flooding with contaminated water drainage system and animal manure. 

Soil borne pathogens may be Euedaphic pathogens that are true soil organisms such as 

Bacillus anthracis, Clostridium botulinum, Listeria monocytogenes, Francisella tularensis (F. 

tularensis) and Yersinia enterocolitica, etc. The soil transmitted organisms capable of surviving in 

soil but not true organisms are Coxiella burnetii, Entamoeba histolytica, Salmonella enterica and 

Pseudomonas aeruginosa, etc (Jeffery and van der Putten 2011). Francisella tularensis cause 

Tularemia  and as compared to other zoonotic pathogens, is having wide host range including 

mammals, birds, reptiles, fishes, rodents and arthropods such as fleas and ticks, etc (Beran 1994). 

Tularemia is also named as rabbit fever, hunters disease, deerfly fever, tick fever, O Hara’s disease 

and Francis disease (Gürcan 2014). Tularemia caused by F. tularensis has significant importance 
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as zoonotic tick borne disease (Petersen et al. 2009). Francisella tularensis is category A select 

biowarfare agent (Wong et al. 2003) and highly infectious and can be transmitted to human though 

many sources including infected animal, contaminated foods or water, tick or insects bites, and 

infected aerosol (Goodman et al. 2005; Chitadze et al. 2009). There are four subspecies of F. 

tularensis namely as tularensis, mediasiatica, holarctica and novicida. These four subspecies 

mostly occur region-wise like holarctica prevails in continents of Europe and Asia and tularensis 

in North America (Garaizar et al. 2006). Francisella mediasiatica found sporadically only in ticks 

and animals in central Asia (Whipp et al. 2003). Francisella tularensis novicida has been isolated 

from North America, Australia and Thailand (Keim et al. 2007). 

Francisella tularensis sub  species tularensis is category A select biowarfare agent (Wong 

et al. 2003) mostly cause rigorous infection in human and animals as compared to Francisella 

tularensis sub: holarctica called type B bacteria (Titball and Petrosino 2007). Francisella 

subspecies tularensis is further divided into type AI and type AII on the basis of their geographical 

distribution as type AI is mainly found in America dog tick, the lone star tick and the eastern 

cottontail tick while type AII is present mostly in western, north-central and northern rocky 

mountain woody ticks and mountain cottontail rabbits ticks (Farlow et al. 2005). Live vaccine 

strain (live attenuated vaccine) is produced from type B subspecies. Francisella mediasiatica 

found sporadically only in ticks and animals in central Asia (Whipp et al. 2003). Francisella 

tularensis can survive and proliferate in macrophages, dendritic cells, polymorphonuclear 

neutrophils, epithelial, hepatocytes, and endothelial cells (Oyston et al. 2004). Following 

opsonization, the F. tularensis infect macrophages and persist in phagosomal membrane called 

Francisella-containing phagosomes. Soon after the destruction of this membrane, it enters into the 

cytoplasm of macrophages followed by cell death, release of bacteria and subsequent infection  
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(Golovliov et al. 2003; Santic et al. 2005; Balagopal et al. 2006; Checroun et al. 2006; Schulert 

and Allen 2006; Clemens and Horwitz 2007; Chong et al. 2008; Wehrly et al. 2009). There are 

more than hundred reservoirs of F. tularensis including rabbits, hares, some domestic animals, 

deerfly, hard ticks, birds, mosquitoes, rodents, lizards, muskrats and beavers and in Scandinavia 

rodent and mosquitoes (Fischer 1995; Leblebicioglu et al. 2008; Ogden et al. 2013; Carvalho et al. 

2014). Francisella tularencis transmitted to human through handling of  infected carcasses and 

animals, ingestion of contaminated food and drinking contaminated water, inhalation, bites of 

arthropod, flies and mosquitoes (Petersen and Schriefer 2005). In Utah, USA, during 1911 after 

isolation of F. tularensis from patients suffered from deer fly fever, it has been declared as 

arthropod-borne disease and major arthropod involved has been hard ticks (Dermacentor 

andersoni, Dermacentor variabilis, Amblyomma americanum), deer flies (Chrysops discalis, 

Chrysops relictus),  mosquitoes (Aedes cinereus, Ochlerotatus excrucians) and horse flies 

(Haematopota pluvialis)  in human transmission (Jellison 1974; Petersen et al. 2009). In human 

the most frequent sign is fever of 104oF temperature, chill, malaise, respiratory distress, headache, 

skin lesions (Lamps et al. 2004). Other signs and symptoms include cough, sore throat, chest pain, 

nausea, vomiting, diarrhea, cutaneous ulcer and mental conditions changes. These signs and 

symptoms arise in acute case after incubation of 2 to 5 days (Martin and Marty 2001; Altman 

2002). In normal cases the mortality rate less than 10 percent but due to improper diagnosis and 

lack of antibiotic therapy or wrong prescription, the mortality rate increased to 30-60 percent 

especially in presence of pulmonary problems and positive blood culture (Penn and Kinasewitz 

1987; Guarner and Zaki 2006). In human and animals the chances of fatality become increased 

when respiratory signs and symptoms appears and there is failure of antibiotics therapy (Lamps et 
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al. 2004). Streptomycin intramuscularly is a drug of choice for Tularemia with gentamicin as an 

alternative (Enderlin et al. 1994; Weile et al. 2013).    

Aerobiological weapons including F. tularensis, Bacillus anthracis, Brucella spp, 

Clostridium botulism, Coxiella burnetii, and Yersinia pestis detection in lab must be accurate and 

timely (Klietmann and Ruoff 2001; Perdue 2003). As culturing of F. tularensis from blood, swab 

and biopsy is very difficult due to high infective, high virulence and aerosol transmission, time 

consuming taking 10 days  (Shapiro and Schwartz 2002; Splettstoesser et al. 2005; Petersen et al. 

2009; Seibold et al. 2010) and culturing is allowed to only specific labs. Diagnosis of F. tularensis 

through culturing is hazardous and risky (Leblebicioglu et al. 2008) and is possible only in 

Scandinavia in which less virulent specie F. tularensis subspp holarectica is endemic (Christenson 

1984; Forsman et al. 1994; Johansson et al. 2000). Detection of F. tularensis directly from soil 

through real time PCR and antibodies against such organism through serological tests is the easiest 

way to find the existence and prevalence in an area. In US, Tularemia is second most laboratory 

acquired disease after brucellosis and worldwide is on third position after brucellosis and typhoid 

(Pike 1976). Real Time PCR based detection of F. tularensis is more sensitive, rapid and 10 times 

more better than conventional PCR and can detect in range of 10 bacteria in sample (Liu 2011). 

For detection of F. tularensis  on the basis of tul4 gene (17 kD lipoprotein) is very sensitive, 

specific and conserved while showed no cross reactivity with any other prokaryote or eukaryotic 

gene (Johansson et al. 2000).   

Local and international transmigration of domestic and wild animals play a key role in 

the spread of pathogens that have the potential to be used as biological warfare agents. The 

pathogens transmission has not only been from animals to animals, animals to human but also 

contaminate environment like air, water and soil.  (Cottrell and Morgan 2003). Increase in 
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Tularemia came up with global warming, animal movements, wars, human wandering and natural 

disasters (Rehberi and Sağlık, 2011). The disease is primarily occurring in Scandinavia, North 

America, Japan, Russia, Turkey, Yugoslavia, Spain, Costa Rica, Sweden, Germany and China 

(Berdal et al. 1996; Tärnvik et al. 1996; Wicki et al. 2000; YanHua et al. 2011). There has been a 

sequence of reemergence of the in countries like China, Kosovo, Sweden and Bulgaria (Hightower 

et al. 2014). After waterborne outbreak in Bulgaria (Anda et al. 2001) and Georgia (Chitadze et al. 

2009), there has been an increased realization to continue a surveillance and preventive programs 

in endemic areas. Annual incidence of the disease in Kosovo and Europe with highest rate showed 

5.2 per 100,000 while in Sweden (2.80), Finland (1.19), Slovakia (1.0), Norway (0.42), Hungry 

(0.36 and Croatia showed 0.15 out of 100,000 (Gürcan 2014). Among Asian countries, most of the 

outbreakshave been reported from Turkey (Gürcan 2014), China (Zhang et al. 2008), Japan (Ohara 

et al. 1996), Iran (Esmaeili et al. 2014), Lebanon, Afghanistan (Esmaeili et al. 2014) and Burma 

(Thomas et al. 2008) and in south Asian countries there is no case report or study on F. tularensis  

and its association with soil chemistry worldwide. From the Iranian border of Afghanistan only 

hedgehogs have been found positive. In Turkey number of cases in 2008 was decreased to 71 and 

then boosted up to 2151 and 607 in 2011 and 2012 respectively (Kılıç 2010; Gürcan 2014).     

Lack of any previous report of F. tularensis from different south Asian countries like 

Pakistan has given space to undertake this comprehensive project of spatial distribution of F. 

tularensis from human-livestock populated areas of selected districts of Punjab province, Pakistan.  
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 Soil as a complex system supporting soil borne pathogens 

Soil being a complex system became a separate field of study 25 years ago and acts as crossing 

point between atmosphere, hydrosphere, biosphere and lithosphere (Bultman et al. 2013). Soil is a 

complex body containing of five major components including mineral matter made by the breakdown 

and decomposition of rocks; organic matter obtained by the decompose of plant residues, microbial 

tissues and animal remains; water, obtained from the atmosphere and the reactions in soil such as 

chemical, physical and microbial reactions; gases or air from atmosphere, reactions of roots, microbes 

and chemicals in the soil organisms. The clay portion, because of its high surface area, is the most 

dynamic part of the soil controlling many of the chemical and physical properties of the soil. The sand 

and silt portion play a role in mainly the physical properties of the soil (Loganathan 1987). 

Soil hosted for more than 6000 different bacterial genomes per gram keeping E. coli DNA as 

unit (Torsvik et al. 1996) and bacterial and fungal biomass can be found up to 2 and 5 ton/ha and 80 

to 90 percent of chemical reactions in soil is carried out by microorganisms (Nannipieri et al. 2002; 

Nannipieri et al. 2003). Complex system of soil is important because of beneficial aspects of microbes 

which these organism provide to agriculture, waste management, natural and semi natural environment 

and water industry (Young and Crawford 2004) but as natural reservoir of pathogenic organisms, 

attraction of soil is fade away (Garcia and McKay 1970). Increase in human infections caused by most 

of the opportunistic organisms present in rhizosphere of earth and play as hot spot for most of the 

organisms including Burkholderia spp, Enterobacter spp, Pseudomonas spp and Staphylococcus spp. 

(Weller 1988; Whipps 2001; Berg et al. 2005). Soil moisture and organic matters also play role in 
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germination of spores of different biological agents even after 40 years and some people reported that 

even after 60 years spore can survive in enrich environment (Manchee et al. 1981; Turnbull 2002; 

Sinclair et al. 2008).   

2.2 Bio-warfare organisms 

An illegal use of biological warfare agents including bacteria, viruses, fungi, protozoa and 

toxins may results in loss of human, animals and plants lives in minimum time period (Robertson and 

Robertson 1995; Kamboj et al. 2006). In earlier history, biological warfare agents were used in 1346 

when Tartars attacked Caffa in Ukraine and they deliberate plague disease in Caffa city (Christopher 

et al. 1997; Wheelis 2002). In biological warfare history, another attempt was made by the British 

army, when they presented blanket contaminated with small pox to native Indian people in Ohio River 

Valley to diminish their hostility (Christopher et al. 1997; Henderson et al. 1999; Riedel 2004). On 

the basis of public health preparedness, potential dissemination and level of incapacitation, bio-

warfare agents could be categorized as Variola major, Bacillus anthracis, Yersinia pestis, Clostridium 

botulinum (botulinum toxins), Francisella tularensis (F. tularensis), Filoviruses and Arenaviruses 

belonged to category A while Coxiella burneti, Brucella spp, Burkholderia mallei and Burkholderia 

pseudomallei placed  to category B (Meselson et al. 2002). The drastic effect of biowarfare agents can 

be estimated by observing potential loss an aerosol in absence of wind (Spertzel 1993). In 1970, WHO 

proposed a hypothetical flow of 50 Kg of biowarfare agent along 2 Km distance in a metropolitan city 

with a population of 5 million and it was predicted that anthrax and tularemia will cause highest 

mortality of 19000 death with both upwind and downwind as compared to other age(Katz ; 

Organization 1970; Kortepeter and Parker 1999; Katz et al. 2002). Japanese started experiment on F. 

tularensis as biowarfare in 1932 by targeting prisoners in war and both Soviet Union and United States 

trialed streptomycin resistant F. tularensis  as weapon (Harris 1992; Dennis et al. 2001). In 1997, 
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Centers for Disease Control and Prevention (CDC) estimated that F. tularensis  weoponization in 

100,000 people will result in 6.2 percent death rate out of 82.5 percent attack rate and total cost will 

be minimum $ 456 million (Kaufmann et al. 1997). Due to sweeping and extreme loss by using 

Tularemia as weapon, United State destroyed all developmental, production, and stockpiling of 

bacteriological and toxin weapon in 1997 and started work in defensive sides including vaccine 

production, prophylactic measures, immunology and genomic study (Franz et al. 1997). Study on 

epidemiology, pathophysiology, and clinical diseases help professional and health care societies to 

identify unusual pattern of the disease and comes in response to its use as bioweapon (Fong and Alibek 

2005).                    

2.3 Tularemia 

Tularemia is zoonotic disease causes by F. tularensis belonging to the category A pathogen 

because of high infectivity and low level of infectious dose (Darling et al. 2002; Sjöstedt et al. 2005). 

The word tularemia was first derived from its first discovery in Tulare country, California in 1912. 

This disease is also named as rabbit fever, lemming fever, deerfly fever and Hare fever (Titball and 

Petrosino 2007). During outbreaks of waterborne tularemia in Europe and Soviet Union showed that 

F. tularensis  can target whole population (Ryan and Glarum 2008).  

2.4 Francisella tularensis 

The study bacterium was named after its in vitro cultivation and growth by the Dr. Edward 

Francis (Dorofe'ev 1947). According to the recent taxonomic classification Francisella is placed in 

gamma subclass of Proteobacteria (Forsman et al. 1994). A sequence analysis of both whole genome 

and 16S RNA indicated high resemblance of this bacterium with endosymbionts such as Wolbacchia 

persica (Forsman et al. 1994; Keim et al. 2007). Francisella tularensis is gram negative coccobacilli, 

non-spore forming, non-motile and capsulated bacterium and also showed pili on their surface (Chu 
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and Weyant 2003; Gil et al. 2004; Sjöstedt et al. 2005). Francisella tularensis is an aerobic and 

fastidious bacteria and majorly require cysteine as a growth factor (Chu and Weyant 2003). 

Biochemical profile of F. tularensis showed negative for nitrate reduction, oxidase and urease while 

slight positive for catalase. Sugars fermentation like glucose, maltose and sucrose as well as glycerol 

mostly used for species differentiation (Organization 2007). There are major three species of 

Francisella which are F. tularensis , Francisella philomiragia and Francisella novicida (Sjöstedt et 

al. 2005). Francisella tularensis causes Tularemia mostly in mammals including rabbits, mice and 

squirrel (Sjöstedt 2007). All strains of Francisella are of high virulence in mice (Rick Lyons and Wu 

2007).  

2.5 Pathogenesis 

Francisella tularensis can survive and proliferate in macrophages, dendritic cells, polymorphonuclear 

neutrophils, epithelial, hepatocytes, and endothelial cells (Oyston et al. 2004). Primarily F. tularensis  

infect macrophages under the influence of serum opsonization and remain persist in phagosomal 

membrane which is called Francisella containing phagosomes and after the distraction of this 

membrane it enter into the cytoplasm of 

macrophages (Golovliov et al. 2003; Santic et al. 

2005; Balagopal et al. 2006; Checroun et al. 2006; 

Schulert and Allen 2006; Clemens and Horwitz 

2007; Chong et al. 2008; Wehrly et al. 2009). Two 

proteins namely Ig1C and its regulatory protein 

Mg1A play important role in escaping of 

Francisella into cytoplasm. Genes encoded these 

proteins are present in F. tularensis  (Nano et al. 2004; Santic et al. 2005), F. philomiragia, F. 

(Chong and Celli 

2010) 

Figure 2.1: Pathogenesis of Francisella tularensis 
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noatunensis  sspp noatunensis and F. noatunensis sspp orientalis (Soto et al. 2009). The gene encoded 

Ig1C protein was also found in Barazilian ticks origin Francisella endosymbiont (Machado-Ferreira et 

al. 2009). These both proteins are also play an important role in replication of Francisella inside 

mosquito’s cells (Read et al. 2008). After when entered into cytoplasm it starts replication extensively 

that comes to an end with apoptotic and pyroptotic death. Francisella tularensis then get enter into 

Francisella containing vacuoles (FCV) through autophagy mediated process as given in figure 2.1 (Lai 

et al. 2001; Lai and Sjöstedt 2003; Mariathasan et al. 2005; Wehrly et al. 2009). Ulceroglandular 

tularemia is one of the common types that results from infection through skin bite of vector or direct 

contact with infected animal flesh and a papule develop into ulcer surrounded by inflammation at sit 

of infection. In the absence of ulcer, the condition termed as glandular tularemia (Oyston et al. 2004). 

Fever, malaise, sore throat and chill are common signs of glandular tularemia. Lymphadenopathy is 

also occurs in local lymph nodes which become untreated in 30 percent cases (Helvacı et al. 2000).  

Pneumonic form of the disease  is sever and 30 percent cases faced to death which may be reduced to 

2 percent if treated with antibiotics properly (Oyston et al. 2004).     

2.6 Transmission and host range  

Factors that play vital role in emerging of Tularemia disease include mosquitoes bite, owning 

of cats, farming, visiting wooded area, owning of dogs and visiting lakes and rivers (Eliasson et al. 

2002). Contacts with hunting animals, rodents and animal feed also play pivotal contribution in factors 

responsible for disease occurrence (Gurcan et al. 2012). Francisella tularensis target more than 200 

species worldwide including mammals, birds, reptiles and fishes. Infection related to human are 

concern with F. tularensis  positive cottontail rabbits, hares, voles, mice, squirrels, muskrats and 

beavers (Dennis et al. 2001; Farlow et al. 2005; McLendon et al. 2006). Francisella tularensis host 

range varies from protists to human (Hall et al. 2007).  
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Francisella tularensis persist in rodents, hares, rabbits and for a long time in infected ticks. Primary 

vector of F. tularensis  are arthropods (Ellis et al. 2002). In North America, American beavers, 

muskrats and voles are common vectors while in Europe and Asia, voles and hares play important role 

in transmission of Francisella (Stoenner et al. 1980). Francisella tularensis subspp holarctica 

primarily transmitted via ticks, mosquitoes and biting flies (Petersen et al. 2009). Francisella 

tularensis was also found to be able to survive in laboratory amoeba, water and in free form in 

environment (Berdal et al. 2000; Abd et al. 2003). Both subspecies tularensis and holarctica may 

remain survive for long time in protists which act as reservoir (Abd et al. 2003; Thelaus et al. 2009). 

The infection rate was found high near water, carcasses of rodents or lagomorphs (Anda et al. 2001; 

Reintjes et al. 2002).  Less than 10 bacteria of Francisella are able to cause infection due to high level 

of infectivity (Dennis et al. 2001). Farmers, tourist, walkers, forest workers and hunters are at high 

risk to Tularemia (Petersen et al. 2009). Incidences of outbreak due to the contaminated water occur 

low but comparatively suffer large number of cases. Water related outbreaks mostly arise from F. 

tularensis  and there is no case report in the involvement of subspecies tularensis in water associated 

infectivity (Oyston et al. 2004). 

Francisella tularansis transmitted to human through handling of  infected carcasses and animals, 

ingestion of contaminated food and drinking contaminated water, inhalation, bites of arthropod, flies 

and mosquitoes (Petersen and Schriefer 2005). In Utah during 1911 after isolation of F. tularensis  

from diseases patients suffered from deer fly fever it was declared as arthropod-borne disease and 

major arthropod involved hard ticks (Dermacentor andersoni, Dermacentor variabilis, Amblyomma 

americanum), deer flies (Chrysops discalis, Chrysops relictus),  mosquitoes (Aedes cinereus, 

Ochlerotatus excrucians) and horse flies (Haematopota pluvialis)  in human transmission (Jellison 

1974; Petersen et al. 2009). In 1924 first Francisella tularansis was isolated by Parker from 
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Dermacentor andersoni (Parker et al. 1924). In 1921 Francis showed that Chrysops discalis can 

transmit F. tularensis to animals after 4 days of infection (Francis and Mayne 1921). Major reservoirs 

of Francisella tularensis in nature are ticks, rodents and protozoa (Abd et al. 2003; Petersen et al. 

2004).  

2.7 Signs and symptoms 

The incubation period of F. tularensis  range from 1-21 days and patient develop symptoms 

like flu after 3 to 5 days of incubation (Evans et al. 1985). Tularemia may be wrongly diagnosed with 

anthrax, plague, brucellosis, Hantavirus disease, influenza, lymphoma disease, mycobacteriosis, 

staphylococcal, streptococcal, cat-scratch disease and toxoplasmosis   (Organization 2007). In human 

the most frequent sign is fever of 104oF temperature, chill, malaise, respiratory distress, headache, 

skin lesions (Lamps et al. 2004). Other signs and symptoms include cough, sore throat, chest pain, 

nausea, vomiting, diarrhea, cutaneous ulcer and mental conditions changes. These signs and symptoms 

arise in acute case after incubation of 2 to 5 days (Martin and Marty 2001; Altman 2002). Clinical 

signs in animals are varied as in human. Cats are more susceptible than dogs and cats remain mostly 

in nonclinical form and in some cases fever, lymphadenopathy, anorexia, oral ulceration, 

hepatospleenomegaly and dehydration also caused (Rhyan et al. 1990; Gliatto et al. 1994; Woods et 

al. 1998). 

2.8 Diagnosis  

Francisella tularensis is a fastidious bacteria and fiddly to grow without cysteine 

supplemented chocolate agar or cysteine glucose blood agar (Ellis et al. 2002). Francisella tularensis 

show greenish-white, round, smooth and slightly mucoid colonies on chocolate agar with 2 to 4 mm 

in size after 2 to 4 days incubation at 37ᵒC for 18 hours while α-hemolysis occurs on blood agar 

(Petersen et al. 2009). Francisella tularensis  is unable to grow in liquid medium even in the presence 
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of supplements of cysteine or any other compound containing sulfhydryl group and must be handle in 

bio-safety level 3 (Titball and Petrosino 2007).  Other agars including cysteine blood agar, Thayer–

Martin agar and cysteine heart agar containing 9 percent sheep red blood cells (CHBA) are also used 

for culturing of F. tularensis in presence of CO2 gas supplementation and colonies on CHBA medium 

appeared as small, round and greenish white in color (Ellis et al. 2002). Fluorescent labeled antibody 

test for microscopic examination of F. tularensis  is used in many reference laboratories for Tularemia 

(Dennis et al. 2001). Polymerase chain reaction (PCR) based detection of isftu2, tul4 and 23kDa 

enhanced sensitivity regarding detection of F. tularensis  as compared to culturing techniques 

(Versage et al. 2003). In one of study showed that patient was found negative for F. tularensi through 

both culturing and serological tests but remain positive when tested through PCR and T cell 

stimulation was also noted. Reason behind sero-negative may due to early use of antibiotics which 

render serological response negative (Eliasson et al. 2005). There is some drawbacks of PCR as in lab 

contamination cases false positive and in presence of inhibitors like heme of RBCs, false negative 

results are mostly found (Splettstoesser et al. 2005). Serological tests valued more in epidemiological 

and forensic cases (Syrjälä et al. 1986; Bevanger et al. 1988). Most of serological tests like 

agglutination test, micro-agglutinations test, Enzyme linked immunosorbent assay (ELISA) are used 

for diagnosis of the disease and even with antibodies can be detected after 25 years of infection 

(Massey and Mangiafico 1974; Ericsson et al. 1994; Waag et al. 1995). Both agglutination tests 

(micro-agglutination and tube agglutination) are considered as standard test for sero-diagnosis which 

determine immune response against antigen like FopA, LPS, outer membrane carbohydrate protein 

fraction (Brown et al. 1980). ELISA against extracted LPS of killed bacteria showed good sensitivity 

and specificity during diagnosis of the disease (Schmitt et al. 2005). Cross reactivity is major problem 

in serological tests but the disease showed hardly ever cross reactivity (Tärnvik and Chu 2007).   
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2.9 Treatment 

In normal cases the mortality rate in human is less than 10  percent but due to improper 

diagnosis and lack of antibiotic therapy or wrong prescription, the mortality rate increase to 30-60 

percent especially in presence of pulmonary problems and positive blood culture (Penn and Kinasewitz 

1987; Control and Prevention 2002). The chances of fatality become increase in both human and 

animals, if there is involvement of lungs signs and symptoms and antibiotics therapy may appear fail 

(Lamps et al. 2004). In human gentamicin 6.6 mg/kg intramuscular or intravenous is an alternative to 

streptomycin but yet not approved. Doxycycline (5 mg/Kg) and chloramphenicol (50 mg/Kg:cats and 

100 mg/Kg: dogs) is recommended for 14 days as compared to gentamicin and enrofloxacin (10 days) 

because of bacteriostatic in nature (Katherine 2003). In one of the case report pregnant women was 

found positive for the disease and she get recovered after treatment with azithromycin 500 mg/d for 

six days (Dentan et al. 2013). In some cases Jarisch-Herxheimer reactions is possible during treatment 

with antibiotics (Harik 2013). Aminoglycosides dose level should be strictly monitored during therapy 

as it may cause ototoxicity and nephrotoxicity (Hassoun et al. 2006). Three classes of drugs including 

beta lactam, clindamycin and trimethoprim sulfamethoxazol are unsuccessful against the disease 

(Harik 2013).           

2.10 Prevention 

As Tularemia is arthropod borne disease so for care and prevention insect repellent must be 

applied containing 10 to 30 percent diethyltoluamide (DEET) mostly in outdoor activities (Pickering 

et al. 2012). Decontamination of contact surfaces can be carried out with 10 percent bleach followed 

by 70 percent alcohol to remove corrosive action of bleach and further cleaning of surfaces. After all 

surfaces should be flushed with tap water and allowed to dry. Chlorination should also be carried out 

to get safety from waterborne diseases (Dennis et al. 2001).      
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Samples for diagnosis depend on clinical signs and status of disease. Various type of samples including 

blood, serum after three to four weeks of onset of symptoms, respiratory secretion, swabs from visible 

lesions, aspirates from lesions or lymph nodes, tissue biopsies and autopsy materials from visible 

abscesses (Organization 2007). As F. tularensis  remain in in environment for several weeks so 

samples like water, soil and rodents faeces also be used for epidemiological survey purposes (Barns 

et al. 2005).    

2.11 Real Time Polymerase Chain Reaction for detection of Francisella tularensis  

One of major challenge in PCR based diagnosis of any case is optimization of annealing temperature 

at which primers gives no dimmers and generate exact size of PCR products (Woubit et al. 2012). Real 

time PCR can be used for several epidemiological investigations (Kantardjiev et al. 2007). Detection 

of F. tularensis  carried out by targeting tul4 gene, fopA gene 23 kDa, ISFtu2, (Versage et al. 2003), 

16s RNA gene (Sjöstedt et al. 1997) and RDI region (Splettstoesser et al. 2005). Francisella tularensis 

Type A can be differentially diagnosed using TaqMan probe against pdpD gene which is absent in 

Type B (Nano et al. 2004; Larsson et al. 2005). Tul4 gene is very sensitive and using primer in Real 

Time PCR against tul4 gene, F. tularensis  can be detected with 50 fg (Emanuel et al. 2003) and 1 

pg/µL (Higgins et al. 2000). Real time PCR is possible even with one day post infection with 15 CFU 

of F. tularensis  and a linear response can be observed with 20 pg to 2 ng genomic DNA concentration 

(Junhui et al. 1996; Fujita et al. 2006).   

2.12 Seroprevelance of Francisella tularensis 

Cross reactivity in sero-diagnosis is common problem depending on assay type. Sero-

prevalence through ELISA using lipopolysaccharides from F. tularensis  showed no cross reactivity 

with Yersinia enterocolitica, Brucella spp or Proteus spp because this assay induced highly specific 

antibodies (Porsch-Özcürümez et al. 2004; Schmitt et al. 2005). 
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2.12.1 Sero-prevalence in animals 

During monoclonal antibodies therapy with monoclonal antibodies producing against LPS, 

DnaK, LpnA, FopA, bacterioferritin, the 50S ribosomal proteinL7 and L12 and metabolic enzymes 

showed variable protection against F. tularensis  live vaccine strain with highest defense by using anti 

LPS monoclonal antibodies. Anti LPS monoclonal antibodies provide protection in vivo in mice 

against both F. tularensis live vaccine strain and F. tularensis subsp tularensis strain SchuS4. Same 

results were observed in vitro by using ELISA, immunoflouresence and western blotting technique 

(Savitt et al. 2009). In vivo monoclonal and polyclonal antibodies were produced in mouse with titer 

of 1:320 and 1:640 respectively (Pohanka et al. 2008). Both of these antibodies were used in indirect 

ELISA for detection of F. tularensis with least limit of bacteria 5.4x106 CFU/mL and 6.9x106 for 

polyclonal and monoclonal antibodies respectively (Pohanka et al. 2008).       

In a comparison of competitive ELISA (cELISA), indirect ELISA and micro-agglutination (MA) test 

using serum samples from both human and infected animals, a high sensitivity and specificity in 

cELISA was noted as 93.9 and 96.1  percent respectively. There was comparable less sensitivity and 

specificity in MA and a great correlation between indirect ELISA and cELISA (Sharma et al. 2013). 

In Connecticut and New York State of USA a total 12 percent cat samples were found positive for anti 

F. tularensis  having antibody titer of 1:80 to 1:160 (Magnarelli et al. 2007).  A novel immuno-

chromatographic techniques (ICT) was compared to micro-agglutination using pig, rabbit and non 

human primate as specimen and the sensitivity and specificity was found 100 percent in both cases.  

This ICT detect IgG and can be used to detect subunit vaccines (Splettstoesser et al. 2010). Earlier 

study in USA showed that 24  percent cats were positive for antibodies against F. tularensis  with 

antibody titer of 1:80 to 1:640 (Magnarelli et al. 2007). 
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2.12.2 Sero-prevalence in human 

In one of the prior investigation it was noted that hunters are at more risk to Tularemia in 

Austria (Deutz et al. 2002). An analysis of case report of women bitten by ringtail possum at Tasmania 

resulted in ulceroglandular tularemia highlighted the causative agent as F. tularensis  subsp holarctica 

(Jackson et al. 2012).  

Some protein that are components of bacterial membrane like FopA (Huntley et al. 2007), lpnA 

(Melillo et al. 2006), dnaK, Rp1L (Janovská et al. 2007), SucB  and Bfr (Pavkova et al. 2006) play a 

significant role in the development of subunit vaccine because these proteins provoke T cell and 

interferon gamma production (Lee et al. 2006). Previous study in western parts of Germany and Berlin 

illustrated sero-positivity of 6.3 and 3.6  percent in hunters through lipo-polysaccharide ELISA 

technique while positive cases in control sera was 36.7  percent (Jenzora et al. 2008). A comparison 

of captured ELISA (cELISA) with immunochromatographic membrane based handed assay (HHA) 

and PCR was carried out and conclusion of evaluation demonstrated that PCR is 10 time higher and 

HHA is 100 times lower than cELISA.  The detection level in cELISA is about 103-104 cfu/ ml 

(Grunow et al. 2000). To evaluate F. tularensis  new live vaccine strain for reactogenicity, 

immunogenicity and safety, an experiment was carried out by giving different doses of 105, 107 and 

109 cfu/ mL subcutaneously or scarification and as result high antibody titer in response to 107 and 

109 cfu/ mL dose by scarification and gamma interferon production in response to 105, 107 and 109 

cfu/ mL doses by scarification and 105 cfu/ mL dose by subcutaneously was observed (El Sahly et al. 

2009). Seroprevalence study of  F. tularensis  from western parts of Germany and in hunters from 

Berlin was found 1.7 and 0  percent using western blotting techniques whereas control sera showed 

29.4 percent positive cases in hunters (Jenzora et al. 2008). In marth’s vineyard landscaper using power 

blower were proved 15 percent sero-positive as compared to those who do not use power blower (2 
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percent) by using technique of micro-agglutination (Katherine 2003).  Landscaper and trapper in North 

America and Native American were 2.4 to 17.5  percent positive for F. tularensis  while in Europe 

Francisella tularensis type B prevail of about 9.7 to 19.7  percent (Katherine 2003; Pohanka et al. 

2008). One year survey in Spain was taken out to detect antibodies against F. tularensis , the results 

was 0.19 percent positive and only one positive case showed cross reactivity with Brucella spp 

(Gutiérrez et al. 2003). Francisella tularensis live vaccine strain was investigated for toxicity, 

immunogenicity and pathological signs and as result it was found good with the production of IgA, 

IgM and IgM. The disease pattern of this strain is same in both animal and human and may be used 

significantly as vaccine (Pasetti et al. 2008). 

2.13 Statement of problem 

Francisella tularensis is a true soil pathogen and causes zoonotic disease in over 250 species 

of mammals. Due to its high virulence and less requirement of organisms (only 10) to cause a 

disease via inhalation route, has encouraged usage of F. tularensis as a bio-weapon in different 

wars of the past. Globally the organism has been isolated from water, soil, animals, human, 

amoeba, ticks, etc. but there has been no report from the South Asian countries like Pakistan. Due 

to its high infectivity, high virulence and aerosol transmission, culturing of F. tularensis is not 

recommended and only specific labs are authorized to grow it. By the scientific community, use 

of real time PCR and serological tests are considered bio-safe for detection of F. tularensis, directly 

from soil and serum samples, respectively.  

To understand distribution pattern of F. tularensis in eight selected districts of Punjab province, 

Pakistan and its associated risks of infection on the bases of its ecology, present project has been 

undertaken with following objectives to complete: 
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1. Real time PCR based detection of F. tularensis in soil samples collected from GPS-based 

way-points of 10 percent villages (5 samples from each village) of eight selected districts 

of Punjab province, Pakistan, where there is human-animal interaction 

2. ELISA based anti- F. tularensis antibody detection of serum samples collected from 

buffaloes, cattle, sheep and goats reared on the same way points where soil samples found 

PCR positive for F. tularensis. Correlation of results of PCR positive soil samples with that 

of ELISA positive animals 

3. Sequencing and analyzing tul4 gene of F. tularensis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Review of Literature 

27 

 

2.14 References  

Abd H, Johansson T, Golovliov I, Sandström G, Forsman M. 2003. Survival and growth of 

Francisella tularensis in Acanthamoeba castellanii. Applied and Environmental 

Microbiology. 69 (1): 600-606. 

Altman G. 2002. Tularemia. A pathogen in nature and a biological weapon. AAOHN journal: 

official journal of the American Association of Occupational Health Nurses. 50 (8): 373-

377. 

Anda P, Del Pozo JS, García JD, Escudero R, Pena FG, Velasco ML, Sellek RE, Chillarón MJ, 

Serrano LS, Navarro JM. 2001. Waterborne outbreak of tularemia associated with crayfish 

fishing. Emerging Infectious Diseases. 7 (3): 575. 

Balagopal A, MacFarlane AS, Mohapatra N, Soni S, Gunn JS, Schlesinger LS. 2006. 

Characterization of the receptor-ligand pathways important for entry and survival of 

Francisella tularensis in human macrophages. Infection and Immunity. 74 (9): 5114-5125. 

Barns SM, Grow CC, Okinaka RT, Keim P, Kuske CR. 2005. Detection of diverse new 

Francisella-like bacteria in environmental samples. Applied and Environmental 

Microbiology. 71 (9): 5494-5500. 

Berdal BP, Mehl R, Haaheim H, Løksa M, Grunow R, Burans J, Morgan C, Meyer H. 2000. Field 

detection of Francisella tularensis. Scandinavian Journal of Infectious Diseases. 32 (3): 

287-291. 

Berg G, Eberl L, Hartmann A. 2005. The rhizosphere as a reservoir for opportunistic human 

pathogenic bacteria. Environmental Microbiology. 7 (11): 1673-1685. 



  Review of Literature 

28 

 

Bevanger L, Maeland JA, Naess AI. 1988. Agglutinins and antibodies to Francisella tularensis 

outer membrane antigens in the early diagnosis of disease during an outbreak of tularemia. 

Journal of Clinical Microbiology. 26 (3): 433-437. 

Brown S, McKinney F, Klein G, Jones W. 1980. Evaluation of a safranin-O-stained antigen 

microagglutination test for Francisella tularensis antibodies. Journal of Clinical 

Microbiology. 11 (2): 146-148. 

Bultman MW, Fisher FS, Pappagianis D. 2013. The ecology of soil-borne human pathogens. In: 

Essentials of Medical Geology: Springer. 477-504. 

Checroun C, Wehrly TD, Fischer ER, Hayes SF, Celli J. 2006. Autophagy-mediated reentry of 

Francisella tularensis into the endocytic compartment after cytoplasmic replication. 

Proceedings of the National Academy of Sciences. 103 (39): 14578-14583. 

Chong A, Celli J. 2010. The Francisella intracellular life cycle: toward molecular mechanisms of 

intracellular survival and proliferation. Frontiers in Microbiology. 1. 

Chong A, Wehrly TD, Nair V, Fischer ER, Barker JR, Klose KE, Celli J. 2008. The early 

phagosomal stage of Francisella tularensis determines optimal phagosomal escape and 

Francisella pathogenicity island protein expression. Infection and Immunity. 76 (12): 5488-

5499. 

Christopher LGW, Cieslak LTJ, Pavlin JA, Eitzen EM. 1997. Biological warfare: a historical 

perspective. Jama. 278 (5): 412-417. 

Chu M, Weyant R. 2003. Francisella and brucella. Manual of Clinical Microbiology. 1 789-808. 

Clemens DL, Horwitz MA. 2007. Uptake and intracellular fate of Francisella tularensis in human 

macrophages. Annals of the New York Academy of Sciences. 1105 (1): 160-186. 



  Review of Literature 

29 

 

Control CFD. 2002. Prevention. Tularemia--United States, 1990-2000. MMWR. Morbidity and 

Mortality weekly report. 51 (9): 181. 

Darling RG, Catlett CL, Huebner KD, Jarrett DG. 2002. Threats in bioterrorism I: CDC category 

A agents. Emergency Medicine Clinics of North America. 20 (2): 273-309. 

Dennis DT, Inglesby TV, Henderson DA, Bartlett JG, Ascher MS, Eitzen E, Fine AD, Friedlander 

AM, Hauer J, Layton M. 2001. Tularemia as a biological weapon: medical and public 

health management. Jama. 285 (21): 2763-2773. 

Dentan C, Pavese P, Pelloux I, Boisset S, Brion J-P, Stahl J-P, Maurin M. 2013. Treatment of 

tularemia in pregnant woman, France. Emerging Infectious Diseases. 19 (6): 996. 

Deutz A, Fuchs K, Schuller W, Nowotny N, Auer H, Aspöck H, Stünzner D, Kerbl U, Klement C, 

Köfer J. 2002. Seroepidemiological studies of zoonotic infections in hunters in 

southeastern Austria--prevalences, risk factors, and preventive methods. Berliner und 

Munchener tierarztliche Wochenschrift. 116 (7-8): 306-311. 

Dorofe'ev K. 1947. Classification of the causative agent of tularemia. In: Symp. Res. Works Inst. 

Epidemiol. Mikrobiol. Chita. (1): 170-180. 

El Sahly H, Atmar R, Patel S, Wells J, Cate T, Ho M, Guo K, Pasetti M, Lewis D, Sztein M. 2009. 

Safety, reactogenicity and immunogenicity of Francisella tularensis live vaccine strain in 

humans. Vaccine. 27 (36): 4905-4911. 

Eliasson H, Lindback J, Nuorti JP, Arneborn M, Giesecke J, Tegnell A. 2002. The 2000 tularemia 

outbreak: a case-control study of risk factors in disease-endemic and emergent areas, 

Sweden. Emerging Infectious Diseases. 8 (9): 956-960. 



  Review of Literature 

30 

 

Eliasson H, Sjöstedt A, Bäck E. 2005. Clinical use of a diagnostic PCR for Francisella tularensis 

in patients with suspected ulceroglandular tularaemia. Scandinavian Journal of Infectious 

Diseases. 37 (11-12): 833-837. 

Ellis J, Petra CO, Michael G, Titball RW. 2002. Tularemia. Clinical Microbiology Reviews. 15 

(4): 631-646. 

Emanuel PA, Bell R, Dang JL, McClanahan R, David JC, Burgess RJ, Thompson J, Collins L, 

Hadfield T. 2003. Detection of Francisella tularensis within infected mouse tissues by 

using a hand-held PCR thermocycler. Journal of Clinical Microbiology. 41 (2): 689-693. 

Ericsson M, Sandström G, Sjöstedt A, Tärnvik A. 1994. Persistence of cell-mediated immunity 

and decline of humoral immunity to the intracellular bacterium Francisella tularensis 25 

years after natural infection. Journal of Infectious Diseases. 170 (1): 110-114. 

Evans ME, Gregory DW, Schaffner W, Mcgee ZA. 1985. Tularemia: a 30-year experience with 

88 cases. Medicine. 64 (4): 251-269. 

Farlow J, Wagner DM, Dukerich M, Stanley M, Chu M, Kubota K, Petersen J, Keim P. 2005. 

Francisella tularensis in the United States. Emerging Infectious Diseases. 11 (12): 1835-

1841. 

Fong IW, Alibek K. 2005. Bioterrorism and infectious agents: a new dilemma for the 21st century. 

Springer Science & Business Media. Availble from: http://www.springer.com 

/us/book/9781441912657.  

Forsman M, Sandström G, Sjöstedt A. 1994. Analysis of 16S ribosomal DNA sequences of 

Francisella strains and utilization for determination of the phylogeny of the genus and for 

identification of strains by PCR. International Journal of Systematic Bacteriology. 44 (1): 

38-46. 



  Review of Literature 

31 

 

Francis E, Mayne B. 1921. Experimental transmission of tularaemia by flies of the species 

Chrysops discalis. Public Health Reports. 36 (1738): 46. 

Franz DR, Jahrling PB, Friedlander AM, McClain DJ, Hoover DL, Bryne WR, Pavlin JA, 

Christopher GW, Eitzen EM. 1997. Clinical recognition and management of patients 

exposed to biological warfare agents. Jama. 278 (5): 399-411. 

Fujita O, Tatsumi M, Tanabayashi K, Yamada A. 2006. Development of a real-time PCR assay 

for detection and quantification of Francisella tularensis. Japanese Journal of Infectious 

Diseases. 59 (1): 46. 

Garcia M, McKay K. 1970. Pathogenic microorganisms in soil: an old problem in a new 

perspective. Canadian Journal of Comparative Medicine. 34 (2): 105. 

Gil H, Benach JL, Thanassi DG. 2004. Presence of pili on the surface of Francisella tularensis. 

Infection and Immunity. 72 (5): 3042-3047. 

Gliatto JM, Rae JF, McDonough PL, Dasbach JJ. 1994. Feline tularemia on Nantucket island, 

Massachusetts. Journal of Veterinary Diagnostic Investigation. 6 (1): 102-105. 

Golovliov I, Baranov V, Krocova Z, Kovarova H, Sjöstedt A. 2003. An attenuated strain of the 

facultative intracellular bacterium Francisella tularensis can escape the phagosome of 

monocytic cells. Infection and Immunity. 71 (10): 5940-5950. 

Grunow R, Splettstoesser W, McDonald S, Otterbein C, O'Brien T, Morgan C, Aldrich J, Hofer E, 

Finke E-J, Meyer H. 2000. Detection of Francisella tularensis in biological specimens 

using a capture enzyme-linked immunosorbent assay, an immunochromatographic 

handheld assay, and a PCR. Clinical and Diagnostic Laboratory Immunology. 7 (1): 86-

90. 



  Review of Literature 

32 

 

Gurcan Ş, Saracoglu GV, Karadenizli A, Özkayin EN, Özturk ŞZ, Cicek C, Vatansever B. 2012. 

Tularemia as a result of outdoor activities for children in the countryside. Turkish Journal 

of Medical Sciences. 42 (6): 1044-1049. 

Gutiérrez MP, Orduña A, Dueñas A, Bratos MÁ, Almaraz A, Álamo R, Recio MJR, Marcos HR, 

Torres AR. 2003. Prevalencia de anticuerpos frente a Francisella tularensis en la población 

de Castilla y León con anterioridad a 1997. Medicina Clínica. 120 (3): 97-98. 

Hall JD, Craven RR, Fuller JR, Pickles RJ, Kawula TH. 2007. Francisella tularensis replicates 

within alveolar type II epithelial cells in vitro and in vivo following inhalation. Infection 

and Immunity. 75 (2): 1034-1039. 

Harik NS. 2013. Tularemia: epidemiology, diagnosis and treatment. Pediatr Ann. 42 288-292. 

Harris S. 1992. Japanese biological warfare research on humans: a case study of microbiology and 

ethics. Annals of the New York Academy of Sciences. 666 (1): 21-52. 

Hassoun A, Spera R, Dunkel J. 2006. Tularemia and once-daily gentamicin. Antimicrobial Agents 

and Chemotherapy. 50 (2): 824-824. 

Helvacı S, Gedikoğlu S, Akalın H, Oral H. 2000. Tularemia in Bursa, Turkey: 205 cases in ten 

years. European Journal of Epidemiology. 16 (3): 271-276. 

Henderson DA, Inglesby TV, Bartlett JG, Ascher MS, Eitzen E, Jahrling PB, Hauer J, Layton M, 

McDade J, Osterholm MT. 1999. Smallpox as a biological weapon: medical and public 

health management. Jama. 281 (22): 2127-2137. 

Higgins JA, Hubalek Z, Halouzka J, Elkins KL, Sjostedt A, Shipley M, Ibrahim MS. 2000. 

Detection of Francisella tularensis in infected mammals and vectors using a probe-based 

polymerase chain reaction. The American journal of tropical medicine and hygiene. 62 (2): 

310-318. 



  Review of Literature 

33 

 

Huntley JF, Conley PG, Hagman KE, Norgard MV. 2007. Characterization of Francisella 

tularensis outer membrane proteins. Journal of Bacteriology. 189 (2): 561-574. 

Jackson J, McGregor A, Cooley L, Ng J, Brown M, Ong CW, Darcy C, Sintchenko V. 2012. 

Francisella tularensis subspecies holarctica, Tasmania, Australia, 2011. Emerging 

Infectious Diseases. 18 (9): 1484. 

Janovská S, Pávková I, Hubálek M, Lenčo J, Macela A, Stulík J. 2007. Identification of 

immunoreactive antigens in membrane proteins enriched fraction from Francisella 

tularensis LVS. Immunology Letters. 108 (2): 151-159. 

Jellison WL. 1974. Tularemia in North America, 1930-1974. University of Montana, University 

of Montana Foundation. Montana Press. Avaible from: http://www.amazon.com 

/Tularemia-America-1930-1974-Livingston-Jellison/dp/B0006CE5ZI  

Jenzora A, Jansen A, Ranisch H, Lierz M, Wichmann O, Grunow R. 2008. Seroprevalence study 

of Francisella tularensis among hunters in Germany. FEMS Immunology & Medical 

Microbiology. 53 (2): 183-189. 

Junhui Z, Ruifu Y, Jianchun L, Songle Z, Meiling C, Fengxiang C, Hong C. 1996. Detection of 

Francisella tularensis by the polymerase chain reaction. Journal of Medical Microbiology. 

45 (6): 477-482. 

Kamboj DV, Goel AK, Singh L. 2006. Biological warfare agents. Defence Science Journal. 56 

(4): 495-506. 

Kantardjiev T, Padeshki P, Ivanov IN. 2007. Diagnostic approaches for oculoglandular tularemia: 

advantages of PCR. British Journal of Ophthalmology. 91 (9): 1206-1208. 

Katherine FA. 2003. Tularemia. American Veterinary Medical Association. 222 (6): 6. 



  Review of Literature 

34 

 

Katz L, Orr-Urteger A, Brenner B, Hourvitz A. 2002. Tularemia as a biological weapon. Harefuah. 

141 78-83, 120. 

Katz R. 2004. Biological Weapons: A National Security Problem that Requires a Public Health. 

Avaible from: http://westoff.princeton.edu/papers/opr0104.pdf. 

Kaufmann AF, Meltzer MI, Schmid GP. 1997. The economic impact of a bioterrorist attack: are 

prevention and postattack intervention programs justifiable? Emerging Infectious 

Diseases. 3 (2): 83. 

Keim P, Johansson A, Wagner DM. 2007. Molecular epidemiology, evolution, and ecology of 

Francisella. Annals of the New York Academy of Sciences. 1105 (1): 30-66. 

Kortepeter MG, Parker GW. 1999. Potential biological weapons threats. Emerging Infectious 

Diseases. 5 (4): 523. 

Lai XH, Golovliov I, Sjöstedt A. 2001. Francisella tularensis induces cytopathogenicity and 

apoptosis in murine macrophages via a mechanism that requires intracellular bacterial 

multiplication. Infection and Immunity. 69 (7): 4691-4694. 

Lai XH, Sjöstedt A. 2003. Delineation of the molecular mechanisms of Francisella tularensis-

induced apoptosis in murine macrophages. Infection and Immunity. 71 (8): 4642-4646. 

Lamps LW, Havens JM, Sjostedt A, Page DL, Scott MA. 2004. Histologic and molecular diagnosis 

of tularemia: a potential bioterrorism agent endemic to North America. Modern Pathology. 

17 (5): 489-495. 

Larsson P, Oyston PC, Chain P, Chu MC, Duffield M, Fuxelius HH, Garcia E, Hälltorp G, 

Johansson D, Isherwood KE. 2005. The complete genome sequence of Francisella 

tularensis, the causative agent of tularemia. Nature Genetics. 37 (2): 153-159. 



  Review of Literature 

35 

 

Lee B-Y, Horwitz MA, Clemens DL. 2006. Identification, recombinant expression, 

immunolocalization in macrophages, and T-cell responsiveness of the major extracellular 

proteins of Francisella tularensis. Infection and Immunity. 74 (7): 4002-4013. 

Loganathan P. 1987. Soil quality considerations in the selection of sites for aquaculture. FAO 

press. Availble from: http://www.fao.org/docrep/field/003/ac172e/AC172E03.htm#ch3.  

Machado-Ferreira E, Joseph P, Zeidner NS, Soares CA. 2009. Francisella-like endosymbiont DNA 

and Francisella tularensis virulence-related genes in Brazilian ticks (Acari: Ixodidae). 

Journal of Medical Entomology. 46 (2): 369-374. 

Magnarelli L, Levy S, Koski R. 2007. Detection of antibodies to Francisella tularensis in cats. 

Research in Veterinary Science. 82 (1): 22-26. 

Manchee R, Broster M, Melling J, Henstridge R, Stagg A. 1981. Bacillus anthracis on Gruinard 

island. Letter to Nature. 294: 254-255. 

Mariathasan S, Weiss DS, Dixit VM, Monack DM. 2005. Innate immunity against Francisella 

tularensis is dependent on the ASC/caspase-1 axis. The Journal of Experimental Medicine. 

202 (8): 1043-1049. 

Martin GJ, Marty AM. 2001. Clinicopathologic aspects of bacterial agents. Clinics in Laboratory 

Medicine. 21 (3): 513-548. 

Massey ED, Mangiafico JA. 1974. Microagglutination test for detecting and measuring serum 

agglutinins of Francisella tularensis. Applied Microbiology. 27 (1): 25-27. 

McLendon MK, Apicella MA, Allen LAH. 2006. Francisella tularensis: taxonomy, genetics, and 

immunopathogenesis of a potential agent of biowarfare. Annual Review of Microbiology. 

60:167. 



  Review of Literature 

36 

 

Melillo A, Sledjeski DD, Lipski S, Wooten RM, Basrur V, Lafontaine ER. 2006. Identification of 

a Francisella tularensis LVS outer membrane protein that confers adherence to A549 

human lung cells. FEMS Microbiology Letters. 263 (1): 102-108. 

Meselson M, Guillemin J, Hugh-Jones M. 2002. Public health assessment of potential biological 

terrorism agents. Emerging Infectious Diseases. 8 (2): 225. 

Nannipieri P, Ascher J, Ceccherini M, Landi L, Pietramellara G, Renella G. 2003. Microbial 

diversity and soil functions. European Journal of Soil Science. 54 (4): 655-670. 

Nannipieri P, Kandeler E, Ruggiero P. 2002. Enzyme activities and microbiological and 

biochemical processes in soil. Enzymes in the environment. Marcel Dekker, New York. 1-

33. 

Nano FE, Zhang N, Cowley SC, Klose KE, Cheung KK, Roberts MJ, Ludu JS, Letendre GW, 

Meierovics AI, Stephens G. 2004. A Francisella tularensis pathogenicity island required 

for intramacrophage growth. Journal of Bacteriology. 186 (19): 6430-6436. 

Organization WH. 1970. Health aspects of chemical and biological weapons: Report of a WHO 

group of consultants. Avaible from: http://apps.who.int/iris/bitstream/10665/39444/1 

/24039.pdf.  

Organization WH. 2007. WHO guidelines on tularaemia. Avaible from: http://www.who.int/csr 

/resources/publications/deliberate/WHO_CDS_EPR_2007_7/en/.  

Oyston PC, Sjöstedt A, Titball RW. 2004. Tularaemia: bioterrorism defence renews interest in 

Francisella tularensis. Nature Reviews Microbiology. 2 (12): 967-978. 

Parker RR, Spencer RR, Francis E. 1924. Tularæmia: XI. Tularæmia Infection in Ticks of the 

Species Dermacentor Andersoni Stiles in the Bitterroot Valley, Mont. Public Health 

Reports (1896-1970). 1057-1073. 



  Review of Literature 

37 

 

Pasetti MF, Cuberos L, Horn TL, Shearer JD, Matthews SJ, House RV, Sztein MB. 2008. An 

improved Francisella tularensis live vaccine strain (LVS) is well tolerated and highly 

immunogenic when administered to rabbits in escalating doses using various immunization 

routes. Vaccine. 26 (14): 1773-1785. 

Pavkova I, Reichelova M, Larsson P, Hubalek M, Vackova J, Forsberg A, Stulik J. 2006. 

Comparative proteome analysis of fractions enriched for membrane-associated proteins 

from Francisella tularensis subsp. tularensis and F. tularensis subsp. holarctica strains. 

Journal of Proteome Research. 5 (11): 3125-3134. 

Penn RL, Kinasewitz GT. 1987. Factors associated with a poor outcome in tularemia. Archives of 

Internal Medicine. 147 (2): 265. 

Petersen JM, Mead PS, Schriefer ME. 2009. Francisella tularensis: an arthropod-borne pathogen. 

Veterinary Research. 40 (2): 1. 

Petersen JM, Schriefer ME. 2005. Tularemia: emergence/re-emergence. Veterinary Research. 36 

(3): 455-467. 

Petersen JM, Schriefer ME, Gage KL, Montenieri JA, Carter LG, Stanley M, Chu MC. 2004. 

Methods for enhanced culture recovery of Francisella tularensis. Applied and 

Environmental Microbiology. 70 (6): 3733-3735. 

Pickering LK, Baker CJ, Kimberlin DW. 2012. In: Red Book, (2012). American Academy of 

Pediatric Press. USA. Avaiable from: http://ebooks.aappublications.org/content/red-book-

29th-edition-2012.  

Pohanka M, Pavlis O, Kroca M. 2008. ELISA Detection of Francisella tularensis using 

Polyclonaland Monoclonal Antibodies. Defence Science Journal. 58 (5): 698-702. 



  Review of Literature 

38 

 

Porsch-Özcürümez M, Kischel N, Priebe H, Splettstösser W, Finke E-J, Grunow R. 2004. 

Comparison of enzyme-linked immunosorbent assay, Western blotting, 

microagglutination, indirect immunofluorescence assay, and flow cytometry for 

serological diagnosis of tularemia. Clinical and Diagnostic Laboratory Immunology. 11 

(6): 1008-1015. 

Read A, Vogl SJ, Hueffer K, Gallagher LA, Happ GM. 2008. Francisella genes required for 

replication in mosquito cells. Journal of Medical Entomology. 45 (6): 1108-1116. 

Reintjes R, Dedushaj I, Gjini A, Jorgensen TR, Cotter B, Lieftucht A, D'Ancona F, Dennis DT, 

Kosoy MA, Mulliqi-Osmani G. 2002. Tularemia outbreak investigation in Kosovo: case 

control and environmental studies. Emerging Infectious Diseases. 8 (1): 69-73. 

Rhyan JC, Gahagan T, Fales WH. 1990. Tularemia in a cat. Journal of Veterinary Diagnostic 

Investigation. 2 (3): 239-241. 

Rick Lyons C, Wu TH. 2007. Animal models of Francisella tularensis infection. Annals of the 

New York Academy of Sciences. 1105 (1): 238-265. 

Riedel S. 2004. Biological warfare and bioterrorism: a historical review. Proceedings (Baylor 

University. Medical Center). 17 (4): 400. 

Robertson AG, Robertson LJ. 1995. From asps to allegations: biological warfare in history. 

Military Medicine. 160 (8): 369-373. 

Ryan JR, Glarum JF. 2008. Biosecurity and bioterrorism: Containing and preventing biological 

threats. Butterworth-Heinemann. Avaible from: http://www.amazon.com/Biosecurity-

Bioterrorism-Containing-Preventing-Butterworth-Heinemann/dp/0750684895.   

Santic M, Molmeret M, Abu Kwaik Y. 2005. Modulation of biogenesis of the Francisella 

tularensis subsp. novicida‐containing phagosome in quiescent human macrophages and its 



  Review of Literature 

39 

 

maturation into a phagolysosome upon activation by IFN‐γ. Cellular Microbiology. 7 (7): 

957-967. 

Santic M, Molmeret M, Klose KE, Jones S, Kwaik YA. 2005. The Francisella tularensis 

pathogenicity island protein IglC and its regulator MglA are essential for modulating 

phagosome biogenesis and subsequent bacterial escape into the cytoplasm. Cellular 

microbiology. 7 (7): 969-979. 

Savitt AG, Mena-Taboada P, Monsalve G, Benach JL. 2009. Francisella tularensis infection-

derived monoclonal antibodies provide detection, protection, and therapy. Clinical and 

Vaccine Immunology. 16 (3): 414-422. 

Schmitt P, Splettstoesser W, Porsch-Özcürümez M, Finke E-J, Grunow R. 2005. A novel screening 

ELISA and a confirmatory Western blot useful for diagnosis and epidemiological studies 

of tularemia. Epidemiology and Infection. 133 (04): 759-766. 

Schulert GS, Allen LAH. 2006. Differential infection of mononuclear phagocytes by Francisella 

tularensis: role of the macrophage mannose receptor. Journal of Leukocyte Biology. 80 

(3): 563-571. 

Sharma N, Hotta A, Yamamoto Y, Fujita O, Uda A, Morikawa S, Yamada A, Tanabayashi K. 

2013. Detection of Francisella tularensis-specific antibodies in patients with tularemia by 

a novel competitive enzyme-linked immunosorbent assay. Clinical and Vaccine 

Immunology. 20 (1): 9-16. 

Sinclair R, Boone SA, Greenberg D, Keim P, Gerba CP. 2008. Persistence of category A select 

agents in the environment. Applied and Environmental Microbiology. 74 (3): 555-563. 

Sjöstedt A. 2007. Tularemia: history, epidemiology, pathogen physiology, and clinical 

manifestations. Annals of the New York Academy of Sciences. 1105 (1): 1-29. 



  Review of Literature 

40 

 

Sjöstedt A, Brenner D, Krieg N, Staley J, Garrity G. 2005. Family XVII. Francisellaceae, genus I. 

Francisella. Bergey's manual of Systematic Bacteriology. 2: 200-210. 

Sjöstedt A, Eriksson U, Berglund L, Tärnvik A. 1997. Detection of Francisella tularensis in ulcers 

of patients with tularemia by PCR. Journal of Clinical Microbiology. 35 (5): 1045-1048. 

Soto E, Hawke J, Fernandez D, A Morales J. 2009. Francisella sp., an emerging pathogen of tilapia, 

Oreochromis niloticus (L.), in Costa Rica. Journal of Fish Diseases. 32 (8): 713-722. 

Spertzel RO. 1993. Technical Ramifications of Inclusion of Toxins in the Chemical Weapons 

Convention (CWC), Supplement. Defense Nuclear Agency. Alexandria Press. USA.  

Avaible from: https://books.google.com.pk/books/about/Technical_Ramifications_ 

of_Inclusion_of.html?id=tT-dHAAACAAJ&redir_esc=y.  

Splettstoesser W, Guglielmo-Viret V, Seibold E, Thullier P. 2010. Evaluation of an 

immunochromatographic test for rapid and reliable serodiagnosis of human tularemia and 

detection of Francisella tularensis-specific antibodies in sera from different mammalian 

species. Journal of Clinical Microbiology. 48 (5): 1629-1634. 

Splettstoesser W, Tomaso H, Al Dahouk S, Neubauer H, Schuff‐Werner P. 2005. Diagnostic 

procedures in tularaemia with special focus on molecular and immunological techniques. 

Journal of Veterinary Medicine. 52 (6): 249-261. 

Stoenner H, Steele JH, Kaplan W, Torten M. 1980. Bacterial, rickettsial, and mycotic diseases. 

CRC press. USA. Avaible from: http://trove.nla.gov.au/work/18932769. 

Syrjälä H, Koskela P, Ripatti T, Salminen A, Herva E. 1986. Agglutination and ELISA methods 

in the diagnosis of tularemia in different clinical forms and severities of the disease. The 

Journal of Infectious Diseases. 142-145. 



  Review of Literature 

41 

 

Tärnvik A, Chu MC. 2007. New approaches to diagnosis and therapy of tularemia. Annals of the 

New York Academy of Sciences. 1105 (1): 378-404. 

Thelaus J, Andersson A, Mathisen P, Forslund AL, Noppa L, Forsman M. 2009. Influence of 

nutrient status and grazing pressure on the fate of Francisella tularensis in lake water. 

FEMS Microbiology Ecology. 67 (1): 69-80. 

Titball RW, Petrosino JF. 2007. Francisella tularensis genomics and proteomics. Annals of the 

New York Academy of Sciences. 1105 (1): 98-121. 

Torsvik V, Sørheim R, Goksøyr J. 1996. Total bacterial diversity in soil and sediment 

communities—a review. Journal of Industrial Microbiology. 17 (3-4): 170-178. 

Turnbull P. 2002. Introduction: anthrax history, disease and ecology. In: Anthrax: Springer. 1-19. 

Versage JL, Severin DD, Chu MC, Petersen JM. 2003. Development of a multitarget real-time 

TaqMan PCR assay for enhanced detection of Francisella tularensis in complex 

specimens. Journal of Clinical Microbiology. 41 (12): 5492-5499. 

Waag DM, McKee K, Sandstrom G, Pratt L, Bolt CR, England MJ, Nelson GO, Williams JC. 

1995. Cell-mediated and humoral immune responses after vaccination of human volunteers 

with the live vaccine strain of Francisella tularensis. Clinical and Diagnostic Laboratory 

Immunology. 2 (2): 143-148. 

Wehrly TD, Chong A, Virtaneva K, Sturdevant DE, Child R, Edwards JA, Brouwer D, Nair V, 

Fischer ER, Wicke L. 2009. Intracellular biology and virulence determinants of Francisella 

tularensis revealed by transcriptional profiling inside macrophages. Cellular Microbiology. 

11 (7): 1128-1150. 

Weller DM. 1988. Biological control of soilborne plant pathogens in the rhizosphere with bacteria. 

Annual Review of Phytopathology. 26 (1): 379-407. 



  Review of Literature 

42 

 

Wheelis M. 2002. Biological warfare at the 1346 siege of Caffa. Emerging Infectious Diseases. 8 

(9): 971-975. 

Whipps JM. 2001. Microbial interactions and biocontrol in the rhizosphere. Journal of 

Experimental Botany. 52 (1): 487-511. 

Woods J, Crystal M, Morton R, Panciera R. 1998. Tularemia in two cats. Journal of the American 

Veterinary Medical Association. 212 (1): 81-83. 

Woubit AS, Yehualaeshet T, Habtemariam T, Samuel T. 2012. Simultaneous, specific and real-

time detection of biothreat and frequently encountered food-borne pathogens. Journal of 

Food Protection. 75 (4): 660. 

Young IM, Crawford JW. 2004. Interactions and self-organization in the soil-microbe complex. 

Science. 304 (5677): 1634-1637. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment-1  

43 

 

CHAPTER 3 

EXPERIMENT 1 

 

Spatial Distribution of Francisella tularensis in Punjab Province, Pakistan 

3.1 Abstract 

Tularemia, caused by Francisella tularensis (F. tularensis), is a zoonotic disease that is transmitted 

through contact with infected animals, contaminated environment such as soil or aerosols, and 

arthropod vectors. Although this disease is prevalent in several countries, information regarding 

the factors influencing its survival in soil is scarce. In the present study, we aimed to find 

geographical distribution of F. tularensis in soil samples of Punjab, Pakistan. Accordingly, we 

evaluated a total of 2280 soil samples from 456 villages in 8 districts of Punjab province, Pakistan, 

via real-time polymerase chain reaction, in order to analyze the risk factors. In total, 74 samples 

(3.24%) exhibited positive results for F. tularensis. The prevalence of the bacterial genome in soil 

samples from Chakwal, Gujranwala, Attock, Faisalabad, Dera Ghazi Khan, Sargodha, Sahiwal, 

and Sheikhupura was 5.3%, 4.8%, 4.4%, 4%, 3.7%, 3.2%, 0.8%, and 0%, respectively. 

Phylogenetic analysis indicated a 100% similarity index with the F. tularensis sub specie 

holarctica, which was detected in USA, Sweden, Spain, Turkey, and Germany. The presence of 

the bacteria exhibited non-significant associations with the distance from the main road (odds ratio, 

1.848; 95% confidence interval, 0.7273–1.159), distance from the canal (2.042; 0.8082–1.285), 

distance from animal markets (1.079; 0.3088–0.577), soil cover (2.156; 0.8831–1.491), animal 

density (2.495; 0.9762–1.561), and animal interaction (1.132; 0.3974–0.6708). In contrast, the 

presence of F. tularensis in the soil was negatively associated with an increase in human density 

(0.7159; 0.2054–0.3834). Nevertheless, in the Attock and Sargodha districts, the prevalence of the 

bacterial genome in the soil was positively associated with animal density. Based on the current 
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findings, we conclude that the prevalence of F. tularensis in the soil of Punjab province is quite 

high.  

Keywords: Francisella tularensis, real-time PCR, risk factors, soil 

3.2 Introduction 

Francisella tularensis (F. tularensis) is a pleomorphic Gram-negative intracellular 

bacterium that has zoonotic implications. It circulates from rodents to lagomorphs and causes 

Tularemia in both humans and animals (Oyston 2008; Vogler et al. 2009). As F. tularensis has 

been used as a bioweapon in recent decades (Lane et al. 2001; Madjid et al. 2003; Tatem et al. 

2006), it has been classified as a category A select agent by the CDC. Four subspecies of F. 

tularensis, namely, tularensis, mediasiatica, holarctica, and novicida, have been reported. The 

presence of FT subspecies holarctica has been reported from Europe and Asia, whereas that of F. 

tularensis subspecies tularensis has been reported from North America (Garaizar et al. 2006). 

Compared to FT subspecies holarctica (Type B), F. tularensis subspecies tularensis (Type A) 

primarily causes infection in humans and animals (Titball and Petrosino 2007). In fact, in Asian 

countries, the disease in human beings is commonly caused by Type B organisms through aquatic 

rodents (Esmaeili et al. 2014). The clinical signs and severity of the disease depend on the entry 

route, although glandular, oculoglandular, ulceroglandular, typhoidal, and pneumonic symptoms 

are common in humans (Helvacı et al. 2000; Bossi et al. 2004).  

The annual incidence of the disease per 100,000 people is known to be 5.2, 2.8, 1.19, 1.0, 

0.42, 0.36, and 0.15 in Kosovo and Europe, Sweden, Finland, Slovakia, Norway, Hungry, and 

Croatia, respectively (Gürcan 2014). Among the Asian countries, most of the outbreaks and cases 

have been reported in Turkey (607 cases in 2012), China (31 cases in 1986), and Iran (36 cases in 

2013) (Ohara et al. 1996; Thomas et al. 2008; Esmaeili et al. 2014; Gürcan 2014). However, no 
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case reports or studies on F. tularensis along with the associated potential risk factors have been 

published. To better address the disease incidence or prevalence, it is essential to understand the 

survival and persistence of pathogens in the environment (Stuart and Wilkening 2005). 

Considering the lack of data on F. tularensis from this part of the world, in the present study, we 

aimed to obtain valuable information regarding the geographical distribution of F. tularensis in 8 

districts of Punjab province, Pakistan, as well as its association with potential risk factors.   

3.3 Material and Methods 

3.3.1. Sampling 

A total of 2280 soil samples from 456 villages (10% of all villages in each district) from 8 

districts, namely, Sheikhupura (n = 295), Gujranwala (n = 360), Faisalabad (n = 370), Sargodha 

(n = 370), Sahiwal (n = 255), D.G. Khan (n = 215), Chakwal (n = 190), and Attock (n = 225), of 

Punjab were collected aseptically. All samples were collected using Open Epi version 2.3.1 

software (http://www.openepi.com/Menu/OE_Menu.htm), with a level of confidence of 80% and 

confidence limit of 5%. Information regarding the villages in each district was obtained from the 

Livestock and Dairy Development Department, Punjab, Pakistan. Soil samples were collected 

from 3 inches below the ground surface from each village. Four samples were obtained from places 

where animals and humans were in close proximity, whereas a fifth sample was obtained from a 

location with no apparent interaction between humans and animals.  

Approximately 250–300 g of soil was obtained using a portable electronic weighing 

balance (Mughal, Pakistan), and was properly labeled. Relevant details about the sample site, 

including the geographical coordinates (Garmin, Dakota, U.S.A), number and species of animals 

on the farm, management system applied, among others, were obtained using survey forms 

(supplementary file). In brief, the nearest market, information regarding vaccination, availability 
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of veterinary services, common diseases, animals housed on the farm, and the types of fertilizer 

used were recorded.   

3.3.2 Real Time-PCR  

Each soil sample was processed for genome extraction using the PowerMax™ Soil DNA 

Isolation Kit (MoBio Laboratories, Inc., Carlsbad, CA, USA) as per the manufacturer’s 

recommendations, and stored at -80°C for further use. After DNA extraction, the quantification of 

DNA was performed using the NanoDrop 1000 spectrophotometer (Thermo scientific, USA).  

An outer membrane protein gene (tul4) with a size of 103 bp was targeted with primers 

(Tul4F: 5′CAG-CAT-ACA-ATA-ATA-ACC-CAC-AAG-G3′; Tul4R: 5′CAG-CAT-ACT-TAG-

TAA-TTG-GGA-AGC3′) and probes (5′-FAM-TTA-CAA-TGG-CAG-GCT-CCA-GAA-GGT-

T–TAMERA3′) as described by Christensen et al. (2006). All DNA samples were analyzed 

through real-time PCR (CFX96 ™ Real-Time PCR Detection Machine; BIO-RAD, USA). In 

brief, this involved 1 cycle of Platinum Taq activation at 95°C for 5 min, followed by 45 cycles of 

initial denaturation at 94°C for 5 s and annealing of the primers at 60°C for 20 s; thereafter, 1 cycle 

of cooling at 40° C for 1 min was performed. A 20-µL sample of total reaction mixture includes 

10 µL of 10X PCR Mix (Thermo Scientific, USA), 0.25 µL of bovine serum albumin stabilizer 

(Thermo Scientific, USA), 0.08 µL of forward primer, 0.08 µL of reverse primer, 0.01 µL of probe, 

4.58 µL of DEPC-H2O (Thermo Scientific, USA), and 5 µL of bacterial DNA. A similar reaction 

mixture was prepared for the positive control (provided by Drs. Francesconi and Patel Naval 

Medical Research Unit, Frederick, Maryland) and negative control (nuclease-free water).  

3.3.3 Sequencing: 

A total of 8 samples, 1 representative sample from each district, underwent gel extraction (Qiagen, 

USA) and sequencing through an ABI 3130XL Automated Sequencer (Applied Biosystems Inc, 
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Foster city, CA). For phylogenetic analysis, all sequences with globally reported sequences 

available on NCBI were aligned with each other using the multiple sequence alignment clustering 

method UPGMB (Edgar 2004), and a maximum likelihood tree was constructed via the bootstrap 

method with 1000 bootstrap replications using the Juckes-Cantor model with the nucleotide 

substitution type and MEGA 6 software (The Biodesign Institute, USA). 

3.3.4 Geographical Mapping   

All the geographical data were combined and mapped using the ArcView 10.2 version 

software that was designed by the Environmental system research institute (Redlands, California, 

USA). Primary data were collected through a GPS survey; the other layers in the maps were 

generated through a survey of districts maps of Pakistan. An inset map was generated by the 

University of Texas at Austin, Texas. 

3.3.5 Risk Factor analysis 

Data regarding the risk factors for F. tularensis, including animal density; distance from 

the main road, canal, and animal markets; soil cover; animal density; and human and animal 

interaction were collected from farmers at sampling points. To identify the associations between 

the prevalence of F. tularensis and animals housed in each district, the district-wise animal 

population was recorded from the Bureau of Statistics, Government of Punjab 

(http://www.bos.gop.pk/system/files/Dev-2013.pdf). 

3.3.6 Data analysis 

The results of real-time PCR and the odds ratio of the risk factors were analyzed using 

Prism software, version 5.0d (GraphPad, USA). Descriptive statistics for Ct values of positive 

results were analyzed with the Chi square test, using SPSS software version 15.0. A P value of 

<0.05 was considered significant. 
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3.4 Results 

 3.4.1 Sequencing results 

TaqMan probe-based threshold curves were analyzed after each run, while comparing with 

the Ct values of the positive control. Each sample that was found to be positive during the first run 

underwent repeated analysis from the genome extraction process to confirm the true prevalence or 

presence of F. tularensis in the soil. Of all the soil samples, only 74 (3.25%) were found to be 

positive for F. tularensis. The organism prevalence among the different districts of Punjab was 

significantly different. Moreover, the prevalence of F. tularensis in soil samples from the Chakwal, 

Gujranwala, Attock, Faisalabad, Dera Ghazi Khan, Sargodha, and Sahiwal districts was 5.3%, 

4.8%, 4.4%, 4.1%, 3.7%, 3.2%, and 0.8%, respectively. F. tularensis was not detected in any of 

the soil samples in the Sheikhupura district. All the Ct values of the positive samples were within 

the selected range, with a minimum Ct value of 21.12 and maximum Ct value of 30.49 (mean, 

30.49 ± 2.23).  

All the sequences of the partial Tul4 gene of F. tularensis were examined using NCBI 

BLAST analysis to assess the similarity with the already reported sequences. Sequences of the 

isolates were uploaded to NCBI GenBank (http://www.ncbi.nlm.nih.gov/), with the following 

accession numbers: KP881361, KP881362, KP881363, KP881364, KP881365, KP881366, 

KP881367, and KP881368. In the phylogenetic analysis, all the sequences showed 98–100% 

similarity with the globally reported sequences available on NCBI. The similarity of all 7 

sequences with the 4 subspecies holarctica (100%), tularensis (98–99%), novicida (98–99%) and 

mediasiatica (99%), showed that the primers used in the present study could cover all the important 

subspecies of F. tularensis, as shown in Figure 3.1. Moreover, the sequences in the current study 

also exhibited 98–100% similarity with F. tularensis samples isolated from water, humans, hares, 



Experiment-1  

49 

 

midday gerbils, and saltwater. All the studied sequences were previously found in USA, Germany, 

Turkey, Spain, Switzerland, or Sweden.     

3.4.2 Spatial distribution  

     The spatial epidemiological distribution of F. tularensis in 8 districts (with an approximate area 

of 59797 km2) in Punjab was analyzed with maps depicting different layers of roads, railway lines, 

and rivers, as well as the boundaries of each district, as shown in Figure 3.2. The prevalence of F. 

tularensis in the soil samples was 2/5 (40%) in the villages of Gharibwal from the Attock district, 

Choti bala from the D.G Khan district, Chak from the Faisalabad district, and Madan from the 

Sargodha district. Moreover, these districts also exhibited a high positive rate, as compared to the 

other districts, which suggests that F. tularensis is commonly present in the central part of Punjab. 

Among the positive samples, 27.02% (n = 20) were obtained from undisturbed areas without any 

animal and human interaction. F. tularensis was mostly prevalent at coordinates of 32.05156 ± 

0.94°N and 73.13001 ± 1.07°E, with a maximum latitude of 33.95515°N and longitude of 

75.5082°E and minimum latitude of 29.77404°N and longitude of 70.31088°E.  

 3.4.3 Risk factors 

The risk factors associated with the prevalence of F. tularensis in the soil are shown in 

Table 3.1. The prevalence of F. tularensis in 8 districts of Punjab province was not associated with 

the distance from the main road, canal, and animal markets, or with the soil cover. However, the 

risk for F. tularensis was positively associated with animal density in Attock (odd ratio, 8.591; 

95% confidence interval, 1.07–68.98) and Sargodha (4.89; 1.303–18.4) and negatively associated 

with the human population (0.7159;  0.2054–0.3834).  
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3.5 Discussion 

In the present study, we detected geographical distribution of F. tularensis in soil samples 

collected from districts Chakwal, Gujranwala, Sahiwal, Attock, Dera Ghazi Khan, and Sargodha, 

whereas no F. tularensis was detected in district Sheikhupura. Pakistan is a developing country 

where infectious diseases account for 26% of the total disease burden (Naseer and Jamali 2014). 

The migration of people along with their domestic animals to Pakistan from India during 

independence and from Afghanistan during the war with the Talban has led to an increase in the 

population of livestock as well as the introduction of many novel zoonotic pathogens in different 

parts of the country (Caracappa 1999; Höfle et al. 2004). The lack of proper biomedical research 

and poor communication between clinicians and scientists are the likely reasons for non-detection 

of these novel cases in hospitals (Mufti 2003). However, at present, the advancement of molecular 

diagnostic techniques has facilitated the identification of a number of novel pathogens that have 

not been reported previously (Irwin and Jefferies 2004; Otranto et al. 2009). In particular, the use 

of real-time PCR for the diagnosis and rapid detection of dangerous pathogens such as Bacillus 

anthracis, F. tularensis, Yersinia pestis, and Brucella species has been important in the 

determination of the prevalence of these organisms in the natural environment (O'Connell et al. 

2010). Previous studies have shown that F. tularensis can survive in water, soil, mud, animal 

waste, and frozen meat for a long duration (Eliasson et al. 2006; Sjöstedt 2007). Due to zoonotic 

in nature, Tularemia disease is more prevalent in animal’s populated areas. Compared to Sindh, 

Baluchistan, and Khyber Pakhtunkhwa, the Punjab province has the highest animal population. F. 

tularensis genome was found in high quantity in all positive districts. The Ct values of all the 

positive samples were within the minimum Ct value of 21.12 and maximum value of 30.49. 

Another study targeting the same tul4 gene in soil samples using real-time PCR yielded similar 
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results, with Ct values between 23.06 ± 1.58 and 28.71 ± 1.04 (Sellek et al. 2008). Based on a 

previous study, the prevalence rate of F. tularensis was 13.1% in the Lahore district in the Punjab 

province (Shabbir et al. 2015). Real-time PCR is a very specific and sensitive test for detecting 

bacteria in a complex environment. Several factors, such as climatic conditions and environmental 

temperature, as well as the concentrations of potassium, cysteine, sulfur, carbon dioxide, and iron, 

can facilitate the survival of F. tularensis in the soil, without any infection or outbreak, and can 

affect the virulence of this organism (Sjöstedt 2007; Lindgren et al. 2009; Alkhuder et al. 2010) 

In the phylogenetic analysis, all the sequences exhibited 100% similarity between each 

other, while exhibiting 98–100% similarity with globally reported sequences available at NCBI. 

The similarity of all 7 sequences with all 4 subspecies holarctica (100%), tularensis (98–99%), 

novicida (98–99%), and mediasiatica (99%) indicated that the primer used in the present study 

could cover all the important subspecies of F. tularensis. The results of the current study suggest 

that the FT samples isolated from Pakistan belonged to the clade of holarctica, with a node value 

of 64 and 0.001 nucleotide substitutions per site. A previous study in China, a neighboring country 

of Pakistan, also supports this similarity (Zhang et al. 2006; YanHua et al. 2011). Other studies 

have shown that organisms from the subspecies holarctica are commonly present in Asian 

counties, consistent with the results of the present study (Vogler et al. 2009; Chanturia et al. 2011; 

Maraha et al. 2013) Moreover, all 7 sequences showed single nucleotide polymorphisms with 

strains from sequences reported from USA, Switzerland, Sweden, Slovakia, and England ; the 

sequences with the single nucleotide variation could be used for phylogenetic analysis (Pearson et 

al. 2004; YanHua et al. 2011). In addition, the sequences in the current study also showed similarity 

of 98–100% with F. tularensis samples isolated from water, human, hares, midday gerbils, and 

salt water. All of the studied sequences were already reported in USA, Germany, Turkey, and 
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Sweden. In previous studies, the 16S rDNA was used to discriminate Francisella species from 

environmental samples (Forsman et al. 1994; Berrada and Telford III 2010) and ticks (de Carvalho 

et al. 2011); however, the tul4 gene has recently been used to differentiate among F. tularensis 

species, due to its divergence and specificity to Francisella, and to diagnose Tularemia 

(Karhukorpi 2001; Scoles 2004; de Carvalho et al. 2011). 

The study of geographic patterns of the prevalence of a disease-causing agent is an 

important part of descriptive epidemiology. Maps can be used to quickly provide information 

regarding the spatial distribution of a disease and can help in the surveillance of a disease pathogen 

(Elliott and Best 1998). The district with the largest area, D. G. Khan (11922 km2), had 8 positive 

sites, whereas the district with the smallest area, Sahiwal (3201 km2), had only 2 positive sites. 

The most number of positive samples were obtained from Chakwal district, which contains the 

largest rural land area (87.85%) of all the districts in Punjab (Pakistan Bureau of Statistic, 2012). 

Furthermore, most of the positive samples were collected in irrigated and cropland areas (Chakwal, 

Gujranwala, and Faisalabad), and these districts are also interconnected with each other. In fact, a 

previous study has shown that F. tularensis is primarily observed in croplands, as compared to 

areas with forests and water; rodents are found to be a common source of F. tularensis in these 

agricultural lands (Hightower et al. 2014).    

An increase in the human population can lower the risk of F. tularensis, whereas an 

increase in the animal population increases the risk of F. tularensis. In the present study, we did 

not observe any association between F. tularensis and distance from the main road or animal 

market and the disturbance of soil cover. The prevalence of F. tularensis in a region was positively 

associated with the presence of animals and water (Mohamed et al. 2012; Şimşek et al. 2012). As 

rodents are among the major reservoirs of F. tularensis, an increase in the human population can 
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decrease the number of rodents in the fields and corresponding areas (Sutherst 2004); in contrast, 

an increase in the animal population can lead to an increase in the rodent population (Bonnefoy et 

al. 2008), and consequently an increase in the risk of F. tularensis. Both type of rodents (terrestrial 

and aquatic) serve as reservoirs for F. tularensis (Gürcan 2014). In the present study, the 

prevalence of F. tularensis has a positive association with the animal population, and in Pakistan, 

rodents are primarily found near animal farms and the surrounding areas.  

This study has provided preliminary data and evidence regarding the presence of F. 

tularensis in Pakistan. As F. tularensis is associated with soil, water, and rodents, future studies 

of areas with positive soil samples that further explore the epidemiological niche of F. tularensis 

through additional assessments of rodents and water may be helpful. Considering the findings of 

the present study, we believe that further studies of other provinces in Pakistan are needed.                

3.6 Conclusion 

In conclusion, incidence of F. tularensis was recorded in the soil samples randomly 

selected villages of Punjab province of Pakistan. Sequence analysis of the organism exhibited 

100% similarity with globally reported sequences of F. tularensis subspecies holarctica. With 

regard to the spatial distribution, F. tularensis was primarily found in the central part of the Punjab 

province. Among the risk factors, F. tularensis was found to be positively associated with the 

animal population in the Attock and Sargodha districts and negatively associated with the human 

population. 
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Figure 3.1. Phylogenetic analysis of study sequences of Francisella tularensis with the 

representative sequences reported worldwide. 

(FTN: Francisella tularensis sup specie novicida, FTT: Francisella tularensis sup specie 

tularensis, and FTH: Francisella tularensis sup specie holarctica, FTHL: Francisella tularensis 

sup specie holarctica Live Vaccine Strain and FTM: Francisella tularensis sup specie 

mediasiatica) 
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Figure 3.2: DNA-based distribution of Francisella tularensis in soil across study districts in 

Punjab province, Pakistan. 
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Table 3.1: Risk factor analysis for Francisella tularensis with respect to sampling points of 

different villages 

 Positive  Negative P value 95% CI Odd Ratio 

Presence or absence of pathogen >1Km and < 1Km from animal market 

< 1Km from animal market 12 554 0.1 0.577(0.3088, 1.079) 

> 1Km from animal market 62 1652 

Presence or absence of pathogen > 500m and < 500m from main road 

< 500m from main road 33 904 0.61 1.159(0.7273, 1.848) 

> 500m from main road 41 1302 

Presence or absence of pathogen near to (500m) or away from canal/stream/drain 

Away from canal/stream/drain 38 995 0.34 1.285(0.8082, 2.042) 

Near to canal/stream/drain 36 1211 

Presence or absence of pathogen with respect to animal density in a village 

Greater than 1000 animals 43 1038 0.07 1.561(0.9762, 2.495) 

Less than 1000 animals  31 1168 

Presence or absence of pathogens with respect to households in a village 

< 300 houses/village 12 740 0.002 0.3834(0.205, 0.715) 

> 300 houses/village 62 1466 

Presence or absence of pathogen with or without animal interaction 

With animal interaction 54 1767 0.17 0.6708(0.397, 1.132) 

Without animal interaction 20 439 

Presence or absence of pathogen with respect to ground cover and no ground cover 

Ground cover 20 439 0.17 1.491(0.8831, 2.516) 

No ground cover 54 1767 
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CHAPTER 4 

EXPERIMENT 2 

 

Risk factors associated with the seroprevalence of Francisella tularensis in domestic 

animals of Punjab Province, Pakistan  

4.1 Abstract 

Francisella tularensis (F. tularensis) is the etiological agent of Tularemia. This gram-negative 

organism exists in vertebrates and invertebrates, and in environmental matrices such as soil, air, 

and water. The association of risk factors such as the sex and age of animals, physical and chemical 

composition of soil, ploughing method, irrigation system, fertilizer type, availability of veterinary 

services, and farmer education with the seroprevalence of F. tularensis in domestic animals (cattle, 

buffalo, sheep, and goat) was determined in Punjab Province, Pakistan. Serum samples (n=707) 

collected randomly from goat (n = 200), sheep (n = 175), cattle (n = 179), and buffalo (n = 153) 

were analyzed by using a commercially available enzyme-linked immunosorbent assay (ELISA) 

kit (Serion, Germany). Information about the risk factors was documented by using a standard 

questionnaire. The prevalence of anti- F. tularensis -ELISA antibody was significantly (p < 0.05) 

higher in large ruminants (cattle and buffalo) than in small ruminants (goat and sheep). Age- and 

sex-wise in each species analysis showed a nonsignificant difference (p > 0.05) in the prevalence 

of anti- F. tularensis antibodies in domestic animals. The seroprevalence of F. tularensis in 

domestic animals had a significant association with the amount of clay present in soil. The use of 

a rain irrigation system (Odd Ratio [OR], 2.96; 95% confidence interval [95% CI],1.35–6.48), lack 

of veterinary services (OR, 4.77; 95% CI, 1.26–18.03), and use of organic fertilizer (Odd Ratio, 

5.3; 95% CI, 11.38–20.39) showed a positive association with the prevalence of serum anti- F. 

tularensis -ELISA antibodies in domestic animals, whereas ploughing methods and farmer 
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education had no association with the prevalence of the antibodies in the animals. In conclusion, 

Cattle and buffalo were more seropositive than sheep and goat. Clay in soil may play a role in the 

persistence and transmission of F. tularensis, whereas unavailability of veterinary services, rain 

irrigation, and organic fertilizer use were found to be associated with a higher risk of Tularemia 

infection. 

Keywords: Domestic animals, Francisella tularensis, ELISA, risk factor analysis 

4.2 Introduction 

Francisella tularensis (F. tularensis) is a category A select, biowarfare, and soil-borne 

pathogen (Wong et al. 2003). It is highly infectious and can be transmitted to humans; however, 

its sources include infected animals, contaminated foods or water, tick or insect bites, and infected 

aerosol (Goodman et al. 2005; Chitadze et al. 2009). Most animal and human infections are caused 

by two subspecies: F. tularensis sub-spp. tularensis (Jellison type A) and holarctica (Jellison type 

B). Concerning its geographical distribution, F. tularensis of type A and B have been detected in 

North America, whereas type B has been reported in Europe and Asia (Keim et al. 2007; Müller 

et al. 2013). F. tularensis is highly aerosolized and causes up to 30% mortality with an infectious 

dose of only 10 cells, and the Clinical Disease Center has listed this organism as category A 

(Oyston et al. 2004). 

Soil represents a dynamic natural ecosystem and commonly contains four major 

components: mineral material, organic matter, water, and air (Brady and Weil 1996; Abawi and 

Widmer 2000). Soil is a diverse and complex system that serves as the home for 25% of all living 

organisms on Earth, including microbes (Powlson et al. 2001; Jeffery and van der Putten 2011). 

Ecological pathogens are of two types: one persists in soil naturally as part of the fauna and flora 

and causes opportunistic infections, whereas other type consists of true pathogens of humans and 
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animals and survives in the environment during transmission from one host to another. During 

transmission, environmental factors such as soil components affect the survival rate and 

persistence of pathogens (Brevik and Burgess 2012). Soil disturbance due to natural disaster, land 

management, waste dispersal, and industrial wastes affects the survival and persistence of 

organisms. However, an increase in organic matter in soil decreases the diversity of heterotrophic 

organisms (Huston and Huston 1994). Soil characteristics such as clay mineral content, 

temperature, humidity, fertilizer use, redox potential, and the presence of other surface minerals 

commonly affect the activity, growth, enzymes, cell integrity and the quality of microorganisms, 

and consequently the success of the suppression of the infection (Stotzky and Rem 1966; Stutz et 

al. 1989; Haas and Défago 2005; Baumgardner 2012).  

Francisella tularensis remains viable for weeks in water and soil (Langford 2004; Pechous 

et al. 2009). Francisella tularensis-contaminated air, soil, and water infect healthy animals, which 

remain seropositive for many years and become the major source of infection for humans and other 

animals (Francis and Mayne 1921; Petersen et al. 2009). The present study was therefore designed 

to investigate the seroprevalence of anti- F. tularensis antibodies (AFtAb) in domestic animals 

with respect to its association with risk factors such as sex and age of the animals, physical and 

chemical composition of soil, ploughing method, irrigation system, fertilizer type, availability of 

veterinary services, and farmer education. 

4.3 Materials and Methods 

4.3.1 Sampling 

 Serum samples of domestic animals including goat (male=104 and female=96; n = 200), 

sheep (male= 90 and female= 85; n = 175), cattle (male= 43 and female= 136; n = 179), and buffalo 

(male=33 and female=120; n = 153) were randomly collected from Chakwal, Gujranwala, 
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Faisalabad, Attock, Sahiwal, Sargodha, and Dera Ghazi Khan in Punjab Province, Pakistan. At the 

same time, information about risk factors such as the sex and age of animals, physical and chemical 

composition of soil, ploughing method (automatic or manual), irrigation system (canal, tube well, 

both canal and tube well, or barani), fertilizer type (synthetic, organic, or both), availability of 

veterinary services (yes or no), and farmer education (illiterate, matriculate, intermediate, or 

graduate) was collected by using a questionnaire. Geographical coordinates were noted from each 

serum sampling site by using a GPS (global positioning system) receiver system (Garmin Dakota, 

USA). Soil samples from the locations of serum collection were also obtained for chemical 

analysis.  

4.3.2 Serum analysis 

  The serum samples from cattle, buffalo, sheep, and goat were analyzed for anti- F. 

tularensis -enzyme linked immunosorbent assay (ELISA) antibodies by using an ELISA kit 

(Virion/Serion, Germany) according to the manufacturer’s instructions. A specific secondary 

alkaline phosphatase antibody (ThermoFisher, USA) was used for goat (F(ab')2-rabbit anti-goat 

IgG H+L), sheep (F(ab')2-donkey anti-sheep IgG H+L), cattle (goat anti-bovine IgG (H+L), and 

buffalo (goat anti-bovine IgG H+L).  

4.3.3 Soil chemistry 

  Soil samples were analyzed, by using previously optimized protocols, for pH 

(Committee et al. 1978), moisture (McLean 1982), texture (Robert and Frederick 1995), total 

soluble salts (Magistad et al. 1945), phosphorus (Brown 1998), copper, chromium, calcium, nickel, 

manganese, iron, cobalt, lead, cadmium, sodium, magnesium and potassium (Soltanpour and 

Schwab 1977), nitrogen (Fierer et al. 2001), and organic matter (Nelson and Sommers 1982).  
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4.3.4 Statistical analysis     

All results were analyzed by using SPSS software version 16.0 (SPSS, USA). The association of 

soil chemistry with the seroprevalence of F. tularensis in domestic animals was analyzed with an 

independent-samples t-test. ELISA results were analyzed by using the chi-square test. For 

comparison proportion of male and female in each species, data was analyzed through Z test.  

,Association of risk factors with seroprevalence was determined by using the odds ratios through 

the online OpenEpi tool (www.openepi.com/Menu/OE_Menu.htm).  

4.4 Results   

 A significant difference (p < 0.05) was found in the prevalence of serum anti- F. tularensis 

-ELISA antibodies among goat (0.5%), sheep (5.7%), cattle (11.17%), and buffalo (8.49%) (Table 

4.1). On the basis of the GIS (geographic information systems) data, the spatial distribution of the 

seropositive domestic animals (goat, sheep, cattle, and buffalo; Figure 4.1) were obtained.  

Considering the sex-wise prevalence of FT in each of study species, we found a non-

significant difference in prevalence. In the male of each, the prevalence was highest in cattle 

(13.9%) followed by buffalo (12.12%), sheep (7.7%) and goat (0%), while it was highest in female 

cattle (10.29) followed by buffalo (7.5%), sheep (3.5%) and goat (1.04%).  (Table 4.2). There was 

a nonsignificant difference (p > 0.05) in the anti- F. tularensis -ELISA antibodies in the age groups 

of <2 years, 2–4 years, and >4 years in sheep and goat (Table 4.3). Similarly, there was a 

nonsignificant difference in the antibodies in the age groups of <3 years, 3–6 years, and >6 years 

in cattle and buffalo (Table 4.4).  

The presence of anti- F. tularensis -ELISA antibodies in domestic animals had a positive 

association with the amount of clay in soil (range, 2.00–95.00 mg/kg). The seroprevalence of F. 

tularensis was found to have a positive association with the elevated level of clay in soil. The other 
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soil properties such as pH (0.78–11.70) and composition including sand (1.00–81.00 mg/kg), silt 

(1.00–59.00 mg/kg), soluble salt (0.00–7.83%), moisture (0.80–24.80%), organic matter (0.40–

19.60 mg/kg), nitrogen (0.02–0.98 mg/kg), phosphorus (0.87–70.47 mg/kg), nickel (0.90–2.28 

mg/kg), cadmium (0.01–1.19 mg/kg), copper (0.01–2.01 mg/kg), chromium (0.01–18.06 mg/kg), 

manganese (0.02–162.57 mg/kg), iron (0.25–1463.10 mg/kg), calcium (8.65–13,167.93 mg/kg), 

magnesium (0.17–18.02 mg/kg), lead (02.49–6.99 mg/kg), sodium (0.21–209.00 mg/kg), zinc 

(0.25–1.72 mg/kg), and potassium (9.89–359.53 mg/kg) showed a nonsignificant difference 

between both seropositive and seronegative sites, as shown in Table 4.5.  

Risk factors such as use of rain irrigation systems (Odd Ratio [OR], 2.96; 95% confidence 

interval [95% CI], 1.35–6.48), unavailability of veterinary services (OR, 4.77; 95% CI, 1.26–

18.03), and use of organic fertilizer (OR, 5.31; 95% CI, 1.38–20.39) had a direct association, 

whereas the availability of veterinary services (OR, 0.40; 95% CI, 0.18–0.88) and irrigation with 

both tubewell and canal systems (0.21; 95% CI, 0.055–0.78) had an indirect association with the 

prevalence of serum anti- F. tularensis -ELISA antibodies in domestic animals. However, the 

ploughing methods and farmer education had no association with the presence of serum anti- F. 

tularensis -ELISA antibodies in domestic animals (Table 4.6).  

4.6 Discussion 

Francisella tularensis has a capsule that is composed of lipopolysaccharide (LPS), and 

LPS does not produce any cross-reaction with any component of currently known bacteria (Schmitt 

et al. 2005; Jenzora et al. 2008). LPS using in ELISA plate or agglutination test, is a suitable 

macromolecule for the detection of antibodies and monitoring of large numbers of samples from 

domestic animals and humans (Sharma et al. 2013). Francisella tularensis is commonly present in 

soil in most of the districts of Punjab Province, Pakistan (Shabbir et al. 2015), and in most of the 
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other countries such as Turkey, China, and Japan where FT has been detected. Soil contaminated 

with F. tularensis infects domestic animals and human beings (Pechous et al. 2009). The natural 

exposure of animals, such as dogs, to F. tularensis may induce natural active immunity or 

antibodies, and these animals may also serve as potential carriers and sources of infection for other 

animals (Petersen et al. 2004). In the present study, domestic animals (goat, sheep, cattle, and 

buffalo) were found to be seropositive to anti- F. tularensis -ELISA antibodies (Table 4.1). This 

infection is prevalent in active and passive forms in humans, rodents, and wild animals (Wobeser 

et al. 2009). In Pakistan, the animals appeared healthy and did not show any apparent clinical signs 

and symptoms. The clinical form of the infection depends on the route of entry of the pathogen 

into the body and the immune status of the host (Gürcan 2014). The rate of asymptomatic 

Tularemia varies from 4% to 19% (Kılıç 2010). The percent prevalence of anti- F. tularensis -

ELISA antibodies was significantly higher in large ruminants (cattle and buffalo) than in small 

ruminants (sheep and goat). Cattle and sheep were comparatively resistant to F. tularensis (Mörner 

et al. 1988; Pfahler-Jung 1989; Winn and Koneman 2006). Animals may not show clinical signs 

even after years of infection, possibly owing to the presence of post exposure cellular and humoral 

immunity (Bevanger et al. 1994; Ericsson et al. 1994; Magnarelli et al. 2007). There was a 

nonsignificant difference (p > 0.05) in the percent prevalence of anti-F. tularensis-ELISA 

antibodies between sex (Table 4.2) and among the age groups of both small ruminants (Table 4.4) 

and large ruminants (Table 4.5). However, FT was significantly higher in the young than in the 

old population in humans (Akalın et al. 2009). Notably, the male and female sexes, and all age 

groups, are equally susceptible to infection (Dienst Jr 1963; Scheel et al. 1992; Jacobs 2002). 

The amount of clay in soil had a significant association with the prevalence of anti-F. 

tularensis -ELISA antibodies in domestic animals (p < 0.05), whereas other soil physical and 
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chemical parameters (pH, sand, silt, soluble salt, moisture, organic matter, nitrogen, phosphorus, 

nickel, cadmium, copper, chromium, manganese, iron, calcium, magnesium, lead, sodium, zinc, 

and potassium) had no significant association with the prevalence of F. tularensis seropositivity 

in the animals (p > 0.05). In addition to the soil chemical factors, physical factors such as oxidation, 

desiccation, and solar radiation reduce the half-life of F. tularensis in soil (Dennis et al. 2001) and 

may damage the genome of the organism, thus disrupting many of the biochemical pathways 

required for its virulence (Larsson et al. 2005). Heat stress and deficiency of iron, cysteine, and 

potassium in growth medium also affect the virulence of F. tularensis (Deng et al. 2006; Sjöstedt 

2007; Lindgren et al. 2009). These could be the possible reasons for the lack of potential carriers 

of FT and the absence of anti- F. tularensis -ELISA antibodies in domestic animals.  

A positive association (OR, 2.96; 95% CI, 1.35–6.48) was found between rain-irrigated 

areas having no canal or tube well systems and the seroprevalence of F. tularensis in domestic 

animals. A dry forest environment is suitable for F. tularensis type B vectors (ticks and rodents), 

which play a pivotal role in human and animal Tularemia (Eisen et al. 2008; Armon and Cheruti 

2012). The presence of the vectors in the dry forest of Europe and Asia in the above-mentioned 

environment could be a possible reason for the prevalence of F. tularensis (type B) in these regions 

(Goodman and Sonenshine ; Schmid et al. 1983; Markowitz et al. 1985). The lack of veterinary 

services in an area was found to have a positive association (4.77; 95% CI, 1.26–18.03) with the 

prevalence of F. tularensis in domestic animals. In Pakistan, the unsatisfactory availability of 

veterinary services in some rural areas is a major hindrance in the control of livestock diseases 

(Raja and Bajwa 2005). In Pakistan, most livestock owners and farmers depend on the public sector 

for medical services; however, such services are also insufficient because of lack of staff and 

budgetary issues (Khan et al. 2013). Some studies reported that a high risk of Tularemia is present 
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in rural areas and among agriculture farmers (Gürcan 2007; Gürcan 2014). The use of organic 

fertilizers also showed a strong positive association (5.31; 95% CI, 1.38–20.39) with the 

seroprevalence of anti-F. tularensis -ELISA antibodies in domestic animals. Francisella tularensis 

is normally shed in animal excreta and remains in the environment for many weeks, thus becoming 

a source of infection for both humans and animals (Feldman et al. 2001). Infected voles and rodents 

shed F. tularensis in their urine and excreta, which infect both animals and farmers in the vicinity, 

both orally and through the inhalation of contaminated material (Bell and Stewart 1975; Vapalahti 

et al. 1999; Dennis et al. 2001; Rossow et al. 2014). 

In conclusion, cattle and buffalo were more seropositive than sheep and goat, without 

showing apparent symptoms. Clay in soil may play role in the persistence and transmission of F. 

tularensis, whereas unavailability of veterinary services, use of rain irrigation systems, and use of 

organic fertilizer in soil result in a higher risk for Tularemia infection.  
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Table 4.1: Species-wise sero-prevalence of anti- Francisella tularensis antibodies in domestic 

animals    

Animal 

Type 

Total 

samples 

Positive Percentage P value 

Goat 200 1 0.5 

0.000 

Sheep 175 10 5.7 

Cattle 179 20 11.17 

Buffalo 153 13 8.49 
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Table 4.2: Gender-wise sero-prevalence of anti Francisella tularensis antibodies in each 

domestic species.    

 

Species Total number Positive male Positive female P value 

Goat 200 0/104 1/96 0.29 

Sheep 175 7/90 3/85 0.22 

Cattle 179 6/43 14/136 0.51 

buffalo 153 4/33 9/120 0.39 
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Table 4.3: Age-wise prevalence of anti- Francisella tularensis antibodies in small ruminants 

(goats and sheep)     

Age wise 

Total 

samples 

Positive Percentage P value 

<2 Years 124 5 4 

0.113 2-4 years 244 5 2 

>4 years 7 1 14.2 
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Table 4.4: Age-wise prevalence of anti- Francisella tularensis antibodies in large ruminants 

(cattle and buffaloes)   

Age wise 

Total 

samples 

Positive Percentage P value 

    <3 years 203 22 10.8 

0.275 3-6 years 126 10 7.9 

>6 years 3 1 33 
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Table 4.5: Soil properties and their association with sero-prevalence of anti- Francisella 

tularensis in domestic animals of Punjab province. 

Soil analyate 
F.tularensis positive 

soil Mean±SD 

F. tularensis Negative 

soil Mean±SD 
Range T test 

pH 7.73±1.63 7.51±1.87 0.78-11.70 0.688 

Sand (mg/Kg) 12.50±16.04 8.16±3.34 1.00-81.00 0.221 

Silt (mg/Kg) 16.38±9.39 22.72±14.35 1.00-59.00 0.091 

Clay (mg/Kg) 73.88±18.59 61.89±15.11 12.00-95.00 0.024 

Soluble salt (%) 3.55±1.93 3.10±2.55 0.00-7.83 0.511 

Moisture (%) 8.99±6.86 12.42±6.69 0.80-24.80 0.101 

Organic matter (mg/Kg) 6.15±4.84 7.52±3.43 0.40-19.60 0.284 

Nitrogen (mg/Kg) 0.30±0.24 0.40±0.18 0.02-0.98 0.149 

Phosphorus (mg/Kg) 19.20±15.37 16.23±11.51 0.87-70.47 0.472 

Nickel (mg/Kg) 1.60±0.35 1.46±0.33 0.90-2.28 0.172 

Cadmium (mg/Kg) 0.53±.31 0.62±0.17 0.01-1.19 0.236 

Copper  (mg/Kg) 0.26±0.18 0.34±0.39 0.01-2.01 0.382 

Chromium  (mg/Kg) 0.45±0.27 1.24±3.76 0.01-18.06 0.331 

Manganese  (mg/Kg) 0.60±0.58 9.06±34.43 0.02-162.57 0.256 

Iron  (mg/Kg) 1.13±1.12 67.24±311.76 0.25-1463.10 0.326 

Calcium  (mg/Kg) 24.86±10.14 6.2E2±2802.36 8.65-13167.93 0.324 

Magnesium  (mg/Kg) 1.34±3.39 1.62±3.84 0.17-18.02 0.801 

Plumbum  (mg/Kg) 5.10±1.07 5.12±0.96 02.49-6.99 0.946 

Sodium  (mg/Kg) 43.56±54.88 37.73±33.84 0.21-209.00 0.673 

Zink  (mg/Kg) 0.86±0.32 0.79±.22 0.25-1.72 0.382 

Potassium  (mg/Kg)  52.88±42.17 67.15±70.54 9.89-359.53 0.420 
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Table 4.6: Risk factor analysis associated with sero-prevalence of Francisella tularensis in 

domestic animals  

Criteria Type Positive Negative 
P 

value 

95% CI Odd 

Ratio 

ploughing 

automatic 
41 609 

0.978 1.21 (0.36, 4.04) 
3 54 

manual 
3 54 

0.978 0.82(0.24, 2.75) 
41 609 

irrigation 

cannal 
1 50 

0.346 0.3 (0.04, 2.22) 
41 615 

tube well 
28 351 

0.222 1.55(0.82, 2.92) 
16 312 

Both 
8 235 

0.029 0.40(0.18, 0.88) 
36 428 

Barani 

9 53 

0.010 2.96(1.35, 6.48) 35 610 

41 644 

veterinary 

services 

Yes 
41 653 

0.0501 0.21(0.055, 0.78) 
3 10 

No 
3 10 

0.0501 4.77(1.26, 18.03) 
41 653 

fertilizer 

type 

 

 

 

 

synthetic 
0 23 

0.413 Undef 
44 640 

organic 
3 9 

0.034 5.31(1.38, 20.39) 
41 654 

Both 
41 631 

0.817 0.69(0.20, 2.35) 
3 32 

Farmer 

education 

 

illiterate 
20 263 

0.548 1.26(0.68, 2.34) 
24 400 

middle 
10 110 

0.399 1.47(0.71, 3.08) 
34 553 

intermediate 
15 263 

0.565 0.78(0.41, 1.49) 
29 400 

graduate 
0 26 

0.355 undef 
44 637 
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Figure 4.1: Serum based prevalence of F. tularensis in farm animals at sites that were 

found positive and negative to study pathogen via real time PCR.  

(S: sheep), (G: goat), (C: cattle) and (B: buffalo
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HAPTER 5 

EXPERIMENT 3 
 

Lipopolysacharide gene based development and optimization of diagnostics for 

Francisella tularensis 

5.1 Abstract 

Francisella tularensis (F. tularensis) is a Tier 1 select agent due to its low infectious dose 

and potential threat of being a bioweapon while causing zoonotic disease in more than 150 

mammals’ species. Since there are concerns in its culturing at bio-containment deficient labs in 

developing countries and its subsequent diagnostics and surveillance accordingly, here we 

proposed a conventional PCR based test of choice that have been developed and optimized for 

detection of F. tularensis using tul4 gene specific primers. Annealing temperature and genomic 

DNA concentration was optimized using a live vaccine strain. Specificity of primer showed F. 

tularensis detection in soil DNA in the presence of other cross-reactive organism. Sensitivity was 

determined in two fold dilutions with detection limit of upto 320 pg/µL. Utilizing pET28a vector, 

a construct was prepared containing transformed tul4 gene (450bp) showing 100% sequence 

homology to query gene sequence. These results suggest tul4 gene based constructs in vector could 

be shared to developing countries while developing diagnostic assays as positive control and could 

potentially be used for lipoprotein purification for ELISA kit development.  

Keywords: tul4 gene, primer, conventional PCR, specificity, sensitivity, transformation.  

4.2 Introduction 

  Francisella tularensis (F. tularensis) is an intracellular gram negative high virulent 

bacterial which causes Tularemia in human (Faron et al. 2015). Majorly subspecies of F. tularensis 

has been categorized in subspecies tularensis (also known as type A), holarctica (also known as 
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type B) while subspecies type A further categorized into subtype AI and subtype AII (Sjöstedt 

2007; Kugeler et al. 2009). Among subspecies of F. tularensis, type A is considered to be the 

highly pathogenic organism which is normally found in North America as compared to type B that 

is mainly present in Northern Hemisphere (Pechous et al. 2009). Infection through inhalation of 

F. tularensis can cause 30-60% mortality if patient remain untreated (Stuart and Pullen 1945). 

Tularemia  is majorly present in Scandinavia, North America, Japan, Russia, 

Turkey, Yugoslavia, Spain, Costa Rica, Sweden, Germany and China and it gradually distributed 

more than expectation in neighboring countries (Berdal et al. 1996; Tärnvik et al. 1996; Wicki et 

al. 2000; YanHua et al. 2011). 

The clinical diagnosis of the disease is very problematic due to uncommon infection and 

non specific symptoms. Culturing of F. tularensis require specific media, bio-safety level 3 facility 

and due to laboratory acquired disease, it is not possible in to grow this bacteria and perform 

biochemical tests for diagnostic purposes in lacking of required facilities and trained persons 

(Pohanka et al. 2008). Therefore, in most of laboratories for traditional and routine diagnosis of 

the disease especially in epidemiological studies, is based on quantification of antibodies or 

detection of pathogen in biopsy. Lipopolysaccharide (LPS) of F. tularensis live vaccine strain elite 

both humoral immunity producing specific antibodies (Sebastian et al. 2007) and cellular 

immunity primarily CD4 T cells as well as interleukin-2 and gamma interferon (Sjöstedt et al. 

1990; Sjöstedt et al. 1990; Ericsson et al. 1994). Tul4 expressed by Salmonella typhimurium elicit 

both humoral and cellular immunity in mice (Sjöstedt et al. 1991). In this regards, lipoprotein 17-

kDa protein has a significant importance when coated in ELISA plate with concentration of 0.1 to 

1 µg per mL for detection of antibodies against F. tularensis (Carlsson et al. 1979).  Tul4 gene has 

also same importance in PCR and is the most targeted gene for identification of both F. tularensis 
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and F. philomiragia isolates due to its conserved nature in all subspecies (Long et al. 1993; Sjöstedt 

et al. 1997).  According to Russian federation, export of F. tularensis is prohibited in any form 

either in killed, live or its genome to any country and America type Culture collection is also 

lacking the procedure for transportation of F. tularensis to researchers working in other countries 

(Organization 2007). In present study a  conventional PCR was optimized for detection of tul4 

gene using primers with NdeI and Xhol enzyme restriction sites and a pET28+tul4 construct was 

developed which can be used as a positive control in PCR based diagnosis for in house 

development of diagnostic assays in developing countries. The same construct can also be used 

for expression of tul4 gene and purified lipoprotein can then be used for ELISA kit development.  

5.3 Materials and methods          

5.3.1 Primer designing 

For optimization of conventional PCR, a genomic DNA of reference F. tularensis live 

vaccine strain (LVS strain) was used. Before primer designing Tul4 gene sequence from F. 

tularensis subsp. holarctica LVS (FTL_0421), F. tularensis subsp. holarctica OSU18 

(FTH_0414), F. tularensis subsp. tularensis SCHU S4 (FTT_0901) and F. tularensis subsp. 

novicida U112 (FTN_0427) was aligned using NCBI online tool and was found 99-100% 

similarity in all subspecies. Primers Tul4F –TCG-ATC-ATA-TGA-AAA-AAA-TAA-TTA-AGC-

TTA-GTC-T 3’ and Tul4R TAC-GCT-CGA-GTT-AAA-TAT-TTA-TTG-AAT-CAA-GAA-GC 

with product size of 450 base pairs were designed using online software Oligoanalyzer 3.1 

(https://www.idtdna.com/calc/analyzer) against Tul4 gene encoding lipoprotein in F. tularensis.  

5.3.2 PCR optimization  

 A series of touchdown and gradient PCR was carried out. Thermo-cycler machine was 

programmed with touchdown PCR to find exact annealing temperature of primer. Program was 
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design in such a way that thermo cycler decreased annealing temperature 1°C per cycle from 60 

to 50°C followed by 25 cycles at 50 °C as directed by (Roux 2009). PCR product was confirmed 

through 1.5% agarose gel with using 50 bp DNA ladder as marker. Later, another gradient PCR 

was programmed with a temperature gradient of 50 to 60°C during annealing step to find out the 

exact annealing temperature of primers and each was run in duplicate. Samples were run on gel 

with clear and sharp band observed at 55°C. Conditions of PCR was finalized as initial 

denaturation at 95°C for 3 minutes followed by 35 cycles at 95°C for 30 sec, 55°C for 30 sec, 72°C 

for 45 sec and after that final extension at 72°C for 2 minutes. Reaction mixture of 50 µL was used 

including 0.62 µL of 100 mM MgSO4 (BioLab, UK), 1 µL of dNTPs mixture containing 10 mM 

each dNTP (BioLab, UK), 5 µL 10X thermopol reaction buffer (BioLab, UK), 0.37 µL vent DNA 

polymerase enzyme containg 2 U/mL (BioLab, UK), 0.37 µL of each primer, 1.5 µL genomic 

DNA, and 40.7 µL nuclease free water.   

5.3.3 Primers sensitivity 

The DNA quantification was carried out through Nanodrop 2000 (Thermo scientific, USA) and 

Biophotometer plus spectrophotometer (Eppendrop, Germany). Genomic DNA of LVS was 

twofold diluted in nuclease free water with initial DNA concentration of 164 ng/µL and PCR was 

performed as per optimized conditions (DIAGNOSTICS 2005; Woubit et al. 2012).   

5.3.4 Primer specificity 

Genomic DNA from different soil type and LVS was diluted two fold keeping 1 ng/µL as initial 

quantity in extracted soil DNA. During primer BLAST on NCBI website forward primer showed 

100% similarity with Staphylococcus aureus so specificity of primer was further checked with 

genomic DNA extracted from soil and was mixed with DNA of Staphylococcus aureus followed 

by PCR based amplification.          
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5.3.5 Transformation of tul4 gene into pET28a vector 

 In order to check transformation of tul4 gene PCR product was gel eluted and restricted 

with Xhol and NadI restriction enzyme in 100 µL reaction mixture containing 20 µL PCR product, 

10 µL reaction buffer, 1 µL of each enzyme and 68 µL nuclease free water. Reaction mixture was 

incubated at 37°C for 1 hour and then heat inactivated at 65 µC for 20 minutes followed by cleaned 

up with gel elution kit. pET-28a plasmid (Novagen) was restricted under similar conditions and 

gel eluted. After gel elution both restricted plasmid and product were confirmed through 1% gel 

separately. Plasmid was dephosphorylated in PCR tube containing 40 µL plasmid vector, 4.5 µL 

Antarctic phosphatase enzyme buffer (Biolab, USA) and 1 µL Antarctic phophatase buffer 

(Biolab, USA) and incubated at 37 °C for 1 hour followed by heat inactivation at 72 °C for 20 

minutes. For ligation both vector and PCR products were mixed with 1:3 and 1:7 followed by 

incubation at 16°C overnight and then heat inactivated at 65 °C for 20 minutes. Resulting vector 

was transformed into E.coli BL21 competent cell in Luria Bertani broth (Becton, Dickinson and 

Company, USA) having 20µg/ml kanamycin using rubidium chloride (Green and Rogers 2013).   

4.3.6 Screening of transformed colonies  

After overnight incubation, Plasmid extraction was carried out from overnight culture using 

E.Z.N.A.® Plasmid Mini Kit (OMEGA, USA). Extracted plasmid was run with control plasmid 

on 1% agarose gel. After size confirmation, transformed plasmid was restricted with Xhol and 

NadI enzymes. After restriction analysis, insert was gel eluted and was confirmed through Sanger 

based sequencing.   

5.4 Results 

5.4.1 Reliability of PCR product detection  
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During optimization of annealing temperature, band of PCR product was obtained through 

touchdown PCR in a range of 60°C to 50 °C. To find exact annealing temperature, another gradient 

PCR showed same band size at 55°C using same composition of reaction mixture as given above. 

Finally a conventional PCR using same annealing temperature (55°C) was run and results of post 

PCR agarose gel electrophoresis showed exact PCR product size (450 bp) as shown in Figure 5.1.  

5.4.2 Sensitivity 

Sensitivity of primer was found excellent for detection of FT and PCR products run on 2% agarose 

gel showed detection level up to 320 pg/µL.  

5.4.3 Specificity of primers 

During specificity test, soil DNA was extracted was counted as 65 ng/µL. In start, tenfold serial 

dilution of soil DNA keeping 1 ng/µL of LVS DNA showed no band may be because of some 

inhibitors. Heat treatment of soil DNA at 65 °C for 20 minutes was carried out to inactivate 

nuclease enzymes. Before doing PCR, genomic DNA of staphylococcus aureus was added to soil 

extracted DNA to check miss pairing as because of 100% similarity of forward primer. Results of 

PCR on optimized condition showed exact band size (450 bp) with no nonspecific fragment on 

2% agarose gel as given below in figure 5.2. 

5.4.4 Screening of Tul4 gene transformed colonies 

  Restricted plasmid showed successful elution of tul4 gene insert with exact size (450bs) as 

given in figure 5.3 along with tul4 gene insert control.  

5.5 Discussion 

  Francisella tularensis is highly virulent and during diagnosis of a clinical case in laboratory 

via culturing, non-vaccinated staff prone to a high threat (Burke 1977). As the nutritional 

requirements of FT is known but there is a lack of experience in culturing of FT in routine base 
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diagnosis (Johansson et al. 2000). Due to hazardous nature of culturing of FT in lab, PCR is the 

only way for rapid diagnosis and as tul4 gene is highly conserved among different species of FT 

so PCR on the basis of tul4 gene gives highly sensitivity and having no significant similarity with 

other prokaryotic and eukaryotic sequences in gen bank (Forsman et al. 1994; Johansson et al. 

2000).  Interestingly, our data covered all three points of simplicity, sensitivity with detection limit 

of 2.5 ng/µL and specificity with no nonspecific band and smear formation.  Diagnosis on the basis 

of PCR test is of good choice as compared to serological tests in the disease cases (Sjöstedt et al. 

1997). In a diagnostic lab, for proper diagnosis and detection of an organism, three things 1) 

reliability and simplicity of a test 2) specificity and 3) sensitivity are majorly important (Hübschen 

et al. 2004). According to Emanuel et al.,  (2003), tul4 gene primer has limit of detection upto 200 

fg/µL on BioSeeq thermocycler platforms but it mainly depend on rise in threshold level, primer 

ratio, annealing temperature, Taq enzyme and probe level. During specificity, heat treatment at 

80 °C for 20 minutes of soil DNA sample prior PCR improved detection level and nuclease 

enzymes became inactivated. According to previous study, fetal calf serum contain heat stable 

nuclease enzymes which degrade DNA, can be inactivated at 70 °C for 30 minutes while nuclease 

enzymes in serum and plasma from mouse and human inactivated at 55 °C (von Köckritz-

Blickwede et al. 2009). Soil of different types has different physical and chemical nature and has 

different organic and inorganic composition which is a great challenge in extraction of good 

quality DNA (Whitehouse and Hottel 2007). In our study, it was showed that in absence of high 

quality DNA extraction kit, improvement in detection of F. tularensis can be carried out with 

simple heat inactivation of nuclease enzymes present in environmental samples or patient serum. 

As F. tularensis is potential source of bioterrorism and previously in both east and west, this 

organism has been used as bio-weapon in different wars. In future, high infectivity and aerosolized 
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weaponization of this organism attracted its usage as bio-weapon (Organization 2004). These 

problems become a great hurdle in transport of F. tularensis live culture, killed or in genomic form 

from country to country and researcher usually obtains culture in their own country for research 

work. A vector (Tul4+pET28a) constructed in this study can solve this problem and can be 

transported to other country as a DNA control for diagnosis purposes and for protein expression 

followed by purification of His-tagged tul4 protein which can help in ELISA kit development by 

coating 96 well plate with His-Tagged tul4 protein (Kaur et al. 2012). Heat shock protein and 

lipoprotein of F. tularensis are considered best candidates for subunite vaccine production and has 

a significant role in inducing protective immunity (Fulop et al. 1995; Conlan et al. 2002; Cole et 

al. 2009). 
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Figure 5.1: Agarose gel electrophoresis of tul4 gene (450 bp) using 1 KB (right side) 50 bp 

(left side) DNA ladder 
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Figure 5.2: Primer specificity for detection of tul4 gene (450 bp) 
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Figure 5.3: Restriction analysis of pET28a+tul4. Well # 1-3 (Restricted plasmid with tul4 

gene insert); well # 4 (positive control of tul4 gene). 
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CHAPTER 6 

SUMMARY   
 

Tularemia, caused by Francisella tularensis (F. tularensis ), is a zoonotic disease 

transmitted through contact with infected animals and contaminated environment. The disease has 

been reported from many countries of the world but no study has been done in Pakistan. In the 

current project, a total of 2280 soil samples representing 456 villages of eight districts of Punjab 

province were collected from way-points having human-animal interaction, processed for genomic 

extraction and tested through real time PCR for presence or absence of F. tularensis. Association 

of risk factors was determined from data such as gender and age of animals, plough method, 

irrigation system, fertilizer type used, availability of veterinary services, level of farmer education, 

physical and chemical composition of the soil. Moreover, sero-prevalence against F. tularensis in 

cattle, buffaloes, sheep and goats was determined using ELISA. Seventy four soil samples (3.24 

percent) were found positive for F. tularensis. Phylogenetic analysis showed 100 percent similarity 

index with F. tularensis sub specie holarctica reported from other regions like USA, Sweden, 

Spain, Turkey and Germany. Presence of F. tularensis in soil showed negative association with 

increase in number of human density (0.7159; 0.3834-0.2054). Prevalence of anti- F. tularensis 

ELISA antibodies were significantly higher (p<0.05) in large ruminants (cattle and buffalo) as 

compared to small ruminants (goat and sheep). Age and gender-wise analyses showed non-

significant differences (p>0.05) between small and large ruminants. Whereas, rain-irrigation 

system (2.96: 1.35- 6.48), lack of veterinary services (4.77:1.26-18.03) and use of organic fertilizer 

(5.3: 11.38- 20.39) have positive association with prevalence of anti- F. tularensis ELISA 

antibodies in the serum. Sero-prevalence of Ft in the animals has significant association with 

quantity of clay in soil (p<0.05). A conventional PCR based test has also been optimized for 
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detection of F. tularensis using tul4 gene specific primers. Specificity of primer showed F. 

tularensis detection in soil DNA in the presence of other cross-reactive organism. Sensitivity was 

determined in two fold dilutions with detection limit of up to 320 pg/µL. Utilizing pET28a vector, 

a construct was prepared containing transformed tul4 gene (450bp) showing 100 percent sequence 

homology to query gene sequence. For manufacturing diagnostic assays especially in developing 

countries where availability of BSL-3 facilities and positive control reagents is an issue, provision 

of tul4 gene based constructs in vector can act as positive control and biosafe to use. 

It is recommended that similar studies may be done in other parts of Pakistan to have spatial 

distribution of F. tularensis all over Pakistan. In future studies, other sources of transmission like 

water, ticks and rodents may be considered with soil for complete analysis. Transportation of 

whole genome of F. tularensis has been prohibited by Russian government, ATCC and CDC, 

WHO is working on designing a complete protocol for transportation of this bacteria or genome 

to other countries. Under such situation, conventional PCR optimization can be done for diagnosis 

of F. tularensis and pET28+tul4 constructs, developed in this study, can be used as a PCR positive 

control reagents.  

 

 

 

 

 

 

 

 

 

 

 

 


