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1.  Title  
Detection of Leptospira organism in the female reproductive tract of farmed deer in New 
Zealand. 
 

2. Background 
The first reported outbreak of leptospirosis in farmed deer in New Zealand was in 1980 
(Ayanegui-Alcerreca, 2006). 
 
In New Zealand there are seven pathogenic and endemic Leptospira serovars to feral and 
domestic mammals: Hardjobovis, Pomona, Copenhageni, Tarassovi, Australis, Ballum and 
Balcanica. (Wilson et al, 1998) Hardjo, Pomona and Tarassovi are maintained by domestic 
animals, while Ballum, Copenhageni and Balcanica are maintained by wildlife in New Zealand 
(Mackintosh, 1984). 
Leptospirosis in farmed deer is a real or potential problem in New Zealand. During the past 
25 years there have been several herd and individual outbreaks of Leptospirosis. Nowadays it 
is the most prevalent zoönotic disease in New Zealand; it can be transmitted to humans from 
deer, sheep or (beef) cattle. 
The overall farm prevalence of leptospirosis in deer in New Zealand is 83% (Ayanegui-
Alcerreca et al, 2007). 
The most common serovars in deer are Hardjobovis and Pomona. The proportions of deer, 
cattle and sheep herds/flocks positive for Hardjobovis were respectively 65%, 93% and 71%, 
the proportions of herds/flocks positive to Pomona for deer and cattle were respectively 
25% and 14%.                                                 
No infection with Pomona was observed in sheep at the flock level. At the individual animal 
level, 21% of deer, 59% of cattle and 32% of sheep were Hardjobovis positive and 12% of 
deer, 6% of cattle and 1% of sheep were Pomona positive (Subharat, 2007). 
 

Infection with L. Copenhageni appears uncommon and pathogenicity of L. Copenhageni is 
unproven in deer.  
Deer appear to be a maintenance host for Hardjobovis, but when the deer become infected 
the infection is mostly sub-clinical. Although on occasion Hardjobovis could cause clinical 
disease. Also they can be an accidental host and sometimes a maintenance host for serovar 
Pomona. Serovar Pomona infection can be clinical as well as sub-clinical.  
There is a hypothesis that Hardjobovis or Pomona causes reproductive failure in deer. Only 
there are no cases reported of abortion in farmed deer in New Zealand, associated with 
Leptospirosis. 
So there could be two types of infection: acute outbreaks with haemolytic crisis linked to 
serovar Pomona and sub-clinical, less dramatic syndrome linked to serovar Hardjobovis 
(Ayanegui-Alcerreca, 2003). Both serovars are suggested to give possible reproductive failure.  
 
One of the questions that need to be answered before a real assumption can be made about if 
Leptospirosis may cause reproductive failure, is if Leptospira are present in the reproductive 
tract of the female deer. 
 
In cattle Leptospires were isolated from the placenta of heifers (Ellis and Michna, 1977). 
There was proof that Leptospira can also be isolated in the oviduct of non-pregnant cows 
and in the placenta of pregnant cows (Ellis, 1982; Thiermann, 1982). Also Ellis (1985) 
isolated Leptospires from the uterus of cows. 
The cattle involved with these experiments were all experimentally infected. But in 1986 
Leptospires were isolated from naturally infected non-pregnant cattle. (Ellis, 1986a) They 
were isolated from the upper genital tract. Leptospires were also found in the lower genital 
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tracts (only in smaller proportion) and in sows, were Leptospires were isolated from the 
upper genital tract (Ellis, 1986) (Ellis, 1986b) 
 
From this perspective it is plausible that in deer Leptospires can be isolated from the female 
reproductive tract of deer. 
 

3. Research Objectives 
To investigate whether Leptospires can be found in the female reproductive tract of New 
Zealand farmed deer. 
 

4. Key Words 
Leptospires, Leptospirosis, Hardjobovis, Pomona, farmed deer, female reproductive tract, 
uterus, New Zealand 

 
5. Research Question 

Can Leptospires be found in the female reproductive tract of New Zealand farmed deer? 
 
6. Hypothesis 

Leptospires can be found in the female reproductive tract of New Zealand farmed deer. 
 
7. Literature Review 

Leptospirosis 
 
Leptospires are gram-negative, spiral or helical shaped bacteria (Euzéby, 2002). They belong 
to the order of the Spirochaeteles and the family of Leptospiracaceae. The genus is 
Leptospira. The genus Leptospira can be divided in pathogenic bacteria to animals and 
humans and in non-pathogenic bacteria. The Leptospira group is divided in two species: L. 
Interrogans (the pathogenic group) and L. Biflexa (the non-pathogenic group). (Bharti et al, 
2003). Leptospirosis is known to affect many domestic and wild animals.  
The natural habitat of Leptospirosis is in the tubules of the kidney in mammals from where 
they are excreted in urine. This results in urine-shedder for months or even for years. (Quin 
et al, 2002) 
 
Infection with Leptospirosis 
 
An infection with Leptospirosis can be established by direct or indirect exposure to infected 
urine.  
The prevalence of the several serovars depends on: 
� Who is infected:  the maintenance host or an accidental host. 
� Which serovar it is. 
� What the local environmental conditions are. 
� The industrial agronomic. 
� The agricultural practices. 
� The host-serovar associations between the animals in the population. 
 
When an animal is infected it becomes either the maintenance (reservoir) host or incidental 
(accidental) host. (Ayanegui-Alcerreca, 2006) 
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Table 1. Criteria for maintenance and incidental hosts (Radostits et al, 1999) 

Maintenance (Reservoir) host Incidental (Accidental) host 

� High susceptibility to infection, 
but low pathogenicity to the host.  

� Relatively low susceptibility and high 
pathogenicity to the host. 

� Endemic transmission within the 
species (high prevalence). 

� Sporadic transmission within the 
species (low prevalence) 

� Tendency to cause more chronic 
than acute disease  
(low titres in culture positive animals, 
 mild pathology). 

� Tendency to cause acute and severe 
rather than chronic disease (high titres in 
culture positive animals, acute and 
dramatic pathology) 

� Long kidney phase (long-term 
shedders). 

� Short kidney phase (short-term 
shedders) 

 
Leptospires are extra-cellular parasites and the main distinctive lesion is vasculitis. Petechial 
haemorrhages in the mucous membranes are common to all pathogenic serovars and occur 
during the septicaemic phase (Adler and de la Peña-Moctezuma, 2004; Plank and Dean 2000). 
Leptospires enter the body through mucous membranes or small cuts and abrasions in the 
skin or via the conjunctiva; infection may take place through intact skin after prolonged 
immersion in water, but this usually occurs when abrasions are likely to occur and is thus 
difficult to substantiate. Waterborne transmission has been documented; point contamination 
of water supplies has resulted in several outbreaks of leptospirosis. Inhalation of water or 
aerosols may also result in infection via the mucous membranes of the respiratory tract 
(Levett, 2001). When the Leptospires are in the body, Leptospiremia occurs and lasts until 
there are specific antibodies. Agglutinin antibodies are the core of the defence against the 
infection with Leptospires (Faine et al, 1999). 
 
The Leptospires reaches the proximal renal tubules, genital tract, eye and brain and mammary 
gland. Leptospires reach the renal tubules by the haematogenous route. In the renal tubules 
the Leptospires will multiply and will be excreted and transmitted to other, susceptible, 
animals. The transmission will go primarily by urine. The Leptospires can also spread to the 
uterus (Faine et al, 1999). 
 
The majority of the clinical cases of leptospirosis in deer are in the first year of their life.  
Acute clinical disease can be recognised by: haemolysis, platelet deficiency, jaundice, 
splenomegaly, icterus, hepatitis, haemoglobinuria, acute interstitial nephritis, abortion or 
infertility, auto-immune uveitis, haemorrhagic meningitis and often by sudden death 
(Radostits et al, 1999). 
The sub-acute clinical disease is similar to that of the acute septicaemic form, only the 
symptoms are less severe.  
The chronic phase is mostly characterized by chronic nephritis and uraemia.  
The renal lesions are commonly observed in the slaughterhouse. Renal lesions are mainly due 
to a leptospirosis infection (Ayanegui-Alcerreca et al, 2007). 
 
About 90% of recognized Leptospiral cases are mild and self-limited (Plank and Dean, 2000). 
Deer can be a maintenance host for L. Hardjobovis. This results in a sub-clinical disease, 
mainly presenting as kidney lesions (Ayanegui-Alcerreca et al, 2004). 
 
The majority of cases were associated with animal movement, management stress and herd 
mixing. But management stress varies greatly and is influenced mostly by the herd size and 
the number of paddocks available (Mackintosh, 1984). 
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Clinical Signs of Leptospirosis in Deer 
 
Generally it appears that infections with Hardjo are sub-clinical while Pomona causes clinical 
disease in a proportion of those infected, especially younger animals (Mackintosh, 1984). 
Young animals are generally more susceptible to the disease than adults and often suffering 
severe outbreak and high mortality rates (Ayanegui-Alcérreca et al., 2003). It is suggested that 
the transmission of the disease usually occurs after weaning and before they reach the age of 
1 year. (Wilson et al., 1998). 
 
Macroscopic 
Macroscopic lesions are similar to those in cattle. Jaundice can be the most common gross 
pathology in outbreak, dark red urine can be seen and kidneys can be 2-3 times the normal 
size, with sub capsular haemorrhages in the acute presentation or fibrosis in the chronic cases. 
Renal tissue also has been reported to be dark red or pale (Ayanegui-Alcerreca et al, 2003). 
 
Histopathology 
In deer the same histopathological lesions are seen as the ones in cattle and pigs. 
Leptospirosis is marked by the development of vasculitis, endothelial damage and 
inflammatory infiltrates composed of monocytic cells, plasma cells, histiocytes and 
neutrophils. On gross examination, petechial haemorrhages are common and may be 
extensive. Organs are often discoloured due to the degree of icterus.  
The histopathology is most marked in the liver, kidneys, heart and lungs. But depending of 
the severity of the individual infection other organs can be affected too (Levett, 2001). 
In the kidney there is a focal interstitial diffuse inflammatory with cell infiltration in the renal 
cortex and Leptospires within the lumen of the cortical tubules. Affected cortical tubules are 
generally dilated and have absent or flattened epithelium; many contain protein material, 
neutrophils, or cytoplasmatic and nuclear debris. In a more chronic phase you can see fibrosis 
(Ayanegui-Alcerraca, 2003). 
 
Other Animals 
 
Cattle are the maintenance host for Hardjobovis while sheep and deer appear to be able to 
maintain this serovar for prolonged periods. Pigs are the maintenance host for Pomona, and 
cattle, sheep and deer are short term hosts for this serovar. Environmental contamination is 
the source of infection with leptospirosis.  Even without shared grazing, shared waterways are 
a risk for the transmission of leptospirosis (Mackintosh and Wilson, 2005) Sheep and cattle 
are often grazing inside the deer fence to assist with pasture management, and many farmers 
still keep a few pigs on their property.  
Thus, sheep, cattle, deer and pigs can be infected with Leptospires (Hardjo, Pomona and 
Tarassovi) from each other. This should be considered in multi-species grazing (Mackintosh 
and Wilson, 2005). 
 
Cattle 
In cattle serovar Hardjobovis is the most common serovar in New Zealand. The major 
impact is related to kidney invasion and its potential as a zoönose rather than as a cause of 
reproductive failure or clinical disease (Ayanegui-Alcerreca, 2006). 
In New Zealand 60% of the cattle and 80% of the herds have titers of Leptospirosis serovar 
Hardjobovis. Most of the animals become infected between one and three years of age.  
In New Zealand serovar Pomona can cause abortion in adult cows or fatal haemolytic 
diseases in calves. Most of the cattle become infected between one and three years of age 
(Hellstrom, 1978). The major effect of serovar Hardjobovis infection is more a zoönose risk 
rather than as a cause of reproductive failure in cattle (Smith, 1997). 



Detection of Leptospira organism in the female reproductive tract of farmed deer. 
Carolien Buck, Massey University 2008 

 

7 

Cattle can act as a reservoir for Leptospirosis resulting in a long period of transmitting 
infection. Sometimes they can be a carrier for months or years. 
 
Swine 
After 10 weeks of age pigs are susceptible to infection with Leptospirosis, serovar Pomona. If 
one pig becomes leptospiruric then the prevalence can reach up to 90% by the time they are 
slaughtered (Kemp, 1980; Bolt and Marshall, 1997). Infected animals may shed Leptospires in 
their urine for one year after infection, even when they are asymptomatic.  
The chronic form of the infection is the most frequent and is associated with reproductive 
disorders, including abortions, neonatal mortality, premature births and stillbirths (Ramos et 
al, 2006). 
 
Sheep and Goats 
Sometimes sheep can be a maintenance host, independent of cattle, for serovar Hardjobovis. 
This results in neonatal lamb losses due to starvation because of acute agalactia or congenital 
infections. More research is needed to investigate if sheep can be active carriers of serovar 
Pomona.  
 
In New Zealand there were titres of L. Ballum, L. Bratislava, Hardjobovis, Pomona, Australis, 
Copenhageni and Tarassovi in goats. The first four are the most important. Although the 
serological evidence is there, no isolates were recovered from urine from goats.  
Some animals are maintenance hosts for specific serovars, while others are accidental hosts 
for the same serovar (Ayanegui-Alcerreca, 2006). 
 
Table 2. Maintenance and Incidental Host per Serovar (Ayanegui-Alcerreca, 2006; Slack et al, 2006a) 

Serovar Maintenance host Incidental host Farmed Deer 
Cultures/Serology 

Hardjobovis Cattle Human Yes/Yes 
Pomona Swine Cattle, Sheep, Human Yes/Yes 
Copenhageni Norway Rat (Rattus Norvegicus) Cattle, Dogs Yes/Yes 
Ballum Black rat (Rattus Rattus) 

Mouse (Mus Musculus) 
Hedgehog (Erinaceus Europaeus) 

Cattle No/Yes 

Balcanica Possum (Trichosurus Vulpecula) Cattle No/Yes 
Tarassovi Swine Clinically Healthy Dogs No/Yes 
Australis 2 isolated cases Human No/Yes 
Arborea Black rat (Rattus Rattus) 

Mouse (Mus domesticus) 
Human ?/? 

 
Zoönotic risks 
When human get infected with Leptospira, most of the time they are people who work with 
animals. They are people who work in sewers, mining, farming, meat processing, 
veterinarians and military work (Ayanegui-Alcerreca, 2006). The source of infection in 
humans is usually either direct or indirect contact with the urine of an infected animal. The 
incidence is significantly higher in warm climate countries than in temperature regions. This is 
due mainly to longer survival of leptospirosis in an environment with warm, humid 
conditions. Also exposures have occurred through activities such as wading, swimming and 
rafting, especially among travellers engaged in ‘adventure tourism’ and water-related activities 
in endemic countries (Plank and Dean, 2000). The highest risk of infection with leptospirosis 
is associated with dairy farming and with serovar Hardjobovis. Especially the peoples that 
perform the milking with cattle have a higher risk becoming infected with serovar 
Hardjobovis (Levett, 2001). 
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Test Methods 
There are many tests for diagnosing Leptospira, but the Microscopic Agglutination Test is 
still the gold standard test serological test. 
 
Microscopic Agglutination Test (MAT) 
The MAT is the reference method for Leptospiral diagnosis. It is a screening test that detects 
agglutinating antibodies in serum of the host by mixing it in various dilutions with live or 
killed Leptospires. Anti-Leptospiral antibodies present in the serum cause bacteria to 
agglutinate and form clumps, and the degree of agglutination is visually assessed using dark-
field microscopy (Plank and Dean, 2000). 
The MAT is highly sensitive and serovar-specific. It is a complex test to control, difficult to 
standardize and interpret and is usually performed only in reference laboratories or regional 
laboratories. Also a stock of serovar-specific live organisms must be maintained for antigens 
(Levett, 2001; Plank and Dean, 2000; O’Keefe, 2002). 
The MAT can be used on sera from any animal species and the range of antigens used can be 
expanded or decreased as required.  
Vaccination history has to be taken into account since the MAT does not make a difference 
between antibodies induced by vaccination or natural infection (Ayanegui-Alcerreca, 2006). 
 
Because of the complexity of the Microscopic Agglutination Test there are several other 
serological tests. 
 
Serological Techniques 
Most cases of leptospirosis are diagnosed by serology. Antibodies are detected in blood 
approximately 5-7 days after the onset of the symptoms (Levett, 2001). Serological test are 
widely available and inexpensive (Wagenaar et al, 2000) and can be divided into 2 groups:  
� Genus specific tests (i.e. complement fixation) 
� Serovar specific tests (i.e. ELISA) 
 
Enzyme Linked ImmunoSorbent Assey (ELISA) 
Leptospires are present in the blood until they are cleared after 4-7 days following the 
production of Leptospira-specific antibodies, initially mainly on the IgM class.  
The ELISA can detect Leptospira-specific IgM antibodies. There is also a dipstick ELISA test. 
The dipstick method has the advantage that it is easy to perform, is highly reproducible and 
depends neither on special equipment nor refrigeration. The sensitivity of the dipstick assay 
and the IgM ELISA appeared to agree well. The sensitivity of the disease was 86,8% and that 
of the IgM ELISA was 88,5% (Gussenhoven et al, 1997). 
While some of these assays have been more sensitive then the MAT, they have a number of 
disadvantages; one of them is lack of specificity. Antibody levels do not necessarily reflect the 
immune status of an animal, since both protective and non-protective antibodies are 
measured and seropositive animals may harbour infection in their kidneys (Ayanegui-
Alcerreca, 2006). 
 
Latex Agglutination Test 
This test is based on mixing an antigen-coated dyed latex bead with the serum on a slide, and 
observing the reaction within seconds, or after 2 to 10 minutes, at room temperature. The 
sensitivity is in the first 10 days of infection around 72% and later it becomes 88,2%. The 
specificity was 93,9% in the first 10 days of infection and later 89,8%. This provides a quick 
clinical diagnosis. The serovar and serogroup identification has a greater relevance in the 
epidemiological field (Smits et al, 2001). 
 
 



Detection of Leptospira organism in the female reproductive tract of farmed deer. 
Carolien Buck, Massey University 2008 

 

9 

Polymerase Chain Reaction (PCR) 
This test has been developed for the rapid detection of Leptospira DNA. The PCR assays are 
more sensitive and have a higher specificity than conventional methods such as culture and 
dark-field microscopy. PCR analyses of blood samples are useful within the first 10-14 days 
of the disease (Wagenaar et al, 2000). 
PCR on urine sample can differentiate the carrier or shedding state while serological tests can 
only detect antibody regardless of infection status at the time. PCR can also determine which 
serovar is causing the infection (Ayanegui-Alcerreca, 2006). 
Suitable samples for PCR are: serum, urine, CSF and aqueous humour and a number of 
tissues obtained at autopsy. 
A combination of two detection methods chosen from PCR, immunofluorescence and 
culture is the most sensitive (Levett, 2001). 
 
Culture  
Leptospires are cultivated in artificial media containing 10% rabbit serum or 1% bovine 
serum albumin plus long-chain fatty acids at pH 6.8-7.4. Optimum growth temperature of 

Leptospires is between 28-30°C. Media are made selective by the addition of several 
antibiotics, the most common being 5-fluouracil and neomycin sulphate (Bharti et al., 2003). 
A commonly used medium is Ellinghausen-McCullough-John-Harris (EMJH) medium, which 
contains 1% bovine serum albumin and Tween 80 as the source of long-chain fatty acids 
(Ellinghausen and McCullough, 1965). Growth of Leptospires is often slow on primary 
isolation. The culture should be retained for at least 4 months before being discarded. Culture 
of the infecting Leptospires from clinical samples is usually a definitive diagnosis of 
leptospirosis. A disadvantage of culture is that it is time consuming, labour-intensive and easy 
to contaminate. 
 
Treatment, Control and Management 
 
One of the goals of treatment is to control the damage of the liver, kidneys and spleen due to 
leptospirosis. Most of the time it is difficult to treat the infected animals because the animal 
gets presented when septicaemia has occurred.  
Another goal of treatment is to control the transmission due to carrier animals.  
Animals with acute leptospirosis have to be treated with streptomycin singly, or combined 
with ampcillin or large doses of penicillin-G. Leptospira are also susceptible to erythromycin, 
tiamulin and tylosin, but those can not remove the renal carrier while streptomycin can.  
Chronic status of leptospirosis should be treated with a single dose of streptomycin or long-
acting oxytetracycline (Prescott and Nicholson, 1988). 
In deer streptomycin is the drug of choice. Oxytetracycline is useful for the treatment of the 
clinical cases, but it will not remove the renal carrier (Haigh and Hudson, 1993). 
 
Vaccination 
The goal of vaccination is not to prevent the infection, but to prevent the infectious cycle of 
the disease (Zinkernagel, 2003).  
Another goal of vaccination is prevention of infection in humans. If the animals spread less 
disease, it is less likely that humans are infected due to contact with infected animals. 
Vaccination before infection protects the animal against the infection, most important it 
protect the animal against bacteria in the kidney. The protection is not a 100%. 
When vaccination is performed during infection it gives a better protection against re-
infection. Infected animals will not stop shedding after vaccination. The protection of the 
vaccine is 6 to 12 months (Faine et al, 1999). 
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Control and Management 
Control of leptospirosis in livestock has been centred on prevention to exposure, vaccination 
and selective treatment of animals (Ayanegui-Alcerreca, 2006). 
Vaccination programs aim to provide herd immunity to break the infectious cycle, reducing 
clinical disease and urinary shedding (Smith, 1997). 
 
Leptospira in the reproductive tract 
 
Leptospirosis is often related with reproductive failure. In deer it is not known whether 
Leptospires are present in the reproductive tract. Earlier was proven that Leptospires can be 
isolated from the reproductive tract of cows and sows. 
 
Cow  
At first Leptospires were only proven in pregnant cattle, especially in the placenta (Ellis and 
Michna, 1977). 
A few years later there was the first prove that Leptospires are also present in non-pregnant 
cattle (Thiermann, 1982). 
In the same year there was a report that involved oviduct flushing of pregnant cows after 
slaughter. Again there was proven to believe that Leptospires are present in the genital tract 
of cows. Leptospires were isolated from the oviducts (Ellis, 1982). 
 
In 1985 Leptospires were found in the genital tract and especially the oviduct was found to 
be as common a site of Leptospiral persistence as the kidney (Ellis, 1985). 
Latest reports proved that Leptospires can not only persist in the kidney and the pregnant 
genital tract, but also in the non-pregnant genital tract (Ellis, 1986a). 
 
One has to take into account that in these reports the animals were experimentally infected 
and not naturally challenged. In 1986 there was an experiment that examined naturally 
infected non-pregnant cattle. The outcome shows that in 65% of the animals infected the 
Leptospires could be recovered from the urinary and upper genital tract and in smaller 
proportions of the lower genital tracts (Ellis, 1986c). 
 
Sow  
In case of sows a few experiments showed that Leptospires can be found in the genital tract.  
Ellis proved in 1986 that sows infected with Leptospires showed abortions or produced 
stillborn piglets. 
The leptospirosis isolated belonged to the Australis group. The highest prevalence of the 
Leptospires was found in the upper genital tract (oviduct, uterus). Moreover, the Leptospires 
were found in the kidney, but on fewer occasions than in the genital tract. (Ellis, 1986b) 
 
From this perspective it is plausible that in deer Leptospires can be isolated from the female 
reproductive tract of deer. 
Persistence may play an important role in the spread of the disease, due to venereal 
transmission and reproductive failure.  
When the question that Leptospires can be found in the reproductive tract of female deer can 
be answered, the assumptions on a relation between leptospirosis and reproductive failure are 
more likely and there could be more understanding about the spread of the disease if venereal 
transmission is likely to occur, because Leptospires are present in the genital tract of the 
female deer.  
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8. Material and Methods 
 
8.1 Animals 
All the deer used in this study were Red or Red x Wapiti cross bred hinds (Cervus elaphus) 
from farms in Manawatu and Hawkes Bay region in New Zealand.  
 
8.2 Trial Design 
The samples needed for the research were collected from the slaughterhouse in Fielding.  
The number of samples was estimated on 60 animals calculated by FreeCalc software 
program based on bacterial culture test sensitivity of 50% and a specificity of 100% and 
prevalence of 10% to provide 95% confidence and 80% power.  
The samples included blood, uterus and kidney and were randomly selected from 5 lines (12-
15 animals per line) which have a history of previous exposure to leptospirosis or severe 
kidney lesions.  
 
8.3 Blood Collection 
Blood samples were collected from the jugular vein using a 10 ml blood tube with no 
anticoagulant. Blood samples were left to clot at room temperature. After that, samples were 
centrifuged at 3,000 RPM for 15 minutes to get pure serum, then aliquoted into two labeled 

1.5ml micro centrifuge tubes. The serum was stored at -20 °C until use for Microscopic 
Agglutination Test. 
 
8.4 Kidney Collection 
Deer kidney samples were collected from the slaughterhouse during the evisceration and 
inspection period. Both kidneys were put into a clean, labelled plastic bag matched with 

animal identification number. The kidney samples were conserved at 4°C and transported 
back to the laboratory for kidney culture and DNA extraction for Real-time PCR. Each 
kidney was examined and gross lesions were recorded.  
 
8.5 Uterus Collection 
Deer uterus samples were collected from the slaughterhouse during the evisceration and 
inspection period. The uterus was put in a clean, labelled plastic bag, matched with animal 

identification number and were conserved at 4°C and transported back to the laboratory for 
uterus culture, and DNA extraction for Real-time PCR. 
 
8.6 Microscopic Agglutination Test (MAT) 
Microscopic Agglutination Test (MAT) was performed to test the deer’s serum reactivity to 
laboratory standardized Leptospira serovars Hardjobovis and Pomona in order to determine 
the positive or negative status of the deer. To consider a positive sample, the cut-off point at 
1:48 was used for both serovars (Blackmore et al., 1982; Dorjee et al., 2005).  The method has 
been developed by the leptospirosis Research Unit, IVABS, Massey University based on the 
guidelines for the control of leptospirosis (Faine, 1982).  
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8.6.1  Masterplate Preparation 

1. Prepare sterile 96-well plate with lid. Label with number of sample and date of 

preparation on both plate and record sheet. 

2. Dilute serum sample 1:6 by adding 30ml of serum sample and 150ml of normal saline 

solution into each well of 96-well plate. 

3. Cover the plate with parafilm and then place the lid onto the plate. 

4. Store at -20°C until use. 
 

8.6.2 MAT 

1. Thaw the masterplate that contains serum sample at room temperature. 

2. Prepare clean 96-well plate (reusable) and label with row no. of masterplate. 

3.  Add 25µl of normal saline solution in to each well of clean 96-well plate by using 

multichannel pipette. 

4. Add 25µl of serum from masterplate in to each well on the first row of the 96-well plate 

and then perform serial dilution successively through the rest of the row of 96-well plate 

by using multidiluter.  

5. Prepare positive control and negative control in the same manner of step 4 by using 

antiserum to each serovar for positive control and normal saline solution for negative 

control. 

6. Prepare Leptospira antigen for each serovar testing. The antigen must be active and should 

be 7-14 days old. The density of antigen was checked by comparing with McFarland 

nephlometer scale (no.3) which approximately equivalent to 1-2 x 108 cells/ml. 

7. Add 25µl of prepared antigen into each well of 96-well plate. The range of dilutions in 

this stage was covered from 1:24 to 1:3072.  

8. Place the 96-well plate in plastic bag and incubate at 30°C for 1.5 - 4 hours. 

9. Place samples from each well of the eight dilutions onto the slide by using a dropper. The 

result is then read by observing the Leptospires agglutination under dark-field microscope.   

10. Make sure that the positive control agglutinates appropriately and no agglutination on 

negative control. The end-point titer is read at serum dilution that 50% or more of 

Leptospires agglutinated. 

11. When finished, the 96-well plate was placed in Virkon solutions to decontaminate the 

Leptospires. 
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8.7. Bacterial Culture 

The bacterial culture technique was used for isolation of Leptospires from clinical samples. 
Ellinghausen-McCullough-Johnson-Harris (EMJH) was used as a selective media with an 
addition of antibiotic (5-Fluouracil) for contamination inhibition. The method was adapted 
from the leptospirosis Laboratory SOP, IVABS, Massey University based on the guidelines 
for the control of leptospirosis (Faine, 1982).  
 

8.7.1 Kidney Sample 

1. Prepare 5ml syringe conjugated with sterile no.16 needle. 

2. Sterilize the kidney surface by swabbing with 70% alcohol. 

3. Insert needle into kidney surface. Create a negative pressure by pulling the plunger. As a 

result of this pressure difference, kidney material was drawn into the syringe. 

4. Repeat step 3 to other kidney surface areas. Try to move the needle in a to and fro 

fashion to obtain enough kidney material for bacteria culture. 

5. Transfer the kidney material into new labelled culture bottle containing 5ml of EMJH 

with 5-Fluouracil. 

6. Subculture for 2 times to get 2 serial dilutions of kidney sample by adding 100µl of liquid 

material from step 5 into new labelled culture bottle containing 5ml of EMJH with 5-

Fluouracil. 

7. Incubate the sample at 28-30°C and examined every 2 weeks for growth of Leptospires 

until 4 months. After that, the sample was discarded. 

 
8.7.2 Uterus Sample 

1. Open the uterus and remove scrapings of the epithelium aseptically.  

2. Transfer the uterus material into new labelled culture bottle containing 5ml of EMJH with 

5-Fluouracil. 

3. Subculture for 2 times to get 2 serial dilutions of uterus sample by adding 100µl of liquid 

material from step 5 into new labelled culture bottle containing 5ml of EMJH with 5-

Fluouracil. 

4. Incubate the sample at 28-30°C and examined every 2 weeks for growth of Leptospires 

until 4 months. After that, the sample can be discarded. 
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8.8 DNA extraction method for Real Time PCR 
DNA of clinical samples was extracted using the High Pure Template Kit (Roche) as per 
manufacturer’s instructions. This DNA extraction kit has been successfully used in order to 
extract Leptospira DNA from deer kidney and uterus. 

 

8.8.1 Kidney Sample and Uterus Sample 
 

1. Prepare 1.5ml sterile microcentrifuge tube for each sample. Label with number of sample 

on the cap of the tube. 

2. To each labelled tube add: 

- 40µl Proteinase K 

- 200µl Tissue Lysis Buffer  

- 25-50 mg of kidney sample (Yield can be increased by macerating the tissue into 

smaller pieces to increase the surface area available for digestion) 

3. Vortex and incubate at 55°C overnight or until the tissue has digested completely. 

4. Add 200µl of Binding Buffer and incubate all tubes for 10 minutes at 70°C. 

5. Add 100µl of isopropanol and vortex well. 

6. Centrifuge all tube at 8,000g for 15 seconds. 

7. For each sample, insert one filter tube into one collection tube and label the cap of the 

tube with the number of sample. 

8. Transfer the entire sample into the upper reservoir of the corresponding filter tubes, then 

close cap. 

9. Centrifuge filter tube and collection tube assemblies at 8,000g for 1 minute. 

10. Discard each collection tube and insert filter tubes into new collection tubes. 

11. Add 500µl of Inhibitor Removal Buffer into the upper reservoir of the filter tubes, then 

close cap. 

12. Centrifuge filter tube and collection tube assemblies at 8,000g for 1 minute. 

13. Discard each collection tube and insert filter tubes into new collection tubes. 

14. Add 450µl of Wash Buffer into the upper reservoir of the filter tubes, then close cap. 

15. Centrifuge filter tube and collection tube assemblies at 8,000g for 1 minute. 

16. Discard each collection tube and insert filter tubes into new collection tubes 

17. Repeat step 14-16. 

18. Centrifuge filter tube and collection tube assemblies at 13,000g for 10 seconds to remove 

residual Wash Buffer. 

19. Discard each collection tube and insert filter tubes into new labelled 1.5 ml micro 

centrifuge tubes. 
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20. Add 200µl Elution Buffer to the upper reservoir of each filter tube, and then recap the 

filter tubes. 

21. Centrifuge the filter and micro centrifuge tube assemblies at 8,000g for 1 minute. 

22. Discard the filter tubes and recap the micro centrifuge tubes. These micro centrifuge 

tubes contained the eluted, stable nucleic acids for PCR analysis or frozen storage for 

later use. 

 
8.9 Real-Time PCR (gyrB) 
Real-Time PCR technique was used for identification of Leptospires DNA in deer kidney and 
uterus samples. The DNA Gyrase Subunit B gene (gyrB) has been successfully used as a gene 
target for identification of pathogenic Leptospires (Kawabata et al, 2006; Slack et al, 2006b). 
The method for this study was adapted from previous report (Slack et al, 2006b) as followed.  

1. Prepare 20 µl glass LightCycler capillary for each sample and negative control.  

2. Prepare mastermix for each capillary by adding: 

- 2µl of Fast-Start Sybr green mix (Roche) 

- 2.4µl of 25mM Magnesium Chloride (MgCl2) 

- 10pmol of Forward Primer 

2For (5’-TGAGCCAAGAAGAAACAAGCTACA- 3’)  

- 10pmol of Reverse Primer 

504Rev (5’-M(A/C)ATGGTTCCR(A/G)CTTTCCGAAGA-3’) 

- Double distilled water (ddH2O) to make up final volume (18µl) 

3. Add mastermix into each sample capillary and the negative control capillary.  

4. Add 2µl of sample DNA extract to each sample tube and 2µl of double distilled water to 

the negative control tube. 

5. Program the LightCycler Real-time PCR machine: 

- Initial denaturation at 95°C for 10 minutes 

- Followed by 40 cycles of 

denature at 95°C for 10 seconds 

annealing at 60°C for 20 seconds 

extension at 72°C for 20 seconds 

6. Place capillary firmly into the LightCycler. 

7. Begin the thermocycling. 

8. Perform melting curve analysis to determine the results. 
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9.  Time Schedule 

       Task 

Month 

Literature 
Review 

Research 
Protocol 

Collecting 
Samples 

Testing 
samples 

Writing 
Article 

Nov. 2007      

Dec. 2007      

Jan. 2008      

Feb. 2008      

March- 
September 

2008 

     

 
10.  Study Location 

Deer Research Unit, Institute of Veterinary, Animal and Biomedical Sciences,  
Massey University, Palmerston North. 
 

11. Laboratory Equipment 
 

���� Real-Time PCR machine 

���� Biohazard cabinet 

���� Incubator 

���� Centrifuge machine 

���� Microcentrifuge machine 

���� Dark-field microscopy 

���� Multidiluter machine 

���� Freezer  

���� Vortex 

���� Magnetic stirrer 

���� Micropipette P10, P20, P200 and P1000 

���� Micropipette tip 10µl , 20µl, 200µl and 1,000µl 

���� Multichannel micropipette 

���� Needle no. 16 and 20 

���� Syringe 3ml, 5ml and 10ml 

���� Sterile 96- well plate with lid 

���� Sterile culture bottle 
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���� Vacutainer tube 10ml 

���� PCR tube 

���� PCR tube rack 

���� Parafilm 

���� Sterile petri dish 

���� Heat block 

���� Microcentrifuge tube 

���� Disposable transfer pipette  

���� Freezer box 

���� Sterile flask 

���� Sterile funnel 
 

12. Budget 

Item Cost (NZD) 

Serology (MAT) 2 serovars (60 blood samples) $ 120,- 

Bacterial Culture (60 kidney samples & 60 uterus samples) $ 600,- 

DNA extraction (60 kidney samples & 60 uterus samples) $ 480,- 

Real-time PCR (60 kidney samples & 60 uterus samples) $ 240,- 

Transportation $ 400,- 

Total                                                                                                                        $ 1.840,- 

 
13. Expected Benefits 

This research may help to answer the question if leptospirosis can cause reproductive failure. 
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14. Results 
 
Culture 
Kidney Samples 

The culture samples were incubated at 28-30°C and examined every 2 weeks for growth of 
Leptospires until 4 months after culturing. The results are shown in table 3.  

 
Uterus Samples 

The culture samples were incubated at 28-30°C and examined every 2 weeks for growth of 
Leptospires until 4 months after culturing. The results are shown in table 3. 
 

Table 3. Positive results from the Culture samples. 

Line Kidney Uterus 
1 4/15 0/13 
2 0/15 0/14 
3 0/15 0/14 
4 2/15 0/15 
5 0/15 0/15 

Real-Time PCR  
There were 5 lines examined. In the table below you can read the positive results from each 
line. In total there were 75 kidneys and 71 uteri examined. 
The positive results of the Real-Time PCR are shown in table 4.  

 
Table 4. Positive Results from the Real-Time PCR 

Line Kidney Uterus 
1 2/15 0/13 
2 0/15 0/14 
3 0/15 0/14 
4 2/15 0/15 
5 0/15 0/15 

 
MAT 
Blood Samples 

In the deer’s serum reactivity was tested on Leptospira serovars Hardjobovis and Pomona. 
The cut-off point was at 1:48 for both serovars. There were 75 blood samples examined.  
In table 5. the positive results of the MAT are shown. 

 
Table 5. Positive results from the MAT, cut-off point at 1:48. 

Line Hardjobovis Pomona 
1 11/15 5/15 
2 0/15 2/15 
3 2/15 0/15 
4 7/15 2/15 
5 0/15 0/15 

 
In appendix 1. the details of the results are shown. 
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15. Discussion 

 
After the literature research it seemed plausible that Leptospires may be present in the genital 
tract of female deer. Five lines were examined, 4 lines had antibodies against either L. 
Hardjobovis or Pomona or both. 2 Lines had Leptospires in the kidneys, proven by the Real-
Time PCR and culture.  
 
The MAT shows that only line 5 didn’t have antibodies against L. Hardjobovis or L. Pomona 
or both. This means that in the other 4 lines deer were infected or are infected with 
Leptospira organism, because antibodies were found in the blood.  
 
Line 1, with 4 positive culture samples, only had 2 positive samples on PCR. Further research 
is under way to establish the validity of PCR and culture of tissue samples from deer. 
No Leptospires were detected in the uterus by Real Time PCR or culture.  
PCR is supposed to be more sensitive than culture in the way that it can detect the DNA. It 
doesn’t have to be active Leptospira.  
The Real-Time PCR only proves that there is DNA of Leptospires present in the kidney of 
the deer, but it is unknown if the Leptospires are active or dead. A positive fact of PCR is 
that it is fast and not prone to contamination. 
 
Only culture can prove if there are active Leptospires present in the deer. In theory, if there 
are only few active Leptospira, they can still multiply themselves and become positive in 
culture. The culture samples showed that in line 1 there were 4 deer with active Leptospires 
in the kidneys. Also in line 4 there were 2 deer with active Leptospires in the kidneys. 
 
There were no Leptospires found in the uterus samples with the Real-Time PCR and the 
culture. When the sensitivity and specificity are high of the PCR test it is unlikely that they 
were present in the uterus and the Leptospires weren’t isolated. The specificity of culture is 
100%. This means that there are no false positives found and that the cultures, were there 
was no growth of Leptospira, really was free of the bacteria. 
 
There can be a few reasons why there were no Leptospires present in the uterus:  
� Leptospires don’t inhabit and/or persist in the uterus.  
� The stage of infection. If the deer isn’t shedding it is more difficult to prove the 
Leptospires in the deer. It is also possible that the deer are recently infected and the bacteria 
haven’t reached the uterus yet. 
� The deer are infected with a serovar that doesn’t persist in the uterus. Another serovar 
maybe can persist in the uterus.  
� The test method failed. The PCR has to be validated first to known the real sensitivity 
and specificity of the test.  
� The hinds were too young. Maybe in the genital tract of older hinds the leptospires do 
persist, because they mated with the stags.  
These results suggest the probability of Leptospires in the female reproductive tract is low in 
deer. 
  
Further research has to be done to find out if leptospirosis can (not) be found in the 
reproductive tract of female deer in New Zealand.  
More lines have to be examined, especially the lines that have a history of previous exposure 
to leptospirosis or bad kidney lesions. Because in this research we used lines that weren’t all 
seropositive, the level of power stated in the material and methods was not realistic and was 
lower. 
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In this research the one year old hinds were examined. It’s possible that the older hinds have 
persisting Leptospira in the reproductive tract. 
 
Also stags could be examined if there are Leptospires present in de genital tract of male deer. 
The venereal transmission could be a transmission route.  
The Real-Time PCR test has to be validated, to know the exact sensitivity and specificity of 
the test.  
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18. Appendix 1: Details results      

Sample no. Line no. Kidney culture Kidney PCR Uterus culture Uterus PCR  MAT MAT 

            Hardjobovis Pomona 

1 1 0 0 n/a n/a 96 384

2 1 0 0 0 0 0 0

3 1 1 0 0 0 96 192

4 1 0 0 0 0 96 0

5 1 0 0 0 0 48 0

6 1 0 0 n/a n/a 96 0

7 1 1 0 0 0 48 192

8 1 0 0 0 0 48 0

9 1 0 0 0 0 0 96

10 1 0 0 0 0 0 96

11 1 0 0 0 0 0 0

12 1 0 0 0 0 192 0

13 1 0 0 0 0 48 0

14 1 1 1 0 0 96 0

15 1 1 1 0 0 96 0

1 2 0 0 0 0 0 0

2 2 0 0 0 0 0 0

3 2 0 0 0 0 0 0

4 2 0 0 0 0 0 0

5 2 0 0 0 0 0 48

6 2 0 0 0 0 0 768

7 2 0 0 0 0 0 0

8 2 0 0 0 0 0 0

9 2 0 0 n/a n/a 0 0

10 2 0 0 0 0 0 0

11 2 0 0 0 0 0 0

12 2 0 0 0 0 0 0

13 2 0 0 0 0 0 0

14 2 0 0 0 0 0 0

15 2 0 0 0 0 0 0

1 3 0 0 n/a n/a 0 0

2 3 0 0 0 0 0 0

3 3 0 0 0 0 0 0

4 3 0 0 0 0 0 0

5 3 0 0 0 0 0 0

6 3 0 0 0 0 0 0

7 3 0 0 0 0 0 0

8 3 0 0 0 0 48 0

9 3 0 0 0 0 48 0

10 3 0 0 0 0 0 0

11 3 0 0 0 0 0 0
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12 3 0 0 0 0 0 0

13 3 0 0 0 0 0 0

14 3 0 0 0 0 0 0

15 3 0 0 0 0 0 0

1 4 0 0 0 0 96 0

2 4 0 0 0 0 48 96

3 4 0 0 0 0 48 0

4 4 0 0 0 0 0 0

5 4 0 0 0 0 0 0

6 4 0 0 0 0 0 0

7 4 0 0 0 0 0 0

8 4 0 0 0 0 48 0

9 4 0 0 0 0 48 0

10 4 0 0 0 0 48 0

11 4 0 0 0 0 48 48

12 4 1 1 0 0 24 0

13 4 0 0 0 0 0 24

14 4 0 0 0 0 0 0

15 4 1 1 0 0 0 0

1 5 0 0 0 0 0 0

2 5 0 0 0 0 0 0

3 5 0 0 0 0 0 0

4 5 0 0 0 0 0 0

5 5 0 0 0 0 0 0

6 5 0 0 0 0 0 0

7 5 0 0 0 0 0 0

8 5 0 0 0 0 0 0

9 5 0 0 0 0 0 0

10 5 0 0 0 0 0 0

11 5 0 0 0 0 0 0

12 5 0 0 0 0 0 0

13 5 0 0 0 0 0 0

14 5 0 0 0 0 0 0

15 5 0 0 0 0 0 0

        

1 = positive        

0 = negative         

n/a = not available         

titre cutpoint MAT = 1:48      

  


