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Introduction

Biotechnological methods of reproduction, such as 
artificial insemination, are widely used in livestock to increase 
productivity and economic returns to farmers [15]. The 
dissemination of pathogens through the semen, however, has 
become a major concern for farmers and health authorities 
in countries that employ this technology [3].

Leptospires have been identified in the semen of cattle, 
small ruminants, pigs and horses [1, 16, 21, 24].  These 
findings indicate the permanence of these bacteria in the 
reproductive system of these mammals. In 1976, researchers 
isolated leptospires in bovine semen infected naturally and 
detected the presence of anti-Leptospira spp. agglutinins in 
the seminal fluid, indicating the elimination of the bacteria 
in the secretion [19]. 

Bacteria of the genus Leptospira spp. cause a globally 
distributed disease called leptospirosis. In the reproductive 
system the disease causes many damages in the commercial 
creations. In male bovines, problems such as inhibition of 
sexual reflexes and loss of semen quality, with decreased 
concentration and motility of spermatozoa, decreased 
ejaculate volume and necrospermia have been observed, 

besides the presence of orchitis and inflammation of adjacent 
glands [19].  

For serological diagnosis of the disease the most 
commonly used test is the Microscopic Agglutination 
Test (MAT), regarded as the “gold standard” by the World 
Organization for Animal Health (OIE) [27]. Although 
specific and sensitive in the detection of anti-leptospira 
antibodies, this MAT is often not conclusive in terms of a 
definitive diagnosis [5, 20]. It does not recognize, for example, 
the presence of the bacterium; it recognizes only the immune 
response of the infected host [18].

In order to obtain more accurate diagnoses, further 
tests are being studied. Polymerase Chain Reaction (PCR) 
has been used to confirm the diagnosis of Leptospirosis 
in human material (urine, blood and cerebrospinal fluid). 
This is an improvement, in terms of detection sensitivity, 
on the microorganism culture technique. It is able to detect 
leptospira regardless of the quantity [25]. 

Given the possibility of Leptospira spp. to survive in 
bovine semen, the objective of this study was to standardize 
and use PCR point-end test, for detection of the DNA of 
Leptospira spp. in bovine semen.

ABSTRACT

The objective of the present research was to standardize and use PCR to 
detect the DNA of Leptospira spp. in bovine semen. In order to identify the 
lowest concentration of bacterial DNA that the technique can detect, initial 
experiments examined semen with varying levels of contamination. The 
detection threshold was determined to be 103 bacteria per ml of semen. In 
the second phase of the research, semen samples of 146 bulls from farms and 
collection centers involved in the processing and marketing of semen were 
subjected to PCR to detect the leptospira DNA.  Results revealed no genetic 
material from the bacteria in any sample. There was, however evidence of 
anti-leptospira spp. agglutinins. Using the MAT test, the blood serum of 
23.97% of the animals with serological titles ranging between 1/100 and 
1/800 was then examined. It was concluded that there is the possibility that 
leptospires are not being eliminated via semen, or were not being eliminated 
at the time of sample collection. This finding, if validated in subsequent 
research, may hinder the identification of carrier bulls and consequently the 
control of venereal transmission of Leptospirosis.

Keywords: Leptospirosis, MAT, PCR, Bulls, Semen 

RÉSUMÉ

Détection moléculaire de Leptospira spp. dans le sperme bovin 

L’objectif de cette étude était de standardiser et d’utiliser la PCR pour 
détecter l’ADN de Leptospira spp. dans la semence bovine. Afin d’identifier 
la plus faible concentration d’ADN bactérien que peut détecter la technique, 
une contamination expérimentale de la semence avec différents niveaux 
bactériens a été faite. Le seuil de détection est déterminé comme étant de 
103 bactéries par ml de semence. Dans un second temps, les échantillons 
de semence de taureaux de 146 fermes et centres de collecte, traitement et 
commercialisation de semences ont été soumis à une analyse PCR pour 
détecter l’ADN de leptospires. Les résultats n’ont révélé aucun matériel 
génétique de la bactérie. Pourtant, des agglutinines anti-Leptospira spp. 
ont été détectées, en utilisant le test d’agglutination microscopique (MAT), 
dans le sérum sanguin de 23,97% des animaux ayant des titres compris entre 
1/100 et 1/800. Il a été conclu qu’il y a la possibilité que les leptospires ne 
soient pas éliminées par la semence, ou ne sont pas éliminées au moment de 
la collecte de l’échantillon. Cette conclusion, si elle est par la suite confirmée, 
peut entraver l’identification des taureaux porteurs et, par conséquent, le 
contrôle de la transmission vénérienne de la leptospirose.
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Material and Methods

EXPERIMENTAL CONTAMINATION

To standardize the lowest concentration of detectable 
bacterial DNA by PCR, samples of semen were taken from 
bulls that had MAT in blood serum negative for bovine 
Leptospirosis and were part of the collection of the Laboratory 
of Infectious Diseases of the Faculty of Veterinary Medicine 
of the Federal University of Uberlândia (LADOC-FAMEV-
UFU) were used. 

 
The samples were then infected experimentally. 

Contamination was performed with the Hardjo serovar, 
based on its prevalence in cattle herds in Brazil [5, 12]. The 
bacteria were cultured in EMJH [8] and the count taken 
using a Neubauer chamber [11]. For better visualization of 
the leptospires the culture was diluted to a concentration of 
10-2, and the bacteria were not inactivated, to simulate natural 
contamination. The semen samples received quantities of 100, 
101, 102, 103, 104, 105 and 106 leptospires per ml. The extraction 
process was started immediately after contamination.

SAMPLES

A total of 146 bulls of different breeds were selected 
for the experiment. The reproductive fitness and age 
for selection were determined based on the estimated 
proportions in the population [29]. A prevalence of 41.3% of 
bovines seropositive for Leptospirosis in Minas Gerais [10], 
and considering a 92% confidence interval and 8% variation. 
Of the total, 72 bulls originated from farms, and 74 bulls 
were from collection centers which processed and marketed 
semen. 

The study was approved by the Ethics Committee on 
the Use of Animals of the Federal University of Uberlandia 
under the protocol Nº 089/12.  

SEROLOGICAL DIAGNOSIS

The serological diagnosis in the blood serum of bulls was 
conducted using the MAT in a dark field [5]. A collection 
of 14 serovars of Leptospira spp.: Australis, Autumnalis, 
Bataviae, Bratilava, Canicola, Copenhageni, Grippotyphosa, 
Hardjo, Hebdomadis, Icterohaemorrhagiae, Pomona, 
Pyrogenes, Tarassovi and Wolffi were tested. The experiment 
took place in the LADOC-FAMEV-UFU. 

MOLECULAR DIAGNOSTICS

Extraction of DNA of Leptospira spp. was made following 
the protocol of enzymatic lysis with proteinase K and 
purification with phenol chloroform [4]. Initially 400 μl of 
each semen sample was transferred to plastic micro tubes (2.0 
ml), to which were added 800μl of extraction buffer [50mM 
Tris-HCl pH 8.0, 25mM EDTA pH 8.0, 400 mM NaCl; 0.5% 

SDS (w/v)]. The samples were vortexed and kept in a dry 
bath at 65° C for 60 minutes with gentle stirring every 10 
minutes. Subsequently, 15 μl of frozen proteinase K (10mg / 
ml, Invitrogen) was added to each sample. This solution was 
then heated for another 60 minutes at 37° C in a water bath. 
To this solution was added 400μl of 5M potassium acetate 
which was mixed in by inversion. At this time the samples 
were kept on ice for 30 minutes inverting the tubes every 10 
minutes. Then the samples were centrifuged at 13,400 xg for 
10 minutes at 4º C and the supernatant was transferred to 
new tubes. To these was added 700 μl of phenol: chloroform: 
isoamyl alcohol (25: 24: 1). Samples were mixed by inversion 
for three minutes, and then centrifuged at 13,400 xg for 10 
minutes.

Following these procedures another 700 μl of chloroform: 
isoamyl alcohol (24: 1) was added to the samples. The 
solutions were then mixed by inversion for three minutes and 
centrifuged at 13,400 x g for 10 minutes at 4 ° C. The upper 
part of each sample solution was transferred to fresh tubes, 
taking care not to touch the organic interface. To each tube 
1000μl of cold absolute ethanol was added, which, after being 
gently mixed, was kept in a freezer at -20° C overnight.

Following ethanol precipitation of the DNA, the tubes 
were centrifuged at 13,400 x g for 15 minutes at 4° C. The liquid 
phase was discarded and the pellet was washed with 1000μl 
of 70% ethanol (v / v). After a second centrifuging under the 
same conditions, the liquid phase was again discarded and 
the pellet was placed to dry at room temperature: ± 25° C, 
for 60 minutes. The pellet was then placed in 30μl of TE-
10:1 buffer (10mM Tris-HCl pH 8.0, 1mM EDTA pH 8.0) 
for 24 hours at 4° C. The resulting samples were subjected to 
agarose gel electrophoresis (1% w/v) containing Sybr safe 10x 
gel stain (Invitrogen) and standard concentration of 100 bp 
DNA Ladder (Invitrogen) to verify the quality and quantity 
of DNA. The gel was visualized under UV light using a digital 
camera: Alpha Digi Doc (Alpha Innotech).

Aliquots of the DNA solution obtained from the semen 
samples were diluted 1: 1000 in ultrapure water obtained 
from Millipore-Milli-Q and subjected to spectrophotometric 
reading at wavelengths of 260 nm and 280 nm in a BIOMATE 
3S spectrophotometer (Thermo Scientific). Quantification 
then yielded the DNA concentration.

The primers used for amplification of the DNA fragment 
of 331 bp of Leptospira spp. were: i) Lep1 – 5’GGA GCC TCT 
GGC ACA TAA TG3’ and ii) Lep2 – 5’TTC CCC CCA AGC 
TTG AAG ATT3’ [25].

The amplification procedure was performed according 
to the following protocol: 1X reaction buffer [200mM Tris-
HCl pH 8.4; 500mM KCl;]; 0,2mM of dNTPs [dCTP, dATP, 
dGTP, dTTP]; MgCl2 2mM; primers Lep1/Lep2 5 pmol/μl; 
Taq DNA polymerase 5 U/μL; Total DNA 6 μL; MilliQ water 
q.s. 20 μL. The final volume of solution for amplification was 
20 μl:  6 μl of sample and 14 μl of the mixture. 
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The thermocycler program used in the Select Cycler 
(BioProducts) for amplification of the DNA fragment 
of Leptospira spp. involved: i) denaturing at 94° C, ii) 
hybridization at 63° C and iii) DNA chain extension at 72° 
C [25].

Visualization of the amplified product (8μl) was 
performed by electrophoresis in horizontal vats with 5X TBE 
running buffer (0,04 M Trisborato and 1 mM EDTA, pH 
8.0) agarose gel 1.0% (w/v).  Sybr safe gel stain 10,000X – 
Invitrogen 0,5μl/10ml was added and the gel was visualized 
under an ultraviolet transilluminator [28].

Results
  
PCR performed on the experimentally contaminated 

samples showed that the minimum quantity of bacteria 
which the technique can detect is 10³ cells in one ml of semen 
(Figure 1).

In the serological test, MAT, on blood serum, 35 (23.97%) 
bulls from farms and collection centers was positive for 

one or more Leptospira spp. (Table I) .The following 
serovars observed among the animals were seropositive: 
Hardjo (39.06%), Wolffi (32.81%), Hebdomadis (10.93%), 
Grippotyphosa (4.68%), Australis (3.12%), Autumnalis 
(3.12%), Bataviae (3.12%), Bratislava (1.56%) and 
Icterohaemorrhagiae (1.56%).

The experiment obtained an adequate overall quality 
of extracted DNA from the semen, ensuring efficiency of 
the extraction protocol used. Of the 146 semen samples 
subjected to PCR, however, in none was detected the DNA 
of Leptospira spp.

Discussion

The DNA detection threshold in the present study was 
similar to that found in other studies, regardless of the 
serovar used or the technique employed for experimental 
contamination.  DNA detection studies have reported 
threshold concentrations of 10² to 10³ bacteria/ml of sample 
[6, 7, 17, 23, 24, 30]. This variation might be explained by 
different DNA extraction techniques as well as techniques of 
PCR and the visualization of genetic material resulting from 
the method of each of the researchers.

 
Semen is a material rich in inhibitors that impede the 

extraction process of bacterial DNA and, consequently, the 
PCR [22]. The experimental contamination was thus essential 
to ensure the effectiveness of the techniques applied. In the 
results obtained, both from the extraction process and from 
PCR on the contaminated semen, the DNA of Leptospira spp. 
was detected. This assured the effectiveness of the techniques 
of DNA extraction, PCR and the displays of extracted genetic 
material. 

The seroprevalence of Leptospirosis in the bulls of this 
study was lower than expected based on the prevalence of 
41.3% of this disease reported for the State of Minas Gerais [2, 
10].The distribution of serovars was close to that described in 
the literature. Also consistent with the literature, the Hardjo 
serovar is the most prevalent (39.06%), followed closely by 

Lane 1: DNA fragment size marker (100bp); Lane 2: positive control; Lane 
3: negative control (without DNA mix); Lane 4: semen contaminated with 
100 leptospires per ml; Lane 5: semen contaminated with 101 leptospires 
per ml; Lane 6: semen contaminated with 102 leptospires per ml; Lane 7: 
semen contaminated with 103 leptospires per ml; Lane 8: semen contami-
nated with 104 leptospires per ml; Lane 9: semen contaminated with 105 
leptospires per ml; Lane 10: semen contaminated with 106 leptospires per 
ml.

Figure 1: DNA Detection of Leptospira spp. extracted from contaminated 
bovine semen, by PCR, Minas Gerais, Brazil, 2014.

Serovars
                        Serological title

Total
100 200 400 800 1600

Australis               - - - 2 - 2
Autumnalis 1 - 1 - - 2

Bataviae - - 2 - - 2
Bratislava 1 - - - - 1

Grippotyphosa - - 3 - - 3
Hardjo 5 13 5 2 - 25

Hebdomadis 6 1 - - - 7
Icterohaemorrhagiae - 1 - - - 1

Wolffi 11 7 3 - - 21
Total 24 22 14 4 - 64

Table I: Frequency of reagent cattle to Leptospira spp. identified by the Microscopic Agglutination Test of serological title agreement, Minas Gerais, Brazil, 
2014.
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the Wolffi serovar (32.81%). It was important to consider the 
possibility of cross-reactivity due to the close relationship 
between these two serovars, and the similar distribution of 
Lipopolysaccharide (LPS) in their cell membranes [12]. Of 
the 21 samples in which the Wolffi serovar was positive, 15 of 
them also reacted to the Hardjo serovar.

In Brazil, the Hardjo serovar is most prevalent in cattle, 
occurring in 55.5% of all herds. This is followed by the 
Wolffi serovar with 24.2% [10]. In the State of Minas Gerais 
this prevalence ranges from 23.7% to 59. 6% for the Hardjo 
serovar and approximately 13% for the Wolffi serovar [2, 10]. 
This finding reinforces the significance of the Hardjo serovar 
of Leptospirosis in the cattle of this state.

In most of the positive (MAT) bulls (24 animals, 37.5%) 
serological title of 1: 100 were detected. Such results could 
be considered to be of vaccination origin. However, there 
were no vaccination records on the farms or at the collection 
centers in which the blood serum samples were collected.

In spite of the fact that all of the bulls included in this 
research were in service and consequently not revealing, 
at the time, clinical signs of Leptospirosis,  it could not be 
assumed that these animals were not carriers, harboring 
the leptospires in the kidneys. There may also have been 
unnoticeable leptospires (due to low serological titles) in 
the urine [9, 12, 24, 27]. In cases of this type, PCR is an 
important tool for the identification of carrier animals. It is 
a sensitive and ideal method for analyzing urine or samples 
from the genital tract [26, 27]. However, in studies using 
this technique only, for diagnosis of Leptospirosis in semen 
samples there has been difficulty in identifying infection in 
samples with thresholds lower than 10² bacteria / ml.

For the extraction and amplification of the 146 semen 
samples of the present research, the same procedure was 
used that had been performed on the experimentally 
contaminated material. It was thus believed that the tested 
samples were free of the DNA of Leptospira spp. or that the 
numbers of leptospires within the samples were less than 10³ 
per ml.

The PCR, although widely used for detection of infectious 
agents in semen, does not always produce adequate results 
[13, 22, 30], as occurred in this study. Cattle with serological 
titles of 1/200, 1/400 and 1/800 are infected, and would be 
expected, according to the literature, to reveal the existence 
of leptospires in the semen in natura [26]. But even in 
animals with titles higher than 1/200, the genetic material of 
the bacteria was not detected.

Possibly the bulls do not eliminate leptospires in the 
semen in the acute phase of infection, or do not present 
intermittent elimination of the bacteria in this way [9, 12]. It 
may be for these reasons that the bacteria, even if present in 

the reproductive tract, were not detected in the semen, even 
though the animals were seropositive.

On the other hand, some studies have detected the DNA 
of Leptospira spp. in the semen of animals that were MAT 
negative, suggesting that PCR is sensitive in the identification 
of infected animals [17, 24]. However, present findings 
indicate that some animals that were infected, according to 
MAT did not have the infection confirmed by PCR. Thus 
caution is recommended in using PCR. The use of associated 
diagnostic methods is probably necessary in order to obtain 
accurate results.

The possibility of transmission of Leptospirosis via 
semen was analyzed in an experiment in which the semen 
of a bull, seropositive for Leptospirosis, with serological 
titles ranging from 1/100 to 1/800 during the trial period, 
was collected and used to artificially inseminate cows not 
infected by Leptospira spp. [14]. However, after culture and 
indirect immunofluorescence antibody test (IFAT) of urine, 
kidney and reproductive tract (fallopian tubes, fetuses of 
pregnant females, and the uterus of non-pregnant females), 
it was observed that none of the eight inseminated cows 
were infected by the contaminated semen. The relationship 
between serology and venereal transmission of Leptospirosis 
thus requires additional research.

It was concluded that the technique used for DNA 
extraction of Leptospira spp. in the semen of bulls infected 
experimentally proved efficient, as well as PCR. In naturally 
infected animals, however, there is need to develop research 
with the objective of limiting the influence of intermittent 
factors in the reduction or elimination of leptospires released 
in each ejaculate. This influence makes the identification 
of carrier bulls more difficult and, consequently, affects the 
control of venereal transmission of this disease.
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