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SHORT COMMUNICATION

Detection of pathogenic leptospira as a cause of abortion
in cattle-observations on diagnosis

Camilo Tomckowiack®?, Sebastian Matamala?®, Constanza Leo6n®,
Manuel Moroni¢, Miguel Salgado®

ABSTRACT. Leptospirosis is a zoonotic infectious disease caused by members of the genus Leptospira, which affects domestic
and wild animals. Cases of abortion in cattle have been associated with this infection, but these are often not adequately confirmed.
To determine the best diagnostic strategy for leptospirosis-associated cases of abortion, we evaluated some of the techniques used in
the veterinary laboratory and found that the key issues are sample type and timing. In a retrospective anatomical and histopathological
analysis, we studied 42 aborted foetuses with lesions consistent with leptospirosis to check for the presence of pathogenic leptospira
by qPCR, as well as ascertaining the serologic status of the cows. In addition, in a prospective analysis, cows that had aborted foetuses
were analysed within 2 days of the event by MAT and qPCR using blood and urine samples. Analysis of the foetuses indicated that
only 14.3% of the selected cases (6 of 42) gave a positive qPCR result. Regarding cows that had recently aborted foetuses, 4 out of 11
sampled showed a positive qPCR, while MAT tests showed only negative results. The evidence provided in this study indicates that
the time that has elapsed since a clinical event has occurred and the type of clinical sample taken are key elements in the successful

confirmation of pathogenic leptospira as the cause of abortion.
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INTRODUCTION

Leptospirosis is probably one of the most widespread
and prevalent zoonotic diseases worldwide (Hartskeerl
et al.,2011). This infectious disease is caused by a group
of spirochetes of the genus Leptospira, called pathogenic
leptospira.

Pathogenic leptospira infection in cattle, which is
associated with reproductive failure, is considered a major
cause of economic loss (Bolin & Alt, 2001). In dairy cattle,
abortion and stillbirth are the most serious clinical events
caused by pathogenic leptospira infection (Ellis, 2015),
followed by “Milk Drop Syndrome” (Alonso-Andicoberry
et al.,2001; Bolin, 2003). The negative economic impact
can also be attributed to the cost of treatment, increases
in culling and low pregnancy rates (Dhaliwal et al.,
1996). Gidicke and Monti (2013), have estimated that the
economic losses in Chile could be as high as US$143 per
lactation when a case of abortion occurs. Leptospirosis
is often difficult to diagnose, and frequent misdiagnosis
probably makes it the most neglected infectious disease in
cattle (Martins & Lilenbaum, 2017). This is particularly
significant when the diagnosis of a clinical case must be
confirmed. Identification of the aetiology is essential to
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establish proper control and mitigation measures in the
herd. Furthermore, an early and accurate diagnosis is of
paramount importance to establish appropriate antibiotic
treatment when pathogenic leptospira infection is suspected
(Adler & De la Pefia Moctezuma, 2010).

This brings to light a frequent and widespread diagnostic
problem, namely confirmation of the aetiology of cattle
abortion due to pathogenic leptospira. In southern Chile,
most veterinary practitioners take a serum sample to
detect antibodies in an aborted cow and the result obtained
is interpreted as confirmation of pathogenic leptospira
(Elder et al., 1985). Although less frequent, the Pathology
Department of our Faculty has also received requests
for histopathological analysis as a diagnostic method
through the identification of lesions, mainly in the foetus,
consistent with infection from/by pathogenic leptospira
in cases of abortion.

In the present study, we aimed to ascertain the type
of diagnostic tool, as well as the clinical specimen and
sampling time that should be used to accurately establish
the aetiology of a case of abortion in cattle once pathogenic
leptospira infection is suspected.

MATERIAL AND METHODS

To accomplish the objective of the present study,
we organised the methodology in two independent but
complementary observational surveys (I and II):

DESIGN SURVEY I
To assess pathogenic leptospira detection in an abortion
case, a retrospective study was carried out. Primarily, this

included information on all cases of aborted cattle recorded
in the Veterinary Anatomical Pathology laboratory at
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the Institute of Animal Pathology, Faculty of Veterinary
Sciences, Universidad Austral de Chile, between 2010
and 2019. As a second inclusion criterion, the samples
of aborted foetuses that underwent further analysis were
those displaying gross lesions consistent with pathogenic
leptospira infection, such as jaundice, foci of necrosis in
the liver, as well as signs of histopathological lesions,
such as accumulations of mononuclear cells in the liver
and/or kidney, areas of necrosis in the liver, vacuolization
in the liver and/or kidney. In addition, the result of the
microscopic agglutination test (MAT) of the cow was also
taken into account.

For each selected sample, 10 to 15 sections of 5 pum thick
tissue were taken from the paraffin-embedded tissue samples
using a precision rotation microtome (Jung®), intended
for DNA extraction. The paraffin sections were stored in
1.7 mL Eppendorf tubes. After this, the deparaffinization
procedure was carried out according to Miller ez al. (1997).
Deparaffinized tissue samples were subjected to a DNA
extraction-purification protocol using the High Pure PCR
Template Preparation Kit (Roche, Indianapolis, IN, USA),
following the manufacturer’s instructions. The DNA
templates obtained from the above protocol were analysed
in a gPCR system (Roche LightCycler 2.0) using a TagMan
probe and targeting the LipL32 gene which is specific only
to pathogenic leptospira species (Stoddard et al., 2009).

DESIGN SURVEY 1I

To show evidence of active infection by pathogenic
leptospira in live cattle that have recently aborted foetuses,
a field cross-sectional survey was performed.

Between January and December 2020, cows that had
aborted within the previous 48 hours were selected and
sampled for this study. The sampling was carried out from
five dairy cattle herds located in three different districts of
the Los Rios region, Chile. To assess the infection status
of the animals studied, urine samples (5-20 mL) were
taken through direct stimulation of the vulvar area. The
urine was collected in sterile 50 mL Falcon tubes. Also, to
detect the pathogen in the whole blood, individual blood
samples (5 to 10 mL) were taken by venipuncture of the
coccygeal vein of each animal, using vacutainer tubes
with anticoagulant and, in parallel, without coagulant
for the detection of antibodies in the blood serum, using
individual needles for each animal in both cases. Both
types of samples were kept at room temperature until they
were transferred to the Laboratory of Infectious Diseases,
Institute of Preventive Veterinary Medicine, Universidad
Austral de Chile. The sampling was carried out in strict
accordance with the Universidad Austral de Chile’s Guide
for the Use of Animals for Research. (www.uach.cl/
direccion/investigacion/uso_animales.htm).

Urine samples were pretreated using an immunomagnetic
separation (IMS) protocol coupled to real time PCR (qPCR),
according to a published protocol (Tomckowiack et al.,
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2020). A 25 mL aliquot of each urine sample was centrifuged
at 4,000 g for 15 min and the pellet was resuspended
in 1 mL of phosphate buffered saline (PBS) [137 mM
NaCl, 2.7 mM KCl, 4.3 mM Na,HPO,, 1.4 mM KH,PO,
(pH 7)] and then transferred to a 1.5 mL microcentrifuge
tube and recentrifuged at 11,000 g for 5 min. Finally, the
supernatant was discarded, the pellet was resuspended
in 1 mL of PBS and a 100 pL aliquot was submitted to
be used in the IMS protocol (Tomckowiack et al., 2020),
before proceeding with DNA extraction by High Pure
DNA Template Preparation Kit protocol (Roche, USA).

From a whole blood sample, an aliquot of 200 uL. of
blood was taken (with EDTA) from Vacutainer tubes (Becton
Dickinson, USA), from which DNA was extracted using
the High Pure DNA Template Preparation Kit (Roche,
USA). This was performed as described in survey I.

Pathogenic leptospira cell numbers (genome equivalents)
detected by qPCR were estimated according to a published
protocol used in Tomckowiack et al. (2020), using the
molecular weight of the genome of Leptospira interrogans
serovar Hardjo type prajitno strain Hardjoprajitno (GenBank
accession number EU357983.1) to establish a standard
curve for the estimation of leptospira numbers by qPCR,
according to a published algorithm (Dzieciol et al., 2010).

Sera were tested for the presence of antibodies against
six reference leptospira serovars, according to the published
protocol (Salgado et al., 2014), using the microagglutination
test (MAT).

For survey I, the association between cow MAT and
foetal tissue PCR results was evaluated by the McNemar
test. For survey II, the proportion of positive results obtained
by the diagnostic tests used for each of the clinical samples
were compared. To do this, the ratio test was performed,
using the Z statistic. The R software (R Core Team, year
2016®) was used, considering a significance level of 5%.

RESULTS AND DISCUSSION

To propose an adequate solution to the problem of
pathogenic leptospira infection in cattle, we must first have
a thorough understanding of the biology of this infection.
Infection by pathogenic leptospira begins with bacteremia
and the infection can then migrate to organs such as the
liver and kidney, which is followed by leptospira urine
shedding and, weeks later, antibody titers (Adler & De la
Penia Moctezuma, 2010; Adler, 2014).

Because pathological analysis is also used as a diagnostic
method, through the identification of lesions consistent with
infection by pathogenic leptospira in cases of abortion,
it seemed pertinent to us to retrospectively analyse a
significant number of possible cases of abortions due
to pathogenic leptospires. A total of 247 aborted bovine
foetuses met the inclusion criteria in the retrospective study.
Macroscopic and/or microscopic findings associated with
pathogenic leptospira infection, as well as MAT results
of the (mother) cow, led us to select a total of 42 aborted
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foetuses. Overall, information from 7 (16.7%) of them
showed only macroscopic lesions (enlarged liver, small areas
of necrosis, jaundice). In addition, 10 (23.8%) displayed
only microscopic lesions (inflammatory mononuclear
(cell) infiltration), cloudy swelling) and 13 (30.9%)
showed both types of lesions consistent with pathogenic
leptospira infection. Finally, in 12 (28.6%) cases the sera
showed MAT positive results without lesions. Although the
lesions identified in these foetuses correspond with what
has been considered suggestive for pathogenic leptospira
infection, in most cases these lesions can be seen in other
pathologies (Sebastian et al., 2005; Smyth et al., 1999).
In this regard, Schlafer and Foster (2016) reported other
findings, such as lesions in the placenta and lungs, which
were not observed in the cases we studied because the
majority of foetuses displayed a state of autolysis that
made it difficult to identify these lesions (Smyth et al.,
1999). Therefore, these anatomical and histological findings
should only be interpreted as presumptive information that
requires a second confirmatory tool.

Therefore, in order to confirm those presumptive
cases, the PCR technique on fixed tissue was used. Only
6 (14.3%) out of the 42 cases showed PCR positive results
(table 1). Of these 6 cases, 1 sample case showed both
microscopic and macroscopic lesions, while 2 showed
only macroscopic lesions, and finally, 3 foetal sample cases
did not show any visible lesions but exhibited high MAT
antibody titers. However, molecular identification by PCR
in paraffin-embedded samples may be underestimated due
to a decrease in PCR efficiency. The study by Einerson
et al. (2005) showed a loss of detection of up to 50% in
their samples, attributed to the effect of the fixing reagents
on the efficiency of the PCR.

Since the most commonly used diagnostic technique
for leptospira infection is MAT (Thiermann, 1984), it
seemed reasonable to monitor the serological status of the
aborted cow. Thirty-one of the 42 aborted fetuses monitored
(73%) produced positive serology results for one or more

leptospira serovars. Hardjo was the predominant serovar,
with 24 cases (77.4%), followed by Ballum, with 9 cases
(29%), whilst the Canicola and Pomona serovars were
identified in 5 cases (16.1%), and Autumnalis showed up
in just 1 case (3.2%). The antibody titers ranged between
1:100 to 1:3200 (data not shown). There was a high
percentage of selected foetuses with lesions consistent with
pathogenic leptospira infection, although unconfirmed by
PCR, with a positive MAT result for the mother. Any valid
interpretation drawn from this finding must take into account
the fact that, in southern Chile, there is a high pathogenic
leptospira seroprevalence in dairy herds (Salgado et al.,
2014). Besides, MAT is useful for a herd-level diagnosis
and may not be reliable for individual diagnoses (Otaka
et al., 2012), since most cows that show seroreactivity
with low titers show no direct evidence of pathogenic
leptospira shedding (Hamond et al., 2014). So, samples
with positive MAT from the mother indicate exposure, and
not necessarily active infection, as a cause of abortion,
thereby explaining the lack of a significant relationship
(P<0.05) between MAT and PCR.

A key aspect that would allow us to determine the cause
of abortion is the status of active infection by pathogenic
leptospira in the mother through direct detection of the
pathogen at the genomic level. In this way, there would
be a confirmatory relationship between infection by this
pathogen and a case of abortion. In survey II, the sampling
of cows that had recently aborted was successful due to
the valuable collaboration of veterinary practitioners. We
found only 11 cows that had aborted foetuses and were
sampled within 48 hours during the study period. None
of the sera in the cows that had aborted showed positive
MAT results. Of the 11 cows, 4 cows showed positive
results which suggest an active infection status due to
pathogenic leptospira. In the case of urine samples, only
1 out of 11 (9.1%) samples showed a positive result with
a low concentration of 8.77 leptospira per mL. However,
a higher proportion of positive results was observed when

Table 1. Aborted foetuses with a history associated with leptospirosis identified in the records of the Laboratory of Veterinary Anatomic

Pathology with positive PCR (n=6).

ID animal Ab titers Serovar Macroscopic lesion Microscopic lesion qPCR
781-11 1:400 Hardjo Pale red mucous membranes Liver and kldnefy.: degenerative +)
and musculature conditions
1:400 Hardjo
101-13 1:100 Pomona a +)
188-13 1:1600 Canicola - (+)
1:800 Ballum
272-13 1:200 Hardjo - )
363-13 1:400 Hardjo Liver: necrotic foci (+)
1:400 Hardjo . . . .-
395-14 1:100 Ballum Kidney: degenerative conditions (+)
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Table 2. Results of the analysis of the 11 cows for pathogenic leptospira infection.

qPCR (Whole Blood) pathogenic

IMS-gPCR (Urine) pathogenic

N° ID animal leptospira per mL leptospira per mL VAT
1 3806 - - B
2 6487 4.86-102 - -
R 8731 _ 8.77-10° -
4 8732 - - -
5 8327 - - B
6 8238 2.11-10* - -
7 8042 - - i
8 8726 6.14-103 - -
9 8523 - - i
10 6693 - . i
11 9980 - . .

blood samples were used (P<0.05). Three out of 11 blood
(27.3%) samples were positive, ranging in concentration
from 4.86-107 to 2.11-10* pathogenic leptospira per mL
(table 2). The reported finding regarding the detection of
pathogenic leptospira in whole blood is consistent with
published experimental investigations (Zuerner et al., 2012)
that studied the infection in golden hamsters by injecting
this pathogen intraperitoneally and could be detected in
blood vessels around 48 hours post inoculation, giving a
graphic indication of the biology of this infection. The
biology of infection indicates that leptospiremia is observed
up to the first week after exposure, which is followed by
pathogen migration to the target organs (Adler & De la
Pefia Moctezuma, 2010). As pathogenic leptospira decrease
in concentration in the blood, the antibodies start to rise,
reaching a detectable level between 7-14 days (Adler, 2014).

It seems that blood samples do not have a negative
effect on polymerase efficiency, unlike urine samples which
is likely to be due to PCR inhibitors (Rosenstraus et al.,
1998). The presence of PCR inhibitors in urine samples
makes the analysis more difficult and expensive where DNA
extraction protocols should consider inhibitor removal. To
solve this problem, immunomagnetic separation (IMS)
has been described as a technique to provide inhibitor-
free PCR samples and improve their analytical sensitivity
(Olsvik et al., 1994; Taylor et al., 1997). Recently,
Tomckowiack et al. (2020) developed an immunomagnetic
separation (IMS) protocol as pretreatment for gPCR that
offered a cost-effective tool for urine analysis and solved
the false negative problems of low bacterial loads in the
specimen, allowing 30% higher detection of positive results
than a conventional system. In the present study, the low
bacterial load detected by the IMS-qPCR system in the
positive urine sample (8.44 bacteria/mL) suggests that
the animal has an initial kidney infection post bacteremia,
where it would possibly have been classified as negative
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in a conventional molecular detection system without the
pre-step of immunoseparation.

Most of the abortions caused by leptospira occur in
the last trimester of pregnancy and are associated with a
chronic infection in the individual aborting animal (Adler
etal.,2014; BonDurant, 2007). The present study reported
the absence of antibody titers in MAT and the presence of
pathogenic leptospira in blood, which could indicate a status
of early or acute infection with initial bacteremia, and in
this infectious scenario, an abortion is not an unexpected
result in a pregnant cow.

This study showed that anatomical and histopathological
information must be considered as a presumptive and
non-confirmatory tool for pathogenic leptospira as a cause
of abortions in cattle. Also, the detection of pathogen
DNA in blood may provide new evidence of abortions
in the early stages of this infection, suggesting that the
evaluation of antibodies alone is not an accurate diagnostic
strategy for the cause of abortion in cattle. Besides, it
has been suggested that a chronic event and MAT values
are either static flailing or are not detectable (Ellis et al.,
1982). The evidence provided in this study indicates that
the time elapsed since a clinical event has occurred and
the type of clinical sample taken are key elements in the
successful confirmation of pathogenic leptospira as the
cause of abortion.

ACKNOWLEDGEMENTS

The authors would like to thank the Universidad Austral de Chile
for funding this study through the internal research funds of the Institute
of Preventive Veterinary Medicine, Faculty of Veterinary Sciences.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare.



LEPTOSPIROSIS, PATHOGENIC LEPTOSPIRA, ABORTION, DAIRY CATTLE, DIAGNOSTIC

REFERENCES

Adler, B., & De la Pefia Moctezuma, A. (2010). Leptospira and leptospirosis.
Veterinary Microbiology, 140, 287-296.

Adler, B. (2014). Leptospira and leptospirosis. Ed. (Vol. 387). Springer.

Alonso-Andicoberry, C., Garcia-Peiia, F. J., & Ortega-Mora, L. M.
(2001). Epidemiologia, diagnéstico y control de la leptospirosis
bovina (Revision). Investigacion agraria. Produccion y sanidad
animales, 16(2), 205-225.

Bolin, C. A. & Alt, D. P. (2001). Use of a monovalent leptospiral vaccine
to prevent renal colonization and urinary shedding in cattle exposed
to Leptospira borgpetersenii serovar hardjo. American Journal of
Veterinary Research, 62(7), 995-1000. https://doi.org/10.2460/
ajvr.2001.62.995

Bolin, C. A. (2003). Diagnosis and control of bovine leptospirosis. In
Proceedings of the 6th Western Dairy Management Conference, 12-14.

BonDurant, R. H. (2007). Selected diseases and conditions associated with
bovine conceptus loss in the first trimester. Theriogenology, 68(3),
461-473. https://doi.org/10.1016/j.theriogenology.2007.04.022

Dhaliwal, G. S., Murray, R. D., Dobson, H., Montgomery, J. & Ellis,
W. A. (1996). Reduced conception rates in dairy cattle associated
with serological evidence of Leptospira interrogans serovar hardjo
infection. Veterinary Record, 139(5), 110-114. https://doi.org/10.1136/
vr.139.5.110

Dzieciol, M., Volgger, P., Khol, J., Baumgartner, W., Wagner, M. & Hein,
1. (2010). A novel real-time PCR assay for specific detection and
quantification of Mycobacterium avium subsp. paratuberculosis in
milk with the inherent possibility of differentiation between viable
and dead cells. BMC Research Notes, 3, 1-8.

Einerson, R. R., Kurtin, P. J., Dayharsh, G. A., Kimlinger, T. K., &
Remstein, E. D. (2005). FISH is superior to PCR in detecting t (14;
18) (q32; q21)-IgH/bcl-2 in follicular lymphoma using paraffin-
embedded tissue samples. American Journal of Clinical Pathology,
124(3), 421-429.

Elder, J. K., Pepper, P. M., Hill, M. W. M. & Ward, W. H. (1985). The
significance of leptospiral titers associated with bovine abortion.
Australian Veterinary Journal, 62(8), 258-262. https://doi.
org/10.1111/j.1751-0813.1985.tb14246.x

Ellis, W. A., O’brien, J. J., Neill, S. D., Ferguson, H. W., & Hanna, J.
(1982). Bovine leptospirosis: microbiological and serological findings
in aborted fetuses. Veterinary Record, 110, 147-150.

Ellis, W. A. (2015). Animal leptospirosis. In B. Adler (Ed.), Leptospira
and Leptospirosis (pp. 99-137). Springer.

Gidicke, P. & Monti, G. (2013). Factors related to the level of occurrence of
bovine abortion in Chilean dairy herds. Preventive Veterinary Medicine,
110(2), 183-189. https://doi.org/10.1016/j.prevetmed.2012.11.022

Hamond, C., Martins, G., Loureiro, A. P., Pestana, C., Lawson-Ferreira,
R., Medeiros, M. A. & Lilenbaum, W. (2014). Urinary PCR as an
increasingly useful tool for an accurate diagnosis of leptospirosis
in livestock. Veterinary Research Communications, 38(1), 81-85.
https://doi.org/10.1007/s11259-013-9582-x

Hartskeerl, R. A., Collares-Pereira, M. & Ellis, W. A. (2011). Emergence,
control and re-emerging leptospirosis: dynamics of infection in the
changing world. Clinical Microbiology and Infection, 17(4),494-501.
https://doi.org/10.1111/j.1469-0691.2011.03474.x

Martins, G. & Lilenbaum, W. (2017). Control of bovine leptospirosis:
Aspects for consideration in a tropical environment. Research
in Veterinary Science, 112, 156-160. https://doi.org/10.1016/j.
rvsc.2017.03.021

Miller, J., Jenny, A., Rhyan, J., Saari, D., & Suarez, D. (1997). Detection
of Mycobacterium bovis in formalin-fixed, paraffin-embedded
tissues of cattle and elk by PCR amplification of an IS6110 sequence
specific for Mycobacterium tuberculosis complex organisms. Journal
of Veterinary Diagnostic Investigation, 9(3), 244-249. https://doi.
org/10.1177/104063879700900304

Olsvik, O., Popovic, T., Skjerve, E., Cudjoe, K. S., Hornes, E., Ugelstad,
J., & Uhlen, M. (1994). Magnetic separation techniques in diagnostic
microbiology. Clinical Microbiology Reviews, 7(1), 43-54. https://
doi.org/10.1128/CMR.7.1.43

Otaka, D. Y., Martins, G., Hamond, C., Penna, B., Medeiros, M. A. &
Lilenbaum, W. (2012). Serology and PCR for bovine leptospirosis:
herd and individual approaches. Veterinary Record, 170(13), 338-
338. https://doi.org/10.1136/vr.100490

Rosenstraus, M., Wang, Z., Chang, S. Y., DeBonville, D. & Spadoro,
J. P. (1998). An internal control for routine diagnostic PCR:
design, properties, and effect on clinical performance. Journal of
Clinical Microbiology, 36(1), 191-197. https://doi.org/10.1128/
JCM.36.1.191-197.1998

Salgado, M., Otto, B., Sandoval, E., Reinhardt, G. & Boqvist, S. (2014).
A cross sectional observational study to estimate herd level risk
factors for Leptospira spp. serovars in small holder dairy cattle farms
in southern Chile. BMC Veterinary Research, 10, 126. https://doi.
org/10.1186/1746-6148-10-126

Schlafer, D. H., & Foster, R. A. (2016). Female genital system. Jubb,
Kennedy & Palmer’s Pathology of Domestic Animals: Volume 3, 358.
https://doi.org/10.1016/B978-0-7020-5319-1.00015-3

Sebastian, M., Giles, R., Roberts, J., Poonacha, K., Harrison, L., Donahue,
J., & Benirschke, K. (2005). Funisitis associated with leptospiral
abortion in an equine placenta. Veterinary Pathology, 42(5), 659-
662. https://doi.org/10.1354/vp.42-5-659

Smyth, A., Fitzpatrick, D. A., & Ellis, W. A. (1999). Stillbirth/perinatal
weak calf syndrome: a study of calves infected with Leptospira.
Veterinary Record, 145, 539-542.

Stoddard, R. A., Gee, J. E., Wilkins, P. P., McCaustland, K. & Hoffmaster,
A.R.(2009). Detection of pathogenic Leptospira spp. through TagMan
polymerase chain reaction targeting the LipL32 gene. Diagnostic
Microbiology and Infectious Disease, 64(3), 247-255. https://doi.
org/10.1016/j.diagmicrobio.2009.03.014

Taylor, M. J., Ellis, W. A., Montgomery, J. M., Yan, K. T., McDowell,
S. W. J. & Mackie, D. P. (1997). Magnetic immuno capture PCR
assay (MIPA): detection of Leptospira borgpetersenii serovar
hardjo. Veterinary Microbiology, 56(1-2), 135-145. https://doi.
org/10.1016/S0378-1135(96)01351-X

Thiermann, A.B. (1984). Leptospirosis: current developments and
trends. Journal of the American Veterinary Medical Association,
184(6), 722.

Tomckowiack, C., Henriquez, C., Ramirez-Reveco, A., Muiioz, P., Collado,
B., Herzberg, D., Folch Hugo & Salgado, M. (2020). Analytical
evaluation of an immunomagnetic separation PCR assay to detect
pathogenic Leptospira in cattle urine samples obtained under field
conditions. Journal of Veterinary Diagnostic Investigation 33(1),
52-58. https://doi.org/10.1177/1040638720966299

Zuerner, R. L., Alt, D. P. & Palmer, M. V. (2012). Development of chronic
and acute golden Syrian hamster infection models with Leptospira
borgpetersenii serovar Hardjo. Veterinary Pathology, 49(2),403-411.
https://doi.org/10.1177/0300985811409252

81






