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ABSTRACT

On the global scale of the zoonoses problem, leptospirosis is among the five diseases that pose the greatest
threat to humankind today. Leptospirosis is a worldwide zoonotic disease caused by pathogenic Leptospira
species. In general, leptospirosis has been registered in more than 150 species of mammals. There are about
300 serovars of Leptospira spp. Serovar Hardjo is one of the most common causes of leptospirosis among
cattle globally. In cows, the infection can be completely asymptomatic or cause abortions, stillbirths, infertility,
and mastitis. The study's relevance is determined by the negative impact on the economy — productivity loss,
and high cost of medical-preventive activities. Leptospirosis also affects humans. In this regard, the present
study aimed to determine the prevalence of antibodies to Leptospira interrogans serovar Hardjo in tank milk
samples from cows selected from farms in different regions of Ukraine. The method of indirect enzyme-
multiplied immunoassay was used for this problem to be investigated. We have investigated 114 tank samples
from 66 Ukrainian farms, of which 63.2% were positive, and 36.8% negative. It was established that antibodies
to the causative agent of leptospirosis were recorded in different regions of Ukraine. It has been established that
the largest number of positive samples was from Kyiv and Cherkasy regions. Our study results complement the
study results of other authors and indicate the circulation of this causative agent among the cows in Ukraine, as
well as being of practical value for diagnosing and controlling leptospirosis among the cattle.
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INTRODUCTION

On the global scale of the zoonoses problem, according to the criteria of socio-economic rating, leptospirosis
belongs to the five diseases that pose the greatest threat to humankind today. At least one million clinical disease
cases of leptospirosis are annually observed among human and a crude mortality rate range from 5% to 15%.
Leptospirosis affects a broad host range, including the cattle, sheep, goats and wild animals. The prevalence of
serovar Hardjo among cattle in foreign countries is 72% — in England, 34.7% — in Ireland, 11% — in Spain, 42%
—in the USA, and so on. The circulation of L. interrogans serovar Hardjo among cattle is observed in Ukraine in
the range of 25.8-60.0% [1], [2].

Leptospirosis is a worldwide zoonotic disease [3] caused by infection with pathogenic Leptospira species. In
general, leptospirosis has been registered in more than 150 species of mammals, but the infectious agent can also
be detected in other classes of animals (reptiles, amphibians, etc.) [4]. There are approximately 300 serovars of
Leptospira spp. [5] which are divided into 28 groups [6]. Leptospirosis among cattle can be caused by different
serovars depending on the region and the host. Serovar Hardjo is one of the most common causes of leptospirosis
among cattle globally.

It includes two species: Leptospira interrogans serovar Hardjo (prajinto) and Leptospira interrogans serovar
Hardjo (bovis), although there are genetic and epidemiological differences between the two species; both species
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are indistinguishable by serological testing [7]. Currently, cattle host this serovar, which secretes leptospires with
urine [8] and secretions from the genital tract [9].

In the cattle, the infection causes significant economic losses and can be completely asymptomatic, or it can
be the cause of abortions, stillborn calves, female infertility, reduced milk productivity, mastitis, birth of weak
calves, embryonic mortality, as well as high cost of medical-preventive activities [10], [11], which is due to the
use of antimicrobial substances, which, in turn, reduces the quality of dairy products [12].

Factors that foster the spread of the disease are many rodents, dogs and other wild animals, contaminated water
and soil sources. The disease is also common in humans [13]. Symptoms of leptospirosis in humans are fever,
myalgia, headache, renal failure, and pulmonary bleeding [14], [15]. Leptospires enter the organism through
mucous membranes or skin failures and spread through blood [16].

Diseased animals can release the causative agent periodically or regularly for months, years, or throughout
their lives. People who work in slaughterhouses, farms, meat processing plants, and veterinarians have the highest
risk of disease incidence with leptospirosis [17]. As a rule, humans become infected through direct contact with
infected animals that release the microorganism with their urine, or through indirect contact with contaminated
water or soil. It is also reported about a possible transmission of leptospirosis through the consumption of raw
milk obtained from infected cows [18], [19].

In recent years, leptospirosis in milk tank samples has yet to be studied in Ukraine. The present study aimed
to investigate the prevalence of antibodies to Leptospira interrogans serovar Hardjo in tank samples of milk taken
from different farms and regions of Ukraine.

In Ukraine, data on the spread of leptospirosis in tank samples of cow's milk are not systematic, and in some
cases, they are absent at all, which indicates the relevance of this issue.

Scientific Hypothesis

The spread of leptospirosis in tank samples of milk in the studied farms may be significant, which will allow
these farms to assess the risks of its spread and develop effective elimination measures to obtain high-quality and
safe dairy products.

MATERIAL AND METHODOLOGY
Samples

Tank milk samples from cows, which were sent for the study to the serology laboratory of LLC “Veterinary
Diagnostics Center” from different regions of Ukraine, were in sterile test tubes.
Chemicals

Dilution buffer Prionics Lelystard B.V (Netherlands);

Washing fluid Prionics Lelystard B.V (Netherlands);

Conjugate Prionics Lelystard B.V (Netherlands;

Chromogen (TMV) substrate Prionics Lelystard B.V (Netherlands);

Stop solution Prionics Lelystard B.V (Netherlands), (realtor UkrzooVetPostach, Kyiv, Ukraine).
Animals, Plants and Biological Materials

The animals were of different breeds (Holstein, Ukrainian black and white), age, duration of lactation and
productivity. Information on clinical conditions, vaccination, treatment, herd size, diet, maintenance, watering,
milking system, and breeding was absent. There needed to be more information on vaccination, herd size, diet,
maintenance, watering, milking system, and breeding.

Instruments

Immunoenzyme analyzer Tecan Sunrise (Austria), (realtor (Khimlaborreaktyv) Limited Liability Company,
Ukraine).

Tablet Microtest Plate 96 Well, F (Germany), (realtor (Khimlaborreaktyv) Limited Liability Company,
Ukraine).

Dry air thermostat MicRomed (China), (realtor (Khimlaborreaktyv) Limited Liability Company, Ukraine).
Sartorius pipette dispenser (Germany), (realtor (Khimlaborreaktyv) Limited Liability Company, Ukraine).
Eppendorf pipette dispenser (Germany), (realtor (Khimlaborreaktyv) Limited Liability Company, Ukraine).
Laboratory utensils, (realtor (Khimlaborreaktyv) Limited Liability Company, Ukraine).
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Laboratory Methods

The presence of antibodies to Leptospira interrogans serovar Hardjo in tank samples of milk was determined by
indirect EIA, with the use of commercial test system PrioCHECK L. Hardjo Ab Plate Kit (Thermo Fisher
Scientific, Applied Biosystems, Lelystad, The Netherlands) [20]. EIA uses antigens to capture and quantify the
amount of target antibodies present in a milk sample. The test result is the colour reaction measured by the reader
in terms of optical density values. Optical densities provide a numerical-non-quantitative determination of the
amount of antibodies to L. Hardjo in the studied sample. The final numerical result is a standardized percent
positivity (PP) relative to a fixed reference sample (PP = optical density of test sample/optical density of reference
sample). Recommended Prionics interpretation for PP from tank milk: PP <40% - negative for
L. Hardjo specific antibodies, 40% PP — 60% — questionable result, and PP> 60% — positive result.
Description of the Experiment

Sample preparation: Tank milk was used for the experiment. Sampling was carried out directly on the
farms, from coolers-tanks into 100 ml plastic tubes with screw caps after mixing. The samples were delivered to
the laboratory at a temperature of 4-8 °C within 12 hours from their sampling. Subsequently, they were unpacked
and homogenized, and 100 mcl of milk was taken from each sample for the experiment.

Number of samples analyzed: 114 tank samples of milk were analyzed.

Number of repeated analyses: The retry number of each experiment for one value to be determined was
5 times.

Number of experiment replications: Each study was carried out five times, and the number of samples
was three, resulting in fifteen repeated analyses.

Design of the experiment: First, we chose the farms that specialize in cattle breeding and have a dairy
production direction, to select the samples from each farm individually. A team of 5 researchers conducted all
studies on the investigated farms from December 2022 to September 2023. Maintaining conditions and milking
procedures were assessed and documented in a standardized data collection form. When the cows were clinically
examined, an anamnesis was taken, and the milk was entered into the tank; the samples were taken into sterile
tubes after mixing the milk in the tank to ensure homogeneity. The samples were delivered to the laboratory at a
temperature of 4-8 °C within 12 hours from selection. At the next stage, we conducted individual experiments to
determine the presence of antibodies to Leptospira interrogans serovar Hardjo.

Statistical Analysis

The results were evaluated using statistical software Statgraphics Centurion XVII (StatPoint, USA) —
multifactor analysis of variance (MANOVA), LSD test. Statistical processing was performed in Microsoft Excel
2016 in combination with XLSTAT. Values were estimated using mean and standard deviations. The reliability
of the research results was assessed according to the Student's test.

RESULTS AND DISCUSSION

According to the data of [21] the prevalence of L. Hardjo in tank samples of milk studied was 34.59 and 73%
among unvaccinated herds in Ireland during 2018-2020, respectively. According to the data of [22] the prevalence
of L. Hardjo in milk tank samples was 86% among unvaccinated herds in Ireland.

Studies in Brazil show that in 77 samples out of 208 animals had antibodies to leptospirosis [23]; other authors
[24] indicate that the prevalence of antibodies to leptospirosis in Brazil is 52%.

For example, a study of 109 herds in Japan showed that 71 herds were positive for Leptospira Hardjo, and the
prevalence at the herd level was 65.1% [25], which coincides with our studies. According to some sources [26],
the seropositivity of animals at the herd level was 4.8% in Nepal.

These are just a few names of scientists actively working in research related to Leptospira interrogans. The
directions of their research may differ depending on their specialization and interests.

Studies of 45 farms in India show that specific antibodies to Leptospira Hardjo were 27.76% [27], [28]. In the
Netherlands, studies carried out during 2017-2021 indicate that L. Hardjo infections were detected in 120 dairy
herds [29]. The authors' studies [30] in Egypt showed that 39.33% of the 236 studied animals had antibodies to
leptospirosis. A total of 48 randomly selected cattle herds were studied in Algeria between 2015 and 2019. The
prevalence of serovar Leptospira interrogans Hardjo was 31.25% [31]. The authors’ study from Ethiopia [21]
from 2019 to 2020 showed that out of 77 dairy farms selected for the study, 57 were marked as positive for
L. Hardjo. In Pakistan, the prevalence of antibodies to leptospirosis among the cattle was 56.25% [32]. The studies
conducted in Tanzania showed the prevalence of serovar Leptospira Hardjo at 13% [33]. Researchers [34]
determined that the prevalence of leptospirosis in Manabi, Ecuador, at the herd level is 98.18%.

During the study period, to determine specific antibodies to Leptospira interrogans serovar Hardjo, the tank
samples of milk from 16 regions of Ukraine were sent to the serology laboratory of LLC “Veterinary Diagnostics”.
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No samples were sent from 8 regions (Odesa, Volyn, Luhansk, Chernivtsi, Zakarpattia, Lviv, Zaporizhzhia,
Rivne). The largest farms were studied from Kyiv, Cherkasy, Sumy, Khmelnytskyi, Poltava, Chernihiv, and
Zhytomyr regions (Figure 1).
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Figure 1 Number of studied farms in regions of Ukraine for Leptospira interrogans serovar Hardjo.
A total of 114 tank samples of milk were studied (Figure 2).
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Figure 2 Number of studied milk tank samples in Regions of Ukraine for Leptospira interrogans serovar Hardjo.

From 66 farms in Ukraine, 72 samples were positive (Figure 3), which was 63.2%. In turn, 42 samples were
negative (Figure 4), which is 36.8%.
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Figure 3 Number of positive milk tank samples in Regions of Ukraine for Leptospira interrogans serovar Hardjo.
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Figure 4 Number of negative tank samples of milk in Regions of Ukraine for Leptospira interrogans serovar
Hardjo.

A detailed analysis of the circulation data of Leptospira interrogans serovar Hardjo in farms and regions of
Ukraine is presented in (Table 1).

Our studies showed that 12 farms (34 tank milk samples) from Kyiv region were examined from 2017 to 2020,
which is 29.8%, specific antibodies to Leptospira interrogans serovar Hardjo were detected in 12 samples
(16.6%), 22 samples (52.4%) were negative. From Cherkasy region, 11 farms (22 tank milk samples) were
examined, (19.3%), positive reactions were found in 15 samples (20.8%), and negative — In 7 samples (16.7%).

From Poltava — 5 farms (9 tank milk samples) were examined (7.9%), and all 9 samples were positive (12.5%).
From the Chernihiv region — 5 farms (6 tank milk samples) were examined (5.3%), 2 samples (2.8%) were
positive, and 4 samples (9.5%) were negative. From the Sumy region, 5 farms (6 tank milk samples) were
examined (5.3%), 2 samples (2.8%) were positive, and 4 samples (9.5%) were negative. From the Khmelnytskyi
region, 5 farms (6 tank milk samples) were examined (5.3%), and all 6 samples (8.3%) turned out to be positive.
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From the Vinnytsia region, 4 farms (4 tank milk samples) were examined (3.5%), 3 samples (4.2%) were positive,
and 1 sample (2.4%) was negative. From the Zhytomyr region, 3 farms (7 tank milk samples) were examined
(6.1%), and all 7 samples (9.7%) were positive. From Kharkiv and Donetsk regions, 3 farms (3 tank milk samples
from each region) were examined from each region (2.6%), and all 3 studied samples (4.2%) were positive. From
the Ternopil region, 2 farms (5 tank milk samples) were examined (4.4%), and all 5 samples (6.9%) were positive.

Table 1 Circulation of Leptospira interrogans serovar Hardjo in regions of Ukraine.
Number of Number of

[0)
It, Oblast (region) studied studied 6 of the total Positive %  Negative %
No. number
farms samples
1 Kyiv 12 34 29.8 12 16.6 22 52.4
2 Cherkasy 11 22 19.3 15 20.8 7 16.7
3 Mykolaiv 4 4 3.5 0 0 4 9.5
4 Vinnytsia 4 4 35 3 4.2 1 2.4
5 Sumy 5 6 5.3 2 2.8 4 9.5
6 Donetsk 3 3 2.6 3 4.2 0 0
7 Ternopil 2 5 4.4 5 6.9 0 0
8 Kherson 1 1 0.9 1 14 0 0
9 Khmelnytskyi 5 6 5.3 6 8.3 0 0
10  Ivano-Frankivsk 1 1 0.9 1 14 0 0
11 Dnipro 1 1 0.9 1 1.4 0 0
12 Kharkiv 3 3 2.6 3 4.2 0 0
13 Poltava 5 9 7.9 9 125 0 0
14 Chernihiv 5 6 5.3 2 2.8 4 9.5
15 Zhytomyr 3 7 6.1 7 9.7 0 0
16 Kirovohrad 1 2 1.7 2 2.8 0 0
Total 66 114 100 72 100 42 100

From the Kirovohrad region, 1 farm (2 tank milk samples) was examined (1.7%), and all 2 samples (2.8%)
turned out to be positive. 1 farm was examined from Dnipro, Kherson, and lvano-Frankivsk regions, 1 tank milk
sample of which is (0.9%) per farm, and in all the examined samples, which is 1.4% of the total number of positive
samples, it was found specific antibodies to Leptospira interrogans serovar Hardjo. During this period, 4 farms
(4 tank milk samples) were examined from the Mykolaiv region (3.5%), and all 4 studied samples turned out to
be negative, which is 9.5% of the total number of negative tank milk samples.

According to [31] the prevalence of L. Hardjo in 2009 in tank milk samples in Ireland among non-vaccinated
herds studied was 34, 59 and 73%, [32] reported during 2018-2020, the prevalence of L. Hardjo in tank in milk
samples in Ireland, the average of non-vaccinated herds was 86% — Indicating an increase in the percentage of
outbreaks over a certain period.

Studies in Brazil show that in 77 samples out of 208, animals had antibodies to lepto-spira [33], other authors
[36] indicate that the prevalence of antibodies to leptospirosis in Brazil is at the level of 52%.

For example, a study of 109 herds in Japan showed that 71 herds were positive for Leptospira Hardjo, and the
prevalence at the herd level was 65.1% [36], which coincides with our research. Some sources [34] report that in
Nepal, the seropositivity of animals at the herd level was 4.8%.

Studies of 45 farms in India show that specific antibodies to Leptospira Hardjo were 27.76% [35]. In the
Netherlands, research conducted during 2017-2021 indicates that L. Hardjo infections were detected in 120 dairy
herds [37]. The authors' research [38] in Egypt demonstrated that 39.33% of the 236 studied animals had
antibodies against leptospirosis. A total of 48 randomly selected cattle herds were studied in Algeria between
2015 and 2019, the prevalence of serovar Leptospira interrogans Hardjo was 31.25% [39]. The study’s results
by the authors from Ethiopia [43] from 2019 to 2020 show that out of 77 dairy farms selected for the study, 57
were marked as positive for L. Hardjo. In Pakistan, the prevalence of antibodies against leptospirosis in cattle is
56.25% [40]. Studies conducted in Tanzania demonstrate serovar Leptospira Hardjo's prevalence at 13% [41].
Researchers [42] established the prevalence of leptospirosis in Manabi, Ecuador, at the herd level to be 98.18%.
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CONCLUSION

According to the data of the serology laboratory of LLC “Veterinary Diagnostics Center”, specific antibodies
to Leptospira interrogans serovar Hardjo were detected in 63.2% of the studied tank milk samples. The largest
number of positive detection results of antibodies to Leptospira interrogans serovar Hardjo in the tank milk
samples was noted in Cherkasy 15 (20.8%), Kyiv 12 (16.6%), Poltava 9 (12.5%), Zhytomyr 7 (9.7 %) and
Khmelnytskyi 6 (8.3%) regions. In general, infection with Leptospira interrogans serovar Hardjo was found in
almost all studied regions of Ukraine, except the Mykolaiv region. Infection with Leptospira interrogans serovar
Hardjo was detected in almost all regions of Ukraine, except for the Mykolayiv region. Information about the
expansion of leptospirosis of the great horned thinness is not complete, but it is possible to use Vicoristan to assess
the prediction of the risks of its expansion and develop an effective program for the control of its disease. The
prospects for further investigations include in-depth monitoring, which will lead to the continued availability of
many milk streams directly from the dairies of Ukraine, which specialize in processing the milk of animals, as
well as expanding the range of surveillance to identify new infections.

REFERENCES

1. Ukhovskyi, V., Pyskun, A., Korniienko, L., Aliekseieva, H., Moroz, O., Pyskun, O., Kyivska, G., &
Mezhenskyi, A. (2022). Serological prevalence of Leptospira serovars among pigs in Ukraine during the
period of 2001-2019. In Veterinarni medicina (Vol. 67, Issue 1, pp. 13-27). Czech Academy of Agricultural
Sciences. https://doi.org/10.17221/50/2021-vetmed

2. Ismail, Z. B., Abutarbush, S. M., Al-Majali, A. M., Gharaibeh, M. H., & Al-Khateeb, B. (2019).
Seroprevalence and risk factors of Leptospira serovar Pomona and Leptospira serovar Hardjo infection in
dairy cows in Jordan. In The Journal of Infection in Developing Countries (Vol. 13, Issue 06, pp. 473-479).
Journal of Infection in Developing Countries. https://doi.org/10.3855/jidc.11146

3. Putz, E. J.,, Bayles, D. O., Alt, D. P., & Nally, J. E. (2022). Complete Genome Sequence of Four Strains of
Leptospira borgpetersenii serovar Hardjo isolated from Cattle in the Central United States. In Journal of
Genomics (Vol. 10, pp. 45-48). Ivyspring International Publisher. https://doi.org/10.7150/jgen.69822

4. Lewis, F. I, Gunn, G. J., Mckendrick, I. J., & Murray, F. M. (2009). Bayesian inference for within-herd
prevalence of Leptospira interrogans serovar Hardjo using bulk milk antibody testing. In Biostatistics (\Vol.
10, Issue 4, pp. 719-728). Oxford University Press (OUP). https://doi.org/10.1093/biostatistics/kxp026

5. Kovpak, V. V., Kovpak, O. S., Derkach, S. S., Valchuk, O. A., Zhuk, Y. V., & Masalovych, Y. S. (2023).
Influence of calcium ionophore on the fertilization of bovine oocytes and their further embryonic
development. In Regulatory Mechanisms in Biosystems (Vol. 14, Issue 1, pp. 137-144). Oles Honchar
Dnipropetrovsk National University. https://doi.org/10.15421/022321

6. Miyama, T., Watanabe, E., Ogata, Y., Urushiyama, Y., Kawahara, N., & Makita, K. (2018). Herd-level risk
factors associated with Leptospira Hardjo infection in dairy herds in the southern Tohoku, Japan. In
Preventive Veterinary Medicine (Vol. 149, pp. 15-20). Elsevier BV.
https://doi.org/10.1016/j.prevetmed.2017.11.008

7. Pyskun, A., Ukhovskyi, V., Pyskun, O., Nedosekov, V., Kovalenko, V., Nychyk, S., Sytiuk, M., & lwaniak,
W. (2019). Presence of Antibodies Against Leptospira interrogans Serovar hardjo in Serum Samples from
Cattle in Ukraine. In Polish Journal of Microbiology (Vol. 68, Issue 3, pp. 295-302). Polish Society of
Microbiologists. https://doi.org/10.33073/pjm-2019-031

8. Wagenaar, J., Zuerner, R. L., Alt, D., & Bolin, C. A. (2000). Comparison of polymerase chain reaction assays
with bacteriologic culture, immunofluorescence, and nucleic acid hybridization for detection of Leptospira
borgpetersenii serovar hardjo in urine of cattle. In American Journal of Veterinary Research (Vol. 61, Issue
3, pp. 316-320). American Veterinary Medical Association (AVMA).
https://doi.org/10.2460/ajvr.2000.61.316

9. Pérez-Brigido, C. D., Romero-Salas, D., Sdnchez-Montes, S., Hermida-Lagunes, J., Ochoa, J. L., Canales-
Espinosa, D., & Cruz-Romero, A. (2020). Serologic survey of leptospira spp. In captive animals from
veracruz, mexico. In Journal of Zoo and Wildlife Medicine (Vol. 51, Issue 1, p. 222). American Association
of Zoo Veterinarians. https://doi.org/10.1638/2018-0120

10. Mazzotta, E., Ceglie, L., Giurisato, I., Bellinati, L., Lucchese, L., Marchione, S., & Natale, A. (2021).
Persistence of Leptospira borgpetersenii Serovar Hardjo in Refrigerated Raw Milk: A Transmission Risk of
Leptospirosis to Humans. In Pathogens (Vol. 10, Issue 3, p. 291). MDPI AG.
https://doi.org/10.3390/pathogens10030291

11. Leonard, N., Mee, J. F., Snijders, S., & Mackie, D. (2004). Prevalence of antibodies to leptospira interrogans
serovar hardjo in bulk tank milk from unvaccinated irish dairy herds. In Irish Veterinary Journal (Vol. 57,
Issue 4, p. 226). Springer Science and Business Media LLC. https://doi.org/10.1186/2046-0481-57-4-226

Volume 17 839 2023


https://doi.org/10.17221/50/2021-vetmed
https://doi.org/10.3855/jidc.11146
https://doi.org/10.7150/jgen.69822
https://doi.org/10.1093/biostatistics/kxp026
https://doi.org/10.15421/022321
https://doi.org/10.1016/j.prevetmed.2017.11.008
https://doi.org/10.33073/pjm-2019-031
https://doi.org/10.2460/ajvr.2000.61.316
https://doi.org/10.1638/2018-0120
https://doi.org/10.3390/pathogens10030291
https://doi.org/10.1186/2046-0481-57-4-226

Potravinarstvo Slovak Journal of Food Sciences

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Leahy, E., Shome, R., Deka, R. P., Grace, D., Sahay, S., & Lindahl, J. F. (2021). Leptospira interrogans
Serovar Hardjo Seroprevalence and Farming Practices on Small-Scale Dairy Farms in North Eastern India;
Insights Gained from a Cross-Sectional Study. In Dairy (Vol. 2, Issue 2, pp. 231-241). MDPI AG.
https://doi.org/10.3390/dairy2020020

Aliberti, A., Blanda, V., Di Marco Lo Presti, V., Macaluso, G., Galluzzo, P., Bertasio, C., Sciacca, C., Arcuri,
F., D’Agostino, R., Ippolito, D., Pruiti Ciarello, F., Torina, A., & Grippi, F. (2022). Leptospira interrogans
Serogroup Pomona in a Dairy Cattle Farm in a Multi-Host Zootechnical System. In Veterinary Sciences
(Vol. 9, Issue 2, p. 83). MDPI AG. https://doi.org/10.3390/vetsci9020083

Nally, J. E., Ahmed, A. A. A., Putz, E. J., Palmquist, D. E., & Goris, M. G. A. (2020). Comparison of Real-
Time PCR, Bacteriologic Culture and Fluorescent Antibody Test for the Detection of Leptospira
borgpetersenii in Urine of Naturally Infected Cattle. In Veterinary Sciences (Vol. 7, Issue 2, p. 66). MDPI
AG. https://doi.org/10.3390/vetsci7020066

Zarantonelli, L., Suanes, A., Meny, P., Buroni, F., Nieves, C., Salaberry, X., Briano, C., Ashfield, N., Da
Silva Silveira, C., Dutra, F., Easton, C., Fraga, M., Giannitti, F., Hamond, C., Macias-Rioseco, M.,
Menéndez, C., Mortola, A., Picardeau, M., ... Quintero, J. (2018). Isolation of pathogenic Leptospira strains
from naturally infected cattle in Uruguay reveals high serovar diversity, and uncovers a relevant risk for
human leptospirosis. In J. Coburn (Ed.), PLOS Neglected Tropical Diseases (Vol. 12, Issue 9, p. e0006694).
Public Library of Science (PLo0S). https://doi.org/10.1371/journal.pntd.0006694

Cabral Pires, B., Berzin Grapiglia, J., Moreira, L., Jaeger, L. H., Carvalho-Costa, F. A., & Lilenbaum, W.
(2018). Occurrence of uterine carriers for Leptospira interrogans on slaughtered cows. In Microbial
Pathogenesis (Vol. 114, pp. 163-165). Elsevier BV. https://doi.org/10.1016/j.micpath.2017.11.056

Aymée, L., Gregg, W. R. R, Loureiro, A. P., Di Azevedo, M. |. N., Pedrosa, J. de S., Melo, J. dos S. L. de,
Carvalho-Costa, F. A., de Souza, G. N., & Lilenbaum, W. (2021). Bovine Genital Leptospirosis and
reproductive disorders of live subfertile cows under field conditions. In Veterinary Microbiology (Vol. 261,
p. 109213). Elsevier BV. https://doi.org/10.1016/j.vetmic.2021.109213

Aalberts, M., van den Brink, K., van den Heuvel, K., & van Wauijckhuise, L. (2021). Leptospira Hardjo
introduction in certified-free dairy herds in the Netherlands. In Veterinary Record Case Reports (Vol. 9, Issue
4). Wiley. https://doi.org/10.1002/vrc2.169

Daud, A., Fuzi, N. M. H. M., Arshad, M. M., Kamarudin, S., Mohammad, W. M. Z. W., Amran, F., & Ismail,
N. (2018). Leptospirosis seropositivity and its serovars among cattle in Northeastern Malaysia. In Veterinary
World (Vol. 11, Issue 6, pp. 840-844). Veterinary World. https://doi.org/10.14202/vetworld.2018.840-844
Desa, G., Deneke, Y., Begna, F., & Tolosa, T. (2021). Seroprevalence and Associated Risk Factors of
Leptospira interrogans Serogroup Sejroe Serovar Hardjo in Dairy Farms in and around Jimma Town,
Southwestern Ethiopia. In F. Mancianti (Ed.), Veterinary Medicine International (Vol. 2021, pp. 1-10).
Hindawi Limited. https://doi.org/10.1155/2021/6061685

Garba, B., Bahaman, A. R., Bejo, S. K., Zakaria, Z., Mutalib, A. R., & Bande, F. (2018). Major
epidemiological factors associated with leptospirosis in Malaysia. In Acta Tropica (Vol. 178, pp. 242-247).
Elsevier BV. https://doi.org/10.1016/j.actatropica.2017.12.0

Favero, J. F., de Aradjo, H. L., Lilenbaum, W., Machado, G., Tonin, A. A., Baldissera, M. D., Stefani, L. M.,
& Da Silva, A. S. (2017). Bovine leptospirosis: Prevalence, associated risk factors for infection and their
cause-effect relation. In Microbial Pathogenesis (Vol. 107, pp. 149-154). Elsevier BV.
https://doi.org/10.1016/j.micpath.2017.03.032

Haake, D. A., & Levett, P. N. (2014). Leptospirosis in Humans. In Current Topics in Microbiology and
Immunology (pp. 65-97). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-662-45059-8 5

binti Daud, A., Mohd Fuzi, N. M. H., Wan Mohammad, W. M. Z., Amran, F., Ismail, N., Mokhtar Arshad,
M., & Kamarudin, S. (2018). Leptospirosis and Workplace Environmental Risk Factors among Cattle
Farmers in Northeastern Malaysia. In The International Journal of Occupational and Environmental
Medicine  (Vol. 9, Issue 2, pp. 88-96). Maad Rayan Publishing  Company.
https://doi.org/10.15171/ijoem.2018.1164

De Brito, T., Silva, A. M. G. da, & Abreu, P. A. E. (2018). Pathology and pathogenesis of human
leptospirosis: a commented review. In Revista do Instituto de Medicina Tropical de Sdo Paulo (Vol. 60, Issue
0). FapUNIFESP (SciELO). https://doi.org/10.1590/s1678-9946201860023

Ryan, T. J., Hellstrom, J. S., & Penniket, J. H. (1982). Leptospirosis in Dairy Farmers: Prevention by
Vaccination of Cattle. In New Zealand Veterinary Journal (Vol. 30, Issue 7, pp. 107-108). Informa UK
McCarthy, M.-C., O’Grady, L., McAloon, C. G., & Mee, J. F. (2021). Longitudinal Prevalence of Antibodies
to Endemic Pathogens in Bulk Tank Milk Samples From Dairy Herds Engaged or Not in Contract Heifer

Volume 17 840 2023


https://doi.org/10.3390/dairy2020020
https://doi.org/10.3390/vetsci9020083
https://doi.org/10.3390/vetsci7020066
https://doi.org/10.1371/journal.pntd.0006694
https://doi.org/10.1016/j.micpath.2017.11.056
https://doi.org/10.1016/j.vetmic.2021.109213
https://doi.org/10.1002/vrc2.169
https://doi.org/10.14202/vetworld.2018.840-844
https://doi.org/10.1155/2021/6061685
https://doi.org/10.1016/j.actatropica.2017.12.0
https://doi.org/10.1016/j.micpath.2017.03.032
https://doi.org/10.1007/978-3-662-45059-8_5
https://doi.org/10.15171/ijoem.2018.1164
https://doi.org/10.1590/s1678-9946201860023

Potravinarstvo Slovak Journal of Food Sciences

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rearing. In  Frontiers in  Veterinary  Science  (Vol. 8). Frontiers Media SA.
https://doi.org/10.3389/fvets.2021.78

O’ Doherty, E., Sayers, R., & O’ Grady, L. (2013). Temporal trends in bulk milk antibodies to Salmonella,
Neospora caninum, and Leptospira interrogans serovar hardjo in Irish dairy herds. In Preventive Veterinary
Medicine (Vol. 109, Issues 3-4, pp. 343-348). Elsevier BV.
https://doi.org/10.1016/j.prevetmed.2012.10.002

Pinna, M. H., Martins, G., Loureiro, A. P., & Lilenbaum, W. (2018). Detection of bovine carriers of
Leptospira by serological, bacteriological, and molecular tools. In Tropical Animal Health and Production
(\Vol. 50, Issue 4, pp. 883-888). Springer Science and Business Media LLC. https://doi.org/10.1007/s11250-
018-1512-z

Gompo, T. R., Jyoti, S., Pandit, S., Sapkota, R. C., & Pandey, A. (2020). Sero-prevalence and risk factors of
leptospirosis in commercial cattle herds of Rupandehi district, Nepal. In bioRxiv (p. 27). Cold Spring Harbor
Laboratory. https://doi.org/10.1101/2020.07.29.226464

Balamurugan, V., Alamuri, A., Bharathkumar, K., Patil, S. S., Govindaraj, G. N., Nagalingam, M.,
Krishnamoorthy, P., Rahman, H., & Shome, B. R. (2018). Prevalence of Leptospira serogroup-specific
antibodies in cattle associated with reproductive problems in endemic states of India. In Tropical Animal
Health and Production (Vol. 50, Issue 5, pp. 1131-1138). Springer Science and Business Media LLC.
https://doi.org/10.1007/s11250-018-1540-8

Zanatto, D. C. S., Gatto, I. R. H., Labruna, M. B., Jusi, M. M. G., Samara, S. |., Machado, R. Z., & André,
M. R. (2019). Coxiella burnetii associated with BVDV (Bovine Viral Diarrhea Virus), BoHV (Bovine
Herpesvirus), Leptospira spp., Neospora caninum, Toxoplasma gondii and Trypanosoma vivax in
reproductive disorders in cattle. In Revista Brasileira de Parasitologia Veterinaria (Vol. 28, Issue 2, pp. 245—
257). FapUNIFESP (SciELO). https://doi.org/10.1590/5s1984-29612019032

van den Brink, K. M. J. A., Aalberts, M., Fabri, N. D., & Santman-Berends, I. M. G. A. (2023). Effectiveness
of the Leptospira Hardjo Control Programme and Detection of New Infections in Dairy Cattle in The
Netherlands. In Animals (Vol. 13, Issue 5, p. 831). MDPI AG. https://doi.org/10.3390/ani13050831
Ibrahim, N. A., Alrashdi, B. M., Elnaker, Y. F., EImahallawy, E. K., Alblihed, M. A., Daib, M. said, Abd
Elmoety, A. M., Abo Elfadl, E. A., Badawy, B. M., & Elbaz, E. (2022). Serological Investigation and
Epidemiological Analysis of Bovine Leptospirosis in Egypt. In Tropical Medicine and Infectious Disease
(Vol. 7, Issue 9, p. 208). MDPI AG. https://doi.org/10.3390/tropicalmed7090208

ljaz, M., Abbas, S. N., Farooqi, S. H., Agib, A. I., Anwar, G. A., Rehman, A., Ali, M. M., Mehmood, K., &
Khan, A. (2018). Sero-epidemiology and hemato-biochemical study of bovine leptospirosis in flood affected
zone of Pakistan. In  Acta Tropica (Vol. 177, pp. 51-57). Elsevier BV.
https://doi.org/10.1016/j.actatropica.2017.09.032

Motto, S. K., Hernandez-Castro, L. E., Shirima, G. M., Mengele, I. J., Bwatota, S. F., Bronsvoort, B. M. de
C., Lyatuu, E. T., Komwihangilo, D. M., & Cook, E. A. J. (2023). Seroepidemiology of Leptospira serovar
Hardjo and associated risk factors in smallholder dairy cattle in Tanzania. In B. Stevenson (Ed.), PLOS
Neglected Tropical Diseases (Vol. 17, Issue 4, p. e0011199). Public Library of Science (PL0S).
https://doi.org/10.1371/journal.pntd.0011199

Zhuk, Y., Zaritskyi, R., Dreval, D., Derkach, S., Kovpak, V., Masalovych, Y., Ochkolyas, O., Bazyvoliak,
S., Antypov, Y., & Kharsika, I. (2022). Antimicrobial susceptibility of mastitis pathogens of dairy cows in
Ukraine. In Potravinarstvo Slovak Journal of Food Sciences (Vol. 16, pp. 688-704). HACCP Consulting.
https://doi.org/10.5219/1791

Grégoire, F., Bakinahe, R., Petitjean, T., Boarbi, S., Delooz, L., Fretin, D., Saulmont, M., & Mori, M. (2020).
Laboratory Diagnosis of Bovine Abortions Caused by Non-Maintenance Pathogenic Leptospira spp.:
Necropsy, Serology and Molecular Study Out of a Belgian Experience. In Pathogens (Vol. 9, Issue 6, p. 413).
MDPI AG. https://doi.org/10.3390/pathogens9060413

Di Azevedo, M. I. N., Borges, A. L. dos S. B., Kremer, F., de Melo, J. dos S. L., Carvalho-Costa, F. A., &
Lilenbaum, W. (2023). Genetic Analysis of LigA, LipL32, Loa22, and OmpL1 Antigens from Leptospira
spp. Sejroe Serogroup: How Close We Are To a Vaccine Against Bovine Leptospirosis? In Current
Microbiology (Vol. 80, Issue 9). Springer Science and Business Media LLC. https://doi.org/10.1007/s00284-
023-03414-w

Philip, N., Bahtiar Affendy, N., Ramli, S. N. A., Arif, M., Raja, P., Nagandran, E., Renganathan, P., Taib,
N. M., Masri, S. N., Yuhana, M. Y., Than, L. T. L., Seganathirajah, M., Goarant, C., Goris, M. G. A., Sekawi,
Z., & Neela, V. K. (2020). Leptospira interrogans and Leptospira kirschneri are the dominant Leptospira
species causing human leptospirosis in Central Malaysia. In C. Munoz-Zanzi (Ed.), PLOS Neglected

Volume 17 841 2023


https://doi.org/10.3389/fvets.2021.78
https://doi.org/10.1016/j.prevetmed.2012.10.002
https://doi.org/10.1007/s11250-018-1512-z
https://doi.org/10.1007/s11250-018-1512-z
https://doi.org/10.1101/2020.07.29.226464
https://doi.org/10.1007/s11250-018-1540-8
https://doi.org/10.1590/s1984-29612019032
https://doi.org/10.3390/ani13050831
https://doi.org/10.3390/tropicalmed7090208
https://doi.org/10.1016/j.actatropica.2017.09.032
https://doi.org/10.1371/journal.pntd.0011199
https://doi.org/10.5219/1791
https://doi.org/10.3390/pathogens9060413
https://doi.org/10.1007/s00284-023-03414-w
https://doi.org/10.1007/s00284-023-03414-w

Potravinarstvo Slovak Journal of Food Sciences

Tropical Diseases (Vol. 14, Issue 3, p. e0008197). Public Library of Science (PL0S).
https://doi.org/10.1371/journal.pntd.0008197

41. Chin, V. K., Basir, R., Nordin, S. A., Abdullah, M., & Sekawi, Z. (2019). Pathology and Host Immune
Evasion During Human Leptospirosis: a Review. In International Microbiology (Vol. 23, Issue 2, pp. 127—
136). Springer Science and Business Media LLC. https://doi.org/10.1007/s10123-019-00067-3

42. Ruano, M. P., Burgos Macias, D. I., Goicochea, C. A. B., Zambrano Aguayo, M. D., Sandoval Valencia, H.
P., Falconi Flores, M. A., Vera Loor, L. A., Revelo Ruales, A. P., & Fonseca-Rodriguez, O. (2020).
Seroprevalence and risk factors of bovine leptospirosis in the province of Manabi, Ecuador. In Comparative
Immunology, Microbiology and Infectious Diseases (Vol. 72, p. 101527). Elsevier BV.
https://doi.org/10.1016/j.cimid.2020.101527

43. Zhuk, Y., Zaritskyi, R., Dreval, D., Derkach, S., Kovpak, V., Masalovych, Y., Ochkolyas, O., Bazyvoliak,
S., Antypov, Y., & Kharsika, I. (2022). Antimicrobial susceptibility of mastitis pathogens of dairy cows in
Ukraine. In Potravinarstvo Slovak Journal of Food Sciences (Vol. 16, pp. 688-704). HACCP Consulting.
https://doi.org/10.5219/1791

Funds:

This research received no external funding.
Acknowledgments:

We would like to thank you to for Ruslan Zaritskyi.
Conflict of Interest:

The authors declare no conflict of interest.
Ethical Statement:

Experimental studies were conducted following the Law of Ukraine “On Protection from Cruelty to Animals”
dated 19.02.2018, 28.03.2006 and the rules of the European Convention on the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes dated 13.11.1987.

Contact Address:

*Ruslan Zaritskyi, National University of Life and Environmental Sciences of Ukraine, Department of
Obstetrics, Gynecology, and biotechnology of animal reproduction, Polkovnyka Potiekhina Str., 16, 03121, Kyiv,
Ukraine,

E-mail: zaritskyi_rv@nubip.edu.ua
ORCID: https://orcid.org/0000-0003-1074-3118

Yurii Zhuk, National University of Life and Environmental Sciences of Ukraine, Department of Obstetrics,
Gynecology, and biotechnology of animal reproduction, Vystavkova Str., 16, 03121, Kyiv, Ukraine,
E-mail: zhuk_yv@nubip.edu.ua

ORCID: https://orcid.org/0000-0002-8827-6313

Vitalii Kovpak, National University of Life and Environmental Sciences of Ukraine, Department of
Obstetrics, Gynecology, and biotechnology of animal reproduction, Vystavkova Str., 16, 03121, Kyiv, Ukraine,
E-mail: vitkovpak@ukr.net

ORCID: https://orcid.org/0000-0003-2419-1246

Serhii Derkach, National University of Life and Environmental Sciences of Ukraine, Department of
Obstetrics, Gynecology and biotechnology of animal reproduction, Vystavkova Str., 16, 03121, Kyiv, Ukraine,
E-mail: derkach_ss@nubip.edu.ua

ORCID: https://orcid.org/ 0000-0002-6174-1377

Yurii Masalovych, National University of Life and Environmental Sciences ofUkraine, Department of
Obstetrics, Gynecology, and biotechnology of animal reproduction, Vystavkova Str., 16, 03121, Kyiv, Ukraine,
E-mail: masalovich@nubip.edu.ua

ORCID: https://orcid.org/0000-0002-0986-0854

Volume 17 842 2023


https://doi.org/10.1371/journal.pntd.0008197
https://doi.org/10.1007/s10123-019-00067-3
https://doi.org/10.1016/j.cimid.2020.101527
https://doi.org/10.5219/1791
mailto:zaritskyi_rv@nubip.edu.ua
https://orcid.org/0000-0003-1074-3118
mailto:zhuk_yv@nubip.edu.ua
https://orcid.org/0000-0002-8827-6313
mailto:vitkovpak@ukr.net
https://orcid.org/0000-0003-2419-1246
mailto:derkach_ss@nubip.edu.ua
mailto:masalovich@nubip.edu.ua
https://orcid.org/0000-0002-0986-0854

Potravinarstvo Slovak Journal of Food Sciences

Valerii Mazur, National University of Life and Environmental Sciences of Ukraine, Department of Obstetrics,
Gynecology and biotechnology of animal reproduction, Vystavkova Str., 16, 03121, Kyiv, Ukraine,
E-mail: mazur_vm@nubip.edu.ua

ORCID: https://orcid.org/0000-0002-1311-9882

Ivan Cheverda, National University of Life and Environmental Sciences of Ukraine, Department of
Obstetrics, Gynecology and biotechnology of animal reproduction, Vystavkova Str., 16, 03121, Kyiv, Ukraine,
E-mail: cheverda_im@nubip.edu.ua

ORCID: https://orcid.org/0009-0000-7545-307X

Nataliia Svyrydenko, National University of Life and Environmental Sciences of Ukraine, Department
Genetics, Breeding and Biotechnology of Animals, Workplace address: 03041, Kyiv, Horihuvatskyi path str., 19,
03041, Kyiv, Ukraine,

E-mail: n.svyrydenko@nubip.edu.ua
ORCID: https://orcid.org/0000-0002-9151-6904

Ihor Drachuk, National University of Life and Environmental Sciences of Ukraine, Faculty of Food
Technologies, Department of Technology of meat, fish, and seafood, 16 Vystavkova str., 03041, Kyiv, Ukraine,
E-mail: i.drachuk@nubip.edu.ua

ORCID: https://orcid.org/0000-0003-0018-2871

Vitalii Zhurenko, National University of Life and Environmental Sciences of Ukraine, Faculty of Veterinary
Medicine, Department of Biochemistry and Physiology of Animals named after Academician M. F. Gulyi, 16
Vystavkova str., 03041, Kyiv, Ukraine,

E-mail: zhurenko@nubip.edu.ua
ORCID: https://orcid.org/0000-0003-2097-9212

Corresponding author: *

© 2023 Authors. Published by HACCP Consulting in www.potravinarstvo.com the official website of the
Potravinarstvo Slovak Journal of Food Sciences, owned and operated by the HACCP Consulting s.r.o., Slovakia,
European Union www.haccp.sk. The publisher cooperate with the SLP London, UK, www.slplondon.org the
scientific literature publisher. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License CC BY-NC-ND 4.0 https://creativecommons.org/licenses/by-nc-nd/4.0/, which permits non-
commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited,
and is not altered, transformed, or built upon in any way.

Volume 17 843 2023


https://orcid.org/0000-0002-1311-9882
https://orcid.org/0009-0000-7545-307X
https://orcid.org/0000-0002-9151-6904
mailto:i.drachuk@nubip.edu.ua
mailto:zhurenko@nubip.edu.ua
http://www.potravinarstvo.com/
http://www.haccp.sk/
http://www.slplondon.org/
https://creativecommons.org/licenses/by-nc-nd/4.0/

