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ABSTRACT

Bovine leptospirosis assumes great economic importance since it affects several production aspects.
Therefore, knowledge about the occurrence and distribution of this disease is fundamental to adopt the
correct prevention measures. The present study aimed to evaluate the frequency of anti-Leptospira spp.
antibodies in 24,483 bovine serum samples received between 2007 to 2015 from 21 Brazilian states. Of
these, 8,643 (35.3%) were reagents in the microscopic agglutination test to one or more serovars of
Leptospira spp. The most frequent serovars were Wolffi (61.47%), Tarassovi (9.62%) and Pomona
(7.20%). Hardjo serovar presented a prevalence of 6.27%. Among the 21 states analyzed, the State of
Pernambuco had the highest frequency with 88.24% and the State of Sdo Paulo was the origin of the largest
number of analyzed samples (13,838), with a frequency of 31.54% of reagents. The results demonstrate a
high exposure to several serovars of Leptospira spp. in bovine species in Brazilian states, showing the
importance of adopting prophylactic measures in order to reduce the risk of infection in this specie.
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RESUMO

Com o objetivo de avaliar a frequéncia de anticorpos anti-Leptospira spp., foram analisadas 24.483
amostras de soro sanguineo bovino, provenientes de 21 estados brasileiros, recebidas no periodo de 2007
a 2015. Destas, 8.643 (35,3%) foram reagentes no teste de soroaglutinacdo microscopica a uma ou mais
sorovariedades de Leptospira spp., e as sorovariedades com maior frequéncia foram Wolffi (61,47%),
Tarassovi (9,62%) e Pomona (7,20%). A sorovariedade Hardjo apresentou prevaléncia de 6,27%. Entre
0s 21 estados analisados, o estado de Pernambuco apresentou a maior frequéncia, com 88,24%, e o estado
de S&o Paulo foi a origem do maior nimero de amostras para analise, 13.838, com frequéncia de 31,54%
de reagentes.

Palavras-chave: leptospirose, teste de soroaglutinacdo microscopica (MAT), epidemiologia, vacinagédo

INTRODUCTION results in expressive economic loss (Bennett,
2003).

Leptospirosis is a zoonosis reported all over the

world in all animal species already studied and has
a great impact in all sectors of cattle production
systems, since it is responsible for reproductive
failures such as abortions, stillbirths, weak
newborns and decrease growth rate (Lilenbaum;
Martins, 2014). In dairy herds, the disease is
responsible for decreasing milk production, which
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The causative agent of this disease belongs to the
genus Leptospira with more than 260 serovars
identified, which can be distinguished and
grouped into their antigenicity, as well as presents
a predilection for its animal host, denominated as
maintenance host. However, this bacteria can
infect other animal species (accidental hosts)
(Levett, 2001; Adler; De La Pefia Moctezuma,
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2010). Bovine species are the maintenance hosts
of Hardjo serovar, which has two serologically
indistinguishable types that can be genetically
identified: Leptospira interrogans serovar Hardjo
(type Hardjoprajitno) and Leptospira
borgpetersenii serovar Hardjo (type Hardjo-
bovis) (Bolin, 2003).

In Brazil, the presence of anti-Leptospira
agglutinins has been reported in all states, always
with high prevalence rates, both at the individual
and herds levels (Nicolino et al., 2014). The
presence of serogroups such as Wolffi,
Icterohaemorragiae, Tarassovi, Pomona and
Grippotyphosa in bovine herds is observed,
although Hardjo serovar is the most common
(Juliano et al., 2000; Favero et al., 2001; Aradjo
et al., 2005; Castro et al., 2008; Oliveira et al.,
2009).

The implementations of leptospirosis control
programs in properties must be planned according
to the determined purpose, i.e. the control of
clinical disease or creation of an immune
population (Ellis, 2015). In this sense, a relevant
factor for the implementation of any control or
even eradication program for leptospirosis is
related to the determination of the serovars
present in the herd. The balance of the
epidemiological triad, composed of environment,
host and agent, may be altered over time both by
intrinsic and extrinsic factors. Thus, prevalent
serovars may change, which justifies the need for
periodic diagnostic testing. Considering the
importance of knowing the serovars present in the
Brazilian bovine population, the present study
aimed to evaluate the frequency of anti-
Leptospira  agglutinins in microscopic
agglutination tests (MAT) for the diagnosis of
bovine leptospirosis carried out between 2007 and
2015.

MATERIAL AND METHODS

Data were collected from the results of
microscopic agglutination tests (MAT) of bovine
serum samples that were tested between 2007 and
2015 as part of the Leptospirosis and Brucellosis
Diagnostic Laboratory routine. The parameters
considered were city origin, animal species, sex
and MAT results (titers and interpretation). The
Leptospira spp. Antigens used in serological tests
were obtained from weekly bacteria subculture in
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liguid EMJH culture medium (Ellighausen,
McCullough, Johnson and Harris), with 10% of
the medium volume used to seed cultures that
were kept in a bacteriological incubator at 28°C +
1°C (OIE, 2014).

The employed serovars of Leptospira were
Australis, Autumnalis, Bratislava, Canicola,
Copenhageni, Grippotyphosa, Hardjo,
Hebdomadis, Icterohaemorragiae, Patoc,
Pomona, Pyrogenes, Tarassovi and Wolffi. The
blood serum samples were diluted in saline, at an
initial dilution of 1/50. Serum aliquots (25uL)
were placed in polystyrene plates with a flat
bottom, with an equal quantity of antigens as the
14 serovars of Leptospira spp., resulting in a
dilution of 1/100. The serum-antigen mixture was
homogenized gently and incubated in an
environmental incubator at 28°C for 40 to 120
minutes. The results were read by dark field
microscopy with 10x lens, directly from the plate
wells.

Samples with 50% agglutination were considered
reactive. Samples that were reactive at the initial
dilution were assayed with serial, 2-fold dilutions
from the original 1/100 dilution, as recommended
by OIE (2014). To determine the most probable
serovar, we considered only the one with highest
titer and disregarded the animals with equal titers
against two or more serovars. Frequencies of
variables (gender) were compared by chi-square
test or Fisher’s exact test using the R software (R
Core Team 2003). The confidence interval (Cl) of
the observed frequencies was calculated as
described by Thrusfield (2005). The thematic map
was elaborated using TerraView software
(TerraView, 2010).

RESULTS

A total of 24,483 bovine serum samples were
analyzed between 2007 and 2015. Of these, 8,643
were reagents in MAT against one or more
serovars of Leptospira spp. (35.30%, 95% CI:
34.70 - 35.90). In 2014, 53.84% (95% CI: 51.59%
- 55.18%) of the samples were positive, this year
being the one with the highest frequency of
reactive samples. In 2007, 12.55% (95% CI:
10.74% - 14.36%) of the samples were positive,
being this the year with the lowest frequency of
reactive samples. Data for other years are shown
in Table 1.
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Table 1. Frequency of bovine serum samples reactive against Leptospira spp. in relation to the year in
which they were analyzed in the period from 2007 to 2015

Samples 0 o (0
Year il Reactive Frequency (%) Cl 95% (%)
2007 1,283 161 12.55 10.74 - 14.36
2008 3,407 756 22.19 20.79 - 25.58
2009 2,709 889 32.82 31.05 - 34.58
2010 2,690 667 24.80 23.16 — 26.43
2011 3,145 1,206 38.34 36.65 — 40.05
2012 2,391 739 30.91 29.06 — 32.76
2013 4,235 1,791 42.29 40.80 — 43.78
2014 2,969 1,585 53.84 51.59 - 55.18
2015 1,654 849 51.33 48.92 — 53.74
Total 24,483 8,643 35.30 34.70 — 35.90

Cl: Confidence interval

The samples titers ranged from 100 to 1,600 for
the 14 serovars used in the serological diagnostic
test. The titer 200 was the most frequent, observed
in 2,610 (38.2%) of the reactive samples, followed
by titer 100 with 2,254 (33%) of the reactive
samples. The most frequent serovars were Wolffi
with 61.47% (4,198), Tarassovi with 9.62% and
Pomona with 7.20% (Table 2). Only 15,017

(61.34%) of the samples had information on the
animals’ sex. Of these, 10,692 (71.20%) were
females and 4,325 (28.80%) were males. The
frequency found in female animals was 37.53%
and 28.39% in males (Table 3). A significant
difference  was observed between these
proportions (P <0.001).

Table 2. Number of reactions according to the agglutinin’s titer against serovars used in the microscopic
agglutination test for bovine leptospirosis diagnosis in 8,643 seroreagent samples between 2007 and 2015

S Titer Total
orovars 100 200 400 800 1600 N %
Australis 1 - - - - 1 0.01
Autumnalis 1 1 1 - - 3 0.04
Bratislava 1 - - - - 1 0.01
Canicola 23 25 12 9 - 69 1.01
Copenhageni 52 44 13 24 - 133 1.95
Grippotyphosa 139 215 50 85 - 489 7.16
Hardjo 199 152 38 38 1 428 6.27
Hebdomadis 7 1 - 1 - 9 0.13
Icterohaemorragiae 154 134 46 12 - 346 5.07
Patoc 1 - 1 - - 2 0.03
Pomona 129 180 75 108 - 492 7.20
Pyrogenes 1 - - - - 1 0.01
Tarassovi 234 282 78 63 - 657 9.62
Wolffi 1.312 1.576 515 794 1 4,198 6.47
2,254 2,610 829 1,134 2
Total (33%)  (38.2%) (12.1%) (16.6%) (0.03%) °>82° 10000

N: number of positive animal samples for each agglutinin titer.

%: percentage of positive animal samples for each agglutinin titer in relation to the total positive animal samples.

Table 3. Frequency of bovine reactive samples in the microscopic seroagglutination test for the diagnosis
of leptospirosis regarding animal’s sex in samples analyzed between 2007 and 2015

Analyzed Reactive Frequency (%) Cl 95% (%) X? P Value
Female 10.692 4,013 37,53 36,61 - 38,45
Male 4.325 1.228 28,39 27,05 - 29,74 1128157 <2.2e-16
Arq. Bras. Med. Vet. Zootec., v.73, n.2, p.277-284, 2021 279
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Among the total samples, 680 had no information
about the place of origin in their records and 40%
(272 samples) had antibodies against Leptospira.
The rest of the samples came from 21 Brazilian
states, except for the states of Acre, Amapa,
Amazonas, Paraiba, Piaui and Rio Grande do
Norte (Figure 1). The frequency of reactive
samples per state varied between 88.24% (95%
Cl: 73.38% - 95.33%) and 6.67% (95% CI: 1.19%
- 29.82%). The state with the highest frequency of

reactive samples was Pernambuco with 88.24%
(95% CI: 73.38% - 95.33%). Sdo Paulo state
presented the highest number of samples sent for
analysis (13,838 samples) with 31.54% of
reactive samples (95% CI: 30.76% - 32.31%).
Next, there is Minas Gerais, with 3,758 samples
sent and a frequency of 33.69% (95% CI: 32.18-
35.20) reactive samples. The other data related to
the origin state of the submitted samples are
shown in Table 4.

Positive samples
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Figure 1. Brazil’s map showing the distribution of the reactive samples in the microscopic seroagglutination
test for the diagnosis of bovine leptospirosis found during the analyses between 2007 and 2015. The states

marked in gray did not send any samples for analysis.

DISCUSSION

By 2050, it is expected that developing countries
will be responsible for 70% of the world’s meat
production due to a higher number of animals and
mostly by an enhanced productivity, once the
agricultural sustainable limits are being reached.
Milk production in developing countries have
already  surpassed the developed ones’
(Alexandratos; Bruinsma, 2012). Nevertheless, in
Brazil, it has been estimated that approximately
30% of the cows exhibit reproductive failures
(Lilenbaum; Martins, 2014) leading to a
productivity decrease. Leptospirosis is considered
endemic in national territory and despite its
importance, it is still a neglected disease due to the
paucity of information on its epidemiological
data. With such information, a disease control
program could be properly developed in herds
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through vaccination, antibiotic treatment, removal
of infected animals, control of rodents, reduction
of management-related risk factors, among others
(Ellis, 2015).

The retrospective study of the laboratory data on
the detection of agglutinins anti-Leptospira spp.
showed that the frequency of reagent samples was
35.30% (8.643) in the analyzed period. In similar
study between 1984 and 1997, a 37,94% (11,884)
frequency of reagents was obtained in the analysis
of 31,325 bovine serum samples from 21
Brazilian states (Favero et al., 2001). The State of
Pernambuco had the highest frequency of reagents
(88.24%) among the states studied. Study carried
out in the same state, the frequency of reactive
animals for leptospirosis found in a bovine herd
was 57.7% (Tendrio et al., 2005). The state of S&o
Paulo presented a frequency of 31.54%, and other

Arg. Bras. Med. Vet. Zootec., v.73, n.2, p.277-284, 2021
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studies conducted in this state the frequencies
ranged from 35% to 49.4% (Favero et al., 2001;
Castro et al., 2008). In Minas Gerais state, the
frequency observed for the bovine species in

different studies ranged from 21.7% to 65.20%
(Favero et al., 2001; Nicolino et al., 2014). The
present study, the observed frequency for this
state was 33.69%.

Table 4. Frequency of bovine reactive samples in the microscopic seroagglutination test for the diagnosis
of leptospirosis in relation to the origin state of the samples sent for analysis between 2007 and 2015

States AnalyzegampleSReactive Frequency (%) Cl 95% (%)
Alagoas 9 4 44.44 11.98 - 76.91
Bahia 294 85 28.91 23.73 - 34.09
Ceara 15 1 6.67 1.19 -29.82
Distrito Federal 20 5 25.00 11.19 - 46.87
Espirito Santo 52 14 26.92 14.87 — 38.98
Goias 998 455 45.59 42.50 — 48.68
Maranhéo 34 14 41.18 24.63 —57.72
Minas Gerais 3,758 1,266 33.69 32.18 -35.20
Mato Grosso do Sul 541 343 63.40 59.34 — 67.46
Mato Grosso 340 196 57.65 52.39 — 62.90
Para 14 8 57.14 31.22 - 83.07
Pernambuco 34 30 88.24 73.38 - 95.33
Parana 629 209 33.23 29.55 - 36.91
Rio de Janeiro 250 56 22.40 17.23 - 27.57
Rond6nia 13 9 69.23 42.37 - 87.32
Roraima 42 26 61.90 47.22 - 76.59
Rio Grande do Sul 311 136 43.73 38.22 —49.24
Santa Catarina 857 212 24.75 21.85-27.63
Sergipe 1,712 912 53.27 50.91 — 55.63
S&o Paulo 13,838 4,364 31.54 30.76 — 32.31
Tocantins 42 26 61.90 47.22 —76.59
Total 23,803 8,371 35.30 34.70 — 35.90

The most frequent titer found in this study was the
200 titer and according to Picardeau (2013), titles
of 100 or 200 can indicate the existence of recent
or previous infection to the test, as well as the
presence of vaccine antibodies. Titers greater than
400 are considered as indicative of current
infection, in the presence of clinical and correct
animal historical symptoms (Faine et al., 1999).
The titers between 100 and 200 found in this study
corresponded to 71.20% of the titers obtained in
reagent samples. However, the vaccination data
regarding the animals were not shown in the
database, making it impossible to infer that such
titles were due to vaccination. The titles of 400,
800 and 1,600 found corresponded to 28.8% of the
titles.

Usually in bovine species the differential
diagnosis of leptospirosis is due to clinical
suspicion in the presence of reproductive
disorders or as part of insemination centers
routine. Hardjo serovar is identified as the most

Arg. Bras. Med. Vet. Zootec., v.73, n.2, p.277-284, 2021

frequent in this species, since these animals act as
their maintenance host, causing great economic
impact due to abortions and the decrease in milk
production. However, in this study, Wolffi
serovar presented the highest frequency (61.47%)
among all serovars used in MAT. Similarly,
Langoni et al. (2000) found that Wolffi serovars
was the most frequent (70.59%). in 2,761 bovine
serum samples from different regions of the state
of SP.

The frequency presented by Hardjo serovar was
of 6.27% among the samples analyzed. In similar
works by Aradjo et al. (2005), Lage et al. (2007),
Oliveira et al. (2009) and Nicolino et al. (2014),
the frequencies obtained ranged from 14.95% to
23.7%. The higher frequency of Wolffi serovar in
relation to Hardjo serovar can be attributed to
ecological factors resulting from the relation of
several Leptospira serovars and animals with the
environment in which they live (Faine, 1982).
This way, it is possible to imply that over time
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some serovars become more prevalent than others
caused by an imbalance in the epidemiological
triad.

The serogroups Hardjo and Wolffi belong to the
Sejroe serogroup and are antigenically similar,
allowing the occurrence of cross-reactions during
serological diagnosis, which increases the
presence of false-positive results. This was proven
by a research which tested serovar specific
vaccines of the Sejroe serogroup (Hardjo, Wolffi
and Guaricura) and obtained positive MAT results
to each serovar tested (Tabata et al., 2002).
However, there are no reports on the isolation of
Wolffi serovar in Brazilian cattle, unlike Hardjo
serovar which was isolated for the first time by
Moreira (1994) (Tabata et al., 2002). Vaccination
against bovine leptospirosis is currently at the
discretion of the owner and the commercial
vaccines available normally contains Hardjo,
Pomona, Ichterohaemorrhagiae, Canicola and
Grippotyphosa serovars. It is also found vaccines
that contain others serovars, such as Wolffi and
Copenhageni.

The expressive number of samples reactive to
serovars Wolffi and Copenhageni with titers
higher than 400 raise the question of the
vaccination status of the animals sampled, once
lower titers of these serovars are expected with
vaccination. It is known that several vaccines sold
in Brazil are imported and those produced
nationally employ reference Leptospira strains
that differ from those found in the field. Such
vaccines are incapable of inducing a (Sonada et
al.,, 2018)(Sonada et al., 2018) long-term
immunity and neither protect from disease or
infection nor prevent from the establishment of
the renal carrier state (Sonada et al., 2018).

In a study conducted by Tabata et al. (2002),
cross-protection between vaccines formulated
from Sejroe serogroup antigens was investigated
and the vaccine produced with Hardjo serovar was
capable to elicit immunological response against
Wolffi serovar but was not able to induce
protection against its homologous serological
variant Hardjo, whereas the vaccine produced
from Wolffi serovar induced immunity against
both its Wolffi homologous serological variant
and against Hardjo serovar. Other study by
Arduino et al. (2009), both Wolffi and Hardjo
serovars were able to produce cross-immunity to
each other.
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However, in a study conducted to evaluate the
efficacy of commercial vaccines, only two of five
tested vaccines were proven to be effective and
were able to prevent the real carrier state (Sonada
et al., 2018). Only two of the vaccines used in this
study had the Wolffi serovar in their formulation
and none of the effective vaccines had it, proving
that the vaccines found in the market are
inefficient to successfully induce immunity
against Wolffi serovar. The frequency of reactives
to Tarassovi and Pomona serovars was 9.62% and
7.20%, respectively. Other investigations found
that the frequencies of Tarassovi and Pomona
ranged from 0.329% to 3.3% and 0.54% to 2.8%,
respectively (Aradjo et al., 2005; Oliveira et al.,
2009; Silva et al., 2011). Such serovars have the
porcine species as their maintenance host (Levett,
2001) and breeding these animals separately from
the bovine species is ideal to decrease the
environmental contamination by these serovars.
However, there is a large number of properties
that still breed different animal species in the same
space.

The knowledge of which Leptospira serovar is
found among bovine population as well as the
circulating through Brazilian regions is of great
importance to establish the best way to prevent
infection and vaccination is one of the best tools
available to this end, which can hinder the
development of renal carrier status and thus,
decrease  the environmental and  herd
contamination. Nevertheless, such information is
achieved mainly through surveillance campaigns
that are scarce in the national territory.

CONCLUSION

Through this study, it is possible to infer that
bovine leptospirosis is a widely disseminated
disease in Brazil. The most frequent serovars were
Wolffi, Tarassovi and Pomona and the States with
the highest frequencies of reactive samples were
Pernambuco, Rondonia and Mato Grosso do Sul.
Despite the questionable efficiency of the
vaccines employed in Brazil, vaccination is still
the best way to prevent infection along with
surveillance campaigns aiming to increase the
knowledge of the circulating serovars to best
control this agent.
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