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ABSTRACT

Background: Considering the importance of leptospirosis in sheep farming and public health and the significance of
identifying which serogroups circulate in sheep within each region, the objective of this study was to determine the sero-
prevalence and spatial distribution of the most frequent serogroups causing infection by Leptospira sp. in ovine herds in
the Northeast region of Brazil.

Materials, Methods & Results: Blood samples were collected from 4197 sheep from 229 herds in 7 Northeastern States.
Sera were analyzed via microscopic agglutination test (MAT). The frequency of seroreactive sheep for Leptospira sp. was
14.06%. The states of Alagoas, Ceard, Paraiba, Piaui, Rio Grande do Norte, and Sergipe, located in the Caatinga biome,
had the highest frequencies of serologically reactive sheep, and Maranhao, in the Cerrado biome, had the lowest frequency.
The most frequent serogroups were Autumnalis (19.49%), Australis (15.76%) and Serjoe (14.41%). In the states of Cear4,
Paraiba, Rio Grande do Norte, and Sergipe, 100% of their municipalities had at least one seroreactive animal. The high-
est frequencies of seropositive animals were found in the municipalities of Unido (50%), Passagem (49.06%), Canindé
(48.89%), Igaci (28.95%), Gararu (31.2%), Pirapemas (17.5%), and Angicos (16%) located in the states of Piaui, Paraiba,
Ceard, Alagoas, Sergipe, Maranhdo and Rio Grande do Norte, respectively.

Discussion: The animal-level prevalence (14.06%) obtained in the present study is significant, especially considering the rustic
nature of the species and the adverse conditions of the region for the infectious agent. In semi-arid conditions, it has been suggested
that perhaps sheep do not seroconvert detectable titers on MAT with a cut-off point of 1:100. It is important to highlight that the
ovine population in the Northeast region of Brazil is composed of mixed animals, which have been considered more resistant to
infection by Leptospira spp. Also, environmental factors hostile to the survival of the infectious agent in the studied region should
be taken into consideration, since they may have influenced the seropositive animal-level prevalence. A noteworthy variation
was observed in agglutinin titers, which ranged from 100 to 1,600, where 80.2% of the positive samples had titers < 200. It is
important to highlight that more elevated titers (= 400) were obtained in all seven states, which may suggest an acute infection
caused by a non-adapted serovar, indicating that preventive and control measures focused on possible infection sources for sheep
should be adopted. Although some states showed the same serogroups as the most frequent, a variety of serogroups was observed
in municipalities, which may indicate different sources of infection, whether interspecies, intraspecies, or via alternative routes
of transmission in semi-arid conditions, such as venereal. This indicates that even though sheep are more resistant to infection,
they become exposed due to the environment or management conditions. As such, identification, isolation, and treatment of the
affected animals are alternative measures recommended for prevention and control of leptospirosis in sheep in the semi-arid
region. It is evident that despite the lack of rain observed in the last decade in the Northeast region of Brazil, which prevented
the formation of favorable environments for the presence of Leptospira, the infectious agent remains among the sheep, as well
as other production and wild animals in the region. Some factors may be contributing to this scenario, such as the fact that sheep
farming in the region is characterized mainly by subsistence systems, where veterinary assistance and adequate sanitary manage-
ment are absent, thus increasing the possibility of contact with Leptospira.
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INTRODUCTION

The Brazilian sheep industry stands out in the
national scenario for having great growth potential,
with a significant increase in the herd [16].

Despite this increase, sanitary deficiencies in-
volved in the evolution process of Brazilian sheep farming
need to be resolved, such the economic losses caused by
the loss of animals and the need to replace animals with
infectious diseases [13]. Among these diseases, lepto-
spirosis has a great economic impact on livestock and
in public health, being an important disease in the sheep
population and may manifest itself acutely with increased
body temperature, anorexia, jaundice and anemic or
hemorrhagic syndromes [1,11]. Frequently, in its chronic
form, fertility is affected, and neonatal deaths, abortions
and decreased milk production can occur, resulting in
economic losses [10,18]. Even so, the disease is often
ignored and its effects on sheep farming are usually un-
derestimated, which is worrying in the Brazilian semi-arid
region, where sheep farming is widely present [15,16].

In the Northeast region of Brazil, there are no
epidemiological studies for leptospirosis in sheep car-
ried out based on planned sampling and that investigate
several states and different biomes. Thus, considering
the importance of the disease for public health and the
role that sheep play in its epidemiology, the present
objective was to determine the seroprevalence and
spatial distribution of the most frequent serogroups
responsible for infection by Leptospira sp. in sheep
herds in the Northeast region of Brazil.

MATERIALS AND METHODS

Study area and sampling

The survey was conducted in Northeast region
of Brazil, which is located in North-East position of
country between 1° and 18° 30’south latitude and 34°
20’ and 48° 30’ west longitude and covers 18.3% of ter-
ritory with an area of 1,561,177.8 km?. It’s composed of
1,793 municipalities, distributed in the states of Bahia,
Ceara, Pernambuco, Paraiba, Rio Grande do Norte,
Piaui, Maranhao, Alagoas and Sergipe, where more
than 12 million sheep are concentrated, representing
66.7% of national sheep population [16,31].

The survey was planned as part of the Zoosani-
tary Project, involving the partnership of EMBRAPA
Goats and Sheep, and Ministry of Agriculture, Live-
stock and Supply of Brazil.

Young (6 to 12 months) and adult sheep were
sampled from flocks located in microregions with
significant population density of sheep in five states of
Northeast region of Brazil: Alagoas, Ceara, Maranhao,
Paraiba, Piaui, Rio Grande do Norte and Sergipe. Own-
ers’ membership was voluntary. The minimum number
of flocks visited was calculated using the formula for
simple random samples [32], considering the follow-
ing parameters: prevalence of 28.20% of seropositive
flocks [3], sampling error of 8% and confidence level
of 95%. According to these parameters the minimum
sample number is 122 flocks, however, 190 were used.

The minimum number of animals to sampled
in each herd was calculated with the formula for de-
tecting the presence of disease [32], using following
parameters: probability (P) of 95% for detection of at
least one seropositive animal in the herd and number
of seropositive animals in the herd (d) assuming a
herd prevalence of 13.45% [4]. In flocks with up to 20
animals, all sheep were sampled and 20 animals were
selected when number of animals was greater than 20.

Blood samples were collected from 4,197 sheep
from 65 municipalities, distributed over 229 flocks (Figure
1). In the state of Alagoas, 413 samples were collected
in 21 herds from 9 municipalities; in state of Ceara, 597
samples were collected in 33 flock from 10 municipali-
ties; in the state of Maranhao, 346 samples were used in
18 herds from 8 municipalities; in state of Paraiba, 409
samples were collected in 23 flock from 8 municipalities;
in state of Piaui, 747 samples from 42 flock belonging
to 15 municipalities were used; in state of Rio Grande
do Norte, 823 samples were collected from 45 flock in 7
municipalities; and in state of Sergipe, 862 samples from
47 flock in 8 municipalities were collected.

Figure 1. Leptospira sp. seroprevalence and most frequent serogroups
in sheep per municipality in the states of Rio Grande do Norte, Paraiba,
Sergipe and Alagoas, Northeast region of Brazil.
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Field activities included blood collection and
sending the samples to laboratory. Blood samples were
collected from adult and young sheep, in 8 mL vol-
umes, by puncture of the jugular vein with disposable
needle and vacuum tube (without anticoagulant) with
a capacity of 8.5 mL. Serum samples were transferred
to microtubes and frozen at -20°C until the serological
diagnosis was performed.

Diagnostic Method

The microscopic agglutination teste (MAT),
standard method for serology of leptospirosis [25]
was used. The antigens used were from Pasteur
Institute! and provided by the Veterinary Bacteriol-
ogy Laboratory? of Fluminense Federal University,
Niterdi, Rio de Janeiro, Brazil. Serovars were as
follows: Leptospira interrogans serovars Australis,
Autumnalis, Bratislava, Batavie, Canicola, Copen-
hageni, Grippotyphosa, Hardjoprajitno, Hebdomadis,
Icterohaemorrhagiae, Pomona, Pomona Fromm, Py-
rogenes, Sentot and Wolffi; Leptospira borgpeterseni
serovars Ballum, Castellonis, Hardjobovis, Javanica,
Mini, Tarassovi and Whitcombi; Leptospira biflexa
serovars Andamana and Patoc; Leptospira santarosai
serovars Guaricura, Canalzoni and Shermani; Lep-
tospira kirschneri serovars Butembo and Cynopteri;
Leptospira noguchii serovars Lousiana and Panama;
Leptospira weilli serovar Celledoni. Serum samples
were screened at dilution of 1:100, and those that
presented 50% or more agglutination were titrated
by 2-fold geometrical dilutions. The serum titer was
a reciprocal of the highest dilution that presented
positive result. The antigens were examined under
the dark field microscope before the tests in order to
verify the mobility and presence of self-agglutination
or contaminants.

Spatial distribution

For the analysis of the spatial distribution of the
frequency of Leptospira sp. and of the most frequent
serogroups in the municipalities, the Google Earth Pro
software and the construction of geographic maps using
the QGIS 3.12.2 software® were used.

Data analysis

The comparison of the proportion of serorec-
tive animals among the states was performed with the
Chi-squared test with 5% significance level, by using
the IBM® SPSS® for Statistics 21%.

RESULTS

Of the 4,197 blood serum samples from the
investigated sheep, 590 were seropositive (titer >
100) for Leptospira spp., resulting in animal-level
prevalence of 14.06% (IC 95% =0.1304 - 0.1514).
The states of Alagoas, Ceard, Paraiba, Piaui, Rio
Grande do Norte, and Sergipe, located in the Caat-
inga biome, had the highest animal-level preva-
lence of seroreactive sheep, and Maranhao, in the
Cerrado biome, had the lowest prevalence, with a
statistical difference between the seven states (P
< 0.001) [Table 1]. Titers varied from 100 to 1600
and the most frequent serogroups were Autumnalis
(19.49%), Australis (15.76%), Serjoe (14.41%),
and Pyrogenes (13.22%). Of the 590 positive
samples, 473 (80.2%) had titers between 100 and
200 (Table 2).

Of the 65 municipalities investigated, 62
(95.4%) had at least one seropositive sheep. In the
states of Ceara, Paraiba, Rio Grande do Norte, and
Sergipe, 100% of their municipalities had at least
one seroreactive animal. The others, Alagoas, Ma-
ranhdo, and Piaui had 88.9%, 87.5%, and 93.3%
of their municipalities respectively test positive
(Figures 1 & 2).

The highest animal-level prevalence of sero-
positive animals were observed in the municipalities of
Unido (50%), Passagem (49.06%), Canindé (48.89%),
Igaci (28.95%), Gararu (31.2%), Pirapemas (17.5%),
and Angicos (16%) located in the states of Piaui,
Paraiba, Ceard, Alagoas, Sergipe, Maranhdo and Rio
Grande do Norte, respectively (Figures 1 & 2).

Figure 2. Leptospira sp. seroprevalence and most frequent serogroups
in sheep per municipality in the states of Maranhao, Piauf, and Ceard,
Northeast region of Brazil.
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Table 1. Seroprevalence for leptospirosis in sheep considering municipalities and animals in the States of Alagoas, Ceard, Maranhdo, Paraiba, Piaui, Rio
Grande do Norte, and Sergipe, and most frequently identified serogroup per state.

Municipalities Animals
States Municipalities ~ Positives Animals  Positives Mo frequ(e(:;;
N N (%) IC 95 % N N (%) CI195 % serogroup (7
Alagoas 9 8 (88.9) 56.5-98.01 413 52 (12.6) 9.7 -16.1 Autumnalis (36.5)
Ceara 10 10 (100) 72.25 - 100 597 142 (23.8) 20.5-27.3 Autumnalis (28.8)
Maranhao 8 7 (87.5) 52.9-97.76 346 24 (6.94) 4.7-10.1 Pomona (41.7)
Paraiba 8 8 (100) 67.56 - 100 409 109 (26.7)  22.6-31.1 Australis (51.4)
Piaui 15 14 (93.3)  70.18 -98.8 747 83 (11.11) 9.0-13.5 Serjoe (21.7)
Rio Grande do Norte 7 7 (100) 64.57 - 100 823 78 (9.48) 7.66-11.6 Serjoe (37.2)
Sergipe 8 8 (100) 67.56 - 100 862 102 (11.83) 9.8-14.1 Autumnalis (29.4)
Total 65 62(95.4) 87.28-984 4.197 590 (14.06) 13.0-15.1 Autumnalis (19.5)

Table 2. Serogroups of Leptospira sp. most prevalent and respective titers, in sheep of the States of Alagoas, Ceard, Maranhao, Paraiba,
Piaui, Rio Grande do Norte and Sergipe.

Titers
Serogroups Total (%)
100 200 400 800 1,600
Andamana 1 0 0 0 0 1(0.17)
Australis 40 24 11 18 0 93 (15.76)
Autumnalis 80 28 6 1 0 115 (19.49)
Canicola 4 2 0 0 0 6(1.02)
Grippotyphosa 3 4 4 3 0 14 (2.37)
Ballum 10 4 0 0 0 14 (2.37)
Icterohaemorrhagiae 33 8 11 2 0 54 (9.15)
Cynopteri 3 8 1 0 0 12 (2.03)
Serjoe 29 27 16 11 2 85 (14.41)
Hebdomadis 7 8 2 8 0 25 (4.24)
Mini 0 1 0 0 0 1(0.17)
Panama 1 0 0 0 0 1(0.17)
Semaranga 8 2 1 0 0 11 (1.86)
Pomona 34 5 1 1 1 42 (7.12)
Pyrogenes 46 21 10 1 0 78 (13.22)
Djasiman 3 3 0 0 0 6 (1.02)
Shermani 5 6 2 1 0 14 (2.37)
Tarassovi 10 4 1 1 1 17 (2.88)
Celledoni 1 0 0 0 0 1(0.17)
Total (%) 318 (53.9) 155(26.3) 66 (11.2) 47 (7.96) 4 (0.67) 590 (100)
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DISCUSSION

This is the first seroepidemiological investiga-
tion of leptospirosis in sheep using a planned sampling
that is representative of the herds and animals in the
Northeast region of Brazil obtained from 7 of the 8
states in that region. The majority of previous studies
were localized serological surveys or had small isolated
samplings per state [23,27].

The animal-level prevalence (14.06%) ob-
tained in the present study is significant, especially
considering the rustic nature of the species and the
adverse conditions of the region for the infectious
agent. In semi-arid conditions, it has been suggested
that perhaps sheep do not seroconvert detectable titers
on MAT with a cut-off point of 1:100 [23,30]. It is
important to highlight that the ovine population in
the Northeast region of Brazil is composed of mixed
animals, which have been considered more resistant to
infection by Leptospira spp. [5,7]. Also, environmental
factors hostile to the survival of the infectious agent in
the studied region should be taken into consideration,
since they may have influenced the seropositive animal-
level prevalence.

In the distribution map for leptospirosis cases,
higher animal-level prevalence was observed in the
states of Alagoas, Ceard, Paraiba, Piaui, Rio Grande
do Norte, and Sergipe, located within the Caatinga
biome, while Maranhio, located in the Cerrado biome,
had the lowest prevalence. Variation in the presence of
seroreactive animals within the Caatinga biome when
compared to the Cerrado biome, which has a mean an-
nual rainfall of 1,500 mm, supports the hypothesis that
leptospirosis cannot be considered exclusive to areas
with high precipitation and that in semi-arid conditions,
the infectious agent may be transmitted via other routes
of transmission, such as venereal in sheep [24,30].

A noteworthy variation was observed in agglu-
tinin titers, which ranged from 100 to 1,600. Normally,
antibody titers in sheep reach up to 200 [23,27,29,30],
which was also observed in the present study, where
80.2% of the positive samples had titers < 200. It is
important to highlight that more elevated titers (= 400)
were obtained in all seven states, which may suggest
an acute infection caused by a non-adapted serovar,
indicating that preventive and control measures fo-
cused on possible infection sources for sheep should
be adopted [1].

The predominant serogroups in this study
were Autumnalis, Australis, Serjoe, and Pyrogenes,
corresponding to 62.8% of positive reactions. When se-
ropositive reactions were grouped per state, the Autum-
nalis serogroup predominated in Alagoas, Cear4, and
Sergipe. This serogroup was also the most frequently
observed in the Northeast in general, which may sug-
gest the possibility of sheep being the reservoirs for
this serogroup in the Caatinga biome, since it has been
frequently reported in various studies performed in
the Northeast region of Brazil [3,6,23], and was also
isolated from sheep in the state of Rio Grande do Sul
[28]. This implies that ovine have an important role in
the epidemiology of leptospirosis, acting as a host for
infection of other animals. It should be noted that in
these states, a semi-intensive farming system is most
common, sheep farming is more technified and geared
toward pure-bred animals, which are more susceptible
to infection [7].

In the states of Piaui and Rio Grande do Norte,
the Serjoe serogroup was the most frequent. The pres-
ence of mixed herds with cattle in the studied proper-
ties should be taken into consideration since this type
of management, under semi-arid conditions, favors
the preservation and dissemination of Leptospira, as
mentioned by [27]. The possibility of sheep harboring
this serogroup should also be considered [20,26]. As
such, it is possible to suggest that bovines are acting
as a source of infection for sheeps, transmitting Lep-
tospira via direct or indirect contact, since bovines are
considered adapted hosts for this serogroup [19,20,27].

In the state of Paraiba, the highest animal-level
prevalence was in the municipality of Passagem, lo-
cated within the drought polygon, and which has semi-
arid climate and small properties dedicated to sheep
and goat farming. Pombal had the lowest prevalence
(13.2%), closer to the prevalence observed for the
Northeast region of Brazil (14.06%); this is noteworthy
because it was equivalent to the entire region. This
high seropositivity was found in the entire state, which
is concerning because this disease is responsible for
impacting animal farming and is also of importance
for public health [11].

The presence of the Pomona serogroup, the
most frequent in the state of Maranhio, is considered
accidental in sheep, indicating contact with swine popu-
lations, since the studied municipalities have a number
of swine that reaches over 100,000 heads [16]. The
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swine population may have contaminated the environ-
ment, leading to infection of sheep. The municipality
of Pirapemas, located in the North region of Maranhdo,
had the highest percentage of seropositive sheep, with
the Icterohaemorrhagiae serogroup the most frequently
observed, and elevated titers (400 to 800), which may
suggest an acute infection, resulting in economic losses
and arisk to public health, since carrier sheep eliminate
bacteria in urine for a long period of time and may
be a risk for zoonotic infection for people [1,8]. This
serogroup has been associated with ovine infection in
Brazil [9,19,21]. This may be attributed to environmental
characteristics, presence of rodents and wild animals, as
well as the presence of the Pirapemas river, a large afflu-
ent in the region which may influence the epidemiology
of leptospirosis [2,12,17].

The serogroup Australis, the most frequent
serogroup observed in the state of Paraiba, was found
in 87.5% of the investigated municipalities. It is worth
noting that 13.2% was the lowest prevalence among the
investigated municipalities in this state, and 28.4% of
seroreactive animals had elevated titers (400 to 800),
all located in areas of dry climate, reinforcing that the
agent was present in hostile environments, and with
possible contact with swine, equids, and rodents, since
this serogroup is usually associated with these animals
[1,14,22]. On geospatial analysis, the municipality of
Monteiro stands out for its high animal-level prevalence
and its border with the state of Pernambuco, which may
be a risk due to interstate transit of animals. The same
is true for the state of Ceard, where the municipality of
Parambu had high seroreactivity and borders the state
of Piaui, which had low seroreactivity levels. Therefore,
implementation of oversight and control measures fo-
cused on animal transit should be improved.

The municipality of Unido, located in the
Center-North Mesoregion of Piaui, had the highest
percentage of seropositive sheep, with the Tarassovi se-
rogroup the most frequent. When analyzing the spatial
distribution for leptospirosis, it is possible to observe
that the municipalities with the highest prevalence
are located in the transition zone between the Cerrado
and Caatinga biomes, with a diversity of ecosystems,
several green areas and preserved areas, an extensive
farming system with properties with over 100 acres,
and also the presence of the Parnaiba river, which may
justify the high frequency of seropositivity, since the
presence and distribution of leptospirosis in ovine herds

are directly related with environmental factors, such
as precipitation, humidity, topography, and presence
of rodents and wild animals [2].

Although some states showed the same sero-
groups as the most frequent, a variety of serogroups
was observed in municipalities, which may indicate
different sources of infection, whether interspecies,
intraspecies, or via alternative routes of transmission in
semi-arid conditions, such as venereal [23,24,27]. This
indicates that even though sheep are more resistant to
infection, they become exposed due to the environment
or management conditions. As such, identification,
isolation, and treatment of the affected animals are
alternative measures recommended for prevention and
control of leptospirosis in sheep in the semi-arid region.

Itis evident that despite the lack of rain observed
in the last decade in the Northeast region of Brazil, which
prevented the formation of favorable environments for
the presence of Leptospira, the infectious agent remains
among the sheep, as well as other production and wild
animals in the region. Some factors may be contributing
to this scenario, such as the fact that sheep farming in
the region is characterized mainly by subsistence sys-
tems, where veterinary assistance and adequate sanitary
management are absent, thus increasing the possibility
of contact with Leprospira.

CONCLUSION

The results of the present study show the dis-
tribution of Leptospira spp. infection in sheep in the
Northeast region of Brazil. Intraspecies transmission
seems to be the main route for dissemination of the
disease in sheep, though other species of domestic and
wild animals are important sources of infection. The
animal-level prevalence points toward the necessity of
implementing prevention and control measures, such
as the use of adequate serology tests and reduction of
the cut-off point to 1:50, and management practices
that avoid dissemination of the infectious agent into
the environment to break the transmission cycle for
this disease.
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