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Leptospira spp. of the Urinary Tract of Female Carrier Goats in Semi-Arid Conditions
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ABSTRACT

Background: Leptospirosis is an important infectious disease in goat farming, with a worldwide distribution. It is usu-
ally transmitted by rodents and the genital route, may cause reproductive losses, negatively impacting goat farming. The
diagnosis lies on serological, molecular and isolation techniques. Considering the importance of this disease for small
ruminants, this work aimed to evaluate the serological, molecular findings and isolation of pathogenic leptospires in the
urinary tract (kidney and bladder tissues) of goats.

Materials, Methods & Results: Thirty-four adult goats were used for slaughter. Renal samples (n = 34), bladder (n = 34),
were collected for isolation of the agent and molecular detection of Leptospira sp. and blood samples (n = 34) for serologi-
cal testing. The polymerase chain reaction (PCR) was used as a molecular test and the microscopic serum agglutination
test (MAT) was used as a serological test. Samples with DNA amplification were subjected to genetic sequencing. The
presence of Leptospira DNA was found in the tissues of 8 (23.4%) goats, and of these, only 2 were positive in PCR and
MAT. There was a slight agreement between the PCR and MAT techniques (k = 0.150; P = 0.436). In 6 (17.6%) samples
of renal tissue and 2 (5.8%) bladder samples, Leptospira DNA was detected. The genes in a kidney tissue sample were
sequenced and demonstrated 99% similarity to Leptospira interrogans. Anti-Leptospira sp. were detected in 6 (17.6%)
of the animals tested.

Discussion: Serology identified 3 predominant serogroups: Icterohaemorrhagiae, Tarassovi and Autumnalis, serogroups
that are related to the presence of rodents that coexist in rural environments. Autumnalis has been reported in small ru-
minants, raising the hypothesis that goats are adapted, becoming chronic carriers and possible maintenance hosts. The
frequency obtained (17.6%) may be the result of the mixed breed pattern and rustic characteristics inherent to the goat
species. Given the characteristics of the semi-arid region, such as low rainfall and high solar incidence, it is essential to use
an adapted methodology, with a lower cut-off point (1:50), as the serological titer is an established relationship between
the animal species, the level of exposure throughout its evolution and the region studied. Molecular findings and bacterial
isolation reveal the agent's ability to colonize the urinary tract of goats. These data show the importance that urine has in
the epidemiological chain, being able to transmit the agent through direct contact with this product or through contami-
nation of soil and water. There was no statistical agreement between the diagnostic techniques used in this study, in this
case, an association between PCR and MAT is recommended to obtain data with high sensitivity and specificity. A bladder
sample was sequenced and showed 99% similarity to Leptospira interrogans. In the semiarid region, the most common
form of leptospirosis spread is through the sale of animals in business fairs for breeding, rearing or slaughter, as well as
sharing the same property with several breeders. The introduction of chronic and asymptomatic carriers on the properties
represents a serious risk for the spread of the disease. The results show the presence of Leptospira spp. in semi-arid goat
herds, having as risk factors the presence of rodents and intercropping. The association of MAT and PCR is necessary for
a better diagnosis of the disease.
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INTRODUCTION

Leptospirosis is a zoonosis, distributed world-
wide and which causes high economic losses. Its main
impact is impairment of reproductive performance such as
abortions, stillbirths and infertility [2], generally linked to
presence of rodents, low venereal transmission, high rain-
fall and presence of asymptomatic animals [2,22,29,30].

A widely used diagnostic method is microscop-
ic agglutination test (MAT), which uses live cultures
of Leptospira sp. as antigens [21]. Although with high
specificity, it is a deficient test when used alone since
absence of detectable levels of serum antibodies in
some animal species makes it less sensitive [2].

Thus, isolation and molecular detection of lep-
tospires has a great importance from an epidemiologi-
cal point of view, as it allows identification of serovars
circulating in a given region, in addition to identifying
carrier animals that present negative results in other
tests, such as MAT [9,30].

In view of relevance of this disease in herds of
small ruminants, responsible for significant economic
losses, due to its productive and reproductive character-
istics and also associated with small number of studies
on fundamental aspects of disease in caprine reared in
Caatinga biome [9,21] the present work aimed to evalu-
ate serological findings, molecular and bacteriological
isolation of pathogenic leptospires from urinary tract
of female goats.

MATERIALS AND METHODS

Study area and collection of biological materials

This study was carried out in municipal
slaughterhouse of Patos, located in semiarid region
of Northeast Brazil (latitude: 07°01°28”S; longitude:
37°16°48”°W). From 2012 to 2015, 34 adult female goats
were used, destined for slaughter. The blood collected
was obtained immediately before slaughter, using sterile
9 mL vacuum tubes properly identified. After being col-
lected, the serum was stored in microtubes at -20°C until
serological test was performed. Samples of renal tissue
(n =34) and bladder (n = 34) were collected. One gram
(1 g) fragments were used for bacteriological process-
ing, and 5 g fragments used for molecular testing. These
were frozen at -20°C until processed.

Serology

Presence of anti-Leptospira sp. was determined
by MAT [23], using as antigens' a collection of 24 se-

rovars belonging to 18 different pathogenic serogroups
of 5 species, originating from Pasteur Institute, in
France, and supplied by Veterinary Bacteriology Labo-
ratory of Universidade Federal Fluminense: Australis,
Autumnalis, Ballum, Canicola, Celledoni, Cynopteri,
Djasiman, Grippotyphosa, Hebdomadis, Icterohaemor-
rhagiae, Javanica, Lousiana, Mini, Panama, Pomona,
Pyrogenis, Sejroe e Tarassovi. A cut-off point of 1:100
was used, considered positive when presenting agglu-
tination equal to or greater than 50%.

Culture

The kidney and bladder samples were macerated
using sterile pistils to form a 10% suspension (weight/
volume) in sterile Sorensen buffered saline. From this
suspension, 0.5 mL was inoculated into 5 mL of semi-
solid EMJH?, supplemented with amphotericin B* (0.05
mg /mL), 5-fluorouracil* (1 mg/mL), fosfomycin® (4 mg/
mL), trimethoprim? (0.2 mg/mL) and sulfamethoxazole’
(0.4 mg/mL) [8]. The tubes inoculated were then stored
at 28°C in a BOD incubation chamber. After a period
of 24 h, the cultures were serially diluted in Fletcher’s
semi-solid medium? with 5-fluorouracil (1 mg/mL) and
incubated at 28°C and examined weekly for 12 weeks
using dark field microscopy.

Molecular detection

DNA extraction from tissues and cultures was
performed with Dneasy blood and tissue kit®, follow-
ing manufacturer’s recommendations. The primers
LipL32-45F (5’-AAG CAT TAC CGCTTG TGG TG-3
‘) and Lip L32-286R (5’-GAA CTC CCA CCT TTC
CAG CGA TT-3") were used to amplify the LipL32
gene [33]. Sequencing reactions were performed
according to previous methodology [14], using the
LipL32-45F and LipL32-286R primers [33] with the
Big Dye Terminator v3.1 sequencing kit’. For capillary
electrophoresis, a 3130xL gene analyzer and POP-7
polymer were used [27]. The sequence was aligned
with a Leptospira strain obtained from GenBank®
(National Biotechnology Information Center) (http://
www.ncbi.nlm.nih.gov), using BLAST tool (http://
www. ncbi.nlm.nih.gov/BLAST/). A phylogenetic
tree was generated using Seaview* software’ [13] and
built using Bio Neighbor-joining method and Jukes
and Cantor initialization model with 1,000 repetitions.
This was visualized through FigTree'® v1.4.4 (http://
tree.bio.ed.ac.uk/). Phylogenic reconstruction included
sequences of leptospires for comparison.
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Statistical analysis

Fischer’s exact test was used to compare pro-
portions of positive samples of kidney and bladder
tissue, both in PCR and for bacterial growth. To as-
sess the concordance between results of MAT & PCR
and MAT & Culture techniques, Kappa indicator was
calculated. Analysis were made using BioEstat 5.03"
[7], considering a significance level of 5%.

RESULTS

Of all 34 evaluated samples by MAT, 6
(17.6%) showed positive reactions (Tables 1 and 2).
Title 100 was predominant, with 66.6% (4/6) of so-
rorizations, followed by title 200, with 33.4% (2/6).
The serogroups found were Autumnalis (33.3%, 2/6),
Icterohaemorrhagiae (33.3%, 2/6) and Tarassovi
(33.3%, 2/6)

Table 1. Results obtained from Leptospira spp. in goats reared in semi-arid conditions using different diagnostic techniques (MAT,

PCR and culture of organs).
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In molecular analysis, 68 samples from 34
animals were tested, and 8 (23.5%) presented lepto-
spiric DNA. Of these animals, 6 had positive samples
for renal tissue and 2 for bladder (Table 1). Table 3
shows that 6/34 (17.6%) samples of renal tissue and
2/34 (5.8%) of the bladder had DNA, totaling 8 sam-
ples. There was no statistically significant difference
between the samples (P = 0.141).

One renal tissue showed 99% identity to patho-
genic species L. interrogans (Figure 1).

According to Table 1, only 5.8% (2/34) of
female goats were positive for bacterial growth, and

only 1 (2.9%) presented an exclusive sample for renal
tissue. In all, growth was observed in 3/68 (4.4%)
of samples, with 2/34 (5.8%) renal tissue and 1/34
(2.9%) bladder (Table 2). Comparison between the
samples showed no statistically significant difference
(P =0.488).

Looking at Table 3, it can be seen that only 2
samples were positive for MAT and PCR, while 3 for
MAT and culture. Using Kappa indicator as a base,
there was a weak correlation between MAT and PCR
(k =0.150; P =0.436) and between MAT and culture
(k =0.543; P = 0.005).

Table 2. Results of PCR of tissues of the urinary tract and culture of Leptospira spp. in goats reared in semi-arid conditions

PCR Culture
Tissues Total — —
N Positive Frequency N Positive Frequency
Kidney 34 6 17.6 % 2 5.8%
Bladder 34 2 58 % 1 2.9%

Table 3. Number of samples positives from goats reared in semi-arid conditions according to the method diagnosis.

PCR Culture
MAT
Positive Negative Total Positive Negative Total
Positive 2 4 3 4 7
Negative 6 22 0 27 27
Total 8 26 34 3 31 34
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Figure 1. The phylogenetic tree built by the Neighbor-Joining method and Jukes-
Cantor model, bootstrap with 1000 repetitions. A Sequenced samples.
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DISCUSSION

Serology identified three predominant sero-
groups, Icterohaemorrhagiae, Autumnalis and Tarasso-
vi, similar to results obtained [6,14,29]. The presence of
antibodies against serogroups Icterohaemorrhagiae and
Tarassovi, may be related by sharing the same environ-
ment among sheep (Ovis arie), goats (Capra hircus),
horses (Equus caballus), pigs (Sus scrofa domesticus)
and rats (Rattus norvegicus & Nectomys squamipes)
[4,5,15,18,24,28,29].

The serogroup Icterohaemorrhagiae was the
most frequent in this study, considering participa-
tion of rodents in transmission chain, it is necessary
to control the reservoir next to feed deposits in the
environment, restrict their access where roughage
is grown or stored [10]. In relation to the sero-
group Autumnalis, numerous reports highlight it
as most frequent in small ruminants and raises the
hypothesis that these may be possible hosts for the
maintenance of these serogroups, with antibody
titers of 100 predominating, which may indicate
adaptability of this species and possible chronic
carriers of disease [9]. A low number of seroposi-
tive animals in studies of prevalence in the species
in Northeast region, suggests that these goats bred
in semiarid region, mostly crossbred and with more
rustic characteristics, may be more resistant to lep-
tospirosis [9,29,32].

The cut-off point used (100) is another issue
to be considered, since the title presented by certain
species is a fact correlated with the level of exposure
throughout its evolution [2], giving rise to the hypoth-
esis of considering different interpretations according
to degree of adaptation of species and epidemiologi-
cal reality of studied region [26], with cut-off points
below 100 for diagnosis of leptospirosis should be
considered to extent that chronic carriers are largely
responsible for maintenance of the agent in environ-
ment, reinforcing a need for constant serological
studies and attempts to isolate agent in this region.
Research carried out with sheep [22] revealed the
cut-off point 50 in serology was effective in detecting
sheep carriers in relation to title 100 in the Brazilian
semiarid and, regardless of material used in PCR, the
highest sensitivities were obtained considering this
cut-off point.

Positive findings of organ PCR and culture
revealed colonization of leptospires in urinary tract

(kidney and bladder) of goats reinforcing the impor-
tance of transmission through direct contact with
urine of an infected animal, as well as dissemination
in herd through the contamination of soil and water
[1,19]. Presence of agent in localization site repre-
sented by the bladder demonstrates agent’s ability to
colonize different organs that until then have been
few studied. Although PCR is a more laborious and
costly technique, it provides us with a direct, fast
and reliable diagnosis. Its use is recommended after
MAT screening, making the diagnosis more accurate
and the control of the herd more viable and safer
[10,11]. A previous study [20] recommended the use
of microscopic agglutination as a routine test, with
subsequent PCR of urine for the direct detection of
leptospiral DNA.

Thus, both methods can be used to control lep-
tospirosis in small ruminants, since the low reactivity
identified compared to other regions may be related
to low susceptibility to infection and seroreactivity in
native animals with high rusticity [9,29,32].

The bladder is a temporary urine reservoir [17]
being a possible and important leptospiral coloniza-
tion site [30]. Studies using this organ for detection
and isolation of leptospires are scarce and although
the urinary tract is automatically related, it can dem-
onstrate different results in relation of presence DNA
[22]. The presence of Leptospira sp. in samples taken
from kidney and bladder indicates the animal’s ability
to release leptospires [30].

DNA sequencing directly from PCR products
was possible in a bladder sample and there was 99%
similarity with L. interrogans (Figure 1), a result
similar to those found in sheep, according to previous
study [22,30]. Molecular characterization (PCR) has
been used in several studies with small ruminants in
Paraiba. It were found 3 animals positive with PCR in
renal tissue [10]; Some authors [30] obtained 44 posi-
tive animals, 54.9% in the genital tract (uterus, ovary
and fallopian tube) and 4.4% in urinary tract (renal
tissue and bladder). A study [22] found results from
69 positive animals, using samples of vaginal fluid,
urine, bladder, kidney, uterus, fallopian tube, ovary
and placenta.

In Brazil, bacterial isolations and molecular
characterization from small ruminants, until now,
have only shown that 4 strains of Leptospira sp. with
1 in Rio de Janeiro belonging to the Grippotyphosa
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serogroup [18]. In Rio Grande do Sul the isolate was
identified through molecular diagnosis as belonging
to Noguchii serogroup and Autumnalis serovar [31].
In Paraiba, in a study involving 80 sheep slaugh-
tered at Patos, PB Municipal Public Slaughterhouse,
isolated Leptospira sp. in 2 samples from a placenta
and an ampoule of vas deferens [16]. Another study
in Paraiba with 104 ovines, managed to isolate
Leptospira sp. in 3 samples of vaginal fluid [22].

Diagnostic techniques used did not obtain
statistical agreement, as evidenced in other studies
[9,30] strengthening need to combine, 2 methods for
a reliable detection of positive animals, since MAT
although it is the most widely used serological test
for leptospirosis, having high specificity at level of
serogroup and recommended by World Organization
for Animal Health [23], it may not have a detectable
title in animals that have leptospires present in kidneys
and other organs, this due to the low immune response
that some serovars cause as well as the adaptation of
species to certain serovars [11,12].

The dispersion of leptospirosis in herds can
happen through transit of carrier animals, consisting
of an important way of introducing the agent into
herds. In the semiarid region, the practice of selling
small ruminants at animal sales fairs is common, with
possibility of introducing animals without any type of
control in properties, in addition to the use of shared
breeders between properties [3]. The risk of introduc-
ing the disease, with asymptomatic chronic animals,
increases importance for the knowledge of the sero-
logical condition of animals before being introduced
into herd, suggesting existence of alternative routes of
transmission less dependent on environmental factors,
as well as identification of serogroups more frequent
suggests need to improve sanitary conditions and
implement efficient control measures targeted in main
sources of infection [25].

CONCLUSION

It is concluded that in conditions of semi-arid
climate, presence of rodents and intercropping breeds
are risk factors for maintenance and spread of Leptospira
sp. in goat herds. The rusticity of animals from semi-
arid climate leads to low seroreactivity in MAT, so use
of associated MAT and PCR is essential for diagnosis
of leptospirosis. Expansion of studies that seek isola-
tion and classification of serogroups circulating in
our region are necessary, thus serving as a basis for
construction and application of prophylaxis and control
strategies for this disease.
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