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Chapter

Serological Monitoring for
Leptospirva Spp. and Monitoring
of Productive and Reproductive
Indices on Dairy Farm

Leandro Temer Jamas, Rodrigo Rhoden Barcellos,
Carlos Roberto Padovani, Cassiano Victoria
and Helio Langoni

Abstract

Leptospirosis is a zoonosis caused by spirochetes of the genus Leptospira. It
has a worldwide distribution with greater occurrence in tropical and subtropical
countries. It is endemic in Brazil. It affects domestic, wild and production animals.
The goal of this study was to assess dairy herd productive and reproductive indexes
on a monthly basis by serologically monitoring the infection dynamics on two
experimental groups: one with animals with negative results at study onset (G-1)
and another with animals tested positive for at least one leptospira serovar (G-2).
The serum microscopic agglutination test (MAT) was employed. Animals with titer
equal to or greater than 100 IU were considered reactive. Animals were evaluated
for productive and reproductive indexes based on data provided by the dairy’s IT
system. Blood was collected from all animals in both groups once a month for nine
months. Analysis showed interference between animals seroreactive to leptospi-
rosis and both milk production and number of pregnancies for G-2 at collection
moments 3, 4, 5, 6, 7 and 9 whereas for G-1 the same indexes showed decrease only
in the 5th and 9th study months. The most prevalent serovars were Hardjoprajitino
59.5%, Pyrogenes 21.04%, Pomona 11.07%, Wollfi 11.07%, Hardjo 8.78%,
Guaricura 6.55%, Copenhageni 5.09%, Icterohaemorrhagiae 1.11%, and Ctg 0.83%.
Serovar Hardjoprajitino showed a relationship with herd milk production decrease.

Keywords: leptospirosis, animal production, dairy cattle

1. Introduction

Leptospirosis is a worldwide bacterial zoonosis showing greater occurrence in
tropical and subtropical countries. It is transmitted mainly through direct contact
with animals or urine but can also be acquired indirectly by ingesting contaminated
water or food. The disease is typically occupational affecting particularly farmers,
slaughterhouse workers, veterinarians and their co-workers [1].

Leptospirosis brings economic loss to cattle raisers as it causes reproductive distur-
bances like abortion or infertility. It is considered a reproductive system disease [2].
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Clinical signs can be chronic such as abortion, mainly at the pregnancy’s middle third,
around the fifth month, estrus repetition and stillbirths as well as placental retention
not always occuring. It can cause agalactia or decrease in milk production as well as
infection of young calves [3].

Cattle are the main reservoirs of serovars Hardjo [4], and others such as
Pomona and Grippotyphosa [5]. They are the preferential hosts of serovar Hardjo.
Serovar Hardjoprajitino is responsible for decreases in cattle milk production and
conception rates [6], and serovar Hardjobovis is associated with reproductive
failures [2-7].

The main serovars found in Brazil are Hardjo, Wolffi, Pomona, Grippotyphosa,
Icterohaemorrhagiae [3]. There is a prevalence of serovar Hardjoprajitino, also
present in commercial vaccines. However, as with other domestic mammals, cattle
can be infected by any pathogenic serovar [8]. Despite some degree of agent species
selectivity, the disease is not serovar-specific.

Considering the impact of leptospirosis on cattle breeding as well as its effects on
human and animal health, the present study was proposed with the goal of evaluat-
ing the consequences of leptospiral infection on the pregnancy and milk production
rates of a confined dairy cattle herd with respect to the serological response to 16
serovars of Leptospira spp., of importance for herbivores, during 9 months, hav-
ing it associated with productive, referring to milk production, and reproductive,
referring to pregnancy rate, indexes as well as monitoring leptospiral infection
evolution in two groups set up and kept under similar conditions, one with animals
serologically positive for at least one of the evaluated serovars and another, the
control group, with animals serologically negative at study onset, the results thereof
compared vis-a-vis the studied variables.

2. Material and methods

With owner’s consent secured, the study took place in a dairy property the
authors were familiar with. These premises were selected due to the permanent
availability of veterinary assistance and the authors’ good understanding of its
zoosanitary practices. The dairy is a fenced property capable of animal self-replace-
ment, located in the central region of the State of Sdo Paulo, Brazil. Its stock counts
750 animals of which about 400 are of high genetic lineage, pure origin Black and
White Dutch lactating cows kept in a semi-confinement system and milked three
times a day. The production system is completely computerized, allowing data to
be obtained on a monthly basis to evaluate the individual and herd productive and
reproductive indexes. Milking is carried out with the help of a carousel-type parlor.

Animals are vaccinated against IBR, BVD, brucellosis and leptospirosis one week
before dry-off, approximately 60 days before parturition, and receive a second shot
30 days later. Lactating cows are vaccinated between 120 to 128, 270 to 278 and 420
to 428 days of the lactation cycle.

The experimental groups were formed spliting 202 lactating animals in two
groups. One group had 50 animals with non-reactive results to anti-leptospiral
antibodies (G-1) while the other has 50 sera reactive animals with a microscopic
agglutination test (MAT) titer >100 IU for at least one Leptospira serovar (G-2).
G-2 was reduced to 39 animals by the end of the study as 11 were discarded by
the owner during the experimental period. Both groups were set up with animals
picked at the beginning of their lactation cycles affording longer monitoring times
within their milk production periods.

G-1and G-2 Blood samples were collected monthly for 9 months by mammary
vein puncture to assess herd infection dynamics. In order to diagnose infection,
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MAT were performed employing live antigens from 16 serovars belonging to 10
serogroups: serovar Bratislava (serogroup Australis); Castellonis (Ballum); Canicola
(Canicola); Djasiman (Djasiman); Grippotyphosa (Grippotyphosa); Copenhageni,
Icterohaemorrhagiae (Icterohaemorrhagiae); Pomona (Pomona); Pyrogenes
(Pyrogenes); Tarassovi (Shermani); Guaricura, Hardjobovis, Hardjo CTG,
Hardjoprajitono, Mini, Wolffi (Sejroe). The titer cut-off point was 100 IU.

Production indexes, such as the monthly average of milk production in liters, as
well as reproductive factors such as interval between birth and conception, concep-
tion rate at the first service, conception rate in all services, services per conception,
age at first delivery and number of lactations were evaluated from each animal’s
history obtained from the dairy’s database.

The results of this longitudinal observational study were analyzed by evaluat-
ing the relationship between infection by Leptospira spp. and the productive and
reproductive parameters of cows. Regarding milk production, every month the
corresponding milk output log10 was computed and used first to compute the area
under the curve (AUC) for each animal and then the mean and standard deviation.

MAT serovar positivity at the diverse moments was established by means of
descriptive statistics where positivity percentages represented the frequency dis-
tribution of occurrences. Association of pregnancy to reactive serovar for the two
groups in the different moments was carried out with the Goodman association test
for contrast between and within multinominial populations [8, 9], whose signifi-
cance was designated with the help of lowercase and uppercase Latin letters. With
significance indicated by lowercase and uppercase Latin letters. Milk production
comparison for reacting serovar for each moment was done by independent samples
Student’s t-test [10]. Statistical results were discussed at the 5% significance level.

3. Results

In 238 group independent blood samples (67.42%) responded to only one
serovar with Hardjoprajitino prevalence. In 29 samples (8.51%) Pomona, in 41
(11.6%) Pyrogenes and Wolffi in 18 (5.09%). When two serovars were found, there
was again a predominance of the Harjoprajitino serovar in 96 samples (41.9%),
Pyrogenes in 53 (23.1%), Pomona in 20 (8.73%), Wolffi in 16 (6.98%), Hardjobovis
in 18 (7.8%) and Guaricura in 13 (5.67%). For three serovars, Hardjoprajitino pre-
dominated in 25 samples (25.7%), Pyrogenes in 21 (21.6%), Wolffi in 15 (15.40%),
Pomona in 12 (12.37%), Copenhageni in 9 (9.27%), Guaricura in 6 (6.18%) and
Hardjobovis in 5 (5.15%). For four serovars, Hardjoprajitino was again prevalent
in 18 (22.7%) of the samples, Pyrogenes in 15 (18.9%), Pomona and Wolffi in 9
each (11.3%), Copenhageni in 11 (13.9%), Hardjobovis in 7 (8.86%), Guaricura
in5 (6.32%) and CTG in 3 with (3.79%). For five serovars, Hardjoprajitino pre-
dominated in 3 samples (25%), each of Pyrogenes, Copenhageni and Pomona in 2
(16.6%), each of Wolffi, Hardjobovis and Guaricura in 1 sample (8.3%). The most
frequent serovars were Hardjoprajitino, Pyrogenes, Pomona and Wolffi. These
were also prevalent as co-agglutinants for serovars Copenhageni, Guaricura and
Hadjobovis with respect to the same serogroup. The large number of serovars with
cross-reactions or co-agglutination is noteworthy.

Figure 1 refers to the 39 animals seroreactive at the first collection (G-2) which
remained in the study and shared the same environment with those in G-1.

Figure 2 summarizes the pregnancy results and the positive percentage of
serovars at each moment, also in G-2. Pregnancy rates decreases can be observed at
moment 3 with 76.9%, moment 4 with 74.3%, moment 5 with 76.9% and moment 8
with 79.4% of pregnancy.
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Figure 1.

Distribution of results at the beginning of the study (moments 1, 2 and 3) for the G-2 group, according to milk
production and pregnancy. Praj = Havdjoprajitino, Po = Pomona, wo = Wolffi, Pyr = Pyrogenes, H=Hardjo,
Co = Copenhageni, Ict = Icterohaemorrhagiae, Ctg = Ctg, Gua = Guaricura, min = mini.
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Figure 2.
Dynamics of the vesult of pregnancy rates in the G-2 group, at times (Mo 1) to (Mo 9). G-2 milk production in
liters of milk can be seen for different moments in Figure 3.

Table 1 summarizes the results respective of the number of animals, pregnancy
in percentage and production in liters of milk at time 2 in G-2.

Serovar Hardjoprajitino was detected at the moment 6 in 18 animals (46.1%),
Pyrogenes in 13 (33.3%), Pomona in 9 animals (23%) and Hardjo in 6 animals
(15.3%), when decreases in milk production and fertility were observed for infec-
tion by the Hardjo serovar, G-2.

Figure 4 shows a serovar Hardjoprajitino participation of 69.2% in moment 8,
64.1% in moment 9 and 41% in moment 7, all in G-2. Variation among seropreva-
lence percentages at those moments can be seen for the various serovars.

Moment 9 (Figure 4) had a higher seroprevalence of serovars Hardjoprajitino
in 25 animals (64.1%), Pyrogenes in 17 (43.5%), Guaricura in 7 (17.9%), Wolffi in 4
(10.2%), Copenhageni in 3 (7.6%), Pomona in 2 (5.1%), Hardjo in 1 (2.5%) in G-2.

Figure 5 shows a decrease of pregnancy rates in G-1 at moment 5 which may
be related to positivity for serovar Hardjoprajitino. On the other hand, Figure 6
illustrates G-1 milk production at different times, showing a decrease in milk pro-
duction at moments 5, 7, 8 and 9 which may be related to calving times. As a matter
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Figure 3.
Dynamics of milk production in liters, in the group of sevoreagent animals (G-2), from Mo 1to Mo 9.

Seroreagents Animals (Mo2)
Serovars N° %
Hardjoprajitino 24 61,5
Pyrogenes 7 17,9
Wollfi 2 5,1
Pomona 2 5,1
Icterohamorrhagiae 1 2,5
Hardjo 1 2,5
Guaricura 3 7,6
Prenhez em % 32 82
Production in liters of milk 39 1.508,3
Table 1.

Productivity of seroreagent animals (G-2), pregnancy and production in liters of milk, at time 2. Results
expressed as a percentage.

Serovares, seroreactive animals in %
(moments 7,8 e 9), Animals G-2.
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Figure 4.

Kinetics (dynamics) of G-2 antibody titers expression, compared to moments 7, 8 and 9 of observation.
Praj = Hardjoprajitino, Po = Pomona, wo = Wolffi, Pyr = Pyrogenes, H = Hardjo, Co = Copenhageni,
Ict = Icterohaemorvhagiae, Ctg = Ctg, Gua = Guaricura, min = mini.

of fact, despite attempts to start the experiment with groups as homogeneous as
possible, delivery times varied and some animals possibly found themselves in
more advanced lactation stages of lactation thus interfering with the group’ overall
production.

Table 2 shows all the serovars as percentages, at moment 2 for G-1. The preg-
nancy rate was 87.7% and the milk production 1,963.8 liters. Comparing these
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Dynamics of the pregnancy rate in the G-1 group, from the initial moment Mo 1 to Mo 9.

Milk production (liters) in seranegative animals at study
onset (G-1) and collection moments.
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Figure 6.

Dynamics of milk production in liters in the G-1 group, from the initial Mo to Mo 9.

Sororeagents Animals (Mo?2)
Serovars N° %
Hardjoprajitino 18 36,7
Pyrogenes 4 8,16
Hardjo 1 2,04
Wolffi 1 2,04
Ctg 1 2,04
Icterohaemorrhagiae 1 2,04
Prenhez em % 43 877
Produgdo em litros de leite 49 1.963,8
Table 2.

Productivity of seroreagent animals (G-1), pregnancy and production in liters of milk, at time 2. Results
expressed as a percentage.

pregnancy rates and milk production with those for G-2, both pregnancy rate and
milk production is higher for G-1 at the study onset probably due to lower infection
rates of serovars such as Hardjoprajitino in G-1.

At moment 3, G-1, serovar Hardjoprajitino was found in 21 animals (42.8%),
Pyrogenesin 12 (24.4%), Pomona in 9 (18.3%), Wolffi in 7 (14.2%), Copenhageni
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in 5 (10.2%) and Icterohaemorrhagiae in 2 (4.08%) with a pregnancy rate of 89.7%
and milk production of 1,906.8 liters. Hardjoprajitino remained the most frequent
serovar with a slight increase when compared to Mo 2. As mentioned for Mo 2,
pregnancy rates and milk production were also higher when compared to the earlier
moments, for G-2, where serological response with variable antibody titers for one
or more leptospiral serovars were present at study onset. Such observation rein-
forces the importance especially of the serovar Hardjoprajitino to the productive
and reproductive aspects of dairy cattle, the focus of the present study.

Figure 7 illustrates the dynamics of antibodies titres regarding the
Hardjoprajitino serovar with 59.1%, 55.1% and 46.9% positivity thus confirming the
relevance of this serovar for cattle. The participation of serovar Pyrogenes among
the serovars that stand out at different times is noteworthy.

At moment 4 for G-1, serovar Hardjoprajitino was obtained in 29 animals
(59.1%), Pyrogenes in 5 (10.2%), Pomona in 4 (8.16%), Hardjo in 4 (8.16%), Wolffi
in 3 (6.12%), Guaricura in 2 (4.08%), Copenhageni in 2 (4.08%), Castellonis in 1
(2.04%). The pregnancy rate was 89.7%, and milk production 1,872 liters of milk.
There was a slight decrease in milk production but the pregnancy rate was the same
as for the previous month (Mo 3).

Serovares, animals of the G-1 in %, moments 4, 5 e 6.
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Figure 7.

Kinetics (dynamics) of G-1 antibody titer expression at moments 4, 5 and 6 of observation.

Praj = Hardjoprajitino, Po = Pomona, wo = Wolffi, Pyr = Pyrogenes, H = Hardjo, Co = Copenhageni,
Ict = Icterohaemorrhagiae, Ctg = Ctg, Gua = Guaricura, min = mini, Ca = Castellonis.

Sororeagents Animals (Mo 5)
Serovars N° %
Hardjoprajitino 27 55,1
Pomona 7 14,2
Mini 5 10,2
Pyrogenes 3 6,12
Guaricura 1 2,04
Wolffi 1 2,04
Copenhageni 1 2,04
Prenhez em % 37 75,5
Produgdo em litros de leite 49 1.737.8
Table 3.

Productivity of seroreagent animals (G-1), pregnancy and production in liters of milk, at time 5. Results
expressed as a percentage.
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Table 3 summarizes the G-1 results for moment 5. The pregnancy rate was
75.5%, and milk production volume 1,738 liters. There was a decrease in productive
and reproductive indexes with a decrease in pregnancy rate and milk production
when compared to previous moments.

Reagent serovars in G-1, moment 6, were Hardjoprajitino in 23 animals (46.9%),
Pyrogenesin 8 (16.3%), Pomona in 8 (16.3%), Wolffi in 6 (12.24%), Hardjo in
3 (6.12%), and Copenhageni in 1 (2.04%), with a pregnancy rate of 83.6% and
a milk productionn volume of 1,840 liters of milk. There was a decrease in the
seroprevalence of Hardjoprajitino from 55.1% to 46.9% and consequently increases
in pregnancy rate from 75.5% to 83.6% and in milk production from 1,737.8 to 1,840
liters of milk.

Figure 8 illustrates the dynamics of the response to serovars, in Mo 7, 8 and 9.
There are differences among the various moments, seroprevalence oscillating, which
is possible since the animals shared the same environment exposing themselves to
animal-maintained and environment serovars.

At moment 7 in G-1, serovar Hardjoprajitino can be observed in 7 animals
(14.2%), Pyrogenes in 8 (16.3%), Wolffi in 6 (12.2%), Copenhageni in 3 (6.12%),
Pomona in 1 (2.04%), with a pregnancy rate of 87.7%, and milk production of 1,738
liters of milk. Despite the lower response to serovar Hardjoprajitino, there was an
increase in the pregnancy rate but a decrease in milk production in comparison to
moment 6. At this moment there was no response to serovar Hadjobovis. For this
same group, in moment 8, serovar Hardjoprajitino was detected in 22 (44.8%),
Pyrogenes in 9 (18.3%), both Guaricura and Hardjo in 6 (12.24%), Ctg in 5 (10.2%),
Wolffi, Pomona and Icterohaemorrhagiae in 1 (2.04%) each. The pregnancy rate
was 89.7% and milk production volume 1,620 liters of milk. There was an increase
in the response to serovar Hardjoprajitino, from 16.3% to 44.8% and the serovar
Hardjobovis, not found at moment 7, appears in 12.24% which must have influenced
the decrease in milk production from 1,738 to 1,620 liters, despite pregnancy rate
showing a slight increase from 87.79% to 89.7%.

Table 4 summarizes the most frequent serovars for moment 9, with a preg-
nancy rate of 81.6% and a milk production volume of 1,519 liters. A decrease in
the response to serovar Hardjoprajitino as well as a lack of response to serovar
Hardjobovis were observed. There was also a decrease in pregnancy rate and milk
production despite the lower response to the serovar Hadjoprajitino, a reduc-
tion from 44.8% to 24.4% at moments 8 and 9, and the non-response to serovar
Hadjobovis at that moment. Regarding the decrease in milk production also seen in
G-1, it should be noted that many animals might have been in an advanced stage,

Serovares, animals of the G-1 in %, moments 4, 5 e 6.
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Figure 8.

Kinetics (dynamics) of G-1 antibody titer expression at moments 7, 8 and 9 of observation.

Praj = Hardjoprajitino, Po = Pomona, wo = Wolffi, Pyr = Pyrogenes, H = Hardjo, Co = Copenhageni,
Ict = Icterohaemorrhagiae, Ctg = Ctg, Gua = Guaricura, min = mini, Ca = Castellonis.
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Seroreagents Animals (Mo 9)
Serovars N° %
Hardjoprajitino 12 24,4
Pyrogenes 17 34,6
Guaricura 4 8,16
Pomona 5 10,2
Copenhageni 2 4,08
Prenhez em % 40 81,6
Produgdo em litros de leite 12 1.519
Table 4.

Productivity of seroreagent animals (G-1), pregnancy and production in liters of milk, at the moment 9.
Results expressed as a percentage.

Serovars, animals of the G-1in %, moments 7, 8 e 9
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Figure 9.

Average percentage of animals in the G-1, at moments 1 to 9 of observation. Praj = Hardjoprajitino,

Pyr = Pyrogenes, Po = Pomona, wo = Wolffi, H = Hardjo, Co = Copenhageni, Ict = Icterohaemorrhagiae,
Ctg = Ctg.
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Figure 10.

Average percentage of animals in the G-2, at moments 1 to 9 of observation. Praj = Hardjoprajitino,
Pyr = Pyrogenes, Po = Pomona, wo = Wolffi, H = Hardjo, Co = Copenhagent, Ict = Icterohaemorrhagiae,
Ctg = Ctg.

near the end of lactation with a consequential decrease in milk production, which
was also observed in G-2.

Figure 9 shows the percentage of response to serovars from Mo 1 to Mo 9 with
greater prevalence of serovars Hardjoprajitino, Pyrogenes and Pomona. Regarding
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the 49 animals in group G-1, Figure 10 shows the average prevalence of serovars,
the decrease in productivity in G-2 at moments 4, 5, 6, 7 and 9 and in G-1 at
moments 5 and 9. There was a decrease in the pregnancy rate at moments 3, 4, 5, 6,
8 in group G-2 and at moments 5 and 9 in group G-1.

4, Discussion

Where of response to a single serovar, which occurred in 238 samples, serovar
Hardjoprajitino was obtained in 67.4%. Pyrogenes in 41 (11.6%), Pomona in 29
(8.51%) and Wollffi in 18 (5.09%). Hardjo is the serovar most commonly found in
cattle, the species considered its primary maintenance host [3]. Serologically identi-
cal but genetically distinct types of serovars Hardjo exist: L. interrogans, serovar
Hardjo, type Hardjoprajitno and L. borgpetersenii, serovar Hardjo, type Hardjobovis
[11]. The chief cattle infectant serovars are Hardjo, Pomona, Gripptyphosa,
Icterohaemorrhagiae, Wolffi and Canicola [12]. These were found in the present
study at different times with varied percentages both in G-1 and in G-2.

Results show that the serovars are practically the same, seroprevalence varying
in both groups with G-2 displaying the greatest differences for most serovars. This
shows the importance of environmental contamination and indirect transmission,
mainly by water and food. According to Lenharo et al. [13], this serovar is com-
monly found in wild mammals and these can act as sources of soil contamination
and animal infection.

Serovars Bratislava, Djasiman, Hebdomadis, Icterohaemorrhagiae, Pomona and
Tarassovi are considered incidental in cattle and indirect transmission is associ-
ated with contact with an environment contaminated by leptospires mainly from
wild species or other domestic species [8]. On the other hand, serovars Pomona,
Grippotyphosa and Icterohaemorrhagiae are frequently identified in incidental
infections in cattle and their transmission related to pigs, rodents and wild animals
[4, 14]. Bovines can host incidental serovars for an uncertain period [15].

Serovar Hardjoprajitino is responsible for decreases in cattle milk production
and conception rates. Also commonly found in pigs, Wolffi is antigenically similar
to Hardjo and cause of reproductive disorders and abortions in wild animals and
therefore a source of environmental contamination. Serovar Pyrogenes is frequently
found in Rattus norvegicus and can be considered an incidental contaminant for
cattle [6]. Infection by Hardjobovis is frequently observed in cattle in several
countries in subclinical forms associated to abortion, while serovar Hardjoprajitno,
found in some countries, is characterized as more pathogenic and leading to reduc-
tions in milk production and reproductive problems [16].

Serovars Hardjobovis and Hardjoprajitino are adapted to cattle and cause the
reproductive and the sudden milk production decrease syndromes. The first is
related to serovar Hardjobovis and is characterized by miscarriage, stillbirths, infer-
tility and weak calves. The latter is due to serovar Hardjoprajitino, characterized by
udder flaccidity and a sudden decrease in milk production lasting from 2 to 10 days
with changes in its consistency and colostrum [17].

Where response was observed for two serovars, the predominance of
Hardjoprajitino serovars in 96 of the samples (41.9%), Pyrogenes 53 samples
(23.1%), Pomona 20 samples (8.73%), Hardjobovis 18 samples (7.8%), Wolffi 16
samples (6.78%) and Guaricura in 13 samples (5.67%) was noted. The serological
response can be influenced by the cross-detection between serovars of the same
serogroup. Serovars Pomona, Grippotyphosa and Icterohaemorrhagiae are fre-
quently identified in incidental infections in cattle and their transmission is related
to pigs, rodents and wild animals [4, 14].
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Predominance of Hardjoprajitino serovars with 25 samples (25.7%), Pyrogenes
21 (21.6%), Pomona 12 (12.37%), Wolffi 15 (15.4%), Copenhageni 9 (9.27%),
Guaricura 6 (6.18%) and Hardjobovis 5 (5.15%) samples was noted. Cattle is con-
sidered maintenance host for serovars Hardjoprajitno and Hardjobovis which are
transmitted by urine associated with reproductive failures [2, 7]. Cross-reactions
occur between different serogroups, mainly in the acute phase of the disease
[17, 18]. The serovar Icterohaemorrhagiae found in the present study falls within the
One Health concept mainly due to the presence of rodents [19]. On the other hand,
participation of serovar Pyrogenes among the serovars that stand out at different
times is highlighted in G-1 for moments 4, 5 and 6. According to Lenharo et al. [20]
this serovar is commonly found in wild mammals, which can contaminate the soil
and can infect animals.

Pregnancy decreased at moments 3, 4, 5, 6 and 8 in G-2 and at moments 5 and
9 in group G-1. In a study with 25 dairy herds, totaling 500 cows, 32% of the herds
were positive for the Sejroe serogroup. Of the 500 cows studied, 48 (9.6%) were sera
reactive, 38 (7.6%) with 400 IU titers and 10 (2%) > 800 IU. Estrus repetition was
the most reported reproductive problem and strongly associated with leptospirosis
[21]. Milk production decreased in G-2 at moments 4, 5, 6, 7and 9 and in G-1 at
moments 5 and 9.

Seroprevalence, milk production and pregnancy rate are influenced by environ-
mental contamination from animal urine, particularly regarding serovar Hardjo.
This serovar decreases fertility, while Hardjoprajitino is related to milk production,
which is in line with the reduction in liters of milk at moment 6 [16]. Increased rain-
fall contributes to the spread of the agent in both groups. This is a relevant aspect to
be considered in zoo-sanitary management in relation to bovine leptospirosis since
the environment has an important role in the chain of transmission of the disease
[13]. The triad is thus complete: animal, infectious agent and environment plus
human involvement which characterizes the idea of One Health since the disease is
common to humans and animals.

With regard to the animals in G-2 and the production of liters of milk, thereisa
decrease at moment 6, in February, moment 7 in March and moment 9 in May. The
lower milk production in these months may be related to the greater environmental
contamination by lepspiras and therefore a reduction in output, possibly influenced
by serovar Hardjoprajitino.

Pregnancy rates at Mo 5 were 75.5% in G-1 and 76.9% in G-2. Although figures
were close, G-2 saw a slight increase. Milk production decreased in both groups.
Preganancy rates and milk production are probably related to infection by serovar
Hardjoprajitino. Rainfall increased significantly in October, November, December,
January and February possibly favoring cross-contamination between the
two groups.

The dog is the natural host of serovar Canicola and the brown rat (Rattus
norvegicus) of serovars Icterohemorrhagiae, Copenhageni and Pyrogenes. Serovar
Pomona has pigs, cattle and possums as its natural hosts while Grippotyphosa is
found in the kidneys of wild animals such as rats, hares, martens and hamsters [22].
These animals can be sources of infection for cattle [3].

Hardjoprajitino is the serovar prevalent in cattle and responsible for decreased
milk production and pregnancy rates, a fact observed in the present study. Pomona
and Wollffi are adapted to swine and bovine species but Wolffi is frequently found
in pigs and can also cause abortion in the final third of gestation, birth of weak
fetuses and decreased conception rates [19].

Serovars Hardjoprajitino and Hardjo are the ones most frequently found in
cattle and may cause productive and reproductive disorders [17]. Pomona is
most commonly found in swine, which is adapted, however, it can infect cattle.
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Pomona is most commonly found in swine, to which it is adapted, it may infect
cattle. Serovar Pyrogenes is found in the Rattus norvegicus species, implying a
potential for environmental contamination. Rodent control and site management
measures like waste removal and swamp land drainage are biosafety measures for
preventing the spread of this serovar. Despite low at the studied moments, the
occurrence of serovar Icterohamorrhagiae should be noted and its adaptation to
the rodent species stressed [5, 13].

In order to investigate the effects of rainfall on leptospira infection in cattle,
582 animals were selected and samples from 362 of these collected in the rainy
season and from 220 in the dry season. In the rainy season, seropositivity to MAT
was 43.6% (158/362) and in the dry season 31.8% (70/220). The Sejroe serogroup
predominated (54.8%; n = 125/228), the Javanica serogroup (16.2%; n = 37/228),
Icterohaemorrhagiae (7.5%; n = 17/228) and Tarassovi (7.0%; n = 16/228).
Seropositivity for incidental serogroups was more frequent in the rainy season
(50.0%) than in the dry season (34.3%; p < 0.0001) [23], reinforcing the environ-
mental aspects of leptospirosis maintenance in cattle herds.

Reproductive failures such as early embryonic loss and consequent estrus
repetition are increasingly associated with leptospiral infection. Although these
failures are frequently associated with several factors, two studies with cattle
revealed a strong association of estrus repetition with seroreactivity for the sero-
group Sejroe [12, 21]. Contrary to the results obtained, according to Faine et al. [17]
Hardjoprajitino is associated with decreases in milk production.

In the present study a greater participation of the serovar Hardjoprajitino,
serogroup Sejroe, was also observed however the correlation between milk produc-
tion and pregnancy rates in both G-1 and G-2 had no statistical significance with
p > 0.05. A limiting aspect is the impossibility of comparing the results of both the
dynamics of antibodies and those of milk production and pregnancy rate, as in the
present study, since no similar research with two groups of animals living under
the same environmental and management conditions on the same property can be
found in the literature.

Although in the present study there was no statistical association (p > 0.05)
between milk production and seropositivity in both groups, except for the
months of May and August, which may be associated with a drop in temperature,
when results were analyzed for each groups separately, G-1 showed a decrease in
pregnancy rate at moments 5, 6, 7, 8 and 9 and in milk production at moments
5, 6,7, 8 and 9, related to January (Mo 5) 161.6 mm (Ciagro — Centro Integrado
de InformagGes Agrometeorolégicas) and February (Mo 6) 363.3 mm rainfall.
Those were months of high rainfall favoring environmental contamination. In
G-2 the pregnancy rate decreased at moments 2, 3, 4, 5, 6, 7 and 8, October (Mo
2) 234.4 mm, November (Mo 3) 135.2 mm, December (Mo 4) 137.8 mm, January
(Mo 5) 161.6 mm and February (Mo 6) 363.3 mm, all months with high rainfall.
Productivity decreased at moments 4, 5, 6, 7 and 9.

There was no statistical association between pregnancy rate and seropositiv-
ity, p > 0.05 in either group. There was also no statistical association (p > 0.05)
between milk production and positivity in either group except in May and August,
when there was a decrease in milk production which may be related to food
management, temperature drop and health of the mammary gland as a result of
probable cases of mastitis. The property carrying out somatic cell counting (SCC)
of milk samples from the expansion tank but not from individual animals was a
limiting factor.

According to Ellis [4], bovine leptospirosis is most often caused by strains
adapted from the serogroup Sejroe. bovine leptospirosis is most often caused by
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strains adapted from serogroup Sejroe. In these cases, disease acute phase may

be subclinical except for infections in lactating cows where agalactia may occur.
Clinical cases are less frequent and can represent outbreaks, the disease then char-
acterized by abortions at any time during pregnancy [24, 25], albeit more frequent
in the average period of pregnancy [3].

Seropositivity for leptospira and clinical cases of leptospirosis are often associ-
ated with environmental risk factors, such as rain and floods [26]. For the Sejroe
serogroup, specifically the Hardjo genotypes, adapted to cattle, direct animal-to-
animal transmission is more common than indirect transmission from environ-
mental contamination. On the other hand, infections by incidental serovars by
serogroup Icterohaemorrhagiae or Pomona lead to renal excretion. Transmission in
incidental infections is more dependent on the presence of other host species and
environmental factors, especially accumulated water [4].

Research on leptospiral DNA in the vaginal secretion of apparently asymptom-
atic cows reinforces the belief that in addition to environmental contamination
infection can occur from female to male through vaginal discharges and secretions
during natural mating [27]. This can hamper control programs by maintaining
infection and disease endemic in the property.

For the Copenhageni, Pomona, Wolffi and Prajitino serovars, frequency of posi-
tive titers greater than 800 IU was significant, with p < 0.05, in the comparison of
positive reagent greater than negative reagent. Cattle infected with adapted strains,
including those related to cases of agent isolation [28] the property, often have low
antibody titers [10].

Although leptospires can be detected in the urine of cattle infected with adapted
strains [10], leptospiruria is intermittent and not very intense [4, 29]. Serovars
Pomona, Grippotyphosa and Icterohaemorrhagiae are frequently identified in
incidental infections in cattle and their transmission is related to pigs, rodents and
wild animals [4, 14].

Infection transmission by incidental serovars is more dependent on the presence
of other host species and environmental factors. A high percentage of isolation of
the serovar Hardjo from the genital tract of cows is emphasized, suggesting tropism
for that region [16]. Also, according to Ellis [4], as previously mentioned, the
genotypes of Hardjo serovars are adapted to cattle and associated with the chronic
reproductive form of leptospirosis.

The farm where the present study was developed carries out vaccination against
leptospirosis every four months and elevated titers such as 800 IU, 1600 IU and
3200 IU were found. In vaccinated cattle, post-vaccination IgM and IgG titers are
low (between 100 and 400) and transient between four to six months after vac-
cination [3]. This fact reinforces the possibility of the higher titers having been
produced in response to infection.

With regard to milk production and pregnancy rates, Ellis [16] demonstrated
relationship with serovar Hardjoprajiino, a result also found in the present
study which corroborates the findings of reductions in milk production and
pregnancy rates at the moments when Hardjoprajiino was the most detected
serovar. Comparative discussion regarding data from the literature in similar
studies is hindered due to the scarcity of research on infection dynamics with
different groups of animals. The present study showed that the several serovars
are maintained in the two groups of animals (G-1) and (G-2), that serop-
revalence is also variable, and that some serovars show greater importance
in these groups. It can also be observed that milk production and pregnancy
rates decreased at those moments when the frequency of a given serovar, like
Hardjobovis, increased.
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5. Conclusions

The serovars were practically the same, seroprevalence varying among the ani-
mals of the two groups, most of them showing greater variations in G-2, indicating
possible environmental contamination and indirect transmission especially through
water and food.

Seroprevalence, milk production and pregnancy rates were influenced by the
contamination of animals in the environment as well as by the increase in rainfall
levels and the possibility of leptospires in the urine of infected animals, considering
the two groups G-1 and G-2, and the serovar Hardjoprajitino was the most preva-
lent, 36% in G-1 and 59.5% in G-2, showing a relationship between positivity and
decreases in milk production.

Acknowledgements

The Coordination for the Improvement of Higher Education Personnel - CAPES
for the financial assistance, Fazenda Sdo Jorge, Sdo Pedro, SP, for their consent and
assistance and the team of the Laboratory of the Diagnostic Service of Zoonoses
of the School of Veterinary Medicine and Animal Science — FMVZ, Sdo Paulo State
University — UNESP, especially the veterinarians from the zoonoses residency
program.

Ethics committee approval

This study was approved by the Animal Use Ethics Committee (CEUA) of
FMVZ-UNESP/Botucatu, SP, process nr. 0154/2019, September 11, 2019.

Author details

Leandro Temer Jamas*, Rodrigo Rhoden Barcellos, Carlos Roberto Padovani,
Cassiano Victdria and Helio Langoni

Faculty of Veterinary Medicine and Animal Science (FMVZ), UNESP-
Botucatu-Sp, Brasil

*Address all correspondence to: leandrotemer@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

14



Serological Monitoring for Leptospira Spp. and Monitoring of Productive and Reproductive...

DOI: http://dx.doi.org/10.5772/intechopen.98983

References

[1] Veronesi R, Focaccia R Tratado de
infectologia. 5nd ed. Sao Paulo:
Ateneu; 2015.

[2] Lilenbaum W, Martins G.
Leptospirosis in cattle: A challenging
scenario for the understanding of the
epidemiology. Transbound. Emerg. Dis.
2014; 6:63-68.

[3] Genovez ME. Leptospirose em
animais de produgao. In: Megid J,
Ribeiro MG, Paes AC. Doencgas
infecciosas em animais de produgédo e de
companbhia. Rio de Janeiro: Roca;2016.
pp. 378-387.

[4] Ellis WA. Animal leptospirosis. Curr.
Top. Microbiol. Immunol.
2015:387:99-137.

[5] Vasconcelos CH, Fonseca FR,

Lise MLZ, Arsky MLNS. Fatores
ambientais e socioecondmicos
relacionados a distribuicdo de casos de
leptospirose no Estado de Pernambuco,
Brasil, 2001-2009. Cad. Saude Coletiva.
2012;20(1):49-56.

[6] Anderson ML. Infectious causes of
bovine abortion during mid- to late-
gestation. Theriogenol. 2007;68(3):474-
486. DOI:10.1016/j.
theriogenology.2007.04.001.

[7] Grooms DL. Reproductive losses
caused by bovine viral diarrhea virus
and leptospirosis. Theriagenol. 2006;66:
624-628.

[8] Castro 'V, Azevedo SS, Gottl TB,
Batista CSA, Gentili ], Moraes ZM,
Souza GO, Vasconcellos AS,
Genovez ME. Soroprevaléncia da
leptospirose em fémeas bovinas em
idade reprodutiva no estado de Sao
Paulo, Brasil. Arq. Inst. Biol. 2008;
75(1): 3-11.

[9] Goodman LA. Simultaneous
confidence intervals for contrasts

15

among multinomial populations. Annals
Math. Stat. 1964;35(2):716-725.

[10] Nally JE, HornsbY RL, Alt DP,
Bayles D, Wilson-Welder JH,
Palmquist DE, Bauer NE. Isolation and
characterization of pathogenic

leptospires associated with cattle. Vet.
Microbiol. 2018;218:25-30.

[11] Goodman LA. On imultaneous
confidence intervals for multinomial

proportions. Technometrics.
1965;7(2):247-254.

[12] Mori M, Bakinahe R,
Vannoorenberghe P, Maris ], Jong E,
Tignon M, Marin M, Desqueper D,
Fretin D, Behaeghel I. Reproductive
disorders and leptospirosis: A case study

in a mixed-species farm (cattle and
swine). Vet. Sci. 2017;4:64.

[13] Langoni H, Meireles LR, GottschalK
S, Cabral KG, Silva AV. Perfil sorolégico
da leptospirose bovina em regites do
Estado de Sdo Paulo. Arq. Inst. Biol.
2000;64(1).

[14] Delooz L, CzaplickI G, Gregoire F,
Dal Pozzo F, Pez F, Kodjo A,

Saegerman C. Serogroups and genotypes
of Leptospira spp. strains from bovine
aborted foetuses. Transbound. Emerg.
Dis. 2018;65(1):158-165.

[15] Pinto PS, Pestana C, Medeiros MA,
Lilenbaum W. Plurality of Leptospira
strains on slaughtered animals suggest a
broader concept of adaptability of
leptospires to cattle. Acta Trop.,
2017;172:156-159.

[16] Ellis WA. Leptospirosis as a cause of
reproductive failure. Vet. Clin. North
Am. Food Anim. Pract.
1994;10(3):463-478.

[17] Faine B, Adler C, Bolin P. Leptospira
and Leptospirosis. 2nd. ed.
Melbourne:MedSci;2000.



Bovine Science - Challenges and Advances

[18] Rentko VT, Clark N, Ross LA.
Canine leptospirosis. A retrospective
study of 17 cases. J. Vet. Intern. Med.
1992;6:235-244.

[19] Ferreira SB, Sousa KRS, CastroV,
Lopes STP, Ferreira SB, Feitosa LCS,
Moura LM, Mineiro ALBB, Freitas DR]J,
Souza JAT. Analise soroepidemiolégica e
fatores de risco associados a Leptospira

spp. em bovinos no estado do Piaui. Acta
Sci. Vet. 2017;45:1-12.

[20] Lenharo DK, Santiago MEB,
Lucheis SB. Avaliagdo sorolégica para
leptospirose em mamiferos silvestres
procedentes do Parque Zoolégico
Municipal de Bauru, SP. Arq. Inst. Biol.
2012;79(3):333-341.

[21] Libonati HA, Santos GB, Souza GN,
Brandio FZ, Lilenbaum W.
Leptospirosis is strongly associated to

estrus repetition on cattle. Trop. Anim.
Health Prod. 2018;50: 1625-1629.

[22] Hagiwara MK. Leptospirose canina.
S3o Paulo:Pfizer; 2003.

[23] Correia L, Loureiro A,

Lilenbaum W. Effects of rainfall on
incidental and host-maintained
leptospiral infections in cattle in a
tropical region. Vet. ]. 2017;220:63-64.

[24] Draghi MG, Brihuega B, Benitez D,
Sala JM, Biotti GM, Pereyra M, Hom-se
A, Guariniello L. Brote de leptospirosis
en terneros en recria en la provincia de
Corrientes, Argentina. Rev. Argent.
Microbiol. 2011;43:42- 44.

[25] Varni V, Koval A, Nagel A, Ruybal P,
Caimi K, Amadio AF. First genome
sequence of Leptospira interrogans
serovar Pomona isolated from a bovine

abortion. Genome Announcements.
2016;4(3):345-346.

[26] Desvars A, Cardinale E, Michault A.
Animal leptospirosis in small tropical

areas. Epidemiol. Infect.
2011;139(2):167-188.

16

[27] Loureiro AP, Pestana C,

Medeiros MA. Lilenbaum, W. High
frequency of leptospiral vaginal carriers
among slaughtered cows. Anim. Reprod.
Sci. 2017;178:50-54.

[28] Libonati H, Pinto PS, Lilenbaum W.
Seronegativity of bovines face to their

own recovered leptospiral isolates.
Microb Pathog.2017;108:101-103.

[29] Rocha BR, Balaro M, Pereira PV,
Martins G, Lilenbaum W. Chronic
experimental genital leptospirosiswith
autochthonous Leptospira santarosai

strains of serogroup Sejroe. Small
Rumin. Res. 2018;164:28-31.



