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ABSTRACT.-- Silva BV, Ribeiro APD, Rodrigues FMPS, Santos HD, De Carvalho CA, Dos Santos AJF, Pereira WLA, Silva
MAG. Anti-Leptospira spp. seroreactivity and associated factors in equids from northern Tocantins,
Brazilian Legal Amazon. Pesquisa Veterindria Brasileira 47:e07893, 2027. Graduate Program in Animal Health and
Public Health in the Tropics, Universidade Federal do Norte do Tocantins, BR-153 Km 112, Setor Rural, Araguaina,
TO 77804-970, Brazil. E-mail: marco.silva@ufnt.edu.br

Leptospirosis is a globally distributed zoonasis with a significant impact on animal and public health,
and tropical regions are particularly favorable for the environmental persistence of Leptospira spp. This study
aimed to determine the seroprevalence, identify the most frequent serovars, and investigate factors associated
with seroreactivity to Leptospira spp. in equids from the municipality of Araguaina, Tocantins, Brazil. A total of 200
serum samples were collected from equids belonging to 81 properties (77 rural and four urban). Serological
diagnosis was performed using the Microscopic Agglutination Test (MAT) using a panel of 24 live serovars. The
overall seroprevalence was 92.5% (185/200), and 97.5% (79/81) of the properties had at least one seroreactive
equid. Among the seropositive animals, 83.8% (155/185) showed coagglutination with two or more serovars. A
total of 733 serological reactions were detected, distributed among 21 of the 24 serovars tested, with
Icterohaemorrhagiae (19:10%) being the most frequent, followed by Shermani (7.91%), Wolffi (7.78%), Pyrogenes
(7.50%), Whitcombi (6.68%), Canicola.(6.68%), and Copenhageni (6.55%). No reactivity was detected against the
Andamana, Cynopteri, or Patoc serovars. In the univariate analysis, seroreactivity was associated with grazing in
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flooded areas (OR = 8.32; 95% CI = 1.07-64.76; p = 0.021), age group (p = 0.020), and production system (p =
0.035). In conclusion, equids from the municipality of Araguaina showed high seroreactivity to Leptospira spp.,
widely distributed among the evaluated properties, with flooded grazing areas, age group, and production system
associated with seroreactivity in the univariate analysis.

INDEX TERMS: Equine leptospirosis, microscopic agglutination test, seroprevalence, risk factors, Legal Amazon,
One Health.

RESUMO.- [Sororreatividade anti-Leptospira spp. e fatores associados em equideos do norte do Tocantins,
Amazonia Legal.] A leptospirose é uma zoonose de distribui¢cdo global com importante impacto na satide animal e
publica, sendo as regides tropicais particularmente favoraveis a persisténcia ambiental de Leptospira spp. O
objetivo deste estudo foi determinar a soroprevaléncia, identificar os sorovares mais frequentes e identificar os
fatores associados a sororreatividade para Leptospira spp. em equideos do municipio de Araguaina, Tocantins.
Foram analisadas 200 amostras de soro provenientes de equideos de 81 propriedades (77 rurais e 4 urbanas). O
diagnéstico foi realizado pela técnica de Soroaglutinacdo Microscépica (SAM), utilizando painel de 24 sorovares. A
soroprevaléncia foi de 92,5% (185/200),e 97,5% (79/81) das propriedades apresentaram pelo menos um equideo
sororreagente. Entre os animais positivos, 83,8% (155/185) apresentaram coaglutinacdes para dois ou mais
sorovares. Foram registradas 733 reagdes soroldgicas distribuidas entre 21 dos /24 sorovares avaliados, com
predominio de Icterohaemorrhagiae (19,10%), seguido por Shermani (7,91%), Wolffi (7,78%), Pyrogenes (7,50%),
Whitcombi (6,68%), Canicola (6,68%) e Copenhageni (6,55%). Os-sorovares Andamana, Cynopteri e Patoc ndo
apresentaram reatividade. Na andlise univariada, a sororreatividade esteve associada ao pastejo em areas alagadas
(OR =8,32; IC 95% = 1,07 - 64,76; p = 0,021), ao grupo etario (p. = 0,020) e ao sistema de criacdo (p = 0,035).
Conclui-se que os equideos do municipio de Araguaina apresentaram elevada sororreatividade para Leptospira
spp. amplamente distribuida entre as propriedades avaliadas, estando o pastejo em areas alagadas, o grupo etario
e o sistema de criagdo associados a sororreatividade na analise univariada.

TERMOS DE INDEXACAO: Leptospirose equina, soroaglutinagdo microscépica, soroprevaléncia, fatores de risco,
Amazonia Legal, Saude Unica.

INTRODUCTION
Leptospirosis is a globally distributed zoonosis responsible for more than one million human cases annually (Costa
etal. 2015) and is considered an important public health problem in tropical and subtropical countries (Hartskeerl
etal. 2011, Diaz et al. 2023): Caused by bacteria of the genus Leptospira, it is relevant to both human and veterinary
medicine because of its reproductive and productive impacts on different domestic animal species (Ellis 2015), as
well as its epidemiological importance at the interface among animals, the environment, and humans
(Romanowski et al. 2023, Morais et al. 2024).

In Brazil, leptospirosis occurs in both urban and rural environments and is favored by sanitary and
environmental conditions such as inadequate  waste management, poor sanitation, and high densities of
synanthropic rodents (Barcellos & Sabroza 2000, Antoniolli et al. 2025). In rural areas, the interaction among
different domestic species, wildlife, and humans increases opportunities for exposure to the pathogen. In equids,
infection may present as an acute disease, characterized by fever, jaundice, and reproductive disorders, or remain
subclinical, making its recognition and diagnosis more difficult (Ellis 2015). This profile highlights the importance
of serological studies for understanding the epidemiology of the disease in this species.

Serological surveys in Brazilian equids have reported considerable variation in seroprevalence among
regions. In the Brazilian Amazon, Aguiar et al. (2008) reported a seroprevalence of 91.4% in equids from Monte
Negro, Rondonia, whereas Ulsenheimer et al. (2023) found 65.9% seropositivity in horses from the Santarém
region, Para. In Central Brazil, Romanowski et al. (2023) reported 61.6% seropositivity in horses from Goias State.
These findings indicate substantial regional variation in exposure to Leptospira spp. and reinforce the need for
epidemiological data from areas that remain poorly characterized.

Environmental conditions such as high humidity, elevated temperatures, and prolonged rainfall favor the
survival of Leptospira spp. in the environment and increase the likelihood of exposure of both animals and humans
(Hartskeerl et al. 2011, WOAH 2021). Tocantins State, located in the transition zone between the Amazon and
Cerrado biomes, presents favorable environmental conditions for Leptospira persistence during part of the year. In
addition, confirmed human cases of leptospirosis have been reported in Tocantins State in recent years (Brasil
2026). This scenario highlights the need to expand knowledge on the circulation of Leptospira spp. in animal
populations and reinforces the relevance of integrated surveillance within a One Health framework.



Despite the importance of leptospirosis to animal and public health, information regarding exposure of
equids to Leptospira spp. in northern Tocantins remains scarce. Considering the epidemiological context of the
region and the limited number of studies involving equids in northern Tocantins, investigations of this nature are
essential to improve knowledge of pathogen circulation and to support surveillance strategies within the One
Health framework. Therefore, the present study aimed to determine the seroprevalence of antibodies
against Leptospira spp. and to identify factors associated with seroreactivity in equids from northern Tocantins
State, Brazilian Legal Amazon.

MATERIALS AND METHODS

Ethical approval. The study was approved by the Animal Use Ethics Committee of the Federal University
of Tocantins (CEUA/UFT) under protocol No. 23.101.001.297/22-13, in accordance with the guidelines of the
Brazilian National Council for the Control of Animal Experimentation (CONCEA).

The study was conducted in the municipality of Araguaina, in the northernmost region of Tocantins State,
Brazil, located in the transition zone between the Amazon and Cerrado biomes (Fig. 1). From August 2022 to July
2023, the mean air temperature was 25.6°C, mean relative humidity was 76.5%, and cumulative rainfall was
1,859.2 mm, according to data from the Araguaina automatic weather station (A021) of the Brazilian National
Institute of Meteorology (INMET 2026).

Population sampling. Sample size was calculated using Epi Info version 7.2, considering an estimated
population of 6.000 equids, a 95% confidence level, a 5% sampling error, and an expected prevalence 0f 90%, based
on the high seroprevalence previously reported in equids from the Brazilian Amazon (Aguiar etal. 2008, Moraes et
al. 2010). A total of 200 equids from 81 properties were included, comprising 77 rural and four urban
properties. The properties were randomly selected from the database of properties with registered equids
maintained by the Agricultural Defense Agency of the State of Tocantins (ADAPEC/TO). Sampling within each
property was proportional to herd size, with one animal sampled from properties with.up to 10 equids, three
animals from properties with 11 to 70 equids, and five animals from properties with more than 70 equids. Only
equids aged 21 year, not vaccinated against leptospirosis, and randomly selected from lists provided by the
property owners were included.

The properties were georeferenced using a Global Positioning System (GPS) receiver, with coordinates
recorded in the WGS 84 datum, UTM projection, Zone 22S. The spatial distribution of the properties was mapped
using the 2025 Digital Municipal Boundary database of the Brazilian Institute of Geography and Statistics (IBGE).
Properties were classified as positive when at least one equid tested positive by the MAT (titer 21:100) and as
negative when all examined animals were non-reactive.

Blood sampling and epidemiological questionnaire. Blood samples were collected by jugular
venipuncture using sterile vacuum tubes without anticoagulant. After clot formation, the samples were
centrifuged, and the serum was transferred to sterile microtubes and stored at -20°C until serological testing.
Simultaneously with blood collection, a structured epidemiological questionnaire, adapted from Ribeiro (2015),
was administered to obtain information on property characteristics, production system, herd composition, contact
with other animal species, rodent occurrence, reproductive history, management practices, water supply, access to
flooded grazing areas, disposal of biological waste, and participation in animal events.

For'the epidemiological analyses, equid age was categorized into four groups: Group 1 (<4 years), Group
2 (4 to <8 years), Group 3 (8 to <12 years), and Group 4 (212 years).

Microscopic Agglutination Test (MAT). Anti-Leptospira spp. antibodies were detected using the MAT,
according to Faine et al. (1999) and the recommendations of the World Organisation for Animal Health (WOAH
2021), using a panel of 24 live serovars: Andamana, Australis, Autumnalis, Bataviae, Bratislava, Butembo, Canicola,
Castellonis, Copenhageni, Cynopteri, Grippotyphosa, Hardjoprajitno, Hebdomadis, Icterohaemorrhagiae, Javanica,
Panama, Patoc, Pomona, Pyrogenes, Sentot, Shermani, Tarassovi, Whitcombi, and Wolffi. Samples showing 250%
agglutination at the initial dilution of 1:100, based on comparison with the corresponding antigen control, were
considered reactive and were subsequently titrated in serial two-fold dilutions of 1:200, 1:400, 1:800, 1:1600, and
1:3200. The endpoint was defined as the highest serum dilution showing approximately 50% agglutination.

Statistical analysis. Statistical analyses were performed using Epi Info™ version 7.2. Seroprevalence was
expressed as absolute and relative frequencies. Associations between seroreactivity to Leptospira spp. and the
epidemiological variables were investigated at the individual level, considering each equid as a sampling unit, using
Pearson's chi-square (x?) test, with Yates' correction when applicable, or Fisher's exact test when expected
frequencies were less than five. Odds ratios (OR) and their respective 95% confidence intervals (95% CI) were
calculated for dichotomous variables. Variables with more than two categories were analyzed using overall
association tests, without calculation of OR. Statistical significance was set at p < 0.05. Multivariable logistic
regression was not performed because the high overall seroprevalence resulted in only 15 seronegative animals,



limiting the number of observations in the less frequent outcome category available for reliable multivariable
modeling and increasing the risk of unstable parameter estimates and model overfitting.

RESULTS
The seroprevalence of antibodies against Leptospira spp. in the evaluated equids was 92.5% (185/200). Among the
81 properties included in the study, 79 (97.5%) had at least one seroreactive equid (Fig. 1). The main
characteristics of the study population are presented in Table 1.

Among the 185 seroreactive animals, 155 (83.8%) showed coagglutination with two or more serovars,
whereas 30 (16.2%) reacted to only one serovar. A total of 733 serological reactions were recorded, distributed
among 21 of the 24 serovars evaluated. No reactivity was detected for the Andamana, Cynopteri, and Patoc serovars.
Icterohaemorrhagiae was the most frequently detected serovar (19.10%), followed by Shermani (7.91%), Wolffi
(7.78%), Pyrogenes (7.50%), Whitcombi (6.68%), Canicola (6.68%), and Copenhageni (6.55%). The remaining
serovars occurred at frequencies below 6% (Table 2).

In the univariate analysis of the epidemiological variables (Table 3), significant associations were
observed between seroreactivity to Leptospira spp. and grazing in flooded areas (OR =8.32;95% CI = 1.07-64.76; p
=0.021), age group (p = 0.020), and production system (p = 0.035). The remaining variables were not significantly
associated with seroreactivity (p > 0.05).

The lowest seroreactivity was observed in Group 1 (22/28; 78.6%), whereas higher frequencies were
observed in Group 2 (71/74; 95.9%), Group 3 (45/47; 95.7%), and Group 4 (47/51;92.2%).

DISCUSSION

The seroprevalence of 92.5% observed in the present study isamong the highest reported in equids in Brazil and
indicates widespread exposure to Leptospira spp. in the municipality of Araguaina, Tocantins. Considerable
variation in seroreactivity has been reported among Brazilian equine populations, including studies conducted in
the Brazilian Amazon. Aguiar et al. (2008) reported 91.4% seropositivity in equids from Monte Negro, Rond 6nia,
whereas Moraes et al. (2010) found antibodies against Leptospira spp. in all 37 equids evaluated on Algodoal
Island, Para. More recently, seropositivity rates of 44.5% in Manaus and its metropolitan region (Sousa et al. 2020)
and 65.9% in Santarém, Para (Ulsenheimer et al. 2023) have been reported. Outside the Amazon region, Rizzo et al.
(2022) found a similarly high frequency (97.2%) in horses from Rio Grande do Norte. Differences among studies
may reflect variation in environmental conditions, management practices, sampled populations, and the
composition of the antigen panels used in the MAT.

In addition to the high seroprevalence observed among the animals, the occurrence of at least one
seroreactive equid in 97.5% (79/81) of the evaluated properties demonstrates the widespread distribution of
exposure to Leptospira spp<in the municipality of Araguaina. In tropical environments, high temperatures, rainfall,
humidity, and the presence of surface water may favor the persistence of leptospires in the environment and
increase opportunities for exposure of susceptible animals (Levett 2001, Hartskeerl et al. 2011, WOAH 2021).

Grazing in flooded areas was associated with seroreactivity, with equids having access to these areas
showing higher odds of being seroreactive (OR =8.32; 95% CI = 1.07-64.76; p = 0.021). This association is
biologically plausible because Leptospira spp. can persist for prolonged periods in moist environments and surface
water, particularly under favorable temperature and humidity conditions, increasing opportunities for indirect
exposure through contaminated water and:soil (Ko et al. 2009, WOAH 2021). Similar findings have been reported
in horses exposed to environments subject to flooding, supporting the importance of water accumulation and
environmental contamination in leptospiral transmission (Finger et al. 2014). In the study region, where seasonal
rainfall may resultin temporary flooding of grazing areas, these conditions may facilitate environmental exposure
of equids to Leptospira spp.

From a One Health perspective, the high seroreactivity observed in equids should also be considered in
the context of human leptospirosis in the region. According to official surveillance data, confirmed human cases of
leptospirosis have been reported in Tocantins State in recent years (Brasil 2026). Although these surveillance data
cannot establish a direct epidemiological link between seroreactivity in equids and human infection, they
demonstrate the occurrence of leptospirosis in the human population within the same regional context. The shared
exposure of humans and animals to environmental sources contaminated with pathogenic Leptospira, particularly
in areas favorable to bacterial persistence, reinforces the relevance of integrated animal, human, and
environmental surveillance.

Age group was also associated with seroreactivity (p = 0.020). The lowest frequency was observed in the
youngest animals (22/28; 78.6%), whereas frequencies above 90% were observed in the three older age groups.
This pattern may reflect cumulative exposure to Leptospira spp. over time, as older animals have had longer
opportunities for contact with contaminated environments. An association between increasing age and
seroreactivity has also been reported in other Brazilian equine populations (Langoni et al. 2004, Santos et al. 2012,
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Ribeiro et al. 2018, Siqueira et al. 2020). Therefore, the age-related pattern observed in the present study is
consistent with repeated environmental exposure throughout life rather than necessarily indicating greater
individual susceptibility in older animals.

Production system was also associated with seroreactivity (p = 0.035). Seroreactivity was frequent among
extensively managed equids; however, this association should be interpreted cautiously because production
system comprises a set of interrelated management and environmental characteristics. Equids maintained
extensively may have greater contact with natural water sources, flooded areas, other domestic species, wildlife,
and environments contaminated with urine from infected animals. Previous studies in equids have likewise
identified management and environmental characteristics as factors associated with seroreactivity to Leptospira
spp. (Siqueira et al. 2020, Ribeiro et al. 2018). Because the present analysis was univariate, the association with
production system cannot be interpreted independently from other correlated exposures, particularly access to
flooded grazing areas.

The predominance of serological reactions to Icterohaemorrhagiae (19.10%), together with those to
Copenhageni (6.55%), indicates substantial seroreactivity to antigens of the Icterohaemorrhagiae serogroup in the
studied population. A high frequency of reactions to this serogroup has also been reported in Brazilian equids,
including horses from Rio Grande do Norte, where Icterohaemorrhagiae was the predominant serovar (Rizzo et al.
2022), and from Manaus and its metropolitan region, where the Icterohaemorrhagiae serogroup was among the
most frequently detected (Sousa et al. 2020). Rodents are recognized as important maintenance hosts and sources
of environmental contamination for leptospires of this serogroup (Levett 2001, Ellis 2015). However, rodent
occurrence on the properties was not associated with equine seroreactivity in the present study. This finding does
not exclude their epidemiological relevance, because visual reports of rodent occurrence may not accurately
represent the intensity of environmental contamination or previous exposure of the animals:

Serological reactions to Wolffi (7.78%) and Canicola (6.68%) further demonstrate the diversity of
leptospiral antigens recognized by the equids evaluated. Wolffi belongs to the Sejroe serogroup, which is
frequently associated with ruminants, particularly cattle, whereas dogs are recognized as the principal
maintenance hosts for Canicola (Ellis 2015). Considering the frequent coexistence of different domestic animal
species in rural environments, these findings are compatible with. opportunities for shared environmental
exposure. Nevertheless, because MAT seroreactivity does not identify the source of exposure or reliably establish
the infecting serovar, the participation of particular animal species in transmission to the equids evaluated cannot
be inferred from these results alone.

Shermani (7.91%), Pyrogenes (7.50%), and Whitcombi (6.68%) were also among the most frequent
serological reactions. Although Shermani has been less frequently reported in Brazilian equids, seroreactivity to
this serovar has been documented in different animal species, indicating that its epidemiological distribution is not
restricted to a single host.species (Chadsuthi et al. 2017). Pyrogenes, in contrast, has been reported in equine
surveys conducted in the Brazilian Amazon, including studies from Par4d and Amazonas (Moraes et al. 2010, Sousa
et al. 2020, Ulsenheimer et al. 2023). In Santarém, Para, Pyrogenes was the most frequently detected serogroup
among seroreactive horses (Ulsenheimer et al. 2023). These regional findings demonstrate that reactions to
Pyrogenes are not uncommon in-equine populationsfrom the Brazilian Amazon, although serological data alone do
not allow identification of the maintenance host or source of exposure.

The high frequency of coagglutination observed in 83.8% of the seroreactive animals should be
interpreted considering the inherent characteristics of the MAT. Reactions to multiple serovars may result from
exposure to different leptospiral antigens, but may also reflect cross-reactivity among serovars, particularly within
related serogroups (Faine etal. 1999, Zilch et al. 2021, WOAH 2021). Therefore, MAT is useful for demonstrating
serological exposure but has limitations for identifying the infecting serovar based solely on the pattern or
magnitude of antibody titers. This limitation is particularly relevant in the present study, in which most
seroreactive animals reacted to more than one serovar. Accordingly, the frequencies observed for individual
serovars should be interpreted as patterns of seroreactivity rather than evidence of circulation or infection by
specific serovars.

This study has some limitations. The high seroprevalence resulted in a small number of seronegative
animals (15/200), limiting the reliability of conventional multivariable modeling; consequently, the associations
identified in the univariate analysis should be interpreted as unadjusted associations rather than independent risk
factors. In addition, the cross-sectional design does not allow temporal or causal relationships to be established.
Serological testing by MAT provides evidence of exposure to Leptospira spp. but does not demonstrate active
infection or bacterial shedding, and no bacterial isolation or molecular detection was performed. Furthermore,
cross-reactions and coagglutination among serovars may limit the attribution of seroreactivity to a specific
infecting serovar.

CONCLUSION



The high seroreactivity to Leptospira spp. observed in equids from northern Tocantins indicates widespread
exposure to the agent in the studied population. Access to flooded grazing areas, age group, and production system
were associated with seroreactivity in the univariate analysis, highlighting environmental and management
characteristics that warrant further investigation. The diversity of serological reactions observed reinforces the
potential importance of environmental exposure and interactions among animal species in the epidemiology of
leptospirosis. These findings support integrated surveillance and preventive measures, particularly those aimed at
reducing environmental exposure in areas favorable to Leptospira persistence, within a One Health framework.
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Figure
Location in Tocantins

Spatial distribution of positive and negative properties for anti-Leptospira spp. antibodies
in equids — Araguaina, Tocantins, Brazil
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Note: all 81 properties had geographic coordinates and were plotted. All coordinates were unique.

Fig. 1. Spatial distribution of properties positive and negative for antibedies against Leptospira spp. in equids from
the municipality of Araguaina, Tocantins, Brazil. Properties were classified as positive when at least one animal
tested positive by the Microscopic Agglutination Test (MAT) and as negative when none of the examined animals
showed seroreactivity. The map includes 81 georeferenced properties; of which 79 were positive and two were
negative. Municipal boundaries were obtained from the 2025 Digital Municipal Boundary database of the Brazilian
Institute of Geography and Statistics (IBGE). Coordinate reference system: WGS 84, UTM Zone 22S.



Table 1. Characteristics of the equid population and evaluated properties in the municipality of
Araguaina, Tocantins, Brazil (2022-2023)

Variable Value
Evaluated equids 200
Evaluated properties 81

Positive properties

Seroreactive equids

Horses
Donkeys
Mules
Rural property
Urban property

79 (97.5%)
185 (92.5%)
136 (68.0%)
56 (28%)
08 (4.0%)
77 (95.1%)
04 (4:9%)
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Table 2. Distribution of antibody titers and frequency of seroreactivity to Leptospira spp. serovars in
equids from the municipality of Araguaina, Tocantins, Brazil (2022-2023)

Antibody titer (UI) Serological
erologica

Serovar’ reactions, n %
1:100 1:200 1:400 1:800  1:1600 1:3200

Australis 8 4 1 1 - - 14 191
Autumnalis 5 1 - - - - 06 0.82
Bataviae 7 1 - - - - 08 1.09
Bratislava 14 16 2 1 - - 33 4.50
Butembo 24 9 3 1 - - 37 5.05
Canicola 31 16 2 - - - 49 6.68
Castellonis 5 6 - - - - 11 1.50
Copenhageni 19 21 5 1 1 1 48 6.55
Grippotyphosa 12 12 - 2 - - 26 3.55
Hardjoprajitno 6 4 1 - - - 11 1.50
Hebdomadis 4 3 - 1 - - 08 1.09
Icterohaemorrhagiae 68 58 11 2 - - 140 19.10
Javanica 6 2 - - - - 08 1.09
Panama 29 9 - - - - 38 5.18
Pomona 21 11 5 5 - - 42 5.73
Pyrogenes 26 4 22 3 - - 55 7.50
Sentot 7 1 - - - - 08 1.09
Shermani 28 20 7 1 1 1 58 791
Tarassovi 18 5 4 - - - 27 3.68
Whitcombi 32 13 3 1 - - 49 6.68
Wolffi 37 11 5 3 1 - 57 7.78
Total 733! 100%

"Percentages were calculated using the total number of serological reactions (n=733) as the denominator. Because
the same animal could react to more than one serovar (coagglutination), the total number of reactions exceeded the
number of unique seroreactive animals (n=185); “The Andamana, Cynopteri, and Patoc serovars, although included
in the panel of 24 serovars tested, showed no seroreactivity in any of the evaluated samples (titer <1:100).
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Table 3. Univariate analysis of epidemiological factors associated with seroreactivity to Leptospira spp. in
equids from the municipality of Araguaina, Tocantins, Brazil (2022-2023)

Variable Category OR 95% CI p-value
Grazing in flooded areas Yes vs No 8.32 1.07 - 64.76 0.021
Age group <4y/4to<8y/8to<l2y/ 212y - - 0.020
Production system Extensive/Intensive/Mixed - - 0.035

OR = 0dds Ratio; 95% CI = Confidence interval.
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