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ABSTRACT. Epizootic hemorrhagic disease virus (EHDV) is a vector-borne pathogen that affects
both wild and domestic ruminants. Climate influences vector-borne diseases by driving vector
migration to new areas, where they spread the virus. However, the lack of surveillance in some
areas hinders accurate assessment the true disease burden. This study aimed to determine the
seroprevalence of EHDV and associated risk factors in cattle from the northern region of Peru in
2022. Blood serum samples were collected from 578 cattle in the departments of Tumbes, Piura,
Lambayeque, Cajamarca,and LaLibertad and analyzed using cELISA.The overall[EHDV seroprevalence
was 17.82% (95% confidence interval 14.78-21.19). The highest proportion of seropositive animals
was observed in two deparments closest to the equator, Piura and Tumbes (50%), followed by
Lambayeque (39.1%) and Cajamarca (11.08%). In addition, the highest seroprevalence was found
J Vet Med Sci at temperatures <20°C (50.46%), wind speeds <3 m/sec (31.43%), and altitudes <1,260 masl
87(10): 11801185, 2025 (37.28%), with a significant decrease at higher elevations (P<0.05). After adjusting for temperature,

) ! the odds of EHDV seropositivity were significantly lower in cattle from areas located at >2,000 to
doi: 10.1292/jvms.25-0183 <3,290 masl (Odds ratio [OR]=0.15) and >3,290 (OR=0.07), compared to those from the reference
altitude category of <1,260 masl. Similarly, after adjusting for altitude, cattle from deparments with
temperatures >20°C had significantly lower odds of seropositivity (OR=0.17) compared to those
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INTRODUCTION

The epizootic hemorrhagic disease virus (EHDV) is an arbovirus belonging to the Sedoreoviridae family that is distributed worldwide
[11, 16]. This virus is transmitted by hematophagous biting midges of the genus Culicoides and affects both wild and domestic
ruminants. Furthermore, it is included in the list of notifiable diseases by the World Organisation for Animal Health (WOAH) [11].

EHDV targets multiple organs due to its infection of mononuclear phagocytes and endothelial cells, in which it induces apoptosis,
leading to hemorrhage and thrombosis [17]. Hyperacute infection causes sudden death due to pulmonary vascular injury and subsequent
edema, associated with a cytokine storm [8]. Although infection in cattle is generally less severe than in wild ruminants, such as deer,
recent outbreaks in cattle have demonstrated increased virulence, with epizootics reported in various regions globally [11]. In cattle,
infection with EHDV is typically subclinical, but may occasionally present with fever, lethargy, oral lesions, lameness, decreased
milk production, and other clinical signs. Morbidity is generally low, ranging from 1% to 18%, and mortality is rare; however, certain
serotypes, such as EHDV-6 and EHDV-7, have been associated with more severe outbreaks in specific regions [24].

Traditionally, the distribution of EHDV has been limited to temperate and tropical climates that support vector populations.
However, in recent years, the distribution and severity of arboviruses have changed considerably, largely attributed to climate change
[2, 14]. In South America, updated reports on EHDV are scarce, although molecular identification of two serotypes (EHDV-1 and
EHDV-6) has been documented in asymptomatic cattle in Ecuador [28].
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In Peru, there are currently no serological or molecular reports of EHDV. However, the bluetongue virus has been detected in
sheep and Culicoides insignis [22], a midge species that could potentially also serve as a vector for EHDV. Thus, it is plausible that
EHDV is circulating within Peruvian territory, particularly in the northern region, which encompasses a diversity of ecoregions and
is geographically close to the equator. Therefore, this study aimed to determine the seroprevalence of EHDV in cattle, as well as to
identify associated risk factors, in addition to its geographic distribution within the northern region of Peru.

MATERIALS AND METHODS

Sampling area

Peru is located in the central-western region of South America, encompassing an area of 1,285,216 km? and divided into 24
departments. For agricultural and health purposes, the country is classified into four major regions—North, South, Center, and
East—according to the Servicio Nacional de Sanidad Agraria del Pertt (SENASA). This study was conducted in the northern region,
which includes the departments of Tumbes, Piura, Lambayeque, La Libertad, and Cajamarca.

This region is characterized by a tropical to subtropical climate, with monthly average temperatures ranging from 15°C to 35°C,
and annual rainfall between 500 mm and 1,500 mm, depending on elevation and proximity to the coast or Andes. According to the
Instituto Nacional de Estadistica e Informatica (INEI), cattle farming is well established in the North, Center, and South, while sheep
production is concentrated in the South, and goat farming is mainly found along the coastal areas of the North and Center. Notably,
there is currently no vaccination program for epizootic hemorrhagic disease virus (EHDV) control in Peru.

Sample size and sample collection

In the absence of national data on EHDV in mammals, the minimum sample size was estimated using a presumed prevalence
of 50%, a 95% confidence level, a 5% margin of error, and an infinite population. The total number of animals was proportionally
distributed across each department, based on data from the IV Censo Nacional Agropecuario (2012) conducted by the Instituto Nacional
de Estadistica e Informatica of Peru [9].

Cattle of both sexes, various ages (from 6 months to 7 years), with no apparent clinical signs, were sampled. Blood was collected
by coccygeal or jugular venipuncture, depending on feasibility, using a vacuum system and additive-free tubes after cleaning the
puncture site. Samples were left to rest and then centrifuged to separate the serum.

Detection of antibodies against EHDV

Serum samples were tested using a competitive ELISA with the ID Screen® EHDV Competition kit (IDVet, France, city of France).
Optical density (OD) readings were taken at 450 nm. The percentage of inhibition (S/N%) was calculated as: S/N%=(sample OD
/ negative control OD) x100. Samples with an S/N%<30% were considered positive; those with values between >30% and <40%
were considered doubtful; and samples with an S/N%>40% were classified as negative. Samples with doubtful results were retested
to confirm their status as either positive or negative. If a doubtful result was obtained again, the sample was classified as negative.

Data acquisition

Each sampling site was georeferenced, and climatic variables (temperature, wind speed, precipitation, and elevation) were obtained
from the NASA POWER Data Access Viewer (https://power.larc.nasa.gov/) using the site coordinates. We used annual mean values
for all variables at each sampling site. Annual mean temperature, precipitation, and wind speed reflect the average across 24 hr and
capture daily fluctuations. Elevation was taken directly from the coordinates of each site.

In addition, sex was recorded through direct observation during blood sample collection. Age was obtained verbally from the owner
at the time of sample registration on the data sheet, where the sample code and animal information were documented.

Statistical analysis

EHDV seroprevalence was calculated by dividing the number of positive samples by the total number of samples analyzed, then
multiplying by 100%. Confidence intervals (CI) at 95% were also calculated. In cases where seroprevalence was 0%, Hanley’s rule
of 3 was applied: CI (0.3/n), if n>30 [5].

Independent variables were categorized according to previous arbovirus studies. These included: age (years): <2 and >2 [21]; altitude
(masl): <1,260; >1,260— <2,000; >2,000— <3,290, and >3,290 [4, 7]; accumulated rainfall (mm): <700 and >700 [30]; temperature
(°C): <20 and >20 [19], and wind speed (m/sec): <3 and >3 [29]. To evaluate possible associations between independent variables
(age, sex, temperature, wind speed, rainfall, elevation, and department) and the dependent variable (EHDV serostatus), the %> test or
Fisher’s exact test was used.

Binary logistic regression models were applied within the same category to evaluate the odds ratio (OR) for seropositivity to
EHDV. Additionally, a multivariable logistic regression analysis was performed, using forward stepwise selection based on the Akaike
Information Criterion (AIC). The model was built iteratively by adding variables that reduced the AIC, and the final model with
the lowest AIC value was selected. Two-way interactions between variables were evaluated during model building; however, their
inclusion resulted in a slight increase in AIC, and they were not retained in the final model. The unit of analysis was the individual
animal. Adjusted OR were estimated using STATA version 16, with statistical significance set at P<0.01.
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Ethical statement

The study was approved by the Comité de Etica y Bienestar Animal of the Faculty of Veterinary Medicine at the National University
of San Marcos (Code CEBA No. 2022-30), Lima, Peru.

RESULTS

The overall seroprevalence of EHDV in cattle from the northern region of Peru was 17.82% (95% CI: 14.78-21.19). The highest
proportions of seropositive animals were observed in the departments of Piura and Tumbes, both geographically closest to the equatorial
line, with a seroprevalence of 50%. This was followed by Lambayeque (39.1%) and Cajamarca (11.08%). In contrast, no seropositive
cases were detected in La Libertad, the department located farthest from the equator (Fig. 1).

The results of the y> test and Fisher’s exact test showed that the origin of the cattle (department), ambient temperature, wind
speed, and altitude were all significantly associated with the presence of anti-EHDV antibodies (P<0.05). The highest proportions of
seropositive cases were recorded in cattle exposed to temperatures <20°C (50.46%), wind speeds <3 m/sec (31.43%), and altitudes
<1,260 masl (37.28%), with a progressive decline in seroprevalence at higher altitudes (Table 1).

Binary logistic regression revealed that higher temperature, greater altitude, and increased wind speed were associated with
decreased OR for EHDV seropositivity, indicating that these variables acted as protective factors (Table 2). The variable ‘deparment’
was not analyzed due to one category having zero cases. Likewise, the variables ‘sex’ and ‘age’ were not included, as they were not
statistically significant in the ¥ analysis.

Multivariable logistic regression analysis identified altitude and temperature as the only factors significantly associated with EHDV
seropositivity in cattle (Table 2). After adjusting for temperature, cattle located at altitudes between >2,000 and <3,290 masl had
significantly lower odds of seropositivity (OR=0.15; 95% CI: 0.08-0.29), and those at altitudes >3,290 masl had even lower odds
(OR=0.07; 95% CI: 0.02—0.32), compared to the reference group located at <1,260 masl. Similarly, after adjusting for altitude, cattle
from areas with temperatures >20°C showed significantly reduced odds of seropositivity (OR=0.17; 95% CI: 0.10-0.29), relative
to cattle in areas with temperatures <20°C. These findings indicate that cattle from lower-altitude and cooler-temperature areas had
higher odds of being EHDV seropositive (Table 3). The variable ‘wind speed” was not included in the multivariable analysis because
a 3 x 2 contingency table showed zero positive EHDV cases, which invalidates the regression model.

80 78
L L

W%E ?

Brazil

Lambayeque
Cajamarca

—
GHDV seroprevalence
110 0.0%
() 01%-150%

() 151%-400%

La Libertad

40.1% - 50.0%

\ Y

0 25 50 100 150

0
Kilometers

80 78

Fig. 1. Geographic distribution and seroprevalence ranges of epizootic hemorrhagic
disease virus (EHDV)-positive cases in cattle from the northern region of Peru.
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Table 1. Results of the > test and Fisher’s exact test for the independent variables associated with
seropositivity to epizootic hemorrhagic disease virus (EHDV)

Variable Samples  Positive  Prevalence (%) 95% CI P-value
Department <0.001*©
Tumbes 6 3 50.00 11.81-88.19
Piura 96 48 50.00 39.62-60.38
Lambayeque 44 15 39.10 20.49-49.92
La Libertad 98 0 0.00 0.00-3.06
Cajamarca 334 37 11.08 7.92-14.95
Temperature (°C) <0.001*©
<20 109 55 50.46 40.72-60.16
>20 469 48 10.23 7.64-13.34
Altitude (masl) <0.001*©
<1,260 169 63 37.28 29.97-45.04
>1,260-<2,000 91 23 25.27 16.75-35.47
>2,000-<3,290 247 15 6.07 3.43-9.82
>3,290 71 2 2.81 0.34-9.80
Windy speed (m/sec) <0.001*®
<3 315 99 31.43 26.34-36.87
>3 263 4 1.52 0.42-3.85
Accumulated rainfall (mm) 0.073®
<700 572 100 17.48 26.34-36.87
>700 6 3 50.00 11.81-88.18
Sex 0.825(©
Famale 484 87 17.96 14.66-21.69
Male 94 16 17.02 10.05-26.16
Age (years) 0.480©)
<2 185 36 19.46 14.02-25.91
>2 393 67 17.05 13.46-21.14
Total 578 103 17.82 14.78-21.19

CI: confidence interval. *Statistically significant (P<0.01). % test (C) and Fisher’s exact test (F).

Table 3. Results

of multivariable

Table 2. Results of binary logistic regression analysis of risk
factors associated with seropositivity to epizootic hem-
orrhagic disease virus (EHDV) in cattle in the northern
region of Peru

logistic regression
analysis of risk factors associated with seropositivity to
epizootic hemorrhagic disease virus (EHDV) in cattle in
the northern region of Peru

Variable/Category  Odds ratio 95% CI P-value Variable Odds ratio 95% CI P-value
Temperature (°C) Altitude (masl)
<20 Ref. - <1,260 Ref. - -
>20 0.11 0.07-0.19 <0.001* >1,260—<2,000 0.54 0.29-1.01 0.050
Altitude (masl) >2,000—<3,290 0.15 0.08-0.29 <0.001*
<1,260 Ref. R >3,290 0.07 0.02-0.32 0.001*
>1,260—<2,000 0.57 0.32-1.00 0.051 Temperature (°C)
>2,000—<3,290 0.11 0.06-0.20 <0.001* <20 Ref. - -
>3,290 0.05 0.01-0.21 <0.001* >20 0.17 0.10-0.29 <0.001%*
Windy speed (m/sec) CIL: confidence interval. *Statistically significant (P<0.01).
<3 Ref. -
>3 0.03 0.01-0.09 <0.001*
Accumulated rainfall (mm)
<700 0.21 0.04-1.07 0.060
>700 Ref. -

CI: confidence interval. *Statistically significant (P<0.01).
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DISCUSSION

The overall seroprevalence of EHDV in cattle from the northern region of Peru was 17.8%, representing the first serological
evidence of this virus in the country. In contrast, a study conducted in Ecuador, a country neighboring Peru to the north, reported a
markedly higher seroprevalence of 81.3% in cattle [28]. Although research on EHDV in South American cattle remains limited, the
virus has recently been confirmed in cervids in Brazil [3]. Likewise, in Mexico, a country located at a higher latitude and farther from
the equator, the presence of EHDV was documented for the first time in deer [18].

In other parts of the world, seroprevalence in cattle has varied widely, with reports from China (57.9%) [13], Pakistan (66.9%) [10],
and France, where seroprevalence reached 82.6% in southern regions affected by clinical outbreaks of EHDV-8 [1]. These differences
may be attributed to several factors, including circulating serotypes, vector exposure intensity, local transmission dynamics, climatic
conditions, and recent outbreak activity. In the case of Peru, the relatively lower seroprevalence may reflect limited viral circulation,
lower vector pressure, or potentially a recent introduction of the virus, compounded by the historical lack of surveillance that may
have delayed its recognition.

Temperature and altitude were both associated with anti-EHDV seropositivity and were identified as significant risk factors, with
higher seroprevalence found in areas with temperatures <20°C and altitudes <1,260 masl. These two variables are interdependent, as
lower altitudes tend to correspond with higher temperatures, conditions favorable to the development of vectors. Indeed, temperatures
ranging from 16 to 20°C have been associated with prolonged developmental times in Culicoides subadults [27]. Similar results have
been observed under other environmental settings, where greater Culicoides abundance was reported at lower altitudes and mean
temperatures ranging from 11 to 18°C [20].

Rainfall was not associated with cattle seropositivity, possibly because precipitation levels were relatively homogeneous across
all sampling sites. While rainfall is known to provide breeding sites and promote favorable conditions for vector development [20,
26], some studies have reported no significant influence of precipitation. For instance, Quaglia et al. [23] observed that Culicoides
remained active year-round, with their presence more closely linked to stream flow and water temperature than to rainfall itself. Sex
and age were also not significantly associated with EHDV seropositivity, as similar prevalence rates were observed across categories
(P >0.05). These results are consistent with a previous study from Turkey [25].

Studies conducted in France reported high seroprevalence among cattle over 24 months of age, with no notable differences by age
or sex in areas of intense viral circulation [1]. In contrast, a slightly higher seroprevalence was observed in females in Libya, although
this was not statistically significant [15]. Research in southern Europe indicated that cows older than five years were at a higher risk
of developing severe clinical signs of EHDV [6], while in Pakistan, seroprevalence was reported to be up to six times higher in older
animals compared to younger ones [10]. These discrepancies may reflect differences in the stage of viral circulation, the serotypes
involved, the sensitivity of diagnostic tests, or region-specific livestock management practices. Taken together, these findings highlight
the need to interpret seroepidemiological patterns through locally informed and integrative approaches.

Although the geographic origin (department) was not identified as a risk factor with the presence of anti-EHDV antibodies, we
observed high seroprevalence in departments located closer to the equatorial line. In Ecuador, high levels of EHDV serotype circulation
have been reported in cattle [28], suggesting that this territory may serve as a potential source of viral dissemination, supported by
a higher abundance of infected vectors facilitating transmission. This pattern appears to be influenced by bioclimatic factors such as
temperature, altitude, and wind speed, given that the studied regions share similar environmental characteristics [12]. The absence
of seropositive animals in La Libertad may be explained by its coastal location and greater distance from the equator, where coastal
winds could limit the presence of competent vectors.

The emergence of EHDV in previously unreported regions has been associated in the literature with factors such as climate change,
which may facilitate the expansion of vector populations into newly suitable habitats [2, 14]. However, our study does not provide
direct evidence linking the detection of the virus in Peru to such environmental changes.

In the Peruvian context, the presence of EHDV is more likely related to the historical lack of surveillance and research on arboviruses
in both wild and domestic animals. Although Peru lies within the tropical zone, it exhibits significant climatic heterogeneity. The
northern region where this study was conducted includes tropical areas that may favor the presence of Culicoides midges, known
vectors of other arboviruses such as bluetongue virus [11, 22]. This suggests that EHDV circulation in the region may not be recent
but rather previously undetected, underscoring the urgent need for comprehensive studies to assess its prevalence, serotype diversity,
host range, and potential connections with neighboring countries.

The findings of this study underscore the importance of maintaining and strengthening national serological surveillance systems,
particularly in regions with ecological conditions favorable to arbovirus circulation. Early detection of EHDV would allow for the
implementation of more effective control measures, thereby mitigating its impact on animal health and livestock economies.

In conclusion, this study reports, for the first time, the presence of antibodies against EHDV in cattle from the northern region of
Peru, with a seroprevalence of 17.82% (ranging from 0% to 50%, depending on the department), confirming the active circulation
of the virus in Peruvian territory. Seroprevalence was significantly associated with temperature, altitude, wind speed, and department
of origin. Moreover, areas with altitudes <1,260 masl and temperatures <20°C were identified as significant risk factors for EHDV
seropositivity, as these conditions favor the presence and activity of Culicoides vectors, thereby facilitating viral transmission in
susceptible hosts.
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