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Abstract: Pestiviruses, particularly bovine viral diarrhea virus (BVDV), cause significant
economic losses worldwide. While cattle are the primary hosts for BVDV, sheep and goats
can also be affected. This nationwide survey aimed to assess the prevalence, genetic charac-
teristics, and risk factors associated with pestiviruses in sheep and goats in Kazakhstan. A
one-off cross-sectional study was conducted to estimate the prevalence of pestiviruses in
sheep and goats across 58 districts in 17 oblasts of Kazakhstan. A total of 2028 animals were
examined using antibody ELISA, and RT-qPCR was performed on 2056 samples. Logistic
regression models were used to identify potential risk factors linked to pestiviral infection.
The overall prevalence of pestiviral infection in small ruminants was estimated to be 53.7%
by ELISA and 2.5% by RT-qPCR. Regression analysis revealed that age, farm type, and geo-
graphic location were risk factors for pestiviral infections in small ruminants in Kazakhstan.
Partial sequence analysis of the 5’-untranslated region confirmed the presence of BVDV2.
Phylogenetic analysis revealed two distinct clusters of Kazakhstani BVDV2 strains, which
were significantly different from known BVDV2 genotypes. No other ruminant pestiviruses
were identified. The results highlight the importance of integrating small ruminants into
BVDV infection control strategies to mitigate risks to livestock.

Keywords: bovine viral diarrhea; border disease; BVDV; BDV; small ruminants; Pestivirus;
risk analysis; Kazakhstan
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1. Introduction

Bovine viral diarrhea virus (BVDV) is one of the most important viral pathogens in
cattle. It causes a range of disease syndromes in cattle, including enteric and respiratory
disease, reproductive disorders, immunosuppression, and reduced growth rates. Infection
with BVDV results in significant economic losses throughout the world [1]. Cattle are
considered the natural host of BVDV. However, many other animal species are susceptible
to infection with BVDV, including sheep, goats, buffalo, yaks, camelids, pigs, and wild
ruminants, although they usually undergo subclinical infection [2]. These species of animals
may serve as a reservoir capable of sustaining the pathogen in the environment and pose a
major, poorly understood threat to the livestock industry [3].

As with other pestiviruses, BVDV is capable of crossing the placental barrier of
pregnant animals and infecting the fetus [4]. BVDV infection can induce immunotolerance
in utero, leading to lifelong persistent infection (PI) [5]. The PI animals are primarily
responsible for the spread and maintenance of the virus in cattle populations [6]. Although
BVDV vaccines are widely used as part of the BVDV control strategy, vaccination alone
may be insufficient to prevent BVDV infection in large herds [7]. Effective control and
eventual eradication of BVDV requires a comprehensive biosecurity strategy, vaccination,
identification of BVDV reservoirs, and elimination of PI animals from infected herds [8].
Herds of sheep and goats should be considered an important potential reservoir of BVDV
infection, as they can come into contact with cattle herds during free grazing [9]. This
especially applies to countries with developed sheep and goat farming, such as Kazakhstan.

According to the International Committee on Taxonomy of Viruses [10], the BVDV
belongs to the Pestivirus genus, family Flaviviridae, and is divided into two distinct species,
Pestivirus bovis (BVDV1) and Pestivirus tauri (BVDV2). Based on the phylogenetic analyses,
BVDV1 is currently separated into at least 21 subgenotypes (BVDV1a to BVDV1u), and
BVDV2 into four subgenotypes (BVDV2a to BVDV2d) [11,12]. The symptom severities and
virulence differences among BVDV1 and BVDV2 strains have been reported [13,14]. Differ-
ences in immune response to different BVDV subgenotypes were also presented [15-17].
These findings highlight the significance of genetic characterization of BVDV strains for
disease prevention and vaccination programs.

Cross-reactivity between BVDV and some other pestiviruses has been reported to be a
potential impediment in surveillance and diagnosis [18,19]. Pestivirus ovis, also known as
border disease virus (BDV), primarily infects sheep and goats and causes a variety of clinical
manifestations, including congenital disorders, abortion, stillbirths, tremors, abnormal body
conformation, low birth weight, hairy fleece, and immunosuppression [20-22]. Pestivirus
brazilense, also known as HoBi-like pestivirus (HoBiPeV), also occurs in cattle and small
ruminants and causes clinical signs that are similar to those of BVDV infection [23,24]. The
5'-untranslated region (5'UTR) sequences have been primarily used for the genotyping
and classification of pestiviruses, including BVDV [25,26]. This locus has also been most
commonly used for phylogenetic analyses of BVDV isolates [17]. Consequently, we chose
this locus for the phylogenetic analysis of the identified pestiviruses in this study.

Kazakhstan is a country located in the center of Eurasia, with a large territory mainly
occupied by deserts and semi-deserts. Sheep farming and cattle breeding are the most im-
portant areas of animal husbandry in the country. The populations of sheep/goats and cattle
in Kazakhstan reach 19,947,000 and 8,064,000, respectively (Supplementary Table S1) [27].
Until 2019, the territory of Kazakhstan was considered free from BVDV [28], but starting
from 2019, mass outbreaks of BVDV infection began occurring in Kazakhstan [29]. In
2021-2023, outbreaks covered the entire territory of the country [29]. A state vaccination
system for cattle against BVDV has been launched in high-risk regions. Although the
state vaccination program annually involves only about 1.7% of the total cattle population
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(Supplementary Table S1), the owners of large and medium-sized enterprises have started
to privately vaccinate their cattle. Approximately thirty vaccines for the immunization of
cattle against BVD—all of which are inactivated—are approved for use within the Eurasian
Economic Union. Kazakh farmers have access to all of these vaccines to immunize their
cattle [30].

In 2021-2022, our research group conducted a one-off cross-sectional study to estimate
the occurrence and risk factors of BVDV in cattle in Kazakhstan. According to that study;,
the rates of cattle vaccination against BVDV reached 65.2% [31]. We also detected BVDV2 in
forest flies (Hippobosca equine) [32]. However, to date, no epidemiological survey of BVDV
has been conducted on small ruminants in Kazakhstan. The prevalence and molecular epi-
demiology of BDV and HoBiPeV in Kazakhstan, to the best of our knowledge, also remain
unexplored [22,29,33]. This work is the first epidemiological study estimating the pestivirus
seroprevalence and RT-qPCR positive rate in sheep and goat flocks in Kazakhstan. Here,
we also report the genetic characterization of BVDV?2 first detected in Kazakhstani sheep.

The results contribute to our understanding of the importance of integrating small
ruminants into BVDV infection research and control strategies to mitigate risks to livestock
and wildlife.

2. Materials and Methods
2.1. Ethics Statement

The protocol of this study was approved by the local ethics committee of the National
Center for Biotechnology, Astana, Kazakhstan (Approval #4, 03 December 2021 and Ap-
proval #3, 12 July 2023). Sampling was performed in accordance with ethical guidelines for
animal research.

2.2. Study Area and Design

With a territory of 2,724,900 square kilometers, Kazakhstan is the largest landlocked
country in the world. It is located in the heart of Eurasia between 45° and 87° E longitude,
40° and 55° N latitude, and shares borders with Russia, China, Kyrgyzstan, Uzbekistan,
and Turkmenistan. More than three-quarters of the country is either semi-desert or desert.
Sheep are the dominant livestock, with a population exceeding 20,210,671 [27]. The highest
density of sheep and goats is in the country’s southern region. A large proportion of sheep
and goats (52.7%) are housed in backyard farms [27].

A current cross-sectional study was conducted as part of a nationwide survey to
examine the prevalence of the main viral pathogens of sheep and goats in the country.
Permission for sampling was obtained from the Committee for Veterinary Control and
Surveillance of the Ministry of Agriculture of Kazakhstan. Conducted from November
2022 to December 2024, the survey covered 58 districts across all 17 oblasts of Kazakhstan.

Veterinary centers in the oblasts were notified about the planned study, and designated
specialists visited these centers to gather lists of all registered farms where sheep and goats
are raised. Farms were randomly selected from these lists and contacted in advance. Visits
were only conducted if the owner of the farm was available and agreed to participate. All
animals on the participating farms were eligible for sampling. The minimum sample size
was determined according to the following formula [34]:

n=27? Pexp (1- Pexp)/d21 1)

where n = required minimum sample size; Pexp, = expected prevalence; d = desired absolute
precision; Z = normal distribution of the corresponding to the alpha value (1.96 for a 95%
confidence level).
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Based on an expected infection prevalence of 50% (commonly used when the actual
prevalence is unknown), a 95% confidence level, and a maximum allowable error of 5%,
the minimum sample size of 384 animals was determined.

The obtained sample size was further adjusted for design effects (DE) to accommodate
the clustering of observations [35]:

DE=1+p (b —1), )

where p = the intra-cluster correlation coefficient for BVDV infection; b = the expected aver-
age number of animals per cluster sampled (number of sheep or goats sampled per herd).

The sheep or goat herd here was considered a cluster. An average cluster size of
17 animals was used. The intra-cluster correlation coefficient for BVDV infection was
reported as 0.23 [36]. Consequently, the adjusted minimum sample size was estimated to
be 1797 animals.

2.3. Sample Collection

A total of 2462 sheep and 52 goats were sampled across 58 districts in 17 oblasts of
Kazakhstan from November 2022 to December 2024. Out of 148 sampled flocks, six included
animals of both species, 138 included sheep, and four flocks included only goats. Animals
were restrained and handled gently to minimize stress, avoid animal injury, and limit
movement during sample collection. Blood samples were collected from the jugular vein
into 5 mL Vacutainer tubes containing K,EDTA or clot activator. The serum was separated
from the clot before the samples were frozen. Nasal and rectal swabs were collected
using cotton swabs and were immediately placed into transport tubes. The samples were
transported in a mobile freezer at —20 °C to the laboratory for further analysis.

During the sampling, data were collected through interviews with farmers using a
semi-structured questionnaire. The recorded information included the species, age, breed,
sex, and physiological condition of the animals, as well as farm size and the geographical
coordinates of the sampling locations. Only animals with recorded data on age, sex, and
species were included in the further analysis.

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

Before conducting the ELISA, we assessed the hemolysis status of serum samples
using an EIx808 ELISA reader (BioTek Instruments, Inc., Winooski, VT, USA), as described
by Chatterjee et al. [37]. Serum samples exhibiting a low hemolysis index were then
tested for antibodies against the highly conserved non-structural p80-p125 protein of
BVDV/BDV using an ID Screen® BVD P80 Antibody Competition Kit (IDVET, Grabels,
France), according to the manufacturer’s protocol. This competitive ELISA kit is suitable
for various species, including ovine and caprine species. The specificity and sensitivity of
this competitive ELISA are 100% and 100%, respectively, according to the manufacturer.

2.5. RNA Isolation

To increase the likelihood of detecting pestiviruses in small ruminants, nasal and rectal
swabs from the same animal were pooled during RNA extraction. RNA was extracted
from pooled nasal and rectal swabs by selective precipitation using the MAGNO-sorb
DNA /RNA extraction reagent kit (Form 4) (Amplisens, Moscow, Russia) on the automated
Automag-96 station (Hangzhou Allsheng Instruments Co., Hangzhou, China). Extracted
RNA was stored at —80 °C until analysis.
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2.6. Pestivirus RNA Detection and Typing

We used a method validated by Hoffman et al. [38] to detect pestiviruses that can
infect sheep and goats, specifically BVDV1, BVDV2, BDV, and HoBiPeV. This approach
utilizes universal primers and a TagMan probe for the ‘PanPesti” RT-qPCR assay. Reactions
were conducted in a single tube with 25 pL reaction volumes containing primers PestiV-
189-gF, PestiV-396-gR, and the probe PestiV-235-qPr (Table 1), targeting the conserved
5'-untranslated region (5'-UTR) of pestiviruses [38]. The probe was produced and labeled
with the fluorescent reporter FAM at the 5'-end and the quencher BHQ-1 at the 3'-end
(Metabion International, Planegg, Germany). The RT-qPCR was performed using the
MMLV Taq M master mix Lyo (Alkor Bio, Saint Petersburg, Russia) according to the
manufacturer’s protocol.

Table 1. Primers and probes used in the study.

Primer/Probe Genome

. / / . . o
Name Primer Sequence (5" — 3') Orientation Pathogen Position T, [°C] Ref.
BVDV1  188-207!
. , BVDV2  189-2082 e
PestiV-189-qF 5'-GHAGTCGTCARTGGTTCGAC F BDV 177-1963 57 [38], modified
HoBiPeV  184-2024
BVDV1  375-3951
R0 ;- BVDV2  376-39 > .
PestiV-396-qR 5'-WCAACTCCATGTGCCATGTAC R BDV 2360380 3 57 [39], modified
HoBiPeV  373-3934
BVDV1 2312521
, FAM-5'- BVDV2  235-256 2
PestiV-235-qPr 150 AYGTGGACGAGGGCATGC-BHQI F BDV 220-2413 57 [40]
HoBiPeV  225-2464
e ;. BVDV1  101-120'!
BVDV-101-F 5'-GCTAGCCATGCCCTTAGTAG F BVDV2 1001212 58 [41]
. . BVDV1 ~ 105-127!
BVDV-105-nF 5'-GCCATGCCCTTAGTAGGACTAGC F BVDV2 1061282 58 [42]
BVDV1  372-394!
. ' BVDV2  373-3952
PestiV-394-R 5'-CAACTCCATGTGCCATGTACAGC R BDV 259381 3 58 [42]
HoBiPeV  370-3924
BDV-136-F 5-TCGTGGTGAGATCCCTGAG F BDV 136-153 3 58 [43]
BDV-360-R 5-GCAGAGATTTTTTATACTAGCCTATDC R BDV 335-360 3 56 [43]
HoBi-134-F 5'-GACTAGTGGTGGCAGTGAGC F HoBiPeV  134-1534 56 [44]
HoBi-326-nR 5'-ATCAGGCTGTACTCCCAAAG R HoBiPeV  307-3264 56 [45]

! Primer and probe positions refer to the sequences of the reference BVDV1 genome [46] (GenBank: M31182).
2 Primer and probe positions refer to the sequences of reference BVDV2 genome [47] (GenBank: LC006970).
3 Primer and probe positions refer to the sequences of the reference BDV genome [48] (GenBank: FJ040215).
4 Primer and probe positions refer to the sequences of the reference BDV genome [49] (GenBank reference
sequence: NC_003679). Abbreviations: F—forward; R—reverse; Ref—reference; T,—annealing temperature.

Briefly, for a single well, 2 uL. Rnase-free water (Biolabmix, Novosibirsk, Russia),
12.5 uL 2x reaction mix, 2 pL specific FAM-labeled primer—probe mix (10 pmol/uL specific
primers + 1.25 pmol/uL probe) and 10 uL RNA template were added, followed by the
real-time RT-qPCR on the CFX96 (BioRad, Fremont, CA, USA) instrument. The following
temperature profile was used: 50 °C for 10 min (RT-step), 94 °C for 2 min, followed by
42 cycles at 94 °C for 30 s, 57 °C for 45 s and 68 °C for 45 s. Each run included both negative
and positive controls to ensure the validity of the results. Identical temperature profiles
were used for all real-time RT-qPCR runs, and fluorescence values were recorded during
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the annealing step. Threshold lines were determined at 10% of the positive amplification
control’s amplification plateau. A cycle threshold (Ct) value of 40 was used as a cutoff.

Samples testing positive in the RT-qPCR were then analyzed using conventional semi-
nested RT-PCR with species-specific primers for pestivirus typing, followed by Sanger
sequencing. The cDNA was synthesized from the RNA using a reverse transcriptase
M-MLV kit (New England BioLabs, Ipswich, MA, USA) with random hexamer primers
(ThermoFisher Scientific, Waltham, MA, USA), according to the manufacturer’s instructions.
Each reaction mixture contained 10 uL of sample RNA, 1 pL random hexamer primers, and
9 uL of reverse transcription solution. Temperature conditions were as follows: 25 °C for
10 min; 42 °C for 1 h; 85 °C for 10 min.

For the detection of BVDV1 and BVDV2, semi-nested RT-PCR was performed with the
outer primers BVDV-101-F/PestiV-394-R [41], and the inner primers BVDV-105-nF/PestiV-
394-R, yielding a 289-bp amplification product [42] (Table 1). To detect BDV RNA, the
initial RT-PCR run utilized the outer primers BDV-136-F and PestiV-394-R (Table 1). In
the second PCR, we employed the primers BDV-136-F and BDV-360-R, which amplified
a 224-bp PCR product [43] (Table 1). The RNA of HoBiPeV was detected using a semi-
nested RT-PCR with the outer primers HoBi-134-F/PestiV-394-R and the inner primers
HoBi-134-F/HoBi-326-nR, which amplified a 192-bp fragment [44,45].

Amplification was carried out using Hot Start Taqg DNA Polymerase (New England
BioLabs, Ipswich, MA, USA) according to the manufacturer’s instructions. Each 20 pL
reaction included 2.0 pL of the reverse transcription reaction product. Thermal cycling
conditions consisted of a 95 °C pre-denaturation step for 5 min, followed by 40 PCR cycles
of 94 °C for 25 s, 56-58 °C (annealing temperatures for each primer pair are indicated in
Table 1) for 25 s, and 72 °C for 1 min, concluding with a 5-min incubation at 72 °C. PCR
products were analyzed using 1.5% agarose gel electrophoresis and visualized under UV
light. Only samples displaying distinct bands on the gel and with confirmatory DNA
sequencing results were considered positive.

2.7. Sequencing and Phylogenetic Analysis

The PCR products of the expected size, after the purification with QIAquick gel
extraction kit (Qiagen, Germantown, MD, USA), were directly sequenced using a BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Carlsbad, CA, USA) and
analyzed using a 24-capillary ABI 3500x]1 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA).

The Basic GenBank Local Alignment Search Tool (BLAST) program (release 264.0) was
used to compare the resulting nucleotide sequences with those deposited in the NCBI Gen-
Bank database [50] and to calculate the statistical significance of matches. Multiple sequence
alignment was performed using the MUSCLE algorithm. The phylogenetic relationships
among the analyzed isolates were established using maximume-likelihood algorithms and a
model with the lowest Bayesian Information Criterion score. The Molecular Evolutionary
Genetics Analysis (MEGA) X software ver. 10.1.8 (The Pennsylvania State University, State
College, PA, USA) [51] was used for phylogenetic analysis. The bootstrap method with
1000 replicates was used to evaluate the reliability of the tree’s topologies [52].

The sequences reported in this work are available in the GenBank database [50] under
the accession numbers PV138170-PV138183.

2.8. Statistical Analysis and Data Source

Regression analysis was performed using Epilnfo version 7.2.2.2 (CDC, Atlanta, GA,
USA). The apparent prevalence of infection at the animal level was calculated by determin-
ing the proportion of positive animals among all those tested. Herd prevalence was defined
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as the proportion of herds containing at least one positive animal. Odds ratios (OR) with
95% confidence intervals (CI) were calculated to assess the strength of associations. The
chi-square (x?) test was used to detect statistically significant differences between groups.
Differences were considered statistically significant at p < 0.05.

The screening of potential risk factors associated with sheep and goat seropositivity
to ruminant pestiviruses (BVDV1, BVDV2, BDV and HoBiPeV) was primarily conducted
using an unadjusted random-effects binary logistic regression model. The outcome variable
was the apparent seroprevalence at the animal level. All independent variables were
subsequently analyzed using an adjusted random-effects multivariate logistic regression
model. The predictive model was fitted as follows [35]:

P= 1/(1+ ef(oc +ZBiXi))I (3)

where P is the probability of pestivirus infection; « is the y-intercept (constant); {3; is the
regression coefficient for an independent variable X;; X; is an epidemiological factor used
to characterize each of the districts; e is the base of the natural logarithm (2.71828).

Predictors were selected based on biological relevance and exploratory data analysis.
We investigated various factors, including the species tested (sheep and goats), the age of
the test subjects (under 1 year old, 1-2 years old, and over 2 years old), sex (female and
male), herd size (fewer than 100 heads, 100-500 heads, and more than 500 heads), and
the type of property (personal subsidiary households, peasant farms, or limited liability
companies and state enterprises). For the predictive model, we examined economic and
geographic factors associated with individual pestivirus seropositivity in sheep and goats.
These factors included the geographic region of the country, the density of small ruminants,
the density of cattle, the density of wild ruminants, livestock importation from 2022 to 2024,
the density of automobile routes, the proportion of sheep and goats in backyard farms, the
shared border with countries where pestiviral infections are endemic, and the proximity to
sites of previous BVDV outbreaks.

Data on the density of cattle, goats, and sheep, as well as farm sizes in the districts,
were retrieved from the report of the Statistical Agency of the Republic of Kazakhstan [27].
Information on the prevalence of ungulate species was obtained from maps created by
Afanasiev [53]. Data on the populations of various wild ruminant species susceptible to
ruminant pestiviruses are available on the website of the Statistical Agency of the Republic
of Kazakhstan [54]. We used data on the density of major automobile routes in Kazakhstan,
estimated in ArcGIS by Meijjer et al. [55]. Information on BVDV outbreaks and imported
livestock was retrieved from the Official website of the State Inspection Committee in the
Agro-Industrial Complex of the Ministry of Agriculture of the Republic of Kazakhstan [56].

3. Results
3.1. Sampling

Overall, samples from 2514 animals from 148 herds were at our disposition (Figure 1
and Table 2). The median herd size for both sheep and goats was 151 animals, with a range
of 15 to 3900. On average, 17.0 animals were sampled per herd, with a sampling range of
1 to 30 animals. The average age of the sampled animals was 3.32 £ 0.07 years (ranging
from 2 months to 14 years). Females predominated in the sample (82.0%; 1820/2220; 95%
CI: 80.3-83.5); gender information was not recorded for 165 animals. Most of the samples
were obtained from crossbred sheep (1754 animals), with the remaining animals belonging
to the following breeds: 300 Kazakh coarse-wool sheep, 140 Ordabasy, 124 Kazakh fine-
wool sheep, 124 Kazakh fat-tailed coarse-wool sheep, and 20 Edilbay. All 52 goats sampled
were crossbred. None of the sampled animals exhibited specific clinical symptoms of
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pestiviral infection, and no owners reported vaccinating their livestock against any
pestiviral agents. For further analysis, only animals with recorded information on age
and sex were selected.

0 115 230 460 690 920 .
[ —— Kilometers

Kyrgyzstan

Legend

A\ \
K/{ Density of small ruminants: Prevalence of BVDV/BDYV antibodies: Detection of pestiviral RNA:

T © 0%—-16% . 54 % —74% A Detection of pestiviruses
0 5 10 20 >Heads/km @ 16%—35% (BRT:gPCR positive)

©35%-54% O74%-100% A No RT-qPCR positives

Figure 1. Sampling sites prevalence of BVDV/BDV antibodies per localities and settlements where
RT-gPCR-positive animals were identified. The gradient of the green background reflects the density
of the sheep and goat population. Blue circles indicate settlements included in serological analysis.
The size of the blue circles represents BVDV /BDV seroprevalence levels within each settlement. Red
triangles represent the locations where pestivirus shedding was confirmed through RT-qPCR or
sequencing. Orange triangles represent settlements with no RT-qPCR-positive animals. The map was
created using the geographic information system ArcMap software ver. 10.5.1 (Esri Inc., Redlands,
CA, USA). The number of cattle per district was obtained from the official website of the Bureau of
National Statistics of the Republic of Kazakhstan [27].
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Table 2. Apparent animal-level prevalence of BVDV/BDV antibodies and pestiviral RNA in sheep in
Kazakhstan, by oblast.

No. of Conventional

Antibody ELISA RT-qPCR RT-PCR-Positive/No. of

Confirmed by Sanger
Region/ S&{n;l:‘l:‘lzd Sequencing
Oblast Animals) TNto.d PNo‘.t‘of PNo‘.t.of TNto.C1 PNo‘.t.of PNq.tf)f
este ositive ositive este ositive ositive .
(Herds/ Herds Animals (Herds/ Herds Animals BVDV  BDV  HoBiPeV
Animals) (%) (%) Animals (%) (%)
Southern Kazakhstan
Zhambyl 3/120 3/92 3(100.0) 81 (88.0) 3/92 3(100.0) 7 (7.6) 7/4 0 0
Turkistan 6/120 6/120 6 (100.0) 79 (65.8) 5/92 3 (60.0) 15 (16.3) 13/6 0 0
Almaty 5/120 5/118 3 (60.0) 47 (39.8) 5/118 1(20.0) 1(0.9) 1/0 0 0
Jetisu 5/115 5/110 5 (100.0) 86 (78.2) 5/94 2 (40.0) 2(2.1) 2/1 0 0
Kyzylorda 5/120 5/118 3 (60.0) 49 (41.5) 5/120 2 (40.0) 3(2.5) 3/1 0 0
Western Kazakhstan
Mangystau 16/283 5/228 5 (100.0) 41 (18.0) 16/182 3(18.8) 5(2.8) 4/2 0 0
West Kazakhstan 8/120 8/118 8 (100.0) 91 (77.1) 8/120 2 (25.0) 2(1.7) 1/0 0 0
Atyrau 6/120 6/118 6 (100.0) 19 (16.1) 6/118 0 0 - - -
Aktobe 5/120 4/94 4 (80.0) 79 (84.0) 5/120 1(20.0) 2(1.7) 2/2 0 0
Central Kazakhstan
Karagandy 20/309 8/104 6 (75.0) 53 (51.0) 12/180 0 0 - - -
Ulytau 6/125 6/124 3 (50.0) 48 (38.7) 5/124 0 0 - - -
Eastern Kazakhstan
East Kazakhstan 6/145 4/48 4 (100.0) 36 (75.0) 6/139 2 (33.3) 4(29) 4/1 0 0
Abai 39/170 8/118 7 (87.5) 39 (33.1) 39/168 8 (20.5) 11 (6.6) 10/5 0 0
Northern Kazakhstan
Kostanai 3/102 3/102 3(100.0) 59 (57.8) 3/94 0 0 - - -
North Kazakhstan 7/245 7/245 7 (100.0) 189 (77.1) 7/120 0 0 - - -
Akmola 6/130 5/125 3 (60.0) 60 (48.0) 5/125 0 0 - - -
Pavlodar 2/50 2/46 2 (100.0) 32 (69.6) 2/50 0 0 - - -
TOTAL 148/2514 90/2028 78 (86.7) 1088 137/2056 27 (19.7) 52 (2.5) 47/22 0 0

(53.7)

3.2. Seroprevalence of Pestiviruses in Sheep and Goats and Risk Analysis

Of the 2514 samples collected, 129 were rejected due to the absence of important
information about the animals, and 357 serum samples were unsuitable for further antibody
ELISA due to a high degree of hemolysis. Therefore, only samples from 2028 animals
(1980 sheep and 48 goats) were analyzed by antibody ELISA (Table 2). The serological
analysis revealed an overall seroprevalence of 53.7% (1088/2028; 95% CI: 51.5-55.8) at the
animal level and a herd-level seroprevalence of 86.7% (78/90; 95% CI: 77.9-92.9) (Table 2).
Seroprevalence within herds ranged from 0% to 100%. Seropositive animals were detected
in all 17 oblasts (Figure 1 and Table 2). A map displaying sampling sites and the spatial
distribution of seropositive and RT-qPCR-positive animals, created using ArcMap software
ver. 10.5.1 (Esri Inc., Redlands, CA, USA), is shown in Figure 1.

To assess the seroprevalence and the risk variables associated with the seroprevalence
for pestiviruses in sheep and goats in Kazakhstan, we analyzed the results of a serological
investigation using both univariate and multivariate logistic regression models. Univariate
associations between BVDV /BDV seropositivity in animals and the risk variables at the
individual animal level are presented in Table 3.

There were no significant (p > 0.05) differences in BVDV /BDV seroprevalence between
sexes and species (sheep and goats) (Table 3). The seroprevalence for pestiviruses was
found to be significantly higher in animals over two years of age than in young animals
(Table 3). According to this study, the seroprevalence for pestiviruses was higher in sheep
and goats from peasant farms (OR = 8.2; 95% CI: 6.6-10.3; p < 0.0001) compared to those
from settlements with other property forms. Larger herd size was also associated with
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pestiviral infection (Table 3). We found statistically significant geographic differences in
seroprevalence for pestiviruses in sheep and goats, ranging from 16.1% in Atyrau oblast
(95% CI: 10.6-23.8) to 88.0% (95% CI: 68.3-83.3) in Zhambyl oblast (Table 2). The prevalence
of antibodies to BVDV in sheep and goats was not statistically different in the western,
central, and eastern regions of Kazakhstan; however, it was significantly higher in the
southern (p = 0.0003) and northern (p < 0.0001) regions of Kazakhstan (Table 3).

Table 3. Univariate analysis for the association between animal factors and apparent animal-level
BVDV/BDV seropositivity in sheep and goats in Kazakhstan (n = 2028).

Variable/ No. ELISA . Heterogeneity Logistic Regression
Catego Tested Positive (%) OR (95% CI) 5 "
80Ty este ositive (7o X p-Value  A/B/IC  OR (95% CI) b S.E. p-Value
Age
>2 years 1056 613 (58.1) 1.5 (1.2-1.7) 1716 ~ <0.0001 * B 1.6 (1.3-2.1) 0.48 0.13 0.0001 *
[1-2) years 626 315 (50.3) 0.8(0.7-0.9) 403  0.0446* A 12(0.9-15 016 013 0.2236
<1 years 346 160 (46.2) 0.7 (0.6-0.9) 9.20 0.0024 * A Ref Ref Ref Ref
Sex
Female 1668 902 (54.1) . A 1.1 (0.9-1.4) 0.10 0.12 0.4049
Male 360 186 (51.7) 11(09-14) 041  <0.4057 A Ref Ref  Ref Ref
Species
Sheep 1980 1068 (53.9) A 1.6 (0.9-2.9) 0.49 0.30 0.0957
Goats 48 20 (417) 16(09-29) 284 0.0921 A Ref Ref  Ref Ref
Property form
Personal subsidiary 369 (36.6) 02(0.2-03) 23261 <0.0001* 09(0.7-11) 013 014 03221
households
Peasant farms 722 600 (83.1) 8.2(6.6-10.3) 391.1  <0.0001 * B 7.4 (5.5-10.0) 2.0 0.15 <0.0001 *
Limited Liability
Companiesand 299 119 (39.8) 05(04-07) 2705 <0.0001* A Ref Ref  Ref Ref
State Enterprises
Herd size
>500 heads 304 209 (68.8) 2.1(1.6-2.7) 32.80  <0.0001 * A 2.6 (2.0-3.5) 0.96 0.15 <0.0001 *
[100-500) heads 1069 579 (54.2) 1.0 (0.8-1.2) 0.24 0.6243 B 14 (1.2-1.7) 0.340 0.10 0.0008
<100 heads 655 300 (45.8) 0.6 (0.5-0.8) 2395  <0.0001* C Ref Ref Ref Ref
Region
Northern . .\
Krobhetan 518 340 (65.6) 19 (1.6-24) 4019  <0.0001 A 23(1.6-33) 084 018  <0.0001
Western *
Kazakhstan 558 230 (41.2) 0.5 (0.4-0.6) 47.81 <0.0001 B 0.9 (0.6-1.2) —-0.16 0.18 0.3643
Southern " "
Kazakhstan 558 342 (61.3) 1.5 (1.3-1.9) 18.07  <0.0001 A 1.9 (1.4-2.4) 0.65 0.18 0.0003
Central = g 101 (44.3) 0.6(0.5-09)  9.03  0.0027* B 1.0(0.6-14)  —0.04 021 0.8612
Kazakhstan ’ T ’ ' T ' ’ ’
Eastern "
Kazakhstan 166 75 (45.2) 0.7 (0.5-0.9) 523 0.0225 B Ref Ref Ref Ref

x2: Pearson’s chi-square test; OR: odds ratio; CI 95%: 95% confidence interval of OR; b: regression coefficient;
S.E.: standard error of b; Ref: reference group. * Significant values (p < 0.05); A/B/C: values represented by the
same letter in the column do not show any significant difference (p > 0.05).

All the identified variables considered potential risk factors for seroprevalence for
pestiviruses, specifically: ‘age over 2 years’, ‘peasant farms’, ‘large herd size’, and ‘northern
or southern region of Kazakhstan’, were included in a multivariate logistic regression model
following univariate analysis. All four factors were found to be significantly associated
with pestivirus seropositivity in sheep and goats (Table 4).

We further attempted to identify economic and geographic factors related to pestivirus
seropositivity at the district level (Table 5). Univariate analysis suggested that the likelihood
of BVDV/BVD introduction into a district was associated with several risk factors, ranked
as follows: ‘shared border with countries where pestiviral infections are endemic’ > ‘high
density of main automobile routes” > ‘high density of small ruminants’ > “high density
of cattle’ > ‘animal importation” > ‘high proportion of backyard husbandry’ (Table 5).
Interestingly, a high density of wild ruminants was found to be a protective factor. The
category ‘proximity to sites of previous BVDV outbreaks’” showed no significant association
with the outcome (Table 5).
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Table 4. Multivariate logistic analysis for the association between animal risk factors and pestivirus
seropositivity in sheep and goats in Kazakhstan (n = 2028).

Risk Factor OR 95% CI b S.E. z p-Value
Age of test subjects over 2 years 1.71  1.40-209 054 010 527 <0.0001*
(Reference group: age under 2 years)
Peasant farms 752 594952 202 012 1677 <0.0001*
(Reference group: all other property
forms)
Herd size of more than 500 heads 161 1.20-217 048 015 3.18 0.0016
(Reference group: herds fewer than
500 heads)
Northern or southern region of 130 106-160 026 011 249  00129*
Kazakhstan
(Reference group: all other regions)
Constant - - —0.97 0.09 —10.40 <0.0001 *

Score: 429.0351; p < 0.0001
Likelihood Ratio: 463.9471; p < 0.0001

OR: odds ratio; CI 95%: 95% confidence interval of OR; b: regression coefficient; S.E.: standard error of b; Z: linear
predictor. * Significant values (p < 0.05).

Table 5. Univariate analysis for the association between economic and geographic risk factors and
pestivirus seroprevalence in sheep and goats in Kazakhstan (n = 2028).

Risk No. No. ELISA ) Logistic Regression
Factor/Category Tested Positive (%) OR (95% CI) b S.E. p-Value

Density of small ruminants

>10 heads/sq.km 562 373 (66.4) 2.1 (1.7-2.5) 0.73 0.10 <0.0001 *

<10 heads/sq.km 1466 715 (48.8) 2062 Ref Ref  Ref Ref
Density of cattle
>5 heads/sq.km 675 443 (65.6) 58.40 2.1(1.7-2.5) 0.74 0.10  <0.0001*
<5 heads/sq.km 1353 645 (47.7) ’ Ref Ref Ref Ref
Density of wild ruminants
>5 heads/100 sq.km 1316 665 (50.5) 14.65 0.7 (0.6-0.8) —0.36  0.09 0.0001 *
<5 heads/100 sq.km 712 423 (59.4) : Ref Ref Ref Ref
Livestock importation in 2022-2024 (>50 heads)
Yes 636 394 (62.0) 25,66 1.6 (1.4-2.0) 0.49 0.10  <0.0001*
No 1392 694 (49.9) ) Ref Ref Ref Ref
Density of automobile routes
>100 m/sq.km 588 409 (69.6) 8408 2.6 (2.1-3.1) 0.94 0.10  <0.0001*
<100 m/sq.km 1440 679 (47.2) ’ Ref Ref Ref Ref
Share of sheep and goat population in backyard farms
>50% 1296 753 (58.1) 28.63 1.6 (1.4-1.9) 0.50 0.09  <0.0001*
<50% 732 335 (45.8) : Ref Ref Ref Ref
Shared border with countries where pestiviral infections are endemic
Yes 434 314 (72.4) 2.8 (2.2-3.5) 1.02 0.12  <0.0001*
No 1594 774 (48.6) Ref Ref Ref Ref
Proximity to the sites of previous BVD outbreaks
Within the 100 km 683 365 (53.4) 1.0(08-12) 001 009  0.8934
protection zone 0.02
Outside the 100 km 35 723 (53.8) Ref Ref  Ref  Ref

protection zone

x2: Pearson’s chi-square test; OR: Odds ratio; Ref: reference group. 95% CI: 95% confidence interval; * Significant
values (p < 0.05) in the logistic regression.

All seven variables that demonstrated statistically significant associations, both posi-
tive and negative, with animal-level seroprevalence for pestiviruses were further analyzed
using a multivariate model. Of these, five variables remained significantly associated
with pestivirus seropositivity (Table 6). To calculate the probability of the outcome (p) for
each district in the country, we used the coefficients for the variables obtained from the
multivariate model, as outlined in Table 6.
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Table 6. Multivariate logistic analysis of the association between economic and geographic risk
factors and pestivirus seropositivity in sheep and goats in Kazakhstan (n = 2028).

Risk Factor OR 95% CI b S.E. V4 p-Value

High density of small 098  071-136 —0.02 017 —012 09056
ruminants

Density of cattle 1.33 0.99-1.78 0.29 0.15 1.93 0.0542
Livestock importation 1.55 1.23-1.90 0.44 0.10 4.28 <0.0001 *

High proportion of .
backyard husbandry 1.45 1.20-1.77 0.37 0.10 3.79 0.0002
High road density 2.10 1.65-2.68 0.74 0.12 6.02 <0.0001 *
High density of wild 078 064095 —025 010 —243  0.0153*
ruminants

Shared border with

countries where BVD is 2.39 1.87-3.05 0.87 0.13 6.96 <0.0001 *
endemic

Constant - - —0.54 0.12 —4.62  <0.0001 *

Score: 200.5718; p < 0.0001
Likelihood Ratio: 208.6671; p < 0.0001

OR: odds ratio; 95% CI: 95% confidence interval of OR; b: regression coefficient; S.E.: standard error of b; Z: linear
predictor. * Significant values (p < 0.05).

After processing the obtained data, we ranked all districts in the Republic of Kaza-
khstan based on their risk of pestiviral infection in sheep and goats. A risk map for the
emergence of pestiviral infections was created (Figure 2). A district was classified as high
risk if the probability (P) was greater than or equal to 0.8 and as moderate risk if the
probability was between 0.6 and 0.8 (0.6 < P < 0.8).

0 100 250 500 750 1000 km

Risk of incursion and transmission of pestiviruses:

[ ] Low risk

Figure 2. Risk map for pestiviral infections.

- Moderate risk - High risk

3.3. Molecular Detection and Genetic Characterization of Pestiviruses

RNA was extracted from biological specimens, including combined nasal and rectal
swabs, collected from a total of 2230 animals (2187 sheep and 43 goats). Samples from
174 animals were excluded due to poor RNA extraction quality. As a result, 2056 samples
were analyzed further by RT-qPCR. Of these samples, 2.5% (52/2056; 95% CI: 1.9-3.3)
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tested positive for RT-qPCR (Table 2). Among these RT-qPCR-positive animals, 25 were
seropositive, and 11 were seronegative; ELISA was not conducted for the remaining
16 animals. The RT-qPCR-positive animals were identified in 10 of 17 oblasts (Figure 1).

To analyze and characterize the identified pestiviruses, all RT-qPCR-positive RNA
samples were then subjected to a conventional semi-nested RT-PCR with species-specific
primers targeting the conserved 5'UTR locus. Of the samples tested, 47 (90.4%) produced
PCR products of the expected size (289 bp) using BVDV-specific primers (Table 2). However,
no specific amplicons were generated with the BDV-specific and HoBiPeV-specific primers.

To determine whether the detected strains were BVDV1 or BVDV2, the amplified
fragments of the 5'UTR were directly sequenced, and sequencing was successful in 22 out
of 47 PCR-positive samples. Nucleotide comparisons in BLAST revealed that all amplicons
belonged to the BVDV2 species. We deposited 14 nucleotide sequences, which had good full-
length amplicon sequences, in the GenBank database [50] for further use in phylogenetic
analysis. Phylogenetic trees were constructed to illustrate the relationships between the
identified BVDV2 genetic variants and other known strains (Figure 3).
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Figure 3. Phylogenetic analysis based on partial 5'UTR sequences (291-295 nt) of pestiviruses. A
maximum-likelihood phylogenetic tree was constructed in MEGA X from alignments of fourteen
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partial 5UTR sequences generated in this study and 34 database sequences using Kimura’s two-
parameter method (K2+G model) [57]. The tree is drawn to scale, with the branch lengths representing
the number of substitutions per site (the scale bar is present at the bottom of the phylogenetic tree). The
percentage of replicated trees in which the associated taxa were clustered together in the bootstrap test
(1000 replicates) is indicated at the nodes. The GenBank accession numbers are shown in parentheses.
The Kazakhstani BVDV2 isolates determined in this study (marked with black circles ()) are shown
in blue or green rectangles, depending on their grouping. The asterisk is the reference genomes of
BVDV1 [46] (GenBank: M31182), BVDV2 [47] (GenBank: LC006970), BDV [49] (GenBank reference
sequence: NC_003679). The Pestivirus D strain was used as an outgroup.

Phylogenetic analysis of partial 5’UTR sequences of BVDV2 from Kazakhstan re-
vealed two major groups, with a low mean nucleotide intragroup divergence reaching
1.0%. The overall mean genetic divergence (p-distance) between the two groups was
found to be 4.2%. Most of the BVDV2 strains identified in this study (GenBank accession
no. PV138170-PV138179, PV138182, PV138183) clustered into one clade, designated as
Group 1. Representatives of this group were found in the Turkistan, Mangistau, Abai,
East Kazakhstan, and Zhambyl oblasts of Kazakhstan. Pestiviruses belonging to Group 2
(GenBank accession no. PV138180 and PV138181), which were identified in the Aktobe
oblast, clustered into a distinct clade alongside BVDV2 strains (GenBank accession no.
PV138180, PV138181) that we found in cattle in the same oblast in 2021 [31].

Representatives of both Kazakhstani BVDV2 groups exhibited relatively low sequence
similarity with strains of the BVDV2a and BVDV2b genotypes, averaging 97.2% and
96.8% for BVDV2a, and 97.4% and 96.6% for BVDV2Db, respectively. Consequently, both
groups of Kazakhstani BVDV2 strains could potentially be classified as separate BVDV2
genotypes. However, this hypothesis cannot be verified solely based on the analysis of 5’
UTR sequences.

4. Discussion

During our serological and molecular survey of BVDV in cattle [31], we observed
that owners of large and medium-sized cattle farms vaccinate their cows against BVDV.
However, in some cases, reliable information regarding the animals’ vaccination status was
lacking. The situation is complicated by the market availability of combination vaccines
containing BVDV. Unlike cattle, sheep and goats in Kazakhstan are not vaccinated against
pestiviruses, making them suitable subjects for seromonitoring studies of BVDV. While
the potential spread of BDV in sheep and goat populations—where they are the primary
hosts—could complicate the interpretation of our results, we did not detect BDV RNA in
the small ruminant populations of Kazakhstan.

The estimated animal-level prevalence of antibodies to pestiviruses in sheep and goats
(53.7%) observed in this study was comparable to that in unvaccinated cattle in Kazakhstan
(48.6%), as established during the 2020-2022 survey [31]. Seropositive small ruminants
were found in all five regions of the country. The pestivirus seroprevalence found in this
study is significantly higher than reported in similar studies of small ruminants across
Asia and Europe. For example, in Korea, an individual seroprevalence of 1.49% and a herd
seroprevalence of 11.67% were reported in black goats [58]. In India and the Tibetan Plateau,
China, seroprevalence rates of 32.9% and 36.7% were observed in sheep, respectively [59].
In Switzerland, 16.3% of sheep tested positive for antibodies to pestiviruses [60]. These
findings indicate a relatively high level of pestivirus exposure among small ruminants
in Kazakhstan.

Further molecular screening of small ruminants revealed the presence of BVDV genetic
material. RT-PCR-positive animals were identified in the western, southern, and eastern
regions of Kazakhstan. The results obtained indicate that BVDV from sheep and goats
should be considered an important source of BVD infection for domestic cattle. Partial
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sequencing of the 5 UTR of BVDV strains has revealed the presence of at least two genetic
variants of BVDV2 across the country. Additionally, at least two different genotypes of
BVDV1 have also been identified within the cattle population [31]. This suggests that the
infection likely entered the country multiple times from different sources. Although we
did not detect either HoBiPeV or BDV in our study, we cannot exclude their circulation in
sheep and goat populations in Kazakhstan.

The highest seroprevalence for pestiviruses in sheep and goats was observed in both
the northern and southern regions of Kazakhstan. This may be observed due to the
high density of cattle, sheep, and goats, as well as the high rates of breeding livestock
importation from abroad to these regions [27]. To understand the factors contributing to
this regional disparity, we analyzed multiple potential risk factors for pestiviral infection in
sheep and goats. The obtained results can be used to adjust the state’s strategy for BVDV
control. We found that pestiviral seroprevalence in several oblasts of Kazakhstan (e.g., Abai,
Atyrau, and Ulytau oblasts) was significantly lower than the national average (Table 2,
Figure 1). Many herds in these regions contained no seropositive animals. To prevent the
further spread of the infection to non-endemic areas, it is crucial to implement effective
infection control measures promptly. Studies have described geographic differences in
pestivirus seroprevalence, including those conducted in China [61-64] and the Russian
Federation [65], which share a border with Kazakhstan.

Several studies [66—69] support the finding that adult animals demonstrate higher
seropositivity for BVDV and BDV compared to younger animals. This suggests that older
animals are more likely to have been exposed to the virus over time. We found that larger
herds were associated with higher odds of pestiviral infection. This is well aligned with the
data from other researchers [70,71].

In this study, peasant farms were found to be riskier than personal subsidiary house-
holds, limited liability companies, and state enterprises. This finding is not surprising,
as peasant farms in Kazakhstan typically raise significantly larger livestock compared to
individual enterprises and, like personal entrepreneurs, primarily engage in extensive
livestock farming. In peasant farms, livestock are usually kept free-range, which allows
them to come into contact with animals from other farms. While the average number of
sheep and goats in limited liability companies and state enterprises is often comparable
to, or even higher than, that of peasant farms, these enterprises generally use intensive
livestock farming practices. They conduct regular veterinary inspections and carefully
implement preventive measures to reduce the risk of livestock infections.

Interestingly, the variable ‘density of susceptible wild ungulates” emerged as a sta-
tistically significant protective factor against BVDV/BDV seropositivity. One possible
explanation for this finding is that wild ungulates tend to inhabit areas with low levels
of livestock farming and other economic activities. To explore this further, we examined
the ‘high density of wild ruminants’ variable alongside potential risk factors related to the
intensity of human economic activity. These risk factors included the density of cattle, the
density of small ruminants, and high road density. We assessed collinearity among these
variables using Pearson’s correlation coefficient. In each case, the correlation coefficient was
negative but relatively weak, indicating the following values: —0.26 for ‘small ruminant
density’, —0.17 for ‘cattle density’, and —0.11 for ‘high road density’. Perhaps the result
depended on a combination of several factors.

It is somewhat surprising that the parameter ‘proximity to the sites of previous BVD
outbreaks’ was not statistically linked to the level of pestivirus seropositivity. This can
be attributed to the fact that, over the past five years, BVDV infection has spread rapidly
throughout nearly the entire country. As a result, the initial locations of outbreaks are no
longer significant for the ongoing spread of the infection.
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The most likely primary source of BVD virus (BVDV) infection for sheep populations in
Kazakhstan is infected cattle. This conclusion is supported by our findings, which showed
that the P. tauri isolates we identified in cows in 2021 [31] (GenBank: OQ451770—0Q451772)
exhibited over 98.5% homology in their partial 5 UTR sequences with Group 2 of Kaza-
khstani BVDV2 strains (GenBank: PV138180, PV138181) identified in sheep in this study
(Figure 3). We assume that BVDV was introduced into the country through imported
infected livestock. In Kazakhstan, sheep are rarely imported, while goats account for a very
small percentage of imported livestock, less than 0.5% [27]. The majority of imported live-
stock consists of cattle, making up 60-70% of the total [27]. Previous reports indicate that
BVDV1 strains are predominant in Europe and Asia, including countries like Russia [70]
and China [63], which border Kazakhstan. In contrast, BVDV2 strains are mainly found
in the USA, Canada, and South America [12]. Interestingly, the most commonly detected
pestivirus in Kazakhstan is P. tauri, suggesting that the virus may have entered the country
from the Americas. Significantly, the first major outbreaks of the disease in Kazakhstan
began at the end of 2018 [29]. Around the same time, European countries such as Denmark,
Germany, and Hungary became the leading exporters of breeding cattle to Kazakhstan,
whereas live cattle were primarily imported from the USA and Canada before 2018 [27].

There is an urgent need to develop a national strategy for infection control and
eradication. Various BVD control programs are being implemented across Europe and the
USA [72]. Several European countries have successfully carried out national eradication
campaigns for BVDV [72]. Kazakhstan needs to select a strategy for BVDV control; however,
this strategy may be inadequate if the interactions between sheep, goats, and cattle are
not considered. The results obtained in this study can assist in the development and
optimization of such a unified state control system against BVDV infection.

Our study has several limitations. We did not isolate viruses, and the test for virus
neutralization was not conducted. We did not investigate whether the presence of cattle in
small ruminant flocks is a risk factor for pestiviral infection. Also, whole-genome sequenc-
ing of the detected BVDV strains was not performed; only partial 5 UTR sequencing was
conducted for 14 BVDV strains.

5. Conclusions

Pestiviral diseases of livestock impose significant economic costs through decreased
productivity, direct veterinary expenses, and the implementation of control measures. We
present the first nationwide cross-sectional survey of prevalence for pestiviruses in sheep
and goats, with samples collected from 2514 animals across 148 herds in all 17 oblasts
of Kazakhstan from November 2022 to December 2024. The study found that 53.7% of
individual sheep and goats (1088 out of 2028) and 86.7% of herds (78 out of 90) were positive
for BVDV/BDV antibodies. These findings offer valuable insight into the epidemiology of
pestiviruses in small ruminants, highlighting the importance of integrated surveillance and
control measures to mitigate the broader impact of pestiviral diseases on diverse ruminant
populations and ecosystems. We also identified risk factors associated with pestiviral
infection in sheep and goats in Kazakhstan. The constructed risk map for the spread of
pestiviruses at the district level, in conjunction with data on the established prevalence of
ruminant pestiviruses, clearly highlights which specific districts require focused attention
for preventive control measures.

A phylogenetic analysis of Kazakhstani 14 BVDV2 partial 5UTR genomes led to
their clustering into two major groups with a low mean nucleotide intragroup divergence
reaching 1%. Both groups of Kazakhstani BVDV2 strains could potentially be classified as
separate BVDV2 genotypes according to the results of BLAST and phylogenetic analyses.
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The results indicate that pestiviruses from sheep and goats should be considered a
significant source of infection for domestic cattle. This situation may disrupt serological
and molecular surveillance for BVD. Therefore, sheep and goats should be included in
vaccination and eradication programs.
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