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Abstract. Abortion is an important reproductive problem in dairy cattle and may results in
substantial economic losses to cattle production systems. The interpretation of serological
findings in vaccinated herds is particularly challenging because antibody detection may reflect
vaccine-induced immunity rather than natural infection. The aim of this study was to assess
the serological responses to bovine viral diarrhoea virus (BVDV), bovine herpesvirus-1
(BoHV-1), Neospora caninum and Chlamydia abortus and to evaluate their potential
association with late-term abortion in dairy cattle in western region of Azerbaijan.

A total of 150 Holstein-Friesian dairy cows were randomly selected from three districts of the
Ganja-Dashkasan economic region: Goranboy (n=55), Goygol (n=50) and Samukh (n=45).
The overall animal-level seropositivity for BVDV and BoHV-1 was 55.48% and 39.76%,
respectively, while herd-level seropositivity was 91.67% and 77.87%. Because vaccination
against BVDV and BoHV-1 antibody detection against these agents was interpreted primarily
as a vaccine-induced serological response. Therefore, not detection of Ch.abortus and
N. caninum-specific antibodies indicate no exposure to the parasites.
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Introduction

Herd health, particularly the prevention and control of infectious diseases, is essential
for maintaining productivity, reproductive performance and economic efficiency in modern
dairy production systems [38, 20]. Infectious diseases may result in reduced milk production,
impaired reproductive performance, increased veterinary costs, fetal loss and premature
culling. Among the infectious agents associated with reproductive disorders in cattle, bovine
viral diarrhoea virus (BVDYV), bovine herpesvirus-1 (BoHV-1), Neospora caninum and
Chlamydia abortus are of particular importance [1, 7, 11, 12, 13, 14].
BVDV belongs to the genus Pestivirus within the family Flaviviridae and is an important
pathogen of cattle [15, 17, 18]. Infection may be associated with embryonic death, fetal
developmental abnormalities, fetal mummification, abortion, stillbirth and the birth of weak
calves [16, 19, 37]. Infection of susceptible pregnant cattle during critical periods of gestation
may result in transplacental infection and, under specific circumstances, the development of
persistently infected calves [36, 42, 43, 44, 45, 46].
BoHV-1 is a member of the family Herpesviridae and is associated with respiratory and
reproductive disease in cattle. In addition to infectious bovine rhinotracheitis, BoHV-1 may
cause reproductive disorders, including abortion. An important epidemiological characteristic
of BoHV-1 is its ability to establish latent infection, which may contribute to long-term
persistence of the virus within cattle populations [20, 25, 40].
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Bovine neosporosis is caused by the protozoan parasite Neospora caninum and is considered
an important infectious cause of bovine abortion. Canids serve as definitive hosts, while cattle
are important intermediate hosts [3, 8, 9]. Both horizontal and vertical transmission contribute
to the maintenance of infection [26, 27, 28]. Vertical transmission from dam to fetus is
particularly important in cattle herds and may result in abortion, fetal mummification,
stillbirth or the birth of weak calves [34, 47, 48, 50, 51].
Chlamydia abortus is an obligate intracellular bacterium associated primarily with
reproductive disease and abortion, particularly in small ruminants. Infection may result in
placentitis and tissue necrosis and can subsequently compromise fetal development [29, 31,
32]. Although C. abortus is less frequently reported as a cause of reproductive disease in
cattle, its possible role in bovine abortion should be considered during differential diagnosis
[5, 6, 9, 35].
Serological surveillance is widely used for monitoring exposure to infectious agents in cattle
populations. However, interpretation of antibody-based diagnostic tests can be challenging in
vaccinated populations. Antibodies detected against vaccine-preventable pathogens may
reflect successful immunization rather than natural infection. Consequently, vaccination
history is an essential component of the interpretation of serological results [30, 39].
The distinction is particularly important when evaluating abortion-associated pathogens.
While antibody detection against vaccinated pathogens should be interpreted cautiously,
seropositivity to N. caninum in unvaccinated cattle may provide stronger epidemiological
evidence of natural exposure [2, 3, 4, 44].
The aim of this study was therefore to assess the serological responses to BVDV, BoHV-1, N.
caninum and C. abortus in dairy cattle from western Azerbaijan and to evaluate their potential
relevance to abortion.

Materials and methods

Study population and study area

The study was conducted in dairy cattle farms located in Goranboy, Goygol and
Samukh districts of the Ganja-Dashkasan economic region in western Azerbaijan.
A total of 160 Holstein-Friesian dairy cows were randomly selected. Of these, 55 animals
were sampled in Goranboy, 50 in Goygol and 45 in Samukh.
The study population consisted of dairy cows maintained under commercial farm conditions.
The investigated farms routinely implemented vaccination programmes against selected
infectious diseases. Vaccination history was considered during the interpretation of
serological results.

Blood sampling and biosafety

Blood samples were collected according to standard veterinary sampling procedures
and laboratory biosafety SOPs. Appropriate personal protective equipment was used during
sample collection and handling.
Venous blood samples were collected using sterile sampling equipment and appropriately
labelled according to animal identification. Samples were placed in insulated transport
containers with cooling material and accompanied by the relevant documentation. The
samples were transported to the laboratory within approximately 2—4 h after collection.
Serum was subsequently separated from the blood samples and stored under -20 C until
serological examination.

Vaccination status

The investigated herds had vaccination programmes covering BVDV and BoHV-1.
Therefore, the detection of antibodies against these pathogens was interpreted in the context
of vaccination-induced immunity.

Serological examination

Commercial ELISA kits manufactured by IDEXX Laboratories (USA) were used for
the detection of antibodies against BVDV, BoHV-1, N. caninum and C. abortus.
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The assays were performed according to the manufacturer's instructions. Serum samples were
added to the appropriate microplate wells and incubated. Following incubation, unbound
material was removed by washing. The appropriate conjugate was subsequently added,
followed by incubation and another washing step. TMB substrate was then added and
incubated according to the manufacturer's protocol.
Optical density was measured at 450 nm using a BioTek ELx800 microplate reader.
The obtained results were interpreted according to the diagnostic criteria specified by the
manufacturer. Positive and negative classifications were confirmed using XChekPlus
software.

Data processing and statistical analysis

The complete dataset consisted of 150 serum samples. ELISA-derived numerical
metrics were processed using Python, with the pandas and numpy libraries.
For each study group, the arithmetic mean, standard deviation (SD), minimum and maximum
values were calculated. These values represent descriptive characteristics of the ELISA-
derived metrics.
Because the diagnostic systems used different numerical scales, the metric values were not
directly compared between pathogens. Seropositivity was determined independently for each
pathogen according to the manufacturer's interpretation criteria.
Animal-level seroprevalence was calculated as the proportion of seropositive animals among
all examined animals. Herd-level seroprevalence was defined as the proportion of investigated
herds containing at least one seropositive animal.

Results

Serology

To assess seropositivity at the farm level, the serological results of the animals
examined at each of the surveyed farms were analyzed. Any farm where at least one
seropositive animal was detected was classified as a seropositive herd. The farm-level
seropositivity rate was calculated as the percentage of seropositive farms relative to the total
number of farms examined.
Serological measurements demonstrated differences in the distribution and variability of
BVDV, BoHV-1, Chlamydia and Neospora indicators among the three studied groups. The
highest mean BVDV value (as shown in Table 1) was recorded in Group 2 (22.30 + 23.68),
whereas Group 1 showed a mean value of 13.67 + 3.39. Group 3 demonstrated a considerably
lower mean BVDV value (0.505 £ 0.264).
For BoHV-1, the highest mean value was observed in Group 3 (0.546 + 0.214), followed by
Group 1 (0.386 + 0.309) and Group 2 (0.217 + 0.153). The observed ranges were 0.141-
0.789, 0.095-0.784 and 0.067-0.549, respectively.
The Chlamydia indicator was highest in Group 1, with a mean value of 30.00 + 35.49 and a
range of 18-25. The corresponding values for Group 2 and Group 3 were 27.75 + 11.18
(range: 11-47) and 33.50 = 16.03 (range: 20-61), respectively. The relatively large standard
deviation observed in Group 1 indicates considerable variability among individual animals.
The highest Neospora mean value was observed in Group 1 - 50.01 £ 48.16 (range: 32-42),
while Group 2 had a substantially lower mean value 15.50 + 35.73 (range: 29-112). In Group
3, the Neospora value was 0.00 £ 0.00, with all recorded values equal to zero.
Overall, the findings indicate considerable variation in serological measurements among the
studied groups. Statistical comparison between groups is required to determine whether the
observed differences are statistically significant.
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Table 1.
Serological indicators of BVDV, BoHV-1, Chlamydia and Neospora in the studied

groups

Group | n | Statistic | BVDV, BoHV-1, Chlamydia, Neospora
Mean = SD Mean = SD Mean = SD , Mean *
SD
Group | 55 | Mean 13.67+3.39 |0.386+0.309 | 30.00+35.49 50.01 =
1 SD 48.16
Range 8-17 0.095-0.784 18-25 32-42
Group | 50 | Mean 22.30 £23.68 | 0.217 £0.153 | 27.75+11.18 1550 +
2 SD 35.73
Range 6-72 0.067-0.549 11-47 29-112
Group | 45 | Mean 0.505+0.264 | 0.546 +0.214 | 33.50 £ 16.03 0.00 =
3 SD 0.00
Range 0.099-0.894 | 0.141-0.789 2061 0-0

Interpretation of serological responses in relation to vaccination

The high seropositivity observed for BVDV and BoHV-1 should be interpreted in the
context of the vaccination programmes implemented in the investigated farms.
The variation in BVDV and BoHV-1 metrics among the study groups therefore reflects
differences in serological responses among vaccinated animals rather than differences in
active infection status.

Discussion

The present study demonstrates the importance of vaccination history in the
interpretation of serological results obtained from dairy cattle. High levels of antibody
positivity against BVDV and BoHV-1 were observed at both animal and herd levels.
However, because vaccination programmes were implemented in the investigated herds, these
findings should primarily be interpreted as evidence of vaccine-induced antibody responses
rather than as confirmation of active infection.
The animal-level seropositivity of 55.48% for BVDV and 39.76% for BoHV-1, together with
herd-level seropositivity of 91.67% and 77.87%, respectively, indicates that antibodies against
these pathogens were in the study population. Similar serological evidence of exposure to
BVDV and BoHV-1 has been reported in dairy cattle populations in neighbouring regions .
The present results highlight a major limitation of conventional antibody-based surveillance
in vaccinated cattle. A positive antibody result may indicate successful vaccination, previous
natural exposure or a combination of both. Therefore, serological positivity should not be
equated with active infection in vaccinated herds.
The BVDV metric values showed considerable variation between study groups. This variation
should be interpreted as differences in serological response among vaccinated animals rather
than as evidence of recent infection or active viral circulation. Determination of active BVDV
infection would require direct detection of viral antigen or nucleic acid, particularly when
identifying persistently infected animals [21, 22, 23, 41].
The same principle applies to BoHV-1. The detection of antibodies in vaccinated cattle
indicates an immune response. Additional diagnostic approaches, including appropriate
antigen or molecular tests, would be required to determine infection status.
The results for N. caninum and Ch. Abortus are of particular interest because no vaccination
programme against this parasite was reported in the investigated herds. Therefore, the not
detection of antibodies indicate to the no exposure to the parasites [10, 33, 49].
The interpretation of these findings should incorporate with reproductive history and, where
possible, direct pathogen detection [24, 32, 40].
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An important strength of the present study is the simultaneous evaluation of several
reproductive pathogens in a defined dairy cattle population and the use of software-assisted
interpretation of ELISA results. The additional calculation of mean, standard deviation and
range using Python provided a quantitative description of the distribution of ELISA-derived
metrics.

For vaccinated pathogens, monitoring antibody responses may be useful for evaluating herd
immunity, but additional diagnostic methods are necessary when the objective is to identify
active infection.

Conclusion

The present study demonstrated substantial serological responses to BVDV and BoHV-1 in
vaccinated dairy cattle from Goranboy, Goygol and Samukh districts of western part of
Azerbaijan. The detected antibodies against BVDV and BoHV-1 should primarily be
interpreted as a result of vaccination.

Integrated herd-health programm combining vaccination, reproductive monitoring,
biosecurity and diagnostic tests improve the identification and management of infectious
reproductive problems in dairy cattle in Azerbaijan.
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AZORBAYCANIN QORB REGIONUNDA SUDCULUK iSTIQAMOTLI IRIiBUYNUZLU
HEYVANLARDA ABORTLA OLAQOLI INFEKSiYALARIN SEROLOJi QiYMOTLONDIRILMOSI

Salala Zeynalova

Ayton Agayeva

Aynur Meyfaliyeva

Xazor Universiteti, Baki, Azarbaycan

Azarbaycan Dovlot Agrar Universiteti, Goanca, Azarbaycan

Abort sud veran mal-qara arasinda mithiim reproduktiv problemdir vo mal-gara istehsal sistemlarine shamiyyatli
igtisadi itkilorlo naticalona bilor. Peyvond olunmus siiriilords seroloji tapintilarin interpretasiyasi xiisusilo
¢cotindir, ¢linki anticisim agkarlanmast tobii infeksiyadan daha ¢ox peyvandloms naticasinds yaranmig immuniteti
oks etdirir. Bu todgigatin mogsadi mal-garada viruslu ishal (BVDV), mal-gara herpesvirus-1 (BoHV-1),
Neospora caninum vo Chlamydia abortusa qarsi yaranmis immun cavabi giymotlondirmok vo Azorbaycanin
gorb bélgasinds abortlarla potensial slagosini toyin etmok olmusdur.
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Gonca-Daskoason igtisadi rayonunun (¢ rayonundan - Goranboy (n = 55), Géygél (n = 50) vo Samux (n = 45) -
tosadufi olaraq comi 150 Holsteyn-Friz cinsli inok segilmisdir.

BVDV vo BoHV-1 i¢lin heyvan saviyyssinds Umumi seropozitivlik muvafiq olaraq 55.48% vo 39.76%, slri
soviyyasindos i 91.67% vo 77.87% toskil etmisdir. Ciinki bu patogenlora garst BVDV va BoHV-1 anticisimlors
qarst peyvandloamo asason peyvondloms nsticasinds yaranmis seroloji cavab kimi gorh edilmigdir. Buna gors do,
Ch.abortus vo N. caninum-a spesifik anticisimlorin agkarlanmamasi yoluxmanin olmadigini géstarir.

Acar sozlar: BVDV; BoHV-1; ELISA; peyvondloms; serologiya

CEPOJIOTUUYECKASl OIIEHKA WH®EKIWM, ACCOLIMAPOBAHHBIX C ABOPTAMH, VY
MOJIOYHOI'O CKOTA B 3AITAJHOM PEI'MOHE ASEPBAUJI’KAHE

IManans 3elinanoBa

AliTeH Araes

Aitnyp MeiiganueBa

Yuusepcuret xazap, baky, Azep6aiixan

Aszep0baiiyKaHCKUI TOCYIapCTBEHHBIN arpapHblil yHUBepcuTeT, ['siHpKka, A3epbaiiikan

AGOpTHI MpeaCcTaBIsIOT co00W cepbe3Hylo npobiieMy B cdepe BOCHPOW3BOJCTBA MOJIOYHOTO CKOTa M MOTYT
MPUBOAUTh K 3HAUUTENBHBIM IKOHOMHMYECKMM IIOTEpSM B XKHBOTHOBOTYECKHMX XO3siicTBax. MHTepmperarius
PE3YJIBTATOB CEPOTIOTUUECKUX HCCIIEOBAHUM B BAaKIIMHUPOBAHHBIX CTa/aX COMNPSDKEHA C OCOOBIMH TPYIHOCTS-
MH, TIOCKOJIbKY BBISIBICHHE aHTHTEN MOXKET CBUIETEIbCTBOBATH O MOCTBAKIIMHAIGHOM HMMYHHUTETE, a HE O €CTe-
CTBEHHOM HMH(UIMPOBAaHUH. L[enbi0 JaHHOTO HCCIEOBAHMS CTajda OLEHKA CEPOJIOIMYECKOr0 OTBETA Ha BHPYC
BUPYCHOH Japen KPYITHOTO POTaToro CKOTa, pUHOTPAXENTa, HEOCHOpo3a M XJIaMHUANO03a, a TAKXKE aHAJIN3 BO3-
MOXHOMW CBSI3M 3THX ITOKa3aTeNel ¢ abOpTaMu Ha MO3IHUX CPOKAX CTEIFHOCTH y MOJIOYHOTO CKOTa B 3aIlaJlHOM
pernone AzepOaiimkaHa.

st uccnenoBaHus ObUTH Cily4allHBIM 00pa3om oToOpaHbl 150 KOpPOB roimTHHO-GPU3CKON MOPOABI U3 TPex
paiioHoB I'sHmka-JlamkecaHncKkoro 3koHOMHUUEcKoro paiiona: ['epanboiickoro (n = 55), I'éitrénsckoro (n = 50) u
Camyxckoro (n = 45).

OO61mas 10y CepONO3UTUBHBIX KHUBOTHBIX cocTaBmia 55,48% mis BVDV u 39,76% nns BoHV-1, torma xak
JIOJISL CepONO3UTUBHBIX cTaj Aocturia 91,67% u 77,87% coorBercTBeHHO. I10CKOIBKY MPOBOAMIACH BaKI[HA-
st npotuB BVDV u BoHV-1, oOHapykeHHe aHTUTEN K 3TUM BO30YAMTENAM PaCIieHHBAIOCh KaK MOCTBAKIIH-
HaJIbHBIA cepoliornueckuil otBer. B To ke Bpems orcyrcTBue crermbuyeckux anturen k Ch. abortus m N.
caninum ykasbIBaeT Ha OTCYTCTBHE KOHTaKTa JKMBOTHBIX C JAaHHBIMU BO30YIUTEISAMH.
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