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Abstract Aunomauus

Background. Research and clinical observation confirm a significant correlation
between postpartum metabolic/obstetric diseases and the development of orthopedic
pathology in highly productive cows. In particular, a study supported by the Russian
Science Foundation (grant No. 24-26-00172) revealed a clear relationship between
the development of purulent-necrotic lesions of the hooves and the occurrence of
postpartum endometritis in high-yielding cows. In this study, the following groups
of animals were formed by randomization: group 1 (n=28): cows with acute puru-
lent-catarrhal postpartum endometritis; group 2 (n=25): animals with purulent-ne-
crotic lesions of the hooves; group 3 (n=27): cows with a comorbid course of both
pathologies; and the control group (n=23): clinically healthy animals. All individ-
uals selected for the study had their jugular venous blood collected on an empty
stomach into sterile tubes for subsequent immunological analysis. It was found that
the comorbid course of these pathologies is significantly more severe than each
of the diseases in isolation. This is evidenced by the immunological screening we
conducted. In this regard, when an animal has multiple pathologies, an individual
approach is necessary, which dictates the need for a comprehensive study of the
clinical course of the main, concomitant, and even previous diseases, their compre-
hensive diagnosis, and rational treatment.

Purpose. The purpose of the present paper is to study the immunological status
of highly productive cows with comorbid obstetric-gynecological and orthopedic
pathology.

Materials and methods. To assess the dynamics of the clinical manifestation
of hoof diseases, an orthopedic examination was conducted on a monthly basis
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throughout the year. During this examination, the following were evaluated: the
degree and nature of hoof deformities; the intensity of corneal destruction; the pres-
ence of specific lesions such as pockets, delamination, and cracks; and the position
of the thoracic and pelvic limbs. In cows with identified purulent-necrotic lesions
during the postpartum period, a detailed obstetric and gynecological examination
was additionally performed. It included a clinical examination, transrectal palpation,
and ultrasound scanning, which was performed using the Scanner Falco device (8
MHz). Ultrasound was used to determine the size, echodensity, tissue homogeneity,
and echogenicity of the reproductive structures. For immunological studies, blood
was taken from the jugular vein of sick animals and cows from the control group
(n=23) in the morning before feeding into sterile tubes. The total protein content in
the blood serum of cows was determined using the biuret reaction, and the protein
fractions were determined using the nephelometric method, and the A/G ratio was
calculated. The amount of C-reactive protein was determined using the immunoflu-
orescence method. The concentration of ceruloplasmin (CP) in the blood serum was
determined by the standard method based on the oxidation of p-phenylenediamine
with the participation of CP. The level of fibrinogen was determined spectrophoto-
metrically, haptoglobin — by turbidimetric method. The level of circulating immune
complexes (CIC) and their fractional composition were analyzed on the basis of
determination of their molecular weight. The concentrations of interleukins (IL-1a
and IL-8) and tumor necrosis factor-a (TNF-o)) were measured by solid-phase en-
zyme immunoassay using commercial kits of monoclonal antibodies and reagents
manufactured by Cytokin LLC, Saint Petersburg, Russia.

Results. According to the Tukey multiple comparison analysis, the most sig-
nificant increase in the level of CIC was observed in the group of animals with
comorbid pathology. This indicates that the combined course of endometritis and
hoof diseases leads to a more severe systemic inflammatory response compared to
isolated forms of the diseases. This is evidenced by the indicators of protein me-
tabolism, the level of acute phase proteins, the cytokine profile, and the amount of
circulating immune complexes in the blood samples of the experimental animals.

Conclusion. Currently, there is an urgent need for a comprehensive fundamental
study of comorbidity in veterinary practice. The results of our research demonstrate
that the comorbid course of orthopedic and obstetric-gynecological pathologies in
high-yielding animals is characterized by a more severe clinical picture compared
to isolated forms of monopathologies. This is evidenced by our immunological
screening. In this regard, when an animal has multiple pathologies, an individual ap-
proach is necessary, which requires a comprehensive study of the clinical course of
the main, concomitant, and even previous diseases, as well as their comprehensive
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diagnosis and rational treatment. In the future, it is necessary to create a universal
tool that allows veterinarians to instantly and easily assess the structure, severity,
and possible consequences of concomitant diseases in animals, conduct targeted
diagnostics, and then prescribe the correct set of medical measures.

Keywords: factor infections; immunological indicators; endometritis; orthope-
dic pathology; comorbidity; cows

For citation. Lutsay, V. 1., Rudenko, P. A., Sibirtsev, V. D., Nefedov, A. M., &
Rudenko, A. A. (2025). Immunological status of highly productive cows with co-
morbid obstetric-gynecological and orthopedic pathology. Siberian Journal of Life
Sciences and Agriculture, 17(6-2), 561-578. https://doi.org/10.12731/2658-6649-
2025-17-6-2-1580

Hayunas crarbs

UMMYHOJIOTUYECKU
CTATYC BbICOKOITPOJAYKTHUBHBIX
KOPOB C COITIYTCTBYIOILIEN
AKYIIEPCKO-TUHEKOJOTUYECKOM
" OPTONEJUYECKOM MATOJIOI'MEN

B.U. Jlyyai, I1.A. Pyoenxo, B./l. Cubupues,
A.M. Hegheoos, A.A. Pyoenko

Annomauusn

OobocHoBaHme. BerepuHapHas NpakTHKa CBUICTEIBCTBYET O HATMYMH KIMHU-
YeCKH BBIPAKEHHOM CBSA3M MEXIy aKyLIIEpCKUMH 3a00JIEBaHUSIMU U OpPTOIEHIe-
CKOH I1aTOJIOTHEH y BBICOKOIPOIYKTUBHBIX KOPOB. B wacTHOCTH, HccieqoBaHue,
BhINONIHEHHOE TpH noxpaepxkke PH® (rpant Ne 24-26-00172), BBIIBUIO YETKYIO
B3aMMOCBS3b MEXIY Pa3BUTHEM T'HOMHO-HEKPOTHYECKUX MOPAKEHHH KOIMBIT U
BO3HMKHOBEHHEM MOCIEPOJOBOTO YHIOMETPUTA Y BHICOKOIPOIYKTUBHBIX KOPOB.
Ha npumepe noronosbst 3A0 «Bockpecenckoe» Bockpecenckoro paitona Mo-
CKOBCKO# 00JIaCTH B HACTOSIIEM MCCIICJ0BAHUU ObUIHM C(HOPMHUPOBAHBI paHIOMH-
3UPOBAHO CIIEAYIOIINE TPYIIIHI JKUBOTHBIX: Tpynma 1 (n=28): KOPOBEI C OCTPHIM
THOMHO-KaTapajlbHbIM IIOCIEPOAOBLIM 3HAOMETPUTOM; Ipymna 2 (n=25): KUBOT-
HbIE ¢ THOWHO-HEKPOTHYECKUMHE MTOPAXKEHUAMH KOIIBIT; rpymma 3 (n=27): KOpOBEI
¢ KOMOPOU/IHBIM TeUCHHEM O00CHX TATOIOTUH; KOHTPOJbHAs rpymma (n=23): Kiu-
HUYECKH 3/10POBBIE XKUBOTHBIE. Y BCEX 0CO0€H, 0TOOpaHHBIX B 3asIBICHHOE UCCIIE-
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JOBaHHUE, MPOU3BOAMIN 3200p SIPEMHON BEHO3HOW KPOBH HATOLIAK B CTEPHIIbHBIC
MIPOOUPKH ISl TIOCIIEAYIOIEr0 UMMYHOJIOIMYECKOTO aHanu3a. beuto ycraHosie-
HO, 4YTO KOMOPOHIHOE TEUEHHE STUX NaTOJIOTHH MPOTEKaeT 3HAYUTEIbHO TKENee,
4yeM Kaxkias u3 6osesHeil B otienbHOCTH. OO0 3TOM CBUACTEIILCTBYET MPOBEICHHBIN
HaMH MIMMYHOJIOTMYECKHH CKPUHUHT. B CBSI3U € 3TUM NP acCOLIMUPOBAHHOM Te4e-
HMU HECKOJIBLKHX I1aTOJIOI Ui Y KUBOTHOI'O HCO6XO,Z[I/IMO NPUMEHATb UHAUBUYaJIb-
HBIH TTOJIX0I, YTO JUKTYET HEOOXOMMOCTH KOMITTIEKCHOTO U3YUeHHUS KIIMHUIECKOTO
TEUEHHs OCHOBHBIX, COITYTCTBYIOIIHX U JIaXKe IIEPEHECEHHBIX 3a00IeBaHUH, X BCe-
CTOPOHHEH JUAarHOCTHKH, a TAKXKE PALIMOHAIBHOTO JICUCHUSL.

Leasb. Llens nccnenoBanus - U3y4UTh IMMYHOJIOTHIECKHH CTaTyC BBICOKOIIPO-
IQYKTHBHBIX KOPOB C COIYTCTBYIOIEH aKyIIepCKO-THHEKOJIIOTHIECKON U OPTOIE I -
YECKOW MaToJIoTuen.

Marepuajibl 1 MeTOABI. J[Js OLIEHKH TUHAMUKH KJIMHUYECKOW MaHu(ecTa-
1K 3200JI€BaHU KOTIBIT B TEYEHHE TO/IA €KEMECSIHO MPOBOAMIIN OPTOIIEINYECKUI
ocMOTp. B Xone 1aHHOro 0CMOTpa OLEHUBAIIM: CTEHEHb U XapakTep Aedopmanuii
KOTIBIT, UHTCHCUBHOCTDb Pa3spyLICHUsA POTOBOI0 CJIOsA, HAJIUYINEC CHCHI/I(I)I/I‘IeCKI/IX
MOpaXEHHUI: KapMaHOB, PACCIOCHUI U TPEIIUH, a TaKXKe TOJOKSHNE TPYJHBIX U
Ta30BBbIX KOHEYHOCTEH. Y KOPOB C BBISABJICHHBIMU THOHHO-HEKPOTHYECKUMH MOpa-
JKECHUSAMU B nocnep0)10130171 NEepUoa AOMOJTHUTECIIBHO BBINIOJIHAINA ACTAJIBHOC aKy-
LIepPCKO-THHEKOJIornieckoe oocienoBanue. OHO BKITIOYAIO KIIMHIYECKHI OCMOTD,
TpPaHCPEKTAJIbHYIO Nnajibnanuio u Y3/-ckanupoBaHue, KOTOpOe MPOBOAMIIM Ha arl-
napare Scanner Falco (8 MI'n). C noMolubio ynbTpa3Byka ONpPEAeIsid pa3Mepsl,
9XOIIOTHOCTH, OJJHOPOAHOCTH TKAHEH M XapaKTep SXOT€HHOCTH CTPYKTYP penpo-
IYKTHBHBIX OPTaHOB.

JU1st IMMYHOJIOTHUECKHX HCCIIE0BaHUN KPOBb Opalil U3 IPEMHON BEHbI 00JIb-
HBIX JKUBOTHBIX M KOPOB M3 KOHTPOJIBLHOM rpymiibl (n=23) yTpoM mepes Kopmiie-
HHUEM B cTepriibHbIe poOupku. ConepikaHue o0IIero 0enka B CBIBOPOTKE KPOBU
KOPOB OIPEIEIISUIU C IOMOLIbIO OMypETOBOM peakiuu, OeNKOBbIX (ppakuuil - Hede-
JIOMETPUYECKUM METOJIOM, paccyuThiBain cooTHomeHne A/G. Konnuecrso C-pe-
aKTUBHOTO OeJIKa ONpeIessuTH METOIOM HMMYHO(ITIOOpecIieHIII. KOoHIIeHTparIiio
nepynoruazmuna (LIT) B cbIBOPOTKE KPOBH ONPENENSIN CTaHAAPTHBIM METOJIOM,
OCHOBAaHHBIM Ha OKHCJIEHUH -penmnenanamMuna ¢ yaactueM LT, Yposens Gpubpu-
HOTCHA OTPEJICIISIIN CIIEKTPOPOTOMETPHUCCKH, TATOTNIOOHHA - TYpOUAMMETpUYe-
CKHUM METOJIOM. YPOBEHb LIUPKYJIUPYIOMMX UMMYHHbBIX KoMIuiekcoB (LIUK) n nx
(bpaKIMOHHBII COCTAaB aHATM3UPOBAIM HAa OCHOBE OIPEEIICHUS MX MOJICKYIISIPHOM
maccbl. Konnenrparuu natepineikuHoB (IL-1o u IL-8) u ¢pakTopa Hekpo3a omyxo-
-0, (TNF-0)) n3mepsiin MetooM TBep10(ha3HOro MMMYHO(EPMEHTHOTO aHaIHu3a ¢
HCIIOIb30BAHHEM KOMMEPUECKUX HAOOPOB MOHOKJIOHAJIBHBIX AaHTUTEI U PEarcHTOB
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npoussozicta (000 «Ilutokuny, Cankr-IlerepOypr, Poccust).

Pesyabrarbl. CoriacHo aHaIM3y MHOXKECTBEHHBIX CpaBHEHUH ThlokH, Hanbo-
nee 3HaunMoe nosblenue ypoBHs LMK 05110 3ahuKcHpOBaHO B IpyIie )KUBOTHBIX
C KOMOPOMTHO# MaToorueii. 1o CBUICTEIBCTBYET O TOM, YTO COUYCTAHHOE TCUCHUE
SH/IOMETPHUTA U 3a00JI€BaHUN KOIIBIT IIPUBOAUT K O0JIee TSHKENION CUCTEMHOM BOC-
NAUTEIBHON PEaKIIMK 110 CPABHEHUIO C M30JIMPOBaHHBIMU (popmamu Oonesneit. 00
9TOM CBHUJICTEIBCTBYIOT MOKa3are/in OSIKOBOTO OOMEHA, YPOBEHB OCJIKOB OCTPOM
(ha3bl BOCTIATIEHUS], HIUTOKMHOBBII PO(DMIIB, a TAKIKE KOJTMYECTBO LIUPKYIUPYIOIINX
MMMYHHBIX KOMIUIEKCOB B 00pa3iax KPOBH MOAONBITHBIX )KUBOTHBIX.

3akawuenue. B Hacrosiiee BpeMst OCTPO CTOUT BOIpoc 00 obmem (yHa-
MEHTAILHOM HCCIIEIOBAHUH KOMOPOHIHOCTH B BETEPUHAPHOMN MpaKTHKe. Pe3yiib-
TaThl HCCIICAOBAHUS JEMOHCTPUPYIOT, YTO KOMOPOHUTHOE TEYEHUE OPTOIEINIECKON
1 aKyIIePCKO-TMHEKOJIOTHUECKON MAaTOJIOTHH Y BHICOKOIIPOAYKTHBHBIX KHUBOTHBIX
XapakTepu3yeTcs 0oiee THKEIOH KITMHUYECKOW KapTHHON MO CPaBHEHUIO C H30JTH-
poBaHHBIME (popMamMu MOHOMATONOTHH. OO 3TOM CBUAETEILCTBYET NPOBEICHHBIN
HaMH MIMMYHOJIOTHYECKHI CKDHHUHT. B CBSI3U € 3TUM NPH aCCOLIMUPOBAHHOM TEYe-
HUH HECKOJIBKHUX MaTOJIOTHH Y )KUBOTHOTO HEOOXOIMMO IIPHUMEHSThH HHIHBU/TYalb-
HBIN MOAXO/I, YTO AUKTYET HEOOXOIUMOCTh KOMIUIEKCHOTO M3yU€HHS KITMHUYECKOTO
TEUCHHUSI OCHOBHBIX, COITYTCTBYIOIIMX M JIaKE IEPEHECEHHBIX 3a00JICBaHNUH, HX BCE-
CTOPOHHEH THarHOCTHUKH, a TAK)Ke PallMOHATIBHOTO JiedeHus.. B mepcriexTrnBe HeoO-
XOJMIMO CO3/[aHUE YHUBEPCAILHOTO HHCTPYMEHTA, TI03BOJISIOIIET0 BETEPUHAPHOMY
Bpauy MIHOBEHHO U JIETKO OLICHUTh CTPYKTYPY, TSHKECTb U BO3MOKHBIC MOCIICACTBHS
COMYTCTBYIOIMX 3a00JI€BaHUH y KUBOTHBIX, IIPOBECTH LIEJICHANPABICHHYIO JHa-
THOCTHKY, a 3aTeM Ha3HAYHUTh MPABIIbHBIA KOMILIEKC JICYEOHBIX MEPOIIPUSITHH.

KuroueBsble ciioBa: GpakTopHble HHPEKIIMN; UMMYHOJIOTHYECKHE MTOKA3aTelH;
9HJIOMETPUT; OPTOIIEIMYECKast TATOJIOTUsI; KOMOPOUIAHOCTh; KOPOBBI

Jas uurupoBanus. Jlynaii, B. U., Pynenko, I1. A., Cubupres, B. 1., Hedenos,
A. M., & Pynenxo, A. A. (2025). IMMYyHOIOTHUECKHUI CTaTyC BHICOKOIIPOLYKTHB-
HBIX KOPOB C COMYTCTBYIOIIEH aKyIIepCKO-TMHEKOIOTUIECKOH U OPTONEINYEeCKON
naroniorueid. Siberian Journal of Life Sciences and Agriculture, 17(6-2), 561-578.
https://doi.org/10.12731/2658-6649-2025-17-6-2-1580

Introduction

The comorbidity of gynecological and orthopedic pathologies in dairy cattle
results in substantial economic losses, stemming from diminished milk yield
and the clevated expenses of diagnostic, therapeutic, and preventive veteri-
nary measures [1-5]. The high prevalence of reproductive disorders and puru-
lent-necrotic digital lesions necessitates the development of novel methods for
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their early diagnosis and management [2; 4; 6-8]. The development of various
non-infectious pathologies in cows is multifactorial, stemming from stress, poor
management practices, and technical errors. Key contributors include anthro-
pogenic stress, inadequate housing, nutritional imbalances, improper dry-off
periods, poor sanitation, antimicrobial misuse, endemic parasites, and mistakes
in artificial insemination [1; 9-13]. In high-yielding dairy cows, systemic met-
abolic disorders frequently lead to the comorbid manifestation of orthopedic,
obstetric, and gynecological diseases [14-19]. The prevalence of orthopedic
pathology alone is a major concern, affecting 18-80% of herds. This results in
a 40-50% decline in milk yield and the premature culling of up to 37% of an-
imals, culminating in severe economic losses for producers [20-24]. The high
prevalence of orthopedic pathology is furthermore associated with a significant
reduction in the herd’s reproductive performance. This is evidenced by impaired
fertility, extended postpartum anaphrodisia, and an increased proportion of in-
fertile cows, collectively diminishing overall reproductive efficiency [25; 26].

Existing evidence confirms etiological and pathogenetic links between repro-
ductive and orthopedic disorders in cattle [5; 27-30]. However, the current lack of
a holistic, systematic approach results in fragmented and thus less effective treat-
ment and prevention strategies [31; 32]. Therefore, researching common triggers
and shared pathological mechanisms is crucial. This will enable the development of
reliable diagnostic and prognostic criteria for managing these comorbid conditions.

Consequently, this research aims to establish a foundation for developing
targeted therapeutic and preventive strategies, ultimately enhancing cow health
and reproductive performance. Based on this rationale, the objective of our
study was to characterize the immunological profiles of cows with endometritis,
orthopedic pathology, and comorbid presentation of both conditions.

Purpose. This study aims to evaluate the immunological status of high-yield-
ing dairy cows experiencing comorbid obstetric-gynecological and orthopedic
pathologies.

Materials and methods

This study was conducted within the herd of JSC Voskresenskoye (Voskresen-
sky District, Moscow Region), which comprised 1,450 cattle, including 830 cows.
The research was funded by grant No. 24-26-00172 from the Russian Science
Foundation (https://rscf.ru/project/24-26-00172/). The experimental protocol was
reviewed and approved by the Bioethics Commission of the Department of Veter-
inary Medicine at <KROSBIOTEKH», confirming adherence to international stan-
dards for the humane treatment of experimental animals, specifically the provisions
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of the European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (ETS 123, 1986). The study cohorts
consisted of: high-producing cows with acute purulent-catarrhal postpartum endo-
metritis (n=28); animals with purulent-necrotic diseases in the digits (n=25); cows
with comorbid presentation of both endometritis and orthopedic pathology (n=27).

Monthly orthopedic examinations were conducted to assess the severity and
type of deformities, the rate of hoof horn deterioration, and the progression of
hoof diseases over a one-year period. Evaluations focused specifically on hoof
conformation (presence of deformities), the integrity of the hoof horn (detect-
ing pockets, fissures, delamination, and cracks), and the posture and alignment
of both thoracic and pelvic limbs. In cows exhibiting purulent-necrotic digital
lesions during the postpartum period, comprehensive obstetric and gynecolog-
ical examinations were performed. These included evaluation of clinical signs,
transrectal palpation, and ultrasonography of the reproductive organs using a
Scanner Falco device with an 8 MHz transducer. The ultrasonographic assess-
ment measured tissue dimensions, echo density, structural homogeneity, and the
echogenic properties of both normal and pathological features.

Blood was collected from the jugular vein of sick animals and cows from the
control group (n=23) in the morning before feeding in sterile tubes for immuno-
logical studies. The content of total protein in the blood serum of cats was deter-
mined by the biuret reaction, protein fractions - by the nephelometric method,
the A/G ratio was calculated. The amount of C-reactive protein was determined
by the immunofluorescence method. The concentration of ceruloplasmin (CP) in
the blood serum was determined by the standard method based on the oxidation
of p-phenylenediamine with the participation of CP. The fibrinogen level was de-
termined spectrophotometrically, and haptoglobin - by the turbidimetric method.
The total level of circulating immune complexes (CIC) and their fractional com-
position were determined by molecular weight. The content of interleukins (IL-1a
and IL-8) and tumor necrosis factor (TNF-a) was determined using a solid-phase
enzyme-linked immunosorbent assay of double antibodies using monoclonal an-
tibody kits and reagents from Cytokine LLC (St. Petersburg, Russia).

The obtained data were subjected to statistical analysis and are presented
as tables and figures. All computations were performed using STATISTICA 7.0
(StatSoft, USA) software with conventional statistical methods. Distribution nor-
mality was first assessed using ANOVA. The following parameters were calculat-
ed: 95% confidence interval (CI), arithmetic mean (Mean), standard error (SE),
and standard deviation (SD). Statistical significance of differences was deter-
mined using Tukey’s test with the following notation: between control and ex-
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perimental groups I-11I — * p<0.05; ** p<0.01; *** p<0.001; between groups |
and II - ¢ p<0.05; 00 p<0.01; 000 p<<0.001; between groups I and III - p<0.05; "
p<0.01; T p<0.001; between groups Il and 111 — ¥ p<0.05; ¥ p<0.01; ¥ p<0.001.

Results

Clinical observations consistently reveal a clinically significant association
between obstetric and orthopedic disorders in high-yielding dairy cattle. No-
tably, postpartum metritis demonstrates a higher incidence in cows presenting
with purulent-necrotic lesions of the distal limbs, whether developed pre-partum
or during the early postpartum period. Table 1 presents the protein metabolism
parameters evaluated in high-productivity cows exhibiting comorbid endome-
tritis and purulent-necrotic hoof pathology.

Table 1.
Protein metabolism indices in highly productive cows with comorbid course
of endometritis and purulent-necrotic diseases in the hoof area

Biomet- [Healthy cows Groups of sick cows ANOVA
rics (n=23) 1 (n=28) II (n=25) 1II (n=27) test
M=+SD | 78.56+3.62 | 77.97+5.79 | 79.60+4.49 | 81.35+7.20 | F=1.93;

95% CI | 76.99-80.13 | 75.73-80.22 | 77.74-81.45 | 78.51-84.21 | p<0.5

MESD | 39.0943.17 | 35032492 [ 33392638 | 34.1464.65 [

p<0.001
95% CI|37.71-40.45 | 33.12-36.94 | 30.76-36.02 | 32.29-35.98

MiSD | 39.47+4.55 | 42.9427.3g | 40205711 | 472126.90 1 ¢ oo

p<0.001
95% CI|37.51-41.4440.08-45.81 | 43.27-49.14 | 44.48-49.95

MSD | 1.00£0.17 | 0.86:028 | 076£0-25 | 074017y g 5,

95% CI| 0.94-1.08 | 0.75-0.97 | 0.65-0.86 | 0.68-0.81 p=0.001

-+ =+ +
M=SD | 9.6942.06 13.2*9**4.13 10.12;02.06 liilré%.? F=26.08:

Index

Total protein, g/l

Albumins, g/l

Globulins, g/

A\G, units

alpha globulins, g/l

p<0.001
95% CI | 8.80-10.58 | 11.69-14.89| 9.29-10.99 | 15.12-17.91
. MESD | 11042223 | 722189 | 790209 ) 0T g s g,
beta globulins, g/l <0 001’
95% CI|10.07-12.01| 6.48-7.95 | 7.03-8.77 | 6.32-7.74 |7
. 28.16+7.58
gamma globulins, | M+SD | 18.74+6.19 | 22.34+6.37 Kkl 23.24+7.79 | F=7.35;
¢l 95% CI[16.06-21.42 | 19.87-24.82 | 25.03-31.29 | 20.16-26.32 p=0.001
alphal proteinase | M+SD | 29.29+£5.81 | 27.34+5.81 | 30.47+5.35 31'73?3'27 F=3.61;
inhibitor, mg/l p<0.05

95% CI1]26.77-31.80| 25.08-29.59 | 28.26-32.68 | 30.43-33.01

alpha2- MiSD | 1124009 | 1.1520.18 | 0892023 | 0772087 ) 2.

. 400
macroglobulin, ¢/l 520 08 116 | 1.09-122 | 079099 | 0.67-08s |P~0-00!
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Using one-way analysis of variance (ANOVA test), significant chang-
es were found in the parameters of total protein (F=1.93; p<0.5), albumin
(F=6.27; p<0.001), globulin (F=6.79; p<0.001), albumin/globulin ratio (F=7.34;
p<0.001), alpha-globulins (F=26.08; p<0.001), beta-globulins (F=21.02;
p<0.001), gamma-globulins (F=7.35; p<0.001), alphal-proteinase inhibitor
(F=3.61; p<0.05) and alpha2-macroglobulin (F=20.78; p<0.001). In this case,
the null hypothesis that the protein metabolism indices in animals of different
groups belong to the same general population can be rejected. Subsequently,
Tukey’s multiple comparisons analysis was performed for a detailed statistical
analysis of the differences between the experimental groups of animals. Thus, it
was found that the most significant changes in protein metabolism indices occur
with the clinical manifestation of the comorbid course of endometritis and pu-
rulent-necrotic diseases in the hoof area in highly productive cows. At the same
time, a decrease in the amount of albumins by 10.14 times (p<<0.001); albumin/
globulin ratio by 1.35 times (p<<0.001); beta-globulins by 1.57 times (p<<0.001)
and alpha2-macroglobulins by 1.45 times (p<0.001), against the background of
an increase in globulins by 1.19 times (p<0.001) and alpha-globulins by 1.70
times (p<0.001), when compared with the indicators of healthy animals.

180
160
140
120
100

80

" - —

40 /
20

Control For endometritis In case of orthopedic In case of comorbid
pathology course
e CRP, mg/| === Ceruloplasmin, mg/l ====Haptoglobin, g/l Fibrinogen, g/l

Fig. 1. Level of acute phase inflammation proteins in highly productive cows
with comorbid endometritis and purulent-necrotic diseases in the hoof area

One of the main markers of the severity of the inflammatory reaction are
acute phase proteins. These proteins are synthesized in the liver, and their con-
centration depends on the stage of the disease and the extent of damage. High
correlation of the concentration of acute phase proteins in the blood with the
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activity of the infectious process and its stage distinguishes them favorably
from such indicators as an increase in ESR or a shift in the leukocyte formula
to the left. In this regard, we also determined the level of acute phase proteins
of inflammation in highly productive cows with comorbid endometritis and pu-
rulent-necrotic diseases in the hoof area, which is shown in the figure.

The data in the figure indicate that during the clinical manifestation of both
individual pathologies and their comorbid course, the indices of acute phase in-
flammation proteins in the blood serum increase significantly. Thus, in cows with
endometritis, a highly reliable (p<0.001) increase in C-reactive protein, fibrino-
gen, haptoglobin and ceruloplasmin was recorded by 2.50 times, from 21.56+6.63
mg/lto 53.96+17.55 mg/l; by 1.45 times, from 4.094+0.53 g/l to 5.92+0.39 g/I; by
2.04 times from 0.51+0.10 g/1to 1.04+0.18 g/l and by 1.54 times from 82.17+5.19
mg/l to 126.32+11.84 mg/l, respectively, when compared with clinically healthy
animals. It was established that with clinical manifestation of purulent-necrotic
diseases in the hoof area in highly productive cows, a reliable increase (p<0.001)
was observed in the blood serum of C-reactive protein from 21.56+6.63 mg/l to
52.44+10.38 mg/l by 58.9%; fibrinogen from 4.09+0.53 g/ to 5.96+0.63 g/1, by
32.2%; haptoglobin from 0.51+0.10 g/1to 1.01+0.23 g/, by 49.5% and ceruloplas-
min from 82.17+5.19 mg/1 to 104.28+12.98 mg/l, by 21.2%. It should be noted
that in cows with comorbid endometritis and orthopedic pathology, the most no-
ticeable increase (p<<0.001) in acute phase proteins was observed: CRP by 3.21
times, from 21.56+6.63 mg/l to 69.264+6.28 mg/l; fibrinogen by 1.57 times, from
4.09+0.53 g/l to 6.42+1.19 g/I; haptoglobin by 2.39 times, from 0.51+0.10 g/l to
1.224+0.47 g/1; CP by 2.08 times, from 82.17+5.19 mg/l to 171.22+36.53 mg/I,
when compared with the indicators of healthy animals.

The level of proinflammatory cytokines in the blood serum of cows with
single pathologies, as well as with comorbid course of endometritis and puru-
lent-necrotic diseases in the hoof area is given in Table 2.

Reliable changes in the levels of IL-lalpha (F=146.01; p<0.001), IL-8
(F=254.00; p<0.001) and TNF-alpha (F=130.41; p<0.001) in the blood serum of
animals from different experimental groups were established using the one-way
analysis of variance (ANOVA test), which made it possible to conduct Tukey’s
multiple comparisons analysis to identify differences between the experimen-
tal groups. It was shown that both in case of single pathologies in cows and in
case of comorbid course of two diseases, a highly reliable increase in the level
of proinflammatory interleukins was recorded in the blood serum. However,
the most significant deviations in the cytokine profile were revealed in animals
with comorbid course of endometritis and purulent-necrotic diseases in the
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hooves. Thus, in the combined course of obstetric-gynecological and orthope-
dic pathologies, a reliable increase in the level of IL-1alpha was revealed from
19.44+1.95 pg/ml to 40.15+£2.41 pg/ml, by 2.06 times (p<0.001); IL-8 from
13.65+1.27 pg/ml to 39.15+3.37 pg/ml, by 2.86 times (p<0.001); TNF-alpha
from 42.04+2.95 pg/ml to 102.33+8.23 pg/ml, by 2.43 times (p<0.001), when
compared with clinically healthy cows.

Table 2.

Cytokine profile in highly productive cows with comorbid endometritis
and purulent-necrotic diseases in the hoof area

Index Biomet- | Healthy Groups of sick cows ANOVA
ries |eows (n=23)| [(n=28) | M (n=25) | Il (n=27) test

IL-lalpha, pg/ | M+SD | 19.44:1.95 | 33.39+3.81 | 34.12+5.14 | 40.15:2.41 |F=146.01;

ml sk EEES stk MTggg p<0.001
95% CI [18.59-20.27]31.91-34.87[31.99-36.24 | 39.19-41.10

IL-8, pg/ml | M+SD | 13.65+1.27 | 26.04+4.29 | 29.72+320 | 39.15+337 [F=254.00;
95% CI [13.11-14.19| 24.37-27.70 [ 28.40-31.03 | 37.82-40.48

TNF-alpha, | M+SD [ 42.04+2.95 [74.21£17.67 | 74.68+6.58 | 102.33+823 |F=130.41;

pg/ml ok Hokok ok MTgge p<0.001
95% CI [40.76-43.32] 67.36-81.07 71.96-77.39 | 99.08-105.59

The levels of circulating immune complexes in the blood serum of highly
productive animals with a single manifestation of the disease, as well as with
comorbid course of endometritis and purulent-necrotic diseases in the hoof area
are shown in Table 3.

Tukey’s multiple comparisons analysis showed that with clinical manifes-
tation of both endometritis and orthopedic pathology in cows, a reliable in-
crease in CIC levels is recorded in the blood, but the most significant increases
are noted in the group with comorbid endometritis and purulent-necrotic dis-
eases in the hooves. Thus, in highly productive animals with combined man-
ifestation of endometritis and orthopedic pathology, a highly reliable (p <
0.001) increase in the level of CIC, general was recorded in the blood se-
rum from 288.08 £+ 26.9 un. wh. space to 583.56 £+ 52.02 un. wh. space, by
2.02 times; CIC, large from 35.78 + 5.22 un. wh. space to 56.41 £ 12.16 un.
wh. space, by 1.57 times; CIC, average from 84.30+5.29 un. wh. space to
107.48+12.15 un. wh. space, by 1.27 times and CIC, small from 168.00+28.51
un. wh. space to 419.67+£54.89 un. wh. space, by 2.49 times, when compared
with the indicators of healthy cows.
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Table 3.

Circulating immune complexes (CIC) in high-yielding cows with comorbid
endometritis and purulent-necrotic diseases in the hoof area

Index Biqmet- Healtliy COwWs Groups of sick cows ANOVA
rics (n=23) I (n=28) 1T (n=25) 11T (n=27) test

CIC., genoral | MESD | 2858.08226.9 | 398 00228.04]41892434.58 Sgiffnﬁ;i;m F273.90:
un wWhe space o S 137629972 [387.12-428.04|404.65433.19] 562.97—604.13 | P00
CIC, large, | MeSD | 35788522 | 4104275 | 4984765 561,},?%16 2063
un wh. space (o 1133.52.38.04 | 45.97-48.10 | 46.68-52.99 | 51596122 | P~0-001
CIC, average,| MESD | 84.30£5.29 | 90.89+11.91 101;8,?%2'51 107481215 1 1 o9 63,
un whe space (o 1 §2.01-86.59 [86.27 — 95.5197.05— 106.55[102.67 — 112.29] P~0-001
CIC. small, | M=SD | 16800528 51| 2628244139 267.28+36.37 412&7;;;1%89 15643
un wh. space (o 1 1155.67-180.32|246.77278.87|252.27-282.29| 397.65441.38 | P~0-001

Consequently, the clinical presentation of comorbid orthopedic and obstet-
ric-gynecological pathology in high-yielding cows is more severe than that of
either condition occurring in isolation. This is evidenced by protein metabolism
indicators, the level of acute phase inflammation proteins, the cytokine profile,
as well as the number of circulating immune complexes in blood samples of
experimental animals.

Conclusion

Currently, the issue of a general fundamental study of comorbidity in
veterinary practice is urgently needed. It has been established that the clin-
ical manifestation of comorbid orthopedic and obstetric-gynecological pa-
thology in highly productive animals has a more severe manifestation than
in the course of individual diseases. This is evidenced by the immunolog-
ical screening we conducted. Therefore, the management of animals with
comorbid conditions requires an individualized approach. This necessitates
a comprehensive evaluation of the clinical presentation of primary, concur-
rent, and previous diseases, coupled with integrated diagnostic methods
and rational therapeutic strategies. In the future, it is necessary to create a
universal tool that allows a veterinarian to instantly and easily assess the
structure, severity and possible consequences of comorbid diseases in an-
imals, conduct targeted diagnostics, and then prescribe the correct set of
therapeutic measures.
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