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Obesity in horses is an increasingly important problem in modern veterinary medicine, which is often accompanied by me-
tabolic syndrome and can affect the functional state of the immune system. The aim of the study was to investigate the effect of 
metabolic syndrome on the immune response of horses after influenza vaccination. For the study, 20 adult horses of different 
sexes and mixed breeds aged 8 to 16 years were selected, 10 of which were clinically healthy and 10 had signs of metabolic 
syndrome. All horses were routinely vaccinated with the commercially available equine influenza vaccine BioEquin FT, equine 
injectable suspension, Bioveta, Czech Republic. Serum samples were collected before vaccination and on the 1st, 2nd, 3rd, 4th 
weeks after vaccination. As a result of the study, haematological parameters and antibody levels were compared in horses with 
normal weight and obese horses before and after vaccination. The study showed significant changes in blood parameters depend-
ing on the metabolic status of the animals. Obese horses had slightly higher initial levels of leukocytes compared to animals with 
normal weight, but after vaccination this indicator decreased in both groups. The analysis of red blood cell content showed that in 
obese horses their level was significantly lower at all stages after vaccination compared to animals with normal body weight. 
A similar tendency was observed for haemoglobin and haematocrit, which remained 6–11% lower in obese animals after vacci-
nation. It was also found that vaccination caused an immune response regardless of metabolic status with the formation of specif-
ic antibodies. The dynamics of the leukocyte blood count indicates an increase in the level of neutrophils in obese horses, espe-
cially on the 7th day after vaccination, and then a decrease on the 14–28th days. Horses with normal weight had a decrease in 
neutrophil count, indicating an activation of the immune response to the vaccine. An increase in eosinophils in the blood of obese 
horses was observed on days 21 and 28, as well as a decrease in lymphocytes and monocytes at all stages after vaccination, indi-
cating a suppression of immune responses in obese animals. At the same time, these animals showed an increase in the level of 
globulins and circulating immune complexes, which may indicate the presence of chronic inflammatory processes. Thus, the 
study confirmed that obesity reduces the effectiveness of cellular immunity, although the humoral response remains stable. Pros-
pects for further research include studying the mechanisms of obesity's effect on the immune system of horses to develop more 
effective vaccination regimens for obese animals.  
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Introduction  
 

Obesity is a widespread problem among horses worldwide. 
For example, in South East Australia, studies have shown that the 
overall prevalence of obesity among horses and ponies was 23.1%, 
with a significantly higher percentage in Shetland ponies at 71.5%, 
other pony breeds at 32.0%, and horses at 9.3% (Robin et al., 2015). 
In Ireland, a study of a local pony breed showed that 29.5% of ani-
mals had a body condition score (BCS) ≥ 7, and 68.5% had at least 
one of the following pathologies: increased neck fatness or regional 
excess body fat. In addition, 16.0% of ponies were diagnosed with 
hyperinsulinaemia, which negatively affects the significant activity of 
metabolic processes in this population (Giles et al., 2014). In the 
United Kingdom, a study showed that the prevalence of obesity 
among horses and ponies registered in veterinary clinics was 31.2%. 
Breeds such as draft, cob, local and Welsh breeds were more prone to 
obesity than thoroughbreds. In addition, animals used only for enter-
tainment were more likely to be obese than those used in competition 
(Potter et al., 2016; Kosolofski et al., 2017). The study showed that 
animals with clinical signs of laminitis were more likely to be obese 
than those without such pathology (Kosolofski et al., 2017). In Cana-
da, a retrospective study in the Saskatoon area showed that 20.3% of 
horses were classified as overweight and 8.3% as obese (Kosolofski 
et al., 2017).  

The effect of obesity and metabolic disorders on the immune re-
sponse in horses is an important topic for research, given the increas-
ing number of obese animals. Studies show that obesity in horses is 
associated with various metabolic disorders, such as insulin dysregu-
lation (ID) and hyperinsulinaemia, which can significantly affect the 

overall health and immunity of animals (Frasca & Blomberg, 2020; 
Shaikh et al., 2022; Hallman et al., 2023).  

Obesity and related metabolic disorders lead to chronic inflam-
mation, which can compromise the normal functioning of the im-
mune system. Studies in humans and laboratory animals show that 
obesity causes increased levels of inflammatory cytokines such as 
TNFalpha, IL1, and IL6, leading to insulin resistance and other meta-
bolic problems (Geerling et al., 2022; Al-Ansari et al., 2023). In a 
study on horses, high levels of TNFalpha and IL1 were found to be 
associated with reduced insulin sensitivity, confirming the presence of 
inflammatory processes in obese animals (Geerling et al., 2022).  

Although most studies on the effects of obesity on the immune 
response to vaccination have been conducted on humans and labora-
tory animals, the results may be generalisable to horses. These studies 
show that obesity can reduce the effectiveness of vaccination due to 
impaired immune cell function, metabolic changes and chronic in-
flammation (Vick et al., 2007; Furtado et al., 2022; Al-Ansari et al., 
2023). Obesity can also lead to alterations in the metabolism and 
function of immune cells, which reduces their ability to respond to 
vaccines. For example, obese people have a reduced immune re-
sponse to vaccination against influenza, hepatitis B, tetanus, and ra-
bies (Furtado et al., 2022). Similar mechanisms may be at work in 
horses. Obesity and metabolic disorders can reduce the effectiveness 
of the immune response to vaccination, making horses more suscepti-
ble to infection and reducing the effectiveness of preventive health-
care measures. This underscores the importance of controlling the 
weight and metabolic status of horses to ensure their health and wel-
fare (Geerling et al., 2022; Shaikh et al., 2022). Therefore, obesity and 
metabolic disorders can affect the immune response to vaccination in 
horses, reducing their ability to develop effective immune defences 
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and making them more susceptible to infectious diseases. Further 
research is required to better understand these mechanisms and de-
velop strategies to improve equine health and immunity.  

The determination of humoral and cell-mediated immune respon-
ses to influenza vaccination in horses is of high interest given the im-
portance of effective vaccination to prevent an influenza outbreak. 
The humoral immune response involves the production of antibodies, 
whereas the cell-mediated response includes T-cell activity and the 
production of cytokines such as interferon gamma (IFN-γ).  

Research shows that effective protection against influenza virus 
in horses is achieved through strong cellular and humoral immunity. 
However, despite updates to the influenza vaccine, the equine influen-
za virus continues to evolve and cause disease outbreaks even in po-
pulations with high vaccination rates (Oladunni et al., 2021). This is 
due to the fact that the influenza virus is able to cause mutations in the 
sites of antibody emulation, which avoids the protective effect of the 
host's immunity.  

A study conducted in Australia evaluated the humoral and cell-
mediated immune response to vaccination with a recombinant vac-
cine (ProteqFlu™). The results showed that antibodies produced after 
vaccination were cross-reactive to two H3N8 influenza virus subtypes, 
including the A/equine/Sydney/07 strain, confirming a humoral re-
sponse. However, the cell-mediated response, as measured by IFN-γ 
levels in peripheral blood mononuclear cells, showed no significant 
differences between the groups of horses vaccinated with the accele-
rated and conventional regimens (Frasca & Blomberg, 2020).  

Obesity can have a negative impact on the immune response to 
vaccination through metabolic and recovery mechanisms. Studies in 
humans and animals have shown that obesity impairs the immune 
response to influenza vaccination, reducing both humoral and cell-
mediated immunity. This is due to systemic and cellular changes that 
disrupt the metabolism and function of immune cells, as well as in-
creased levels of inflammatory cytokines such as TNFalpha and IL1, 
which leads to insulin resistance and other metabolic problems (Pail-
lot, 2014; Gilkerson & Paillot, 2022).  

Thus, for successful influenza vaccination in horses, it is impor-
tant to consider both humoral and cell-mediated immune responses. 
Vaccines must stimulate the type of immunity to provide adequate 
protection. The effect of obesity on the immune response should also 
be considered as it may reduce vaccine efficacy and increase suscep-
tibility to infection. Further research is needed to better understand 
these mechanisms and develop strategies to improve equine health 
and immunity.  
 
Materials and methods  
 

During the experimental studies presented in this paper, all mani-
pulations with the horses involved in the research were carried out 
taking into account the basic principles of bioethics, in accordance 
with Article 26 of the Law of Ukraine ‘On Protection of Animals 
from Cruelty’ and the ‘General Ethical Principles for Animal Expe-
riments’ adopted by the First National Congress on Bioethics (2012). 
Animals had free access to feed and water, and minimally invasive 
techniques were used for vaccination and blood sampling.  

Horses kept in private stables in Kharkiv and Poltava regions 
were examined, and two groups were formed: 10 clinically healthy 
animals and 10 obese horses. Thus, a total of 20 animals were ex-
amined.  

Feeding and housing conditions met the physiological needs of 
the animals. The animals' diet was balanced in terms of essential 
nutrients, and all animals had free access to water and were allowed to 
walk. All animals underwent a general clinical examination according 
to generally accepted methods. Body Condition Scoring (BCS) was 
performed by two independent veterinarians. All horses were routine-
ly vaccinated with the commercially available equine influenza vac-
cine BioEquin FT, equine injectable suspension (influenzae equorum 
inactivatum virus, strain: A/Equi 2/Morava 95 (Eurasian type), H3N8 
not less than 5 log2 HIT1 A/Equi 2/Brno 08 (American type, Florida 2 
subline), H3N8 not less than 5 log2 HIT1 Anatoxinum tetanicum puri-
ficatum not less than 30 IU2), Bioveta, Czech Republic. Blood was 

taken before vaccination and on the 7th, 14th, 21st and 28th day after 
vaccination, from the jugular vein on an empty stomach into Vacuette 
vacuum tubes in the amount of 10 mL were used for further obtaining 
native blood and serum, depending on the research methods, for its 
morphological and biochemical study, which was carried out at the 
Diagnostic and Treatment Centre for Medical Experimental Re-
search, Kharkiv, and at the accredited laboratory of the National 
Scientific Centre ‘Institute of Experimental and Clinical Veterinary 
Medicine’. The laboratories have all the necessary licences and are 
certified in accordance with the certificate of conformity of measure-
ment systems to DSTU ISO 10012:2005. The serum was analysed 
using a COBAS C 311 photometric system (manufactured by Roche 
Diagnostics GmbH, Germany) with ion-selective electrodes for the 
study of clinical and biochemical parameters of serum. The content of 
total protein and protein fractions was measured (albumin and globu-
lin fractions: α1, α2, β, γ, circulating immune complexes, seromucoids 
and uric acid). Morphological studies of blood were performed using 
a Sysmex 330 haematological analyser (manufactured by Sysmex 
Corporation, Japan). Serological studies were performed in ELISA 
using test systems: IDEXX Influenza A Ab Test ELISA (USA), In-
gezim Influenza A, manufactured by Ingenasa (Spain) and IDVet ID 
Screen Influenza A Antibody Competition Multi-species-FLUACA 
(France). The ELISA, reaction recording and interpretation of the 
results were performed according to the instructions of the test system 
manufacturers.  

Statistical analysis of the data was performed using Minitab 19, 
Minitab Inc in a free trial version. Based on the results of statistical 
processing, the tables show the following indicators: mean value, er-
ror of the mean value for data analysis, mean ± standard deviation, 
collected before vaccination and on days 7, 14, 21 and 28; analysis of 
variance (ANOVA) was used to identify statistically significant dif-
ferences between groups. In case of significant differences, the Tukey 
post-hoc test was performed.  
 
Results  
 

The study results included a comparative analysis of haematolo-
gical parameters and antibody levels between normal-weight and 
obese horses before and after vaccination (Table 1).  

The data analysis revealed that obese horses had slightly higher 
initial leukocytes values (8.10 ± 1.96) compared to horses with nor-
mal weight (7.54 ± 1.40), and on the 14th day after vaccination the 
difference was 8.8%. Also, after vaccination, this indicator slightly 
decreesed in both groups during the entire observation period: on 
average by 6.6% in animals with normal weight and by 7.7% in ani-
mals with signs of obesity compared to the level before vaccination.  

In addition to transporting oxygen, red blood cells transport nutri-
ents, maintain acid-base balance and participate in immune responses. 
As a result of our experiment, it was found that in obese horses, the 
initial level of red blood cells was significantly lower (7.02 ± 0.68, 
P = 0.00057) than in horses with normal weight (8.85 ± 0.86). This 
direction of changes remained during all stages after vaccination with 
a difference of 16.9% (P = 0.0026), 11.9%, 12.9% and 14.5%, respec-
tively.  

Red blood cells contain a protein with iron ions, haemoglobin, 
which ensures the main function of red blood cells – the transport of 
gases, primarily oxygen, which supports the processes of biological 
oxidation in the body. The level of haemoglobin directly depends on 
the number of red blood cells, which is consistent with the results of 
our experiment. Thus, the initial level of haemoglobin in obese horses 
was lower (124.65 ± 10.32, P = 0.0039) than in horses with normal 
weight (145.81 ± 16.34). This indicator differed by day 28 after vac-
cination by 11.1%, 6.3% and 8.4% (P = 0.047), respectively.  

Based on the data in Table 1, we found a 20.2% (P < 0.044) de-
crease in platelet count on day 7 after vaccination in horses with signs 
of obesity compared to horses with normal weight. It should be noted 
that the number of platelets on the 21st day of the experiment in 
horses with normal weight was reduced by 14.2% compared to their 
number before vaccination. This direction of changes indicates that 
obesity affects the reduction of platelet activation, which in turn im-
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pairs communication with cellular components of the immune system 
and the complement system.  

All horses had an immune response to vaccination regardless of 
their metabolic status, as evidenced by antibodies specific for influen-
za virus. The antibody content in obese horses slightly increased after 
vaccination, but remained lower than in horses with normal weight. 

Vaccinated horses with normal weight showed a more significant 
increase in antibody titres.  

Inactivated or killed vaccines, such as those used in this study, 
tend to elicit a strong humoral immune response, but a weaker cellular 
immune response. This may have influenced the results obtained in 
this study, as the differences between obese and control horses were 
observed in cellular immune responses rather than humoral responses.  

Table 1  
Results of blood tests of horses (mean ± standard deviation, n = 10)  

Index Before vaccination 7th day 14th day 21st day 28th day 

Leukocytes, ×109/L NWH 7.54 ± 1.40а 7.04 ± 1.28a 7.04 ± 1.18a 7.04 ± 0.90a 7.52 ± 1.64a 
OH 8.10 ± 1.96а 7.28 ± 1.01a 7.66 ± 1.70a 7.38 ± 1.37a 7.36 ± 1.65a 

Erythrocytes, ×1012/L NWH 8.85 ± 0.86а 8.06 ± 0.99a 8.06 ± 0.98a 8.27 ± 1.09a 8.81 ± 0.55a 
OH 7.02 ± 0.68а 6.70 ± 0.43a 7.11 ± 0.71a 7.20 ± 0.42a 7.53 ± 0.51b 

Hemoglobin , g/L NWH 145.81 ± 16.36а 132.84 ± 18.11а 133.01 ± 17.75а 134.84 ± 19.22 а 145.04 ± 9.8а 
OH 124.64 ± 10.34а 118.06 ± 4.41а 124.61 ± 11.64а 127.33 ± 8.34а 132.84 ± 6.3а 

Hematocrit , % NWH 40.32 ± 4.21а 37.16 ± 4.52а 36.62 ± 4.22а 37.42 ± 4.95а 40.15 ± 2.35а 
OH 34.52 ± 3.33а 33.14 ± 1.87а 36.53 ± 4.86 а 35.24 ± 2.43а 36.90 ± 2.11b 

Platelets , ×109/L NWH 139.22 ± 19.85а 132.21± 21.26а 130.06 ± 23.13а 119.46 ± 24.59а 135.03 ± 35.6 а 
OH 126.81 ± 18.77а 119.84 ± 18.72a 128.82 ± 18.25a 123.85± 27.33а 134.81 ± 30.1а 

Antibodies to the  
influenza virus, unit 

NWH 0.249 ± 0.066 а 0.241 ± 0.075а 0.232 ± 0.071а 0.226 ± 0.032а 0.249 ± 0.088а 
OH 0.201 ± 0.016а 0.198 ± 0.011a 0.299 ± 0.175a 0.224 ± 0.016a 0.219 ± 0.025а 

Notes: NWH – normal-weight horses, ОН – obese horses; different letters indicate values which reliably differed one from another within one line of the table ac-
cording to the results of comparison using the Tukey test with Bonferroni correction.  

Thus, our data indicate that horses with signs of obesity develop 
leukocytosis, erythrocytopenia, decreased haemoglobin and haemato-
crit levels, and, in the early stages, thrombocytopenia after vaccina-
tion. This pattern of changes indicates the immunomodulatory effect 
of the vaccine, but a pathological condition such as obesity has a 
negative impact on the development of immunological reactions and 
homeostasis in general. 

The first to respond to stress reactions caused by the administra-
tion of immunotropic drugs in the body of animals is the leukogram. 
When analysing the obtained data from the blood of horses, it was 
noted (Table 2) that in animals with normal weight, the level of band 
neutrophils changed with an increase of 3.53 times on the 7th day 
after vaccination, and 1.52 times on the 28th day compared to the 
number before vaccination. In animals with signs of obesity, the num-
ber of these neutrophils increased by 55.5% on day 7, and then (on 
days 14, 21 and 28) decreased by an average of 66.7%. The analysis 

of blood data from animals with signs of obesity against those of 
animals with normal weight demonstrates an increased number of 
band neutrophils both before vaccination by 4.53 times and after 
vaccination by 2.12, 3.14 and 1.53 times, respectively, on days 7, 14 
and 21. Regarding the dynamics of segmented neutrophils: in animals 
with normal weight, a decrease of 18.7% was found on day 7 after 
vaccination, and in animals with signs of obesity, an increase of 
43.2%, 25.2% and 27.2% was found compared to the number before 
vaccination. The analysis of segmented neutrophil data from animals 
with signs of obesity compared to animals with normal weight re-
vealed a 12.3% decrease in the initial level, and from day 7 after vac-
cination, an increase of 7.3%, 28.8% (P = 0.0091) and 16.3% (P = 
0.0021), respectively. Thus, the regenerative shift of neutrophils de-
tected by us may indicate that the reactivity of the organism of horses 
with signs of obesity was maintained at a sufficient level. 

Table 2 
Dynamics of leukocyte blood formula in horses (mean ± standard deviation, n = 10)  

Index Before vaccination 7th day 14th day 21st day 28th day 

Band neutrophils, % NWH 0.4 ± 0.9а 1.4 ± 1.1 а 0.2 ± 0.5 а 0.4 ± 0.6a 0.6 ± 0.1 а 
OH 1.8 ± 1.3аb 2.8 ± 1.3a 0.6 ± 0.1c 0.6 ± 0.1c 0.6 ± 0.9bc 

Segmented  
neutrophils, % 

NWH 57.6 ± 4.8аb 46.8 ± 4.7a 55.6 ± 9.9ab 53.8 ± 5.8ab 61.4 ± 4.4b 
OH 50.0 ± 9.9а 50.2 ± 13.8a 71.6 ± 3.4b 62.6 ± 3.7ab 63.6 ± 7.8ab 

Eosinophils, % NWH 0.4 ± 0.6а 3.4 ± 0.9c 2.4 ± 1.3ab 0.8 ± 0.5bc 1.2 ± 1.3bc 
OH 2.0 ± 1.4а 1.2 ± 0.8a 1.8 ± 2.1a 2.6 ± 1.3a 1.6 ± 0.9a 

Lymphocytes, % NWH 39.2 ± 4.2а 44.6 ± 5.9a 37.6 ± 9.6a 42.0 ± 6.1a 34.0 ± 2.4a 
OH 43.8 ± 8.5а 41.8 ± 14.1a 23.0 ± 1.9b 31.4 ± 5.6ab 31.8 ± 8.0ab 

Mоnocytes, % NWH 2.4 ± 2.1а 3.8 ± 1.8a 4.2 ± 2.2a 3.0 ± 1.9a 2.6 ± 1.7a 
OH 2.4 ± 1.7а 3.4 ± 1.8a 3.2 ± 0.8a 3.4 ± 1.7a 2.4 ± 2.3a 

Note: see Table 1.  

The dynamics of the studied haemogram indicates eosinopenia 
(2.83 (P = 0.0039) and 1.33 times) on the 7th and 14th day after vac-
cination, and then the development of eosinophilia (3.25 and 1.33 
times) on the 21st and 28th day in the blood of animals with signs of 
obesity compared to the blood of animals with normal weight. How-
ever, in horses with normal weight, the level of eosinophils remained 
stably increased with a maximum difference of 8.52 times compared 
to the level before vaccination. In obese horses, the number of eosi-
nophils decreased starting from the 7th day after vaccination and this 
pattern of changes persisted until the 28th day with an average diffe-
rence of 25.0% compared to the pre-vaccination level. The main cells 
of the immune system, which are a type of white blood cell and are 
responsible for the acquired immunity, are lymphocytes and mono-
cytes. The data in the haemogram table indicate a decrease in the 

number of lymphocytes and monocytes in horses with signs of obesi-
ty compared to horses with normal weight. As a result of the experi-
ment, the following reductions were found: the number of lympho-
cytes by 6.3%, 38.8% (P = 0.0011), 25.2% (P = 0.021) and 6.4%; the 
number of monocytes by 47.8%, 28.8%, 25.3% and 15.3%, respec-
tively. The data analysis of the number of lymphocytes and mono-
cytes in horses with signs of obesity after vaccination compared to the 
pre-vaccination values also shows a decrease in the number of lym-
phocytes and monocytes, on average, by 34.4% and 10.8%, respec-
tively. However, in horses with normal weight, after vaccination, an 
increase was noted in the number of lymphocytes and monocytes by 
an average of 11.3% and 41.6%, respectively, compared to the level 
before vaccination, indicating the active development of immunolog-
ical reactions. Thus, significant changes in the quantitative indicators 
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of the leukocyte blood count of obese horses compared with the dy-
namics of blood cells of horses with normal weight after vaccination 
demonstrate: neutrophilia; eosinopenia, which turns into eosinophilia; 
lymphocytopenia and monocytopenia, indicating suppression of the 
development of immunological reactions, especially on day 14 of the 

experiment. For a more complete and objective picture of the dynam-
ics of the immune response to vaccination in obesity, it is important to 
provide data from experimental studies on the level of total protein 
and protein fractions, circulating immune complexes and seromu-
coids.  

Table 3  
Dynamics of biochemical parameters of blood serum (mean ± standard deviation, n = 10)  

Index Before vaccination 7th day 14th day 21st day 28th day 

Total protein, g/L NWH 68.07 ± 4.32ab 64.32 ± 4.35a 67.44 ± 5.34a 71.44 ± 2.62ab 74.85 ± 1.12b 
OH 66.21 ± 2.74a 65.32 ± 3.37a 69.95 ± 2.48ab 73.23 ± 2.52b 74.34 ± 0.93b 

Albumin, g/L NWH 43.91 ± 2.31a 42.12 ± 2.51a 41.83 ± 2.25a 42.14 ± 1.75a 43.12 ± 2.25a 
OH 44.11 ± 1.53a 43.15 ± 1.53a 41.02 ± 2.44a 41.81 ± 2.34a 43.95 ± 1.71a 

Globulin, g/L NWH 24.14 ± 5.74ab 22.23 ± 4.93a 25.65 ± 6.42ab 29.36 ± 3.71ab 31.81 ± 2.64ab 
OH 22.12 ± 3.13a 22.21 ± 3.26a 28.92 ± 2.82b 31.47 ± 3.51b 30.14 ± 1.92b 

Circulating Immune Com-
plexes, mg/mL 

NWH 129.05 ± 28.41a 141.42 ± 23.27a 121.21 ± 31.44a 208.63 ± 32.35b 207.62 ± 22.65b 
OH 126.86 ± 13.82a 138.03 ± 12.42a 123.23 ± 20.24a 207.83 ± 28.05b 192.04 ± 40.35b 

Seromucoids, mg/mL NWH 1.68 ± 0.44a 1.84 ± 0.21bc 2.61 ± 0.46b 2.54 ± 0.43b 3.52 ± 0.54c 
OH 1.80 ± 0.16a 1.82 ± 0.13a 2.63 ± 0.42b 2.744 ± 0.22ab 3.32 ± 0.49c 

Uric acid, µmol/L NWH 39.42 ± 4.93a 42.0 ± 11.9a 35.13 ± 7.94a 41.66 ± 8.13a 59.14 ± 5.44b 
OH 37.78 ± 4.92a 43.35 ± 7.52a 38.66 ± 4.61a 39.94 ± 5.27a 60.95 ± 4.94b 

Note: see Table 1.  

In this study, it was found that in horses with normal weight, the 
level of total protein increased by 10.0% by day 28 compared to pre-
vaccination levels. Obese horses showed an increase in total protein 
levels from 66.21 ± 2.74 to 73.23 ± 2.52 and 74.34 ± 0.93 (10.5% and 
12.2%, respectively) on days 21 and 28. The increase in globulin 
levels in animals with normal weight was 21.6% and 31.8% on days 
21 and 28, respectively. In obese animals, globulin levels increased by 
30.7%, 42.1% and 36.2% on days 14, 21 and 28, respectively. At the 
same time, the level of albumin remained stable. The protein profile 
of obese horses showed a 12.9% increase in globulin levels on day 14 
compared to animals of normal weight.  

The study also showed that after vaccination in horses with nor-
mal weight, the level of circulating immune complexes increased by 
9.6%, 61.7% and 60.9% on days 7, 21 and 28, respectively. In obese 
horses, these indicators increased by 8.8%, 63.9% and 51.4%. The 
level of circulating immune complexes correlated with the content of 
seromucoids, indicating a possible link with chronic inflammation, 
characteristic of obesity, and the development of suppressive reac-
tions. In horses with normal weight, the concentration of seromucoids 
increased by 9.5%, 54.7% and 51.2% on days 7, 14 and 21, respec-
tively, and on day 28, a maximum increase of 2.09 times was ob-
served. In obese animals, seromucoid levels increased by 44.4%, 
50.0% and 83.3% on days 14, 21 and 28. The initial level of seromu-
coids in obese horses was 7.1% higher, but their formation was less 
intense during the study, which may indicate a decrease in the func-
tional activity of the liver.  

In addition, it was found that in horses with normal weight, the 
concentration of uric acid increased by 50.1% by day 28 after vacci-
nation, while in obese horses this indicator increased by 14.8% and 
61.4% on days 7 and 28, respectively. An increase in uric acid levels 
in obese animals may indicate the development of metabolic syn-
drome, which is accompanied by oxidative stress and a decrease in 
immune response. This is consistent with the dynamics of the level of 
lymphocytes, eosinophils, monocytes, circulating immune complexes 
and seromucoids.  
 
Discussion  
 

The problems of veterinary science are multifaceted and include 
issues of both infectious and non-infectious pathology, which in most 
cases are common to animal husbandry (Paliy et al., 2021; Kolchyk 
et al., 2022; Rehman, 2023). Influenza vaccination is an important 
measure of protection against infection, especially for obese animals, 
which are at increased risk of severe disease. However, vaccination 
can cause various haematological changes, including changes in coa-
gulation, risk of haematological abnormalities, and inflammatory 
reactions (Green et al., 2017; Shaikh et al., 2022). For example, our 
studies have shown leukocytopenia, which occurs at the expense of 

neutrophils and lymphocytes; it may be associated with apoptosis 
induced by interferon-α and indicates the immunomodulatory effect 
of the vaccine (Ato et al., 2013). It should also be noted that in horses 
with normal weight, the number of red blood cells after vaccination 
was reduced by an average of 8.1% compared to the pre-vaccination 
values, and in horses with signs of obesity, this trend was not ob-
served. This is probably due to an excess of macrophages that destroy 
red blood cells because, with the help of the TLR9 receptor, they have 
the remnants of pathogenic structures from the vaccine on their sur-
face and are perceived as a pathogen (Kawai & Akira, 2010; Huang 
et al., 2018; Lomikovska et al., 2020). The haemogram is completed 
with data on the level of haematocrit – the volume fraction of red 
blood cells in whole blood (the ratio of red blood cell volume to 
plasma), which depends on the number and volume of red blood 
cells. Usually, the values of haemoglobin, haematocrit and red blood 
cell count are interrelated and change in the same direction (Levchen-
ko et al., 2017). The dynamics of the hematocrit level in our studies is 
consistent with the literature and had a decrease of 14.4% (P < 0.05) 
before vaccination, 10.8% on day 7 and 7.9% at the end of the expe-
riment in obese horses compared to normal weight horses. However, 
horses with normal weight after vaccination had a decrease in haema-
tocrit level during the experiment by an average of 8.1% compared to 
pre-vaccination, and this tendency was not observed in horses with 
signs of obesity.  

Platelets are fragments of nucleated cells that play an important 
role in haemostasis. Activated platelets are the main source of 
sCD40L (CD154) in the blood. Platelet CD154 can interact with the 
CD40 receptor on endothelial cells, triggering an inflammatory res-
ponse and enhancing immunoglobulin production by B lymphocytes. 
Platelet membrane and soluble CD154, in combination with other sig-
nals, can induce the maturation and activation of dendritic cells. They 
are also able to synthesise antigens in the context of MHC class I mo-
lecules and activate CD8+ T lymphocytes (Kerrigan et al., 2012; Kim 
et al., 2015).  

Our data on the leukocyte profile indicate an increase in neutro-
phils, which, according to the literature, has a direct regulatory effect 
on the functional activity of T and B lymphocytes, which is realised 
through direct contact between these cells via PD-L1-PD1. Eosino-
phils provide a detoxifying effect by adsorbing immune complexes, 
fibrin, histamine, etc. The role of eosinophils is primarily to limit the 
damage caused by immune complexes. However, the eosinopenia de-
scribed in our study is caused by an increase in adrenocorticoid activi-
ty, which leads to a delay in eosinophil retention in the bone marrow 
and characterises the development of stress, but eventually returns to 
normal levels or eosinophilia, which is associated with the influence 
of histamine-like substances and a special factor (eosinopoietin) se-
creted by lymphocytes during their antigenic stimulation, indicates the 
development of allergic reactions in animals with signs of obesity 
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(Kanda et al., 2015; De Castro et al., 2019). According to the litera-
ture, the introduction of vaccine antigens primarily activates cells of 
the innate immune system (dendritic cells, macrophages, neutrophils), 
which is consistent with our data. Further, activated dendritic cells 
and macrophages capture foreign agents and migrate to regional 
lymph nodes, where they stimulate antigen-specific responses of T- 
and B-lymphocytes (Leo et al., 2011). This fact explains the low level 
of lymphocytes against the background of low monocytes, and the 
decrease in monocytes reflects the presence of some dysfunction of 
the immune system, which may be associated with the pathogenetic 
features of the formation of obesity (Rekalova et al., 2016). It should 
also be noted that, according to the data in the literature, a decrease in 
lymphocyte proliferation indicates a low expression of the IL-2 gene 
in horses with signs of obesity (Lord et al., 2000) compared to meta-
bolically normal controls.  

The most important thing about the interaction between protein 
and the immune system is its important role in the formation of anti-
bodies, which have a major function in protecting against viruses and 
infections (Hull-Nye et al., 2023; Korkh et al., 2024). In this study, we 
found a 10.0% increase in total protein levels in normal-weight horses 
on day 28 compared to pre-vaccination levels, and in obese horses, 
total protein changed from 66.2 ± 2.71 to 73.2 ± 2.49 and 74.3 ± 0.94 
(10.5% and 12.2%, respectively) on days 21 and 28. This directionali-
ty of changes is due to the increased level of total globulins, which 
reflect the state of development of immune reactions in the body, or 
the development of the inflammatory process (Gardner et al., 2011). 
Thus, in animals with normal weight, an increase in globulin levels 
was found by 21.6% and 31.8% on the 21st and 28th day, respective-
ly, compared to the level before vaccination. In animals with signs of 
obesity, after vaccination, the level of globulins increased by 30.7, 
42.0 and 36.2% on the 14th, 21st and 28th day, respectively. At the 
same time, it should be noted that the level of albumin did not under-
go significant changes. However, when analysing the protein profile 
data of horses with signs of obesity against the level of horses with 
normal weight, only the level of the globulin fraction increased by 
12.9% on day 14 of the experiment.  

One of the important indicators characterising the state of the 
humoral immune response is the level of circulating immune com-
plexes, which are formed during the direct combination of antigens 
with antibodies. Due to the high antigen content, excessive formation 
of circulating immune complexes and their low elimination, the reti-
culo-endothelial system, which is responsible for their elimination, 
often develops a type 3 hypersensitivity reaction. At the same time, a 
high level of circulating immune complexes (especially those contain-
ing class G immunoglobulins) stimulates the suppressor activity of T-
cells (Stepura et al., 2020). Analysing the data, it was found that after 
vaccination in horses with normal weight, the level of circulating 
immune complexes increased by 9.6%, 61.7% and 60.9%, respective-
ly, on the 7th, 21st and 28th day, and in horses with signs of obesity - 
by 8.8%, 63.9% and 51.4%, respectively. It should also be noted that 
low-molecular-weight circulating immune complexes have the high-
est toxicity to body tissues, but the increased level of high-molecular-
weight circulating immune complexes may be due to the activation of 
functional systems of polymorphonuclear leukocytes and mononuc-
lear cells, as well as increased complement activity, which is a posi-
tive shift in the immune system (Krytsia, 2016; Kuznetsov, 2020).  

Thus, the increased level of circulating immune complexes in our 
experiment may indicate both a disorder of immune homeostasis in 
the body of horses after vaccination and the development of immune 
reactions.  

Analysing the data in the table, it should be noted that the concen-
tration of circulating immune complexes was consistent with the con-
tent of seromucoid, which may be associated with chronic inflamma-
tion, which is often associated with obesity and reflects the expressed 
development of suppressive reactions that affect the humoral immune 
system, but at the same time its cellular factors are activated (Wylie 
et al., 2012; Menzies-Gow et al., 2016; Zhurenko & Zhurenko, 2018).  

Thus, in horses with normal weight, the level of seromucoids af-
ter vaccination increases by 9.5%, 54.7% and 51.2%, respectively, on 
the 7th, 14th, 21st day, and on the 28th day, the maximum difference 

was determined to be 2.09 times. In horses with signs of obesity after 
vaccination, the increase was 44.4%, 50.0% and 83.3%, respectively, 
on the 14th, 21st and 28th day. Analysing the dynamics of seromuco-
id levels in horses with signs of obesity compared to those in animals 
with normal weight, it should be noted that the initial level of this in-
dicator was 7.1% higher, and during the experiment, less active for-
mation was recorded, which may indicate a reduced functional activi-
ty of the liver. Uric acid is the end product of purine metabolism, 
which is the main component of cellular energy reserves, such as 
adenosine triphosphate, as well as a component of deoxyribonucleic 
acid and ribonucleic acid (Li et al., 2023; Yu et al., 2023).  

Today, uric acid is recognised as an alarmin, as well as an impor-
tant and powerful mediator of type 2 immune responses involving 
epithelial cells, eosinophils, and monocytes. Uric acid also acts as an 
antioxidant in the body. It accounts for 50% of the total antioxidant 
capacity of the human body. Instead, in the cytoplasm or in an acidic/ 
hydrophobic environment, uric acid is converted into a prooxidant 
agent and contributes to oxidative stress (Kim et al., 2010; Shao et al., 
2019).  

Hyperuricemia is often associated with clusters of metabolic syn-
drome, and therefore a number of authors define hyperuricemia as a 
component of metabolic syndrome. Increased uric acid concentration 
in metabolic syndrome, patients with gout or signs of abdominal obe-
sity is associated with increased glucose levels after glucose loading 
and affects the reduction of high-density lipoprotein and increase in 
triglycerides (Heinig & Johnson, 2006; Krishnan, 2012).  

As a result of the experiment, it was found that in horses with 
normal weight, the concentration of uric acid was increased by 50.1% 
on day 28 compared to the level before vaccination, and in horses 
with signs of obesity, the difference was 14.8% and 61.4% on days 7 
and 28, respectively. Based on this analysis, it can be assumed that an 
increase in uric acid levels in horses with signs of obesity indicates the 
development of metabolic syndrome, which is consistent with the 
above indicators; oxidative stress and a decrease in the immune res-
ponse, which is consistent with the data on the level of lymphocytes, 
eosinophils, monocytes, as well as circulating immune complexes and 
seromucoids.  

 
Conclusion  
 
In horses, regardless of their metabolic status, the reaction to vac-

cination is accompanied by an immune response at a sufficient level, 
as evidenced by antibodies specific for influenza virus. Vaccinated 
horses showed an increase in immunoglobulin titres. However, the 
metabolic status did not affect humoral immune parameters. In labor-
atory mice with diet-induced obesity, differences in humoral immune 
responses to influenza vaccination were observed (Chen et al., 2015). 
Similarly, an association between type 1 diabetes and the risk of in-
fluenza vaccination ineffectiveness has been observed in humans, but 
researchers have not found differences in humoral immune responses 
due to metabolic status. It is important to note that the pathophysiolo-
gy of autoimmune type 1 diabetes differs significantly from type 2 
diabetes and metabolic syndrome, the latter of which is most similar 
to metabolic syndrome.  

It is considered possible that obesity plays a greater role in immu-
ne processes than metabolic status. Obesity in humans was a risk fac-
tor for lower circulating antibody levels three years after hepatitis vac-
cination and it was body mass index, not diabetes, that was positively 
correlated with a greater reduction in influenza antibody titres 12 
months after vaccination (Sheridan et al., 2012). Obese people vacci-
nated against influenza, regardless of metabolic status, also have a 
higher incidence of influenza, even with similar serum antibody titres, 
compared to their non-obese patients of same age (Neidich et al., 
2017). Furthermore, regardless of age and in response to influenza 
vaccination, obese people have lower antibody titres, a reduced per-
centage of memory B-lymphocytes, increased production of pro-in-
flammatory IL-6 by B-cells, and decreased production of anti-inflam-
matory IL-10 (Frasca et al., 2016).  

Inactivated vaccines, such as those used in this study, tend to eli-
cit a strong humoral immune response but a weaker cellular immune 
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response. This may have contributed to the results observed in this 
study, as differences between horses with metabolic syndrome and 
control horses without metabolic syndrome were observed in cellular 
immune responses rather than humoral responses (He et al., 2006). 

Low expression of IL-2 gene in influenza-stimulated peripheral 
blood mononuclear cells and peripheral blood cells indicates that 
horses with metabolic syndrome may have reduced lymphocyte proli-
feration (Lord et al., 2000) compared to metabolically normal groups 
of animals. The anti-inflammatory cytokines TNF-α and IFN-γ play 
an important role in antigen-specific cellular immune responses (Li & 
Verma, 2002). The absence of changes in TNF-α gene expression in 
influenza-stimulated peripheral blood mononuclear cells and over 
time in horses with metabolic syndrome, as well as low levels of IFN-
γ gene expression in peripheral blood cells at weeks 1 and 3 com-
pared to control horses without metabolic syndrome, further indicate a 
reduced cellular immune response to vaccination in these animals. 
Further evidence of a reduced cellular immune response in horses 
with metabolic syndrome is provided by differences in peripheral 
blood cells between vaccinated horses with metabolic syndrome and 
vaccinated control horses without metabolic syndrome for IFN-γ and 
IL-2. However, the data indicate that horses with metabolic syndrome 
are able to produce a marked humoral immune response to vaccina-
tion, but their ability to elicit a cellular immune response may be 
reduced.  
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