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Abstract

:

Simple Summary


Eosinopenia has been used as a biomarker of systemic inflammatory response syndrome in critically ill humans. Horses are extremely prone to developing systemic inflammation in different conditions such as endotoxemia. It is for that reason that new biomarkers are needed in horses to rapidly identify the patients that require hospitalization in the intensive care units to minimize unnecessary expenses. The aim of this study was to evaluate eosinopenia as a potential marker of systemic inflammation and prognosis in horses. The results showed lower eosinophil counts in horses affected with systemic inflammation compared to the control group (p < 0.05). Horses with eosinopenia were less likely to survive, and hence, eosinophil count could be used as a marker of prognosis and disease.




Abstract


Systemic inflammatory response syndrome (SIRS) is a very common finding in critically ill patients. To accurately identify patients with SIRS and those who need intensive care, several markers have been evaluated, including cortisol, WBC or lactate. It is widely known that a stress leukogram includes eosinopenia as one of its main markers (neutrophilia, eosinopenia, lymphopenia and mild monocytes). It is known that cortisol concentration in plasma is the main stress biomarker and is strongly correlated with the severity of disease in horses. However, it is not possible to measure this parameter routinely in clinical conditions. Hence, in this study it was hypothesized that the eosinophil count could be a reliable parameter to identify critically ill horses. Horses included in this study were divided into three groups: Group A (sick horses received at the Emergency Unit which did not fulfil the criteria for SIRS), Group B (horses that meet two or more criteria for inclusion in the definition of SIRS) and a control group of healthy horses. In this study, horses with SIRS showed lower eosinophil counts than healthy horses. Moreover, non-surviving horses exhibited lower eosinophil counts than survivors. Eosinopenia could be used to identify horses with SIRS and can be useful as a prognostic marker.
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1. Introduction


Systemic inflammatory response syndrome (SIRS) in horses has been associated with mortality and with a need for intensive care in humans [1] and horses [2]. The definition of SIRS in adult horses includes two or more of the following abnormalities: fever or hyperthermia (>38.6 °C), tachycardia (>60 beats/min), tachypnea (respiratory rate >30 breaths/min) and white blood cell count (WBC) >12,500 cells/μL or <4500 cells/μL and 10% band neutrophils [3]. Although there is not a consensus on the exact use of the terms sepsis, endotoxemia and SIRS in horses [4] and sometimes the terms are used interchangeably, the more accepted concept is that endotoxemia is a SIRS-associated complication related to the presence of endotoxins, which are the lipopolysaccharide components of the cell wall of Gram-negative microorganisms. Regardless of the terminology used, it is important to provide tools for the prompt recognition and diagnosis of SIRS to equine clinicians because early diagnosis and treatment may lead to a reduction in both mortality and morbidity [5]. Systemic inflammation causes deleterious effects in the host due to massive release of inflammatory mediators including cytokines, eicosanoids, complement activation factors and stress hormones. Cortisol in horses is a valuable marker of prognosis and severity of SIRS [6] and it is related to the stress leukogram [7]. Eosinopenia is part of the canonical stress leukogram that responds to cortisol release. Cortisol and other stress indicators, such as “heat shock protein 72” (HSP72) and beta-endorphins, have been used as prognosis markers. The risk of death also appears to be higher in horses affected by gastrointestinal lesions with high circulating concentrations of epinephrine and cortisol, indicating a high degree of activation of the sympathetic system in horses with colic [8].



However, cortisol cannot be measured in clinical conditions and it would be helpful to outline other parameters related to the degree of stress. Patients with SIRS can develop leukopenia in the first stages of the disease, which is difficult to identify based on the stress leukogram [9]. Therefore, it is difficult to establish a correlation between the severity of the disease and the WBC count.



Other biomarkers have been used in critically ill horses with variable results. Lactate is the more widely used biomarker in critically ill horses and remains the more prominent parameter used as a prognosis marker [2,10]. Other biomarkers such as procalcitonin [11] or C-reactive protein [12] have been studied in equine patients but its clinical utility is not as promising as in human medicine. Serum amyloid A (SAA) seems to be useful for monitoring treatments [13] but it does not allow one to discriminate between horses with SIRS and horses with local inflammation [14].



On the other hand, eosinopenia typically accompanies the response to acute infection in human medicine [10]. This marked reduction in the number of circulating eosinophils in acute infection was first described by Zappert in 1893 [11] and was used during the first quarter of the last century as a diagnostic sign [12]. Taking the fact that eosinopenia is part of the normal response to stress into account [13], it could be assumed that eosinopenia in horses is a secondary response to the heavy stress caused by systemic inflammation [8,14]. The value of this ancient marker of acute infection in humans was tested by Gil et al. [15]. It is well known that corticosteroids induce eosinopenia [16] and recently, it has been used in humans as biomarker of diagnosis [17] and prognosis [18].



Because eosinophil count has been associated with the amount of circulating cortisol, we hypothesized that horses with SIRS may present lower eosinophil counts than sick horses without SIRS. To our knowledge, however, there is no earlier study testing the value of eosinopenia in the diagnosis of SIRS in critically ill horses. The aim of the present study was to assess the value of eosinopenia in distinguishing critically ill horses from other equine patients on admission.




2. Materials and Methods


A prospective study was performed in which horses admitted to the emergency services at the Veterinary Teaching Hospital of the University of Extremadura during 2021 were included. Horses younger than 2 years were excluded from the study. Informed consent was not demanded because this observational study did not require any deviation from routine medical practice. Moreover, a control group of 31 healthy horses was included.



2.1. Animals


At the time of admission, the age, gender, principal diagnosis, and vital signs (body temperature, heart rate, respiratory rate) were recorded for each patient (Supplementary Table S1).



Patients were classified as having SIRS if they met two or more clinical signs of the SIRS criteria.



To assess the value of eosinopenia as a marker of SIRS, the eosinophil cell count, WBC count and lactate were compared between the three different groups, which included:




	-

	
Group A: Sick horses received in the Emergencies Unit that did not fulfil the criteria for SIRS.




	-

	
Group B: patients received in the Emergencies Unit that met two or more criteria for inclusion in the definition of SIRS.




	-

	
Control group: healthy horses without clinical signs of disease and normal blood tests. These horses were admitted in the hospital for elective surgeries and the blood sample was taken as part of the regular protocol.









Survival was estimated as discharge from the hospital after the treatment. Horses euthanized due to economic restraints were not included.




2.2. Blood Parameters


The following laboratory parameters were systematically recorded on admission as part of the regular protocol: white blood cell count (Supplementary Table S2), the eosinophil cell count, lactate, fibrinogen, creatinine, urea, hematocrit, total proteins, albumin, and total bilirubin. Blood samples were obtained by venipuncture of the jugular vein on admission.



Blood samples were collected in microtubes containing ethylenediaminetetraacetic acid anticoagulant (EDTA). The white blood cell count was performed by a semiautomatic electronic blood cell counter (Sysmex F-800). Moreover, the eosinophil cell count was performed by a manual Diff by classifying 200 WBCs on a blood smear to determine the percentage of each type of WBC present. The percentage of eosinophils was multiplied by the total WBC count/μL to obtain the absolute count of this WBC type. The leukocyte differential count was performed manually to detect significant toxic changes in neutrophils. To determine the lactate level, blood samples were drawn into green-top vacutainer tubes containing lithium-heparin as the anticoagulant. Plasma lactate was measured by immunoturbidimetry using a Clinical Chemistry Analyzer (Saturno 100 Vet Crony® Instruments, Rome, Italy). The limit of detection was 0.071 mg/dl. Plasma fibrinogen was collected into blue-top vacutainer tubes containing sodium citrate and was measured by a thrombin coagulation technique (Hemofibrin-kit®, Laboratorio Gernon S.A., Barcelona, Spain).




2.3. Statistical Analysis


Descriptive statistics were presented as the mean ± standard deviation. To compare the eosinophil cell count, lactate concentrations and WBC count between groups, a Shapiro–Wilk test was used to check the data distribution and, in light of the non-gaussian distribution, a Kruskal–Wallis one-way analysis was used to assess differences between values. A Mann–Whitney rank sum test was used to evaluate the patient’s outcome. A p value < 0.05 was considered statistically significant. All statistical analyses were performed using Prism version 9 (San Diego, CA, USA).





3. Results


During the study period, 49 patients were admitted to the intensive care unit and 37 fulfilled the inclusion criteria. The horses were divided into two groups: 16 sick horses received in the Emergency Unit which did not fulfil the criteria for SIRS that were included in Group A and 21 horses that meet two or more criteria for inclusion in the definition of SIRS that were included in Group B (Table 1). A control group with 31 healthy horses without clinical signs of disease and normal blood tests was included.



3.1. Eosinophils, WBC and Lactate Concentrations Regarding SIRS


There were no significant differences in the WBC counts between groups (Table 2). There were significant differences in the lactate concentration between groups, with higher values in the clinical groups of interest (Control group: 1.3 ± 0.6 mmol/L; Group A: 2.1 ± 0.9 mmol/L; Group B: 5.8 ± 6.3 mmol/L) (Table 3). There were significant differences in the eosinophil counts between the control group and Group B, with lower counts in the SIRS group than in healthy horses (Control group: 238.1 ± 372.8 cell/ μL; Group A: 103.7 ± 155.5 cell/ μL; Group B: 12.4 ± 31.8; p > 0.001) (Table 4).




3.2. Outcome


The overall survival rate was 54%, with 15 non-survivors in the SIRS group (71.43%), and 4 non-survivors in the non-SIRS group (25%). There were no significant differences in the WBC count (Table 5) and lactate (Table 6) between survivors and non-survivors (WBC: survivors: 8802 ± 2664 cell/ μL; non-survivors: 7258 ± 4450 cell/ μL. Lactate: survivors 3.0 ± 2.2 mmol/L; non-survivors: 5.7 ± 6.9 mmol/L). There were significant differences in the eosinophil counts between the survivors and the non-survivors, as the counts were higher in the survivor group (Survivors: 67.9 ± 120.1 cell/ μL; non-survivors: 3.8 ± 14.7 cell/ μL) (Table 7).





4. Discussion


The eosinophil count was higher in the survivors than in non-survivors and higher in the healthy horses than in sick horses. Eosinopenia has been used in human medicine as an indicator of sepsis [19,20,21], as an outcome predictor [18,22,23] and in patients with abdominal pain [24]. The mechanisms that control eosinopenia in acute inflammation, also considered acute stress, include the adrenal release of glucocorticoids and epinephrine [10]. Additionally, the initial eosinopenic response to acute infections can be interpreted as being the result of peripheral sequestration of circulating eosinophils. In addition, chemotactic substances released during acute inflammation such as C5a and fibrin fragments may contribute to eosinophil migration and sequestration, in conjunction with the inflammatory response itself [10,25,26].



In view of all the previously mentioned work, it is easily explained that animals under stress and, consequently, with higher concentrations of catecholamines, present the lowest eosinophil counts. As demonstrated in previous studies, cortisol is a good prognostic marker, as its concentrations are higher in non-surviving horses or in those affected by more severe diseases [8]. The measurement of cortisol in the equine clinic is not performed routinely given its complexity and its high economic cost, and has only been used in experimental studies. Therefore, the eosinophil count (which is performed routinely in the equine clinic, both manually and automatically), may be a good alternative, since there seems to be a relationship between their count and the level of circulating cortisol. The results showed that eosinophil counts can help distinguish healthy horses from sick horses. Unfortunately, it does not seem to be a very useful parameter to accurately differentiate horses with SIRS from those without systemic inflammation. Similar results have been observed in human patients with sepsis [27].



In this study, lactate levels have shown to be a more reliable marker than WBC and eosinophil counts for identifying horses with SIRS. The increase in lactate concentration generally occurs when the tissular demand for energy exceeds the availability of oxygen in blood. Plasma lactate is currently being used to assess the degree of ischemia and tissue perfusion in critically ill human patients [28]. Its usefulness as a prognostic marker has been demonstrated, both in horses with digestive disorders [29,30,31] and in neonatal foals suffering from septic processes [32,33]. It is also useful to establish the severity of the process as well as to evaluate the response to treatment in critically ill horses [34,35]. Plasma and peritoneal lactate concentration are the most used parameters in determining if a horse requires medical or surgical treatment when suffering from gastrointestinal diseases [36,37].



WBC count provides information about immunity status and it has been used for the evaluation of inflammation. Leukocytosis consists of an increase in the number of leukocytes in the peripheral circulation above the reference ranges. Its causes include bacterial and viral infections, traumatic injuries, burns, stress, corticosteroid administration [38], immune-mediated processes, epinephrine release, excess production (bone marrow neoplasms), abnormal migration or inability to migrate (adhesion deficiency) and alterations in their functional capacity [39]. The term leukopenia refers to a decrease in the number of circulating leukocytes below the limits that are considered physiological. Its causes include massive infections (bacterial or viral), endotoxemia, severe diseases and failure of synthesis (alterations of the bone marrow) [40,41]. In this study, the WBC count did not differentiate healthy from sick horses or distinguish those with systemic inflammation from those with less severe disease. These results could be explained by the diversity of the diseases in the patients included in Groups A and B, which consisted of disorders characterized by leukocytosis, such as peritonitis, as well as others in which leukopenia is more characteristic, such as acute gastrointestinal processes.



Lactate did not provide relevant information about the outcome. There are many causes of increased L-lactate concentrations in blood and other biological fluids. Two types of lactic acidosis have been described based on different causes. Lactic acidosis type A is the result of tissue hypoxia, secondary to hypoperfusion, decreased oxygen concentration in arterial blood, or tissue problems in oxygen mobilization. Type B hyperlactacidemia is the consequence of mitochondrial dysfunction, alterations in carbohydrate metabolism, or a decreased rate of lactate clearance [28]. The most common and important causes of hyperlactacidemia are alterations of tissue perfusion and hypoxia. However, the increase in plasma lactate concentration can occur in critically ill patients suffering from diseases where oxygen transport to the tissues is normal. When lactate production from hypoxic tissues exceeds the rate of elimination through the kidneys and liver, its concentration increases in the blood [42]. The broad diagnosis included in this study could have biased the results of lactate concentration, as horses with severe asthma or dehydration can show increases in lactate with no other signs related to poor prognosis.



WBC count has been demonstrated to be not useful as a prognostic marker. In human medicine, new research found that it was more relevant to analyze WBC trajectories than the count on admission as a prognostic marker [43]. In horses, it seems to be more interesting to include the detection of band cells or the neutrophil toxic changes than the total WBC count [7].



Low eosinophil counts have shown to be more useful as a prognostic marker than the WBC count in several diseases [44,45]. In human medicine, eosinopenia is considered a reliable prognostic marker in acute ischemic stroke [46], coronavirus [47], urticaria [48], non-cardiac vascular surgery [49] and acute myocardial infarction [50]. There is also an association between persistent eosinopenia and high mortality in aged hospitalized patients [51]. However, despite the extensive bibliography that exists in human medicine, to the authors’ knowledge, there are no studies on eosinopenia as a prognostic marker in horses. In this study, low eosinophil counts have been observed in horses that do not survive, coinciding with previous findings reported in human medicine. As the eosinophil counts are part of the protocol in intensive care units and are routinely included in modern hematological equipment, in light of our findings, more attention should be paid to this parameter. Furthermore, thanks to their characteristic morphology, horse eosinophils are very easy to distinguish, making this method an effective alternative for this type of count.



The limitations of this study are the small number of animals included and the heterogeneity of the diseases analyzed. More studies are needed to evaluate the progression of eosinopenia in hospitalized critically ill patients and to establish a cut-off value for this marker. Caution must be taken when interpreting these results, since under normal conditions, the eosinophil count is quite low, so the values obtained should be interpreted together with other more robust parameters such as lactate.




5. Conclusions


The results obtained in this work show that the eosinophil count can be useful for differentiating healthy from sick horses, although it is not a sensitive marker of SIRS. Eosinopenia can be used as a prognostic marker in critically ill horses. However, these results should be interpreted with caution, and it is advisable to include other parameters in decision making.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ani12243547/s1, Table S1: Demographics and clinical data of horses received in the emergency service on admission; Table S2: Value of the differential WBC on admission.





Author Contributions


Conceptualization, M.M.-C. and R.B.; methodology, M.M.-C. and R.B.; formal and statistical analysis, B.M.-G.; writing—original draft preparation, M.M.-C.; B.M.-G.; R.B.; L.A.G.-C. and L.J.E.; writing—review and editing, M.M.-C.; R.B.; B.M.-G.; L.A.G.-C. and L.J.E. All authors have read and agreed to the published version of the manuscript.




Funding


This research was partially supported by grant GR21085 funded by the Regional Ministry of Economy and Infrastructure, Extremadura Government (Spain), and the European Regional Development Fund “A way to make Europe” and by the grant “Ayudas a grupos de la Universidad de Extremadura”. Beatriz Macías-García was recipient of a “Ramón y Cajal” grant from the Ministry of Economy, Industry and Competitiveness (Spain) and the “Fondo Europeo de Desarrollo Regional” (AEI/FEDER/UE); Reference RYC-2017-21545.




Institutional Review Board Statement


Ethical review and approval were waived for this study due to the ethic committee considered that this research was not considered as animal experimentation (register number: 155/2022).




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Brink, A.; Alsma, J.; Verdonschot, R.J.C.G.; Rood, P.P.M.; Zietse, R.; Lingsma, H.F.; Schuit, S.C.E. Predicting mortality in patients with suspected sepsis at the Emergency Department; A retrospective cohort study comparing qSOFA, SIRS and National Early Warning Score. PLoS ONE 2019, 14, e0211133. [Google Scholar] [CrossRef] [PubMed]

	



Roy, M.-F.; Kwong, G.; Lambert, J.; Massie, S.; Lockhart, S. Prognostic Value and Development of a Scoring System in Horses with Systemic Inflammatory Response Syndrome. J. Vet. Intern. Med. 2017, 31, 582–592. [Google Scholar] [CrossRef] [PubMed]

	



Sheats, M.K. A Comparative Review of Equine SIRS, Sepsis, and Neutrophils. Front. Vet. Sci. 2019, 6, 69. [Google Scholar] [CrossRef] [PubMed]

	



Wilkins, P.A. What’s in a word? The need for SIRS and sepsis definitions in equine medicine and surgery. Equine Vet. J. 2017, 50, 7–9. [Google Scholar] [CrossRef] [PubMed]

	



Corley, K.T.T.; Donaldson, L.L.; Furr, M.O. Arterial lactate concentration, hospital survival, sepsis and SIRS in critically ill neonatal foals. Equine Vet. J. 2010, 37, 53–59. [Google Scholar] [CrossRef]

	



Stewart, A.J.; Hackett, E.; Bertin, F.; Towns, T.J. Cortisol and adrenocorticotropic hormone concentrations in horses with systemic inflammatory response syndrome. J. Vet. Intern. Med. 2019, 33, 2257–2266. [Google Scholar] [CrossRef]

	



Lambert, J.; Fernandez, N.; Roy, M. Association of Presence of Band Cells and Toxic Neutrophils with Systemic Inflammatory Response Syndrome and Outcome in Horses with Acute Disease. J. Vet. Intern. Med. 2016, 30, 1284–1292. [Google Scholar] [CrossRef]

	



Hinchcliff, K.W.; Rush, B.R.; Farris, J.W. Evaluation of plasma catecholamine and serum cortisol concentrations in horses with colic. J. Am. Vet. Med. Assoc. 2005, 227, 276–280. [Google Scholar] [CrossRef]

	



Regazzoni, C.J.; Khoury, M.; Irrazabal, C.; Myburg, C.; Galvalisi, N.R.; O’Flaherty, M.; Sarquis, S.G.; Poderoso, J.J. Neutropenia and the development of the systemic inflammatory response syndrome. Intensiv. Care Med. 2003, 29, 135–138. [Google Scholar] [CrossRef]

	



Bass, D.A.; Gonwa, T.A.; Szejda, P.; Cousart, M.S.; DeChatelet, L.R.; McCall, C.E. Eosinopenia of Acute Infection. J. Clin. Investig. 1980, 65, 1265–1271. [Google Scholar] [CrossRef]

	



Zappert, J. Ueber das Vorkommen der Eosinophilen Zellen in menschlichen Blute. Z. Klin. Med. 1893, 23, 227–308. [Google Scholar]

	



Simon, C.E. A Manual of Clinical Diagnosis, 1st ed.; Henry Klimpton: London, UK, 1922; Volume 53. [Google Scholar]

	



Dalton, A.J.; Selye, H. The blood picture during the alarm reaction. Folia Haematol. 1939, 62, 397–407. [Google Scholar]

	



Niinistö, K.E.; Korolainen, R.V.; Raekallio, M.R.; Mykkänen, A.K.; Koho, N.M.; Ruohoniemi, M.O.; Leppäluoto, J.; Pösö, A.R. Plasma levels of heat shock protein 72 (HSP72) and β-endorphin as indicators of stress, pain and prognosis in horses with colic. Vet. J. 2010, 184, 100–104. [Google Scholar] [CrossRef]

	



Gil, H.; Magy, N.; Mauny, F.; Dupond, J.-L. Valeur de l’éosinopénie dans le diagnostic des syndromes inflammatoires: Un «vieux» marqueur revisité. Rev. Méd. Interne 2003, 24, 431–435. [Google Scholar] [CrossRef]

	



Altman, L.C.; Hill, J.S.; Hairfield, W.M.; Mullarkey, M.F. Effects of Corticosteroids on Eosinophil Chemotaxis and Adherence. J. Clin. Investig. 1981, 67, 28–36. [Google Scholar] [CrossRef]

	



Abidi, K.; Khoudri, I.; Belayachi, J.; Madani, N.; Zekraoui, A.; Zeggwagh, A.A.; Abouqal, R. Eosinopenia is a reliable marker of sepsis on admission to medical intensive care units. Crit. Care 2008, 12, R59. [Google Scholar] [CrossRef]

	



Kim, Y.H.; Bin Park, H.; Kim, M.J.; Kim, H.S.; Lee, H.S.; Han, Y.K.; Kim, K.W.; Sohn, M.H.; Kim, K.-E. Prognostic Usefulness of Eosinopenia in the Pediatric Intensive Care Unit. J. Korean Med. Sci. 2013, 28, 114–119. [Google Scholar] [CrossRef]

	



Bone, R.C. The pathogenesis of sepsis. Ann. Intern. Med. 1991, 115, 457–469. [Google Scholar] [CrossRef]

	



Terradas, R.; Grau, S.; Blanch, J.; Riu, M.; Saballs, P.; Castells, X.; Horcajada, J.P.; Knobel, H. Eosinophil Count and Neutrophil-Lymphocyte Count Ratio as Prognostic Markers in Patients with Bacteremia: A Retrospective Cohort Study. PLoS ONE 2012, 7, e42860. [Google Scholar] [CrossRef]

	



Wibrow, B.A.; Ho, K.M.; Flexman, J.P.; Keil, A.D.; Kohrs, D.L. Eosinopenia as a Diagnostic Marker of Bloodstream Infection in Hospitalised Paediatric and Adult Patients: A Case-Control Study. Anaesth. Intensiv. Care 2011, 39, 224–230. [Google Scholar] [CrossRef]

	



Yip, C.B.; Ho, K.M. Eosinopenia as a Predictor of Unexpected Re-Admission and Mortality after Intensive Care Unit Discharge. Anaesth. Intensiv. Care 2013, 41, 231–241. [Google Scholar] [CrossRef] [PubMed]

	



Shaaban, H.; Daniel, S.; Sison, R.; Slim, J.; Perez, G. Eosinopenia: Is it a good marker of sepsis in comparison to procalcitonin and C-reactive protein levels for patients admitted to a critical care unit in an urban hospital? J. Crit. Care 2010, 25, 570–575. [Google Scholar] [CrossRef] [PubMed]

	



Deibener-Kaminsky, J.; Lesesve, J.-F.; Kaminsky, P. Leukocyte Differential for Acute Abdominal Pain in Adults. Lab. Hematol. 2011, 17, 1–5. [Google Scholar] [CrossRef] [PubMed]

	



Hubert, J. Equine eosinophils–Why do they migrate? Vet. J. 2006, 171, 389–392. [Google Scholar] [CrossRef] [PubMed]

	



Benarafa, C.; Collins, M.E.; Hamblin, A.S.; Cunningham, F.M. Role of the chemokine eotaxin in the pathogenesis of equine sweet itch. Vet. Rec. 2002, 151, 691–693. [Google Scholar]

	



Lin, Y.; Rong, J.; Zhang, Z. Silent existence of eosinopenia in sepsis: A systematic review and meta-analysis. BMC Infect. Dis. 2021, 21, 471. [Google Scholar] [CrossRef]

	



Allen, S.E.; Holm, J.L. Lactate: Physiology and clinical utility. J. Vet. Emerg. Crit. Care 2008, 18, 123–132. [Google Scholar] [CrossRef]

	



Dunkel, B.; Kapff, J.E.; Naylor, R.J.; Boston, R. Blood lactate concentrations in ponies and miniature horses with gastrointestinal disease. Equine Vet. J. 2013, 45, 666–670. [Google Scholar] [CrossRef]

	



Tennent-Brown, B.; Wilkins, P.; Lindborg, S.; Russell, G.; Boston, R. Sequential Plasma Lactate Concentrations as Prognostic Indicators in Adult Equine Emergencies. J. Vet. Intern. Med. 2010, 24, 198–205. [Google Scholar] [CrossRef]

	



Delesalle, C.; Dewulf, J.; Lefebvre, R.A.; Schuurkes, J.A.; Proot, J.; Lefere, L.; Deprez, P. Determination of lactate concentrations in blood plasma and peritoneal fluid in horses with colic by an Accusport analyzer. J. Vet. Intern. Med. 2007, 21, 293–301. [Google Scholar] [CrossRef]

	



Borchers, A.; Wilkins, P.A.; Marsh, P.M.; Axon, J.E.; Read, J.; Castagnetti, C.; Pantaleon, L.; Clark, C.; Qura’N, L.; Belgrave, R.; et al. Association of admission L-lactate concentration in hospitalised equine neonates with presenting complaint, periparturient events, clinical diagnosis and outcome: A prospective multicentre study. Equine Vet. J. 2012, 44, 57–63. [Google Scholar] [CrossRef]

	



Castagnetti, C.; Pirrone, A.; Mariella, J.; Mari, G. Venous blood lactate evaluation in equine neonatal intensive care. Theriogenology 2010, 73, 343–357. [Google Scholar] [CrossRef]

	



Smanik, L.E.; Moser, D.K.; Rothers, K.P.; Hackett, E.S. Serial venous lactate measurement following gastrointestinal surgery in horses. J. Vet. Sci. 2022, 23, e66. [Google Scholar] [CrossRef]

	



Tennent-Brown, B.S. Interpreting lactate measurement in critically ill horses: Diagnosis, treatment, and prognosis. Compend. Contin. Educ. Vet. 2012, 34, E2. [Google Scholar]

	



Peloso, J.G.; Cohen, N.D. Use of serial measurements of peritoneal fluid lactate concentration to identify strangulating intestinal lesions in referred horses with signs of colic. J. Am. Vet. Med. Assoc. 2012, 240, 1208–1217. [Google Scholar] [CrossRef]

	



Latson, K.M.; Nieto, J.E.; Beldomenico, P.M.; Snyder, J.R. Evaluation of peritoneal fluid lactate as a marker of intestinal ischaemia in equine colic. Equine Vet. J. 2010, 37, 342–346. [Google Scholar] [CrossRef]

	



Burguez, P.N.; Ousey, J.; Cash, R.S.G.; Rossdale, P.D. Changes in blood neutrophil and lymphocyte counts following administration of cortisol to horses and foals. Equine Vet. J. 1983, 15, 58–60. [Google Scholar] [CrossRef]

	



Jackson, M.L. The Leukocytes. In Veterinary Clinical Pathology: An introduction, 1st ed.; Wiley-Blackwell: Ames, IA, USA, 2007; pp. 55–80. [Google Scholar]

	



Cowell, R.l.; Tyler, R.D. Cytology and Hematology of the Horse, 2nd ed.; Mosby, Inc.: St. Louis, MO, USA, 2002. [Google Scholar]

	



Blood, D.C.; Radostits, O.M. Veterinary Medicine, 7th ed.; Bailliere Tindall: Filadelfia, PA, USA, 1989. [Google Scholar]

	



Prittie, J. Optimal endpoints of resuscitation and early goal-directed therapy. J. Vet. Emerg. Crit. Care 2006, 16, 329–339. [Google Scholar] [CrossRef]

	



Rimmer, E.; Garland, A.; Kumar, A.; Doucette, S.; Houston, B.L.; Menard, C.E.; Leeies, M.; Turgeon, A.F.; Mahmud, S.; Houston, D.S.; et al. White blood cell count trajectory and mortality in septic shock: A historical cohort study. Can. J. Anaesth. 2022, 69, 1230–1239. [Google Scholar] [CrossRef]

	



Mao, Y.; Qian, Y.; Sun, X.; Li, N.; Huang, H. Eosinopenia Predicting Long-term Mortality in Hospitalized Acute Exacerbation of COPD Patients with Community-acquired Pneumonia—A Retrospective Analysis. Int. J. Chronic Obstr. Pulm. Dis. 2021, 16, 3551–3559. [Google Scholar] [CrossRef]

	



Tanni, F.; Akker, E.; Zaman, M.M.; Figueroa, N.; Tharian, B.; Hupart, K.H. Eosinopenia and COVID-19. J. Am. Osteopat. Assoc. 2020, 120, 504–508. [Google Scholar] [CrossRef] [PubMed]

	



Wen, Z.-M.; Zhao, H.-M.; Qin, W.-Q.; Wang, P.-J. Eosinopenia is a predictive factor for the severity of acute ischemic stroke. Neural Regen. Res. 2019, 14, 1772–1779. [Google Scholar] [CrossRef] [PubMed]

	



Perlini, S.; Ciprandi, G.; Castagnoli, R.; Licari, A.; Marseglia, G.L. Eosinopenia could be a relevant prognostic biomarker in patients with coronavirus disease 2019. Allergy Asthma Proc. 2020, 41, e80–e82. [Google Scholar] [CrossRef] [PubMed]

	



Kolkhir, P.; Church, M.K.; Altrichter, S.; Skov, P.S.; Hawro, T.; Frischbutter, S.; Metz, M.; Maurer, M. Eosinopenia, in Chronic Spontaneous Urticaria, Is Associated with High Disease Activity, Autoimmunity, and Poor Response to Treatment. J. Allergy Clin. Immunol. Pract. 2020, 8, 318–325. [Google Scholar] [CrossRef] [PubMed]

	



von Meijenfeldt, G.C.; Chary, S.; van der Laan, M.; Zeebregts, C.; Christopher, K.B. Eosinopenia and post-hospital outcomes in critically ill non-cardiac vascular surgery patients. Nutr. Metab. Cardiovasc. Dis. 2019, 29, 847–855. [Google Scholar] [CrossRef]

	



Alkhalil, M.; Kearney, A.; Hegarty, M.; Stewart, C.; Devlin, P.; Owens, C.G.; Spence, M.S. Eosinopenia as an Adverse Marker of Clinical Outcomes in Patients Presenting with Acute Myocardial Infarction. Am. J. Med. 2019, 132, e827–e834. [Google Scholar] [CrossRef]

	



Partouche, B.; Pepin, M.; de Farcy, P.M.; Kahn, J.E.; Sawczynski, B.; Lechowski, L.; Teillet, L.; Barbot, F.; Herr, M.; Davido, B. Persis-tent eosinopenia is associated with in-hospital mortality among older patients: Unexpected prognostic value of a revisited biomarker. BMC Geriatr. 2021, 21, 557. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Demographics and laboratory data of horses on admission. The diagnosis and outcome of each patient is reported (Groups A and B).






Table 1. Demographics and laboratory data of horses on admission. The diagnosis and outcome of each patient is reported (Groups A and B).





	Horse
	Group
	Lactate (mmol/L)
	Eosinophils (Cell/μL)
	WBC (Cell/μL)
	Outcome
	Diagnoses





	1
	A
	1
	162
	5400
	Survival
	Diarrhea



	2
	A
	2.5
	428
	10,700
	Survival
	Medical colic



	3
	A
	1.2
	0
	8900
	Survival
	Medical colic



	4
	A
	1.8
	0
	6300
	Survival
	EGUS



	5
	A
	1.7
	320
	6400
	Survival
	Medical colic



	6
	A
	2.2
	0
	12,200
	Survival
	Colon displacement



	7
	A
	3.7
	0
	12,100
	Non-survival
	Inguinal herniation



	8
	A
	2.8
	428
	10,700
	Non-survival
	Inguinal herniation



	9
	A
	0.8
	102
	10,200
	Survival
	Severe asthma



	10
	A
	3
	0
	10,900
	Survival
	Esophageal obstruction



	11
	A
	3.7
	0
	5200
	Survival
	Colon displacement



	12
	A
	2.3
	57
	5700
	Non-survival
	Laminitis



	13
	A
	1.7
	0
	10,800
	Survival
	Laminitis



	14
	A
	-
	162
	8100
	Survival
	Severe asthma



	15
	A
	2.2
	0
	9100
	Survival
	Severe asthma



	16
	A
	1.3
	0
	13,000
	Non-survival
	Lymphoma



	17
	B
	7.2
	0
	11,300
	Survival
	Enteritis



	18
	B
	5.5
	0
	1100
	Non-survival
	SI volvulus



	19
	B
	4.2
	0
	7600
	Survival
	Medical colic



	20
	B
	2.4
	0
	10,600
	Survival
	Colon displacement



	21
	B
	3.1
	0
	8800
	Non-survival
	Peritonitis



	22
	B
	2.5
	0
	12,800
	Non-survival
	Peritonitis



	23
	B
	2.1
	0
	9300
	Non-survival
	Inguinal herniation



	24
	B
	4.5
	72
	5400
	Survival
	Medical colic



	25
	B
	12.2
	0
	3000
	Non-survival
	SI volvulus



	26
	B
	1
	0
	4500
	Survival
	Fecaloma



	27
	B
	4.1
	0
	9100
	Non-survival
	SI obstruction



	28
	B
	3.5
	76
	3888
	Non-survival
	Rectal rupture



	29
	B
	2
	112
	7840
	Survival
	Colon displacement



	30
	B
	30
	0
	15,400
	Non-survival
	Peritonitis



	31
	B
	1.4
	0
	2500
	Non-survival
	Colitis



	32
	B
	6.3
	0
	5700
	Non-survival
	SI volvulus



	33
	B
	5.7
	0
	2100
	Non-survival
	Dystocia



	34
	B
	9.1
	0
	3800
	Non-survival
	Inguinal herniation



	35
	B
	1
	0
	4500
	Non-survival
	Medical colic



	36
	B
	5.8
	0
	14,000
	Survival
	Enteritis



	37
	B
	8.6
	0
	10,600
	Survival
	Inguinal herniation







Note: - is for missing data; EGUS: equine gastric ulcer syndrome; SI: small intestine.













[image: Table] 





Table 2. Results of WBC counts (cell/ μL) in all groups.
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	Group
	N
	Median
	25%
	75%





	Control Group
	31
	7900
	7400
	8700



	Group A
	16
	9650
	6325
	10,875



	Group B
	21
	7600
	3800
	10,600







Note: there is not a statistically significant difference (p = 0.233).
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Table 3. Results of lactate levels (mmol/L) in all groups.
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	Group
	N
	Median
	25%
	75%





	Control Group
	31
	1.2 a,b
	1.0
	1.4



	Group A
	16
	2.2 a
	1.3
	2.8



	Group B
	21
	4.2 b
	2.2
	6.7







Note: a,b: there is a statistically significant difference (p ≤ 0.001). 
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Table 4. Results of eosinophil counts (cell/μL) in all groups.
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Group

	
N

	
Median

	
25%

	
75%






	
Control Group

	
31

	
160 a

	
0.0

	
296.0




	
Group A

	
16

	
0

	
0.0

	
162.0




	
Group B

	
21

	
0 a

	
0.0

	
0.0








Note: a: there is a statistically significant difference (p ≤ 0.001).
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Table 5. Results of WBC counts (cell/ μL) depending on survival. Control group was not included.






Table 5. Results of WBC counts (cell/ μL) depending on survival. Control group was not included.





	Group
	N
	Median
	25%
	75%





	Survivors
	20
	9000
	6325
	10,775



	Non-survivors
	18
	5700
	3400
	11,400







Note: there is not a statistically significant difference (p = 0.223).
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Table 6. Results of lactate levels (mmol/L) depending on survival. Control group was not included.






Table 6. Results of lactate levels (mmol/L) depending on survival. Control group was not included.





	Group
	N
	Median
	25%
	75%





	Survivors
	20
	2.2
	1.7
	4.2



	Non-survivors
	18
	3.5
	2.2
	6.0







Note: there is not a statistically significant difference (p = 0.120).
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Table 7. Results of eosinophil counts (cell/ μL) depending on survival. Control group was not included.






Table 7. Results of eosinophil counts (cell/ μL) depending on survival. Control group was not included.





	Group
	N
	Median
	25%
	75%





	Survivors
	20
	0
	0.0
	109.5



	Non-survivors
	18
	0
	0.0
	0.0







Note: there is a statistically significant difference (p = 0.039).
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