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The erythrocyte sedimentation rate (ESR) in canine inflammation: a rediscovery
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Abstract
	The clinical application of the erythrocyte sedimentation rate (ESR) is challenging due to the long processing time. However, in 2020 a new automatic instrument (MINI-PET) for veterinary ESR was released and validated. Our aims were: (1) to refine the proposed reference interval (RI) for canine ESR; (2) to compare the ESR values of healthy and sick dogs; (3) to correlate ESR with other inflammatory markers such as C-reactive Protein (CRP), fibrinogen, albumin:globulin ratio (A/G), neutrophil-to-lymphocyte ratio (NLR); and (4) to study ESR behavior in different durations of illness. This was a prospective cohort study conducted on 397 client-owned dogs: 120 healthy dogs and 277 sick dogs. Dogs with a full clinical evaluation, complete hematobiochemical profile and a final diagnosis were included. ESR was performed using MINI-PET according to the manufacturer’s instructions using the same 1 mL K3-EDTA tube used for the complete blood count. 

The RI was established at 1-8 mm/h in 14 min. Sick dogs (n = 277) showed a significantly faster ESR (median 10 mm/h) than healthy dogs (n = 120; median 1 mm/h). ESR was positively correlated with NLR (r = 0.36), CRP (r = 0.18) and fibrinogen (r = 0.56) and negatively correlated with A/G (r = -0.37). Dogs with an acute-on-chronic disease showed the fastest ESR values (median 17mm/h) compared both with acute (median 11 mm/h; P = 0.001) and chronic diseases (median 7 mm/h; P < 0.001). ESR was confirmed as a reliable canine inflammatory marker, positively correlated with the main inflammatory marker in dogs and significantly different between sick and healthy dogs. Regarding its clinical application, the ESR evaluation seems useful especially in dogs with an acute clinical presentation, with or without any underlying chronic condition.
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 Introduction
In veterinary medicine, new markers to detect inflammation and reveal its magnitude are always needed. In human medicine, the erythrocyte sedimentation rate (ESR) is one of the most widely performed laboratory assays because it highlights the occurrence and the extent of inflammation (Bray et al., 2016; Lapić et al., 2019), even though other inflammatory markers, such as C-reactive protein (CRP) are replacing it (Osei-Bimpong et al., 2007; Bray et al., 2016; Watson et al., 2016). 

The ESR is based on the principle that the sedimentation of RBCs in plasma is faster in patients with acute inflammation, and it has historically been used as a surrogate marker for acute-phase proteins (Brigden, 1999; Vajpayee et al., 2022). In human medicine, due to its lack of specificity, the ESR is commonly used as a generic inflammatory index together with the patient’s clinical history, physical examination, and clinicopathological results (Lapić et al., 2019). Human clinical applications include primary care assistance, geriatric patients, hospitalized patients, malignancies, stroke, heart disease, as well as several inﬂammatory conditions (i.e., muscular system) (Jou et al., 2011). Although ESR has been partially replaced by CRP and other markers, its clinical value remains useful, especially in the diagnosis and monitoring of rheumatic diseases (Dasgupta et al., 2012; Ness et al., 2013; Aletaha et al., 2018) and in predicting orthopedic infections (Barrack et al., 2019).

In veterinary medicine, ESR was widely used in the 1970s and 1980s, but today evidence of inﬂammation in dogs is based on the evaluation of several acute phase proteins (i.e., CRP, haptoglobin, and/or ﬁbrinogen) (Osbaldiston, 1971; Jain et al., 1975; Cerón et al., 2005). The ESR as an inflammatory marker has been evaluated in dogs naturally infected with Babesia canis (Matijatko et al., 2007). The ESR was also shown to be as a good monitoring parameter in experimental model of canine osteoarthritis (Ajadi et al., 2018). Recently, the ESR in dogs affected by ehrlichiosis was shown to be faster than in healthy controls, and positively correlated with CRP (Asawapattanakul et al., 2021). However, the ESR has two main limitations: the long waiting time required to obtain the result (1 h), and the high volume of blood required by the Westergren method (blood added with sodium citrate at 1:4 ratio), which remains the gold standard both in human and veterinary medicine (Jou et al., 2011). 

In 2020 a new automatic instrument for the evaluation of veterinary ESR was released and validated (Militello et al., 2020), thus encouraging the use of ESR in canine and feline clinical veterinary medicine. Besides its rapidity, this new automated ESR device uses the same blood tubes for the complete blood count test (K3-EDTA tube), without needing additional sample volume or a dilution procedure. 

Our aims were: (1) to refine the proposed reference interval (RI) for canine ESR; (2) to compare ESR values between healthy and sick dogs; (3) to evaluate relations between ESR and other inflammatory markers routinely measured in practice such as total leukocyte count (WBC), CRP, fibrinogen, albumin:globulin ratio (A/G), and neutrophil-to-lymphocyte ratio (NLR); and (4) to assess ESR changes in different duration of illness (acute, chronic or acute on chronic).

Materials and methods
Population selection
This prospective study was performed on leftover blood samples of dogs that presented at the Veterinary Teaching Hospital of the University of Pisa between September 2021 and December 2021 (Fig.1). For this reason, a formal ethical approval was not requested. Routinely, all owners presenting at the Veterinary Teaching Hospital must sign an informed consent for the scientific use of their animal’s leftover blood samples. For a dog to be included in our study, all diagnostic procedures had to be based on the judgement of the clinician in charge and be sufficient to reach a final diagnosis. The dog also had to have an hematobiochemical profile, including complete blood count, coagulation profile and/or CRP evaluation. Dogs that had a blood-product transfusion (e.g., fresh frozen plasma and/or packed red blood cells) were excluded from the study. 

Erythrocyte sedimentation rate measurement 
The ESR was performed using the novel automated ESR device (MINI-PET; DIESSE, Diagnostica Senese S.p.A.) according to the manufacturer’s instructions (Militello et al., 2020) using the same 1 mL K3-EDTA tube (APTACA Spa, Canelli) after a few minutes after CBC evaluation (Idexx Procyte Dx, Idexx Laboratories). The MINI-PET is an ESR automatic continuous-loading, instrument that can analyze up to four EDTA blood samples simultaneously, using an optical system that measures the erythrocyte sedimentation level (Militello et al., 2020). After the 14 min optical reading, the ESR result (mm/h) is displayed on the machine. If there is an error message, the K3-EDTA blood sample is removed from the machine, gently resuspended for 10 times, and the test is recommenced started again (Militello et al., 2020).

Refinement of proposed reference interval for canine ESR
For our first aim, i.e., to refine the proposed reference interval (RI) for canine ESR, a population of 120 healthy dogs was included. Some of these dogs were admitted to our Veterinary Teaching Hospital anesthesia service to perform desexing surgery or diagnostic procedures, such as radiographic studies for elbow and hip joint dysplasia (n=50). These latter dogs were defined as being healthy based on clinical history, physical examination, and pre-anesthesiologic CBC and biochemical profile. The remaining dogs (n=70) consisted of blood donors selected according to the Italian Ministry of Health Guidelines[footnoteRef:2]: age range between 2 and 8 years, weight > 25 kg, regularly vaccinated, with no history of travelling abroad and/or previous blood transfusion. At the time of blood donation, each animal was classified as healthy, after an evaluation of history, physical examination, hematobiochemical profile, urinalysis (including protein to creatinine ratio), and fecal parasitological exam. In addition, each dog had to have a negative serological ELISA or IFAT tests for antibodies against Leishmania infantum, Anaplasma phagocytophylum, Babesia spp., and Ehrlichia canis.1  [2:  See: Gazzetta Ufficiale. Available online: https://www.gazzettaufficiale.it/eli/gu/2016/02/01/25/sg/pdf (accessed on 9 Jan 2022).] 


Evaluation of ESR between healthy and sick dogs and in different durations of illness (acute, chronic or acute-on-chronic)
For the other aims – i.e. to compare ESR values between healthy and sick dogs, to correlate ESR with other inflammatory markers and to study ESR behavior in different durations of illness – all the ESRs of the sick group were reported on a data sheet along with signalment, final diagnosis, duration of illness (subtyped as acute, chronic or acute-on-chronic), WBC, NLR, fibrinogen, CRP and AG ratio. The duration of illness was evaluated based on the final diagnosis, onset and clinical signs: acute if the onset was within hours to a maximum of few days/weeks (maximum 3 weeks); chronic if the process was ongoing for weeks or months (from weeks to months/years); and acute on chronic if there was an acute phase upon a chronic disease. When more than one disease affected the same dog, the reason of admission to the hospital was chosen as the final diagnosis.
WBC and leukograms were collected from the CBC (Idexx Procyte Dx, Idexx Laboratories) and a microscopic evaluation was performed. The NLR was calculated as: 

If the lymphocyte count was 0, 1% of the WBC count was arbitrarily set as a lymphocyte value to calculate the NLR. The presence of an abnormal WBC count was defined as total WBC count >16 × 109/L, or <6 × 109/L or the presence of an abnormal band neutrophil count (>0.5 × 109/L). Fibrinogen (normal range: 125-335 mg/dL) was measured using an automated coagulometer (STA Compact Max Stago, FuturLab) using 2.5 ml tubes with 3.8% sodium citrate (APTACA Spa, Canelli). CRP (normal range: <0.3 mg/dL) was measured by a commercial kit (Aptec Diagnostic) using an automatized biochemistry analyzer (SAT 450, Assel Srl) using serum plan tubes (APTACA Spa, Canelli). Total protein and albumin were measured using an automatized biochemistry analyzer (SAT 450, Assel Srl) using serum plain tubes. A/G was calculated as the albumin to globulin ratio.

Statistical methods
All statistical analyses were performed using a commercial statistical software (SPSS Statistics, IBM Corp). Continuous variables (age, ESR, NLR, fibrinogen, CRP, A/G) were tested for their normality using the Kolmogorov-Smirnov test and classified as non-normally distributed if P < 0.05, otherwise as normally distributed variables. Non-normally distributed data were presented as median and interquartile range (IQR), whereas normally distributed data was presented as mean  standard deviation (SD). 
For the first aim, (i.e., refine the RI), the 2.5th and 97.5th percentiles were set as the lower and upper reference limits (Friedrichs et al., 2012). 
For the second aim, the ESR between healthy and sick dogs was compared using the Mann-Whitney U-test. 	Comment by Eleonora Gori: Data about the calculation prof PPV, NPV and accuracy were removed.
For the third aim, the ESR of the study group was correlated with NLR, fibrinogen, CRP and AG using Spearman’s correlation tests, since all the variables were non-normally distributed. The correlation coefficients were interpreted as follows:  0.1 - 0.3 weak, 0.4 - 0.6 moderate, 0.7 - 0.9 strong correlation (Akoglu, 2018). The ESR was compared within the study group between dogs with or without an abnormal WBC count and with or without abnormal band neutrophils using the Mann-Whitney U-test. Dogs with an ESR above the reference interval (Hi-ESR) and within the reference internal (WRI-ESR) were associated with Hi/Normal fibrinogen and Hi/Normal CRP and the odds ratio (OR) was calculated. ESR was also compared between disease groups (acute, chronic, acute-on-chronic) using the Kruskal–Wallis test with Dunn-Bonferroni corrected post-hoc comparisons. All tests were considered significant if the P-value was < 0.05.

Results
A total of 397 dogs were included. A total of 27 error messages occurred and all but one were resolved as described in the methods section. The demographics information of the study population is reported in Table 1. Healthy dogs were significantly younger than sick dogs (P < 0.001). Of these 397 dogs, 277 belonged to the study group and 120 to the healthy group. The reference interval for healthy dogs was established between 1 and 8 mm/h (median 1 mm/h). Sick dogs showed a significantly faster ESR (median 10 mm/h, IQR 22.5 mm/h) than healthy dogs (median 1 mm/h, IQR 2.75 mm/h; P < 0.001; Fig.2). Of the 120 healthy dogs, only 3 dogs (2%) had HiESR; whereas of the 277 sick dogs, 118 had a normal ESR. 	Comment by Eleonora Gori: Data about PPV, NPV, and accuracy were removed

The correlations between the selected parameters are reported in Table 2. ESR correlated positively with fibrinogen, CRP and NLR and negatively correlated with A/G; ESR and fibrinogen showed the highest correlation coefficient value highlighting a moderate positive correlation (Fig.3). 
Table 3 reports the fibrinogen, C-reactive protein, WBC count, neutrophil-to-lymphocyte ratio (NLR) and albumin-to-globulin ratio (A/G) in healthy and sick dogs with normal or Hi ESR. A total of 83.4% of dogs with normal ESR also had normal fibrinogen, whereas 63.4% of dogs with Hi-ESR also had high fibrinogen (P < 0.001; OR 8.7 95%CI 5.1-14.8). No significant association between CRP and ESR was observed (P = 0.07). ESR was significantly faster in both dogs with an abnormal WBC count (median 12 mm/h; IQR 36 mm/h) and with an abnormal band neutrophil count (median 14 mm/h; IQR 32 mm/h) compared to dogs without WBC abnormalities (normal WBC median 4 mm/h, IQR 9 mm/h) or normal band neutrophils (median 5 mm/h, IQR 10 mm/h; both P <0.001).

Based on the duration of illness, 163 dogs were classified as chronic, 68 as acute on chronic, and 46 as acute diseases. There was a significant difference in the ESR between the three groups (P < 0.001). Dogs with an acute on chronic disease showed faster ESR values (median 17 mm/h, IQR 35 mm/h) compared with both acute (median 11 mm/h, IQR 17.5 mm/h; P = 0.03) and chronic diseases (median 7 mm/h, IQR 10 mm/h; P = 0.001; Fig.4). 

Discussion
This study highlights the potential use of the ESR as an inexpensive, easy-to-apply marker of inflammation in dogs. In our study, sick dogs with inflammatory diseases had a significantly faster ESR compared to healthy dogs or dogs with a chronic conditions, and the ESR also showed a moderate positive correlation with fibrinogen. Specifically, dogs with a normal ESR (1-8 mm/h) had an approximatively 83% and 91% chance to having normal fibrinogen and normal WBC, respectively. ESR seemed to be more frequently abnormal in dogs with acute and acute-on-chronic diseases compared to chronic ones, and thus may be more useful in those specific diseases. 

The International Council for Standardization in Haematology established that the reference method for measuring the ESR should be based on the Westergren method, which is a speciﬁc test for the ESR (Jou et al., 2011). Unfortunately, prior to the introduction of MINI-PET, measuring the ESR took around one hour, the reading of the tube was operator-dependent, and it was not always clinically applicable (Jou et al., 2011). A recent study in dogs validated the MINI-PET for veterinary ESR evaluation using the Westergren method as a gold standard (Militello et al., 2020). In this study, intra-assay (0.02) and inter-assay (0.32) coefficients of variations established the repeatability of the test (Militello et al., 2020).  Sensitivity, specificity, negative predictive values, and positive predictive values were all higher than 80% (Militello et al., 2020).

Our main aim was to redefine the RI for the ESR established by Militello et al., (2020) by increasing the healthy population used for RI and using the new ESR machine firmware release (results from 20m reduced to 14m). In order to increase our RI sample population, we included not only dogs from our blood donor program, which had to meet criteria established by the Healthcare Ministry, but also dogs presenting for ovariectomy/orchiectomy and/or routine diagnostic procedures (elbow and hip dysplasia) to increase RI sample population. Our newly established RI for ESR is 1-8 mm/h, which is narrower compared to the previous study (1-10 mm/h; Militello et al., 2020). This new RI was achieved using a larger sample (57 vs. 120 dogs) and enabled us to use more suitable statistical methods, in accordance with ASVCP guidelines (Friedrichs et al., 2012). We refined the ESR RI, not considering the severity of the disease, but only the healthy versus disease status.

Secondly, although with a low correlation coefficient, ESR showed a weak to moderate positive correlation with the main inflammatory markers in dogs, with the best correlation related to fibrinogen. This finding is in line with the recent veterinary literature on the use of ESR in various clinical conditions and in a recent study on canine leishmaniasis (Cavalera et al. 2022). As stated in the introduction, the ESR as an inflammatory marker was first studied in dogs naturally infected with Babesia canis (Matijatko et al., 2007). In canine babesiosis, ESR was found to decrease daily after treatment, approaching the values of healthy dogs, similarly to other inflammatory markers, such as CRP (Matijatko et al., 2007). More recently, ESR was proven to be a good monitoring parameter in an experimental model of canine osteoarthritis, in which it was found to increase until week 12 of observation (Ajadi et al., 2018). In a recent study on canine ehrlichiosis, ESR was found to be faster than in healthy controls, and it also correlated positively with CRP (Asawapattanakul et al., 2021). The ESR is mainly determined by the balance between pro-sedimentation (above all fibrinogen) and anti-sedimentation factors. Glycoproteins of the RBC membrane are negatively charged and create a repulsive electric zeta potential between cells, and they help to prevent interactions between RBCs (Fernandes et al., 2011). In case of inflammation, the high proportion of fibrinogen in the blood alters this zeta potential and the RBCs tend to stick to each other thus shortening the ESR (Holley et al., 1999). The low correlation coefficient results observed may be due to some pathological processes such as disseminated intravascular coagulation or other inflammatory conditions in which fibrinogen is consumed, and consequently fibrinogen concentration decreased (McGrotty et al., 2016). 

In our population study, ESR also correlated positively with CRP, although with a weak correlation coefficient.  In humans, CRP and ESR are often used to detect or monitor inflammation, and are usually performed together in patients with suspected infection or inflammation. However, their results have been shown to disagree in around 33% of patients (Colombet et al., 2010). Sbong and colleagues found three mechanisms to explain CRP/ESR disagreements: a slight fluctuation in both CRP and ESR in patients; the development of an intercurrent illness which may alter CRP and ESR behavior; and a different time course of CRP and ESR elevations, in which the CRP rose and fell faster than the ESR (Sbong et al., 2015). In line with our results, a weak positive correlation between ESR and CRP was found in dogs affected by ehrlichiosis (Asawapattanakul et al., 2021). However, additional studies are needed to clarify the relationship between ESR and CRP in veterinary species. 

We found another significant, but statistically weak, correlation between ESR and NLR. In dogs, the NLR is a good inflammatory marker in various conditions (Pierini et al., 2019 and 2020; Benvenuti et al., 2020; Neumann, 2021). Most human studies that considered the relationship between NLR and ESR are in line with our results. Briefly, NLR and ESR have been found to be positively correlated in human ulcerative colitis (Demir et al., 2015) and in various forms of arthritis (Pan et al., 2017; Targońska-Stępniak et al., 2020). To date, the only information available in veterinary medicine is a positive correlation between the two parameters (Ajadi et al., 2018).  To understand its real clinical significance, the relationship between ESR and NLR should also be investigated for different diseases.

Lastly, the evaluation of ESR in different settings of disease (acute, chronic, and acute on chronic) revealed that the ESR is best used for acute or acute-on-chronic diseases. In fact, in chronic conditions there may not necessarily be an active inflammatory process. In addition, in acute-on-chronic diseases, the underlying chronic condition may influence the acute inflammatory response. In a healthy patient, fibrinogen has a half-life of approximately four days, but in pathological conditions, such as after injury, vascular disruption, infection, or inflammation, the plasma fibrinogen half-life and concentration may increase (Davalos and Akassoglou, 2012). Since ESR is strictly linked to fibrinogen activity, a longer fibrinogen half-life may be affected our results, in which acute-on-chronic disease had the fastest ESR values. 

This study has some limitations. Not all the evaluated inflammatory markers were available for all dogs. Based on the findings of Militello and colleagues (2020), who did not report ESR performance differences between anemic and non-anemic dogs, we decided not to consider hematocrit in our study, especially as it would have required additional time and extra calculations. However, as the ESR may be influenced by the RBC count and the RBCs morphology abnormalities and dysproteinemias, further studies on this specific aspect may be needed. In some blood samples, the ESR may be biphasic, and a clear or separation between the settling of erythrocytes and the plasma may not be observed in the sample tube (i.e., hemolysis). In this case, the MINI-PET cannot read the ESR, and an error message is displayed (Militello et al., 2020). Lastly, variables such as age, gender, and breed were not considered in this study, so their influence on ESR remains unknown.

Conclusions
In our study, sick dogs with signs of acute inflammation had a significantly faster ESR compared to healthy dogs or dogs with chronic diseases, and the ESR showed a moderately positive correlation with inflammatory markers, especially fibrinogen. Considering that ESR MINI-PET has been recently validated, and that it can provide ESR in few minutes, our results may encourage the use of ESR in canine clinical veterinary medicine. Besides its rapidity, the ESR MINI-PET uses the same blood tubes for the complete blood count test, without the need for any additional sampling, or specific anticoagulated vials. 
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Table 1
Demographics of the study population.
	Variables
	Overall population
	

	Animals
	Study population =397 dogs
	Healthy = 120 dogs
Sick = 277 dogs

	Age
	Median age 6.6 years 
(range 0.3-16.9 years)
	Healthy = 4.6 years (0.35-11 years)
Sick = 4.6 (0.35-11 years)

	Sex
	185 ♀
212 ♂
	♀ 110 spayed + 75 intact
♂ 31 castrated + 181 intact

	Breed
	114 dogs = mixed-breed


183 dogs = pure breed
	Labrador (n=31), Golden Retriever and German Shepherd (n=20 each), Weimaraner (n=12), Jack Russel Terrier (n=11), Cavalier King Charles Spaniel (n=10), Boxer, Cane Corso, Galgo Espanõl (n=9 each), Yorkshire, Poodle, English Setter (n=8 each), French Bulldog and Akita Inu (n=7 each), Dachshund, Bernese Mountain Dog, English Cocker Spanel and Maltese (n=6 each), Greater Swiss Mountain Dog and Chihuahua (n=5 each), Beagle, Australian Shepherd, Rottweiler and Springer Spaniel (n=4 each), American Staffordshire Terrier, Bolognese, Dobermann Pinscher, Miniature Pinscher, Miniature Schnauzer, Shih Tzu and West Highland White Terrier ( n=3 each), Border Collie, Italian Hound, Espanguel Breton, Pug, Drathaar, Greyhound, Kurzhaar, Parson Russell Terrier, Pechinese, Pitt Bull, English Pointer, Standard Schnauzer, Terranova (n=2 each). The remaining 17 dogs belonged to other breeds.

	Underlying conditions
	277 sick dogs
	· Gastroenterological disease (59 dogs): chronic enteropathy (44), periodontitis (3), gastric foreign bodies (2), pancreatitis (2), hemorrhagic gastroenteritis (1), intestinal intussusception (1), exocrine pancreatic insufficiency (1), megaesophagus (1), anal sac foreign body (1), anal sac inflammation (1), perianal hernia (1), gastric dilatation volvulus syndrome (1);
· Neoplastic disease (37 dogs): mast cell tumor (5), multicentric lymphoma (4), testicular neoplasia (3), chronic lymphocytic leukemia (3), splenic hemangiosarcoma (3), osteosarcoma (2), mammary carcinoma (2), transitional cell carcinoma (2), anal gland adenocarcinoma (2), cardiac hemangiosarcoma (1), gastric carcinoma (1), colonic carcinoma (1), larynx carcinoma (1), nasal carcinoma (1), cholangiocarcinoma (1), insulinoma (1), thyroid carcinoma (1), liposarcoma (1), spinal neoplasia (1), mediastinal lymphoma (1);
· Cardiac disease (22 dogs);
· Nephro-urological diseases (21 dogs): chronic kidney disease (12), acute kidney injury (5), urinary tract infection (2), ectopic ureter (1), urethral obstruction (1);
· Reproductive system disease (17 dogs): pyometra (12), prostatic abscess (4), prostatitis (1);
· Neurological disease (13 dogs): epileptic seizures (10), tetraparesis (2), vestibular geriatric syndrome (1);
· Endocrine disease (12 dogs): hypoadrenocorticism (4), hyperadrenocorticism (4), hypothyroidism (2), diabetes mellitus (2);
· Hepatobiliary disease (12 dogs): chronic hepatitis (8), cholecystitis (1), extrahepatic biliary obstruction (3);
· Respiratory disease (12 dogs): aspiration pneumonia (4), chronic bronchitis (4), chronic rhinitis (2), nasal foreign body (1), laryngeal paralysis (1);
· Orthopedic disease (13 dogs): chronic arthritis (6), immune-mediated polyarthritis (3), vertebral abscess (2), patellar luxation (1), cruciate ligament rupture (1);
· Sepsis (11 dogs);
· Dermatologic disease (7 dogs);
· Infectious diseases (6 dogs): leishmaniasis (4), leptospirosis (1), borreliosis (1);
· Hematologic disease (6 dogs): immune-mediated thrombocytopenia (2), myelodysplasia (2), Evans’ syndrome (1), stable immune-mediated hemolytic anemia (1), 
· Miscellaneous (25 dogs): trauma (7), post-surgical (5), paracetamol intoxication (2), corneal ulceration (2), snake bite (2), ethylene glycol intoxication (1), mushroom intoxication (1), salivary mucocele (1), ocular foreign body (1), severe obesity (1), myiasis (1), post-exercise myositis (1);




Table 2
Correlations between ESR and other investigated inflammatory parameters (fibrinogen, C-reactive protein, neutrophil-to-lymphocyte ratio and albumin-to-globulin ratio.
	 
	FIBR

	CRP
	NLR
	A/G

	ESR
	Correlation coefficient (r)
	0.57
	0.18
	0.38
	- 0.37

	
	P-value
	<0.001
	0.0008
	<0.001
	<0.001

	
	Number of dogs
	333
	334
	396
	353



ESR, erythrocyte sedimentation rate; FIBR, fibrinogen; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; A/G, albumin-to-globulin ratio.


Table 3
Descriptive statistics of fibrinogen, C-reactive protein, WBC count, neutrophil-to-lymphocyte ratio (NLR) and albumin-to-globulin ratio (A/G) in healthy and sick dogs with normal or Hi ESR.
	
	Healthy dogs 
(n=120)
	Sick dogs 
(n=277)

	
	Normal ESR
(n=117)
	Hi-ESR
(n=3)
	Normal ESR
(n=118)
	Hi-ESR
(n=159)

	Fibrinogen (mg/dL)
	185 (103-253)
	153 (130-209)
	252 (24-777)
	385 (100-1027)

	CRP (mg/dL)
	0.4 (0-1.9)
	0.2 (0-1.3)
	0.4 (0.1-3)
	0.6 (0-3.8)

	WBC (109/L)
	8.8 (3.3-20.5)
	5.6 (5.1-7.9)
	10.9 (2.3-48.3)
	11.9 (3.2-73.4)

	NLR
	3 (1.1-44)
	2.8 (1.7-7.2)
	6.1 (0.7-92.5)
	8.8 (0.15-99.9)

	A/G
	1.3 (0.6-2.3)
	1.3 (1.2-1.4)
	1.2 (0.4-4.2)
	0.97 (0.3-2.9)


ESR, erythrocyte sedimentation rate; FIBR, fibrinogen; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; A/G, albumin-to-globulin ratio.



Figure legends
Fig. 1. Flow diagram of the study design. The study population was composed by healthy (n=120) and sick dogs (n=277). For the first three aims (1. to refine proposed reference interval (RI) for canine ESR; 2. to compare ESR values between healthy and sick dogs; 3. to correlate ESR with other inflammatory markers (CRP, fibrinogen, NLR, WBC, band neutrophils) all dogs were considered. For the fourth aim, to study ESR behavior in different durations of illness (acute, chronic, or acute-on-chronic), the population was divided into 3 groups: dogs with chronic (C; n=163), acute (A; n=68) and acute-on-chronic (AC; n=46) diseases.

Fig. 2. Scatterplot of erythrocyte sedimentation rate (ESR) in healthy (n= 120; dots) and sick dogs (n= 277; diamonds) (P < 0.001). The grey band represents the ESR reference interval (1-8 mm/h) and the horizontal line withing the scatterplots represent the median of ESR in each group.

Fig. 3. Correlation between fibrinogen and erythrocyte sedimentation rate (ESR) in a population including healthy and sick dogs (n= 333; r = 0.56; P < 0.001). 

Fig. 4. Scatterplot of erythrocyte sedimentation rate (ESR) values of dogs with chronic (C; n=163), acute (A; n=68) and acute-on-chronic (AC; n=46) diseases. Horizontal lines within the three scatterplots represents the median value. The grey band represents the reference interval for ESR.
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