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Abstract 

This retrospective study aimed to assess the causes and severity of anemia in dogs 

and their relative significance and evaluate possible diagnostic insights. 

The veterinary medical database of the Professor M. Braço Forte Clinical Analysis 

Laboratory at the Faculty of Veterinary Medicine, University of Lisbon (FVM-ULisbon), Lisbon, 

Portugal, was searched. Dogs with anemia (hematocrit < 37%) were included and assigned to 

different groups. Dogs less than a year old and samples with lipemia, blood clots, hemolysis, 

and jaundice were excluded. The age and sex of the dog, the severity and regeneration of 

anemia, and the final diagnosis were all evaluated in the case reports. 

The case records of 465 dogs with low hematocrit were included. Cancer-related 

anemia accounted for 21,94% of the cases, and anemia of inflammatory disease for 15,27%. 

Specific causes of anemia, such as females with anemia of inflammatory disease (p<0,001) 

and young dogs with infectious disease-related anemia (p<0,001), were significantly 

associated with sex and age, respectively. Non-regenerative anemias were found to be mild 

(56,98%) to moderate (31,84%) and more likely to occur in dogs with renal disease-related 

anemia (p=0,001) rather than in dogs with infectious disease-related anemia (p<0,001). 

Overall, anemia severity tended to be mild to moderate (83,44%), except for immune-mediated 

anemia that was tendentially severe (60%). 

This study allowed the identification of the most common causes of anemia at the 

Veterinary Teaching Hospital of the FVM-ULisbon, where cancer-related anemia and anemia 

of inflammatory disease were the most frequently identified causes. In addition, it was also 

found that the severity of anemia may provide diagnostic information, in that severe anemia is 

more often linked to regenerative anemia such as immune-mediated anemia and mild to 

moderate anemia to non-regenerative anemia. However, a more extensive study should be 

conducted to understand whether the information gained in this study extends nationwide and 

better understand the pathophysiological mechanisms implicated in the different causes of 

anemia. 
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Resumo 

Este estudo retrospetivo visou avaliar as causas e a gravidade da anemia em cães e 

o seu significado relativo e avaliar possíveis hipóteses diagnósticas. 

A base de dados médico-veterinária do Laboratório de Análises Clínicas do Professor 

M. Braço Forte da Faculdade de Medicina Veterinária da Universidade de Lisboa (FMV-

ULisboa), Lisboa, Portugal, foi pesquisada. Os cães com anemia (hematócrito < 37%) foram 

incluídos e atribuídos a diferentes grupos. Foram excluídos os cães com menos de um ano 

de idade e as amostras com lipémia, coágulos de sangue e icterícia. A idade e sexo do cão, 

a gravidade e regeneração da anemia, e o diagnóstico final foram todos avaliados nos 

relatórios dos casos. 

Foram incluídos os registos dos casos de 465 cães com hematócrito baixo. A anemia 

relacionada com o cancro representou 21,94% dos casos, e a anemia por doença inflamatória 

15,27%. Causas específicas de anemia, como a anemia por doença inflamatória em fêmeas 

(p<0,001) e a anemia relacionada com doença infeciosa em cães jovens (p<0,001), 

relacionam-se com o sexo e a idade, respetivamente. Verificou-se que as anemias não-

regenerativas eram leves (56,98%) a moderadas (31,84%) e mais suscetíveis de ocorrer em 

cães com anemia relacionada com doenças renais (p=0,01) do que em cães com anemia 

relacionada com doença infeciosa (p<0,001). No geral, a gravidade da anemia tende a ser 

ligeira a moderada (83,44%), exceto no caso da anemia hemolítica imunomediada que é 

tendencialmente grave (60%). 

Este estudo permitiu a identificação das causas mais comuns de anemia no Hospital 

Escolar Veterinário da FMV-ULisboa, onde a anemia relacionada com o cancro e a anemia 

devida a doenças inflamatórias foram as causas mais frequentemente identificadas. Além 

disso, verificou-se também que a gravidade da anemia pode fornecer informações de 

diagnóstico, na medida em que a anemia grave está mais frequentemente ligada à anemia 

regenerativa, como a anemia hemolítica imunomediada e a anemia ligeira a moderada à 

anemia não regenerativa. Contudo, deveria ser realizado um estudo mais extensivo para 

compreender se a informação obtida neste estudo se estende a todo o país e compreender 

melhor os mecanismos fisiopatológicos implicados nas diferentes causas de anemia.  

 

 

 

 

 

Palavras-chave:  anemia, gravidade, regeneração, anemia relacionada com cancro, 

anemia por doença inflamatória
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1. Report of the activities developed during the curricular internship    

I carried out the curricular internship for the integrated master’s in veterinary medicine  

at the Veterinary Teaching Hospital (VTH) of the Faculty of Veterinary Medicine of the  

University of Lisbon (FVM-ULisbon) in the period from March 1st to May 31st of 2021 and at  

Genevet - Laboratory of Veterinary Molecular Diagnosis from June 1st to June 30th of 2021  

accounting a total of 698 hours. I performed an extracurricular internship at the Professor M.  

Braço Forte Clinical Analysis Laboratory from September 2020 to February 2021.   

1.1 Veterinary Teaching Hospital  

At the VTH, I performed different clinical activities in rotating shifts, with schedules from  

8 am to 3 pm and from 2 pm to 9 pm, in the General Medicine, Ophthalmology, Infectious  

Diseases Isolation Unit, Imaging, Surgery, Oncology, and Dermatology services.  

1.1.1 General Medicine  

In the General Medicine service, for two weeks (70 hours) I assisted the practicioners  

on duty with numerous clinical activities. The consultations in this service varied between  

routine and emergency consultations. In routine consultations, I was able to develop the  

veterinary-tutor-patient relationship and apply communication techniques to interpret the  

information provided by the owners and thus obtain the anamnesis. Additionally, I was invited  

to perform the objective clinical examination of the patients, discuss the clinical data obtained  

and come up with differential diagnoses, and elaborate the diagnostic and therapeutic plan  

needed for each patient under the guidance of the veterinarian in charge.   

These consultations also allowed me to perform vaccination and drug administrations,  

sample collection and manipulation for diagnosis, placement of intravenous catheters, and  

prescription of therapeutic agents.  

In the emergency consultations, I was able to assist the veterinarian in providing an open  

intravenous route, in the preparation and administration of drugs, and in performing oxygen  

therapy, intubation, resuscitation techniques, and complementary diagnostic tests.   

1.1.2 Dermatology  

The internship in the Dermatology service lasted two weeks (70 hours), having  

consisted in the follow-up of several animals with dermatological diseases, mostly atopic  

dermatitis, and otitis externa. I was allowed to collect samples for cytology by different  

methodologies such as tape, swab, and apposition with slide, with subsequent Diff-Quick  

staining and observation by optical microscopy.  
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1.1.3 Imaging  

I spent four weeks (140 hours) in ultrasound and radiology (X-ray and Computerized  

Tomography - CT) in the Imaging service. In radiology, I assisted in the animals' preparation,  

restraining, and positioning for CT and X-ray, including catheterization, induction, and  

anesthetic monitoring. I also participated in the interpretation and discussions of the imaging  

alterations and observed the making of imaging reports.  

In the ultrasound service, I assisted mainly in diagnostic or follow-up abdominal  

ultrasounds, helped in the preparation and performance of biopsies, cystocentesis, or  

cholecystocentesis, and participated in the interpretation of ultrasound images.  

1.1.4 Surgery  

I spent a week (35 hours) in the surgery service, where I followed the animals from  

admission to discharge from surgery. Before the surgical intervention, I assisted with  

catheterization in the pre-surgical preparation room, administration of pre-medication, and  

induction of anesthesia, intubation, trichotomy, disinfection of the area to be intervened, and  

anesthetic monitoring of the animals. I was able to observe and sometimes assist in various  

surgical interventions throughout this time, from portosystemic shunts, partial and total  

mastectomies, to nodulectomies, and removal of abdominal masses.  

1.1.5 Infectious Disease Isolation Unit   

For two weeks (70 hours), I performed physical examinations, prepared and  

administered medication to inpatients, and collected and handled diagnostic specimens.  

Additionally, I was invited to discuss the clinical evolution, plan complementary diagnostics and  

medical discharges, and participate in follow-up consultations for recovering patients.   

1.1.6 Ophtalmology  

I spent one week (35 hours) in the ophthalmology service, participating in first and  

second opinion consultations and referrals. Corneal ulcers, glaucomas, cataracts, and  

entropion stood out among the pathologies observed. It was possible to perform  

ophthalmologic exams, such as checking the palpebral, corneal, pupillary, threat reflexes,  

tonometry, Schirmer's test and fluorescein test, biomicroscopy, and ophthalmoscopy. It was  

also able to assist in electroretinography.  

1.1.7 Oncology  

During the two weeks (70 hours) spent in the oncology service, consultations consisted  

mainly of follow-up appointments for oncology patients, where clinical evolution was assessed.  

In the second opinion and referral consultations, I was invited to discuss treatment hypotheses,  

potential side effects of chemotherapy, and prognosis with the attending physician. I was also  
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allowed to follow the chemotherapy sessions in this service and collect blood to evaluate the  

animal's condition before chemotherapy. In addition, I was taught to prepare and administer  

chemotherapy drugs, the care to be taken in their administration and handling, and how to  

monitor the patients during the chemotherapy session.  

1.2 Genevet - Laboratory of Veterinary Molecular Diagnosis  

During this internship (208 hours), I learned various routine laboratory techniques and  

the operation of multiple diagnostic machines.   

Under the supervision of Dr. Laura Fernandes, I acquired various knowledge in clinical  

pathology and helped in the laboratory routine, including preparation, and staining of samples.  

I was also allowed to perform complete blood count of exotic and small animals and examine  

urinary sediments and type I urinalysis. In the cytology service, I had the opportunity to observe  

the performance and characterization of effusion fluids, broncho-alveolar lavage, and  

cerebrospinal fluid. Furthermore, I was invited to observe diverse cytological samples,  

including urinary, skin, and fecal, and interpret their alterations with Dr. Laura.  

I was also able to put into practice knowledge about parasitology techniques, namely  

the Baermann and fecal flotation methods.  

1.3 Extracurricular internship   

The extracurricular internship was carried out under the supervision of Professor Maria  

Teresa Villa de Brito, with support from Drs. Salomé Gonçalves, Alexandra Basso and Pâmela  

Valente, who kindly imparted their knowledge of clinical pathology and allowed me to be part  

of their laboratory routine. I was taught about the handling and processing of samples, the  

types of staining used in the processing of blood smears (Wright-Giemsa, Methylene Blue) and  

the microscopic characterization of blood smears and urinary sediments from small animals  

and exotics. I was also allowed to observe the processing and macro and microscopic  

evaluation of cavitary effusions, cerebrospinal fluid, and tracheobronchial and broncho- 

alveolar lavage.   

The database for this master’s thesis was acquired at the Professor M. Braço Forte  

Clinical Analysis Laboratory.  
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2. Introduction  

2.1 Erythropoiesis   

Hematopoiesis is responsible for the production of all blood cells that derive from  

hematopoietic stem cells (HSC). In adults, it occurs predominantly in the bone marrow and to  

a lesser extent in the spleen (red pulp) and liver (portal area), also called extramedullary  

hematopoiesis (Piek 2017; Zivot et al. 2018).   

Within the bone marrow, HSCs reside in a specialized microenvironment (niche),  

consisting of a combination of stromal cell types and a myriad of secreted factors, cytokines,  

cell surface receptors, and extracellular molecules with different functional roles. This dynamic  

microenvironment aims to regulate HSCs homeostasis and provide the means for HSCs  

differentiation and proliferation (Galán-Díez and Kousteni 2017).   

Erythropoiesis is the stage of hematopoiesis that gives rise to mature erythrocytes (Piek  

2017). Throughout the process, there is an increasingly more restricted commitment to the  

erythroid lineage and finally to one cell, the erythrocyte. Thus, multipotent HSCs differentiate  

into common myeloid progenitors (CMP), which give rise to the megakaryocyte-erythroid  

progenitors (MEP). The MEP differentiates into the earliest erythroid progenitor, the burst- 

forming-unit erythroid (BFU-E). This last progenitor goes through a cycle of cell division and  

generates unipotent precursor cells, known as colony-forming-units erythroid (CFU-E) (Zivot  

et al. 2018). The CFU-E undergoes a series of divisions and maturations that sequentially  

originate rubriblasts, prorubricytes, basophilic rubricytes, polychromatophilic rubricytes, and  

finally metarubricytes incapable of further cell division (Harvey 2012a; Zivot et al. 2018).  

Meanwhile, as the cells differentiate, they suffer substantial transformations such as cell size  

decrease, chromatin condensation, and hemoglobinization, which lead to metarubricyte  

enucleation and the consequent production of reticulocytes (Harvey 2012a; Pattullo et al.  

2015).    

The maturation of reticulocytes into erythrocytes begins in the bone marrow and ends  

in the peripheral blood and spleen, with an intensive remodeling of the cell surface, the  

cytoskeleton, and a decrease in cellular material (Harvey 2012a; Zivot et al. 2018). These  

transformations allow the erythrocyte to acquire its biconcave shape that ensures stability and  

flexibility as it moves in the blood networks, until macrophages of the reticuloendothelial  

system remove it (Palis 2014; Zivot et al. 2018).   

The terminal erythroid differentiation occurs in anatomic niches known as erythroblastic  

islands. These niches have a central macrophage surrounded by erythroid cells in different  

stages (CFU-E to reticulocytes). The central macrophage provides iron for hemoglobin  

production, adhesive interactions, which facilitate erythropoiesis and take up extruded nuclei,  
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which are subsequently phagocytized. Other crucial functions are the secretion of molecules  

such as insulin-like growth factor-1 (IGF-1) that promote proliferation and maturation; and the  

ability to help regulate the rate of erythropoiesis via positive and negative feedback  

mechanisms (de Back et al. 2014; Zivot et al. 2018; Eggold and Rankin 2019).  

2.1.1 Erythropoiesis Control  

The control of erythropoiesis is a complex process where growth factors and other  

molecules interact with each other and with cells at different stages of differentiation to  

contribute to the production of red blood cells (Harvey 2012a).  

Erythropoietin (EPO) is a humoral cytokine synthesized primarily by the peritubular  

interstitial fibroblasts of the kidney in close association with the peritubular capillary and tubular  

epithelial tubule. However, in anemia, it is also produced in small amounts by perisinusoidal  

cells in the liver. The survival, proliferation, and differentiation, of erythroid precursors (BFU-E  

and CFU-E) and progenitors depend on the interaction between EPO and specific cell-surface  

EPO receptors (EPOR) that mainly inhibit apoptosis. EPOR numbers on cell surfaces are  

expressed in more mature BFU-E cells, increasing to maximum values in CFU-E cells and  

decreasing gradually as erythroid differentiation progresses (Harvey 2012a; Zivot et al. 2018;  

Eggold and Rankin 2019).  

Stem cell factor (SCF) is expressed in the bone marrow stromal cells and is important  

in cell maintenance. This growth factor is synergistic with other cytokines, especially with EPO,  

who’s activity it enhances, allowing for proliferation and differentiation of progenitors and  

precursors (Moore and von Lindern 2018).   

Thrombopoietin (TPO) is a glycoprotein produced in several organs that seems to be  

required for the maintenance of HSCs in G0 and, therefore, their self-renewal capacity.  

Furthermore, TPO along with EPO, promote BFU-E growth and support the proliferation and  

maintenance of erythroid progenitor cells (Papayannopoulou and Kaushansky 2016).   

Interleukin (IL)-3 is a multilineage cytokine that acts on HSC and progenitor cells to  

induce proliferation and self-renewal. It also primes progenitor cells to respond more intensely  

to EPO (Harvey 2012a).   

In the presence of EPO, other hormones, including androgens, glucocorticoid  

hormones, growth hormone, insulin, and IGF-1 can enhance the growth of erythroid  

progenitors. IGF-1 and insulin particularly, also decrease progenitor apoptosis and enhance  

heme synthesis, nuclear condensation, and enucleation (Harvey 2012a; Singh et al. 2016).   
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Figure 1 | Approximate timing of the response to certain growth factors in erythropoiesis  
(according to Olver 2010). Abbreviations: EPO, erythropoietin; IGF-1, insulin-like growth factor;  
IL-3, interleukin 3; SCF, stem cell factor; TPO, thrombopoietin.  

Erythropoiesis can be directly or indirectly suppressed through inhibition of  

erythropoietin release or interference with erythroid progenitors' development. Interferon- 

gamma (INF-ᵞ), tumor necrosis factor-alfa (TNF-α), TNF-related apoptosis-inducing ligand  

(TRAIL), and IL-1 inhibit proliferation and differentiation of erythroid progenitor cells. Moreover,  

INF-ᵞ, IL-6, IL-1, and TNF-α trigger the suppression of renal EPO production (Olver 2010;  

Harvey 2012a).  

2.2 Anemia  

Anemia is defined as a hematocrit (Hct), hemoglobin concentration (Hb), and or red  

blood cell (RBC) count under the laboratory reference interval (RI) (Hohenhaus and  

Winzelberg 2017).  

 This is the most common hematologic abnormality in veterinary practice, occurring in  

28% of canine patients and can be a manifestation of an underlying disease or, more rarely, a  

cause in itself (Stokol 2017). There are three main pathophysiologic mechanisms for anemia:  

increased erythrocyte destruction, increased loss through hemorrhage, decreased production  

of erythrocytes or some combination of these events (Thrall 2012; Stokol 2017; Yadav et al.  

2021). Thus, when a clinician is trying to identify the cause of anemia, it is essential to  

distinguish between these mechanisms and this is best accomplished when a combination of  
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historical information, clinical signs, imaging findings, and laboratory findings are used (Stokol  

2017).   

2.2.1 Clinical and Clinicopathologic Evaluation  

2.2.1.1 Clinical Signs and Physical Exam Findings  

Clinical signs of anemia are usually related to decreased oxygenation or associated  

compensatory mechanisms, including pallor, lethargy, weakness, depression, tachypnea or  

dyspnea, tachycardia, and heart murmurs or gallop caused by increased blood turbulence due  

to blood viscosity decrease. Signs of anemia caused by an underlying disease might be non- 

specific, like anorexia, weight loss, lymphadenopathy; or more specific, like in blood  

destruction where we can find, for example, splenomegaly, hepatomegaly (or both), jaundice,  

darkly pigmented urine resulting from hemoglobinuria, or bilirubinuria (Thrall 2012; Hohenhaus  

and Winzelberg 2017; Couto 2020). These clinical signs can be acute or chronic and vary in  

severity, although the onset of clinical signs may not reflect the mechanism of anemia (Couto  

2020).   

2.2.1.2 Laboratory Diagnosis and Classification of Anemia  

One of the steps of anemia diagnosis is the interpretation of the erythrogram (an  

element of the complete blood count - CBC), which consists of analytical data provided by  

automated hematologic analyzers and the blood smear observation (Couto 2020; Kumiega et  

al. 2020). They give information on the bone marrow function and yield clues or even  

diagnoses of underlying disease. It is critical to remember that this interpretation should not be  

performed isolated but concomitantly to what is known about the patient (e.g., clinical signs,  

signalment, and other relevant information) (Couto 2020).  

By assessing the analytical data, the clinician can infer the presence of anemia and  

subsequently classify it according to severity, bone marrow response, RBC size, and  

hemoglobin concentration (Thrall 2012; Villiers 2016).  

Anemia is usually documented by determining Hct, Hb, and RBC count. However, from  

a practical standpoint, it is not necessary to assess them all since they are equivalent indicators  

of RBC mass, with Hct used as an indirect index (Tvedten 2010; Weiss and Tvedten 2012;  

Couto 2020). In this sense, an animal is considered anemic when the Hct is below the RI. Still,  

this consideration should be carefully taken because of age, breed, sex, and reproductive  

status variations. Regarding the RIs, they only reflect the actual status in 95% of the canine  

population, with 5% of healthy animals presenting with apparently abnormal values (Weiss and  

Tvedten 2012; Stokol 2017; Couto 2020). Thus, it’s important to obtain baseline CBC results  
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at twelve months of age in small or medium dog breeds and two years in large and giant breeds  

to identify individual-specific anomalies using a comparative critical approach (Stokol 2017).   

Establishing the degree of anemia may help determine the cause (Couto 2020). To this  

end, anemia severity is classified according to Hct level as follows:  

Classification Hct (%) 

Mild 30-37 

Moderate 20-29 

Severe 13-19 

Very Severe <13 

Table 1 | Classification of Severity of Anemia (according to Tvedten 2010).  

Assessment of severity is helpful in diagnosis in that mild to moderate anemias are  

usually secondary to other diseases (e.g., bleeding, anemia from inflammatory disease, or  

neoplasia) and can be treated by correction of the primary cause. In contrast, severe anemias  

are often associated with primary diseases (e.g., chronic myelofibrosis). In addition, the  

severity of clinical signs usually correlates with the pathogenesis of anemia. A dog with chronic,  

severe, but stable anemia (e.g., bone marrow disease) can have mild clinical signs for an  

extended period because of physiologic adaptations to hypoxemia. In contrast, acute causes  

of severe anemia (e.g., hemolysis) usually have clinical signs of marked severity because  

anemia-induced compensatory mechanisms have not yet occurred (Weiss and Tvedten 2012;  

Couto 2020).  

Nonetheless, a misinterpretation of anemia severity can occur when the animal is  

dehydrated since plasma reduction and subsequent hemoconcentration can cause a relative  

increase in Hct and mask a mild to moderate anemia (at least in early diagnosis) or in  

overhydration, where there is an erythrocyte dilution. Additionally, Hct will only reflect the  

severity approximately one or two days after the event in hemorrhage since this is the time  

needed, based on water and other fluids intake, for blood volume to refill. To a lesser extent,  

anesthetic agents and tranquilizers can cause splenic relaxation, leading to sequestration of  

up to 30% of the RBCs, which results in apparent anemia (Harvey 2012b; Weiss and Tvedten  

2012; Yadav et al. 2021).  

Once it has been established that the patient is anemic, it should be determined if the  

bone marrow responds as expected to anemia or is the cause of anemia (Weiss and Tvedten  

2012). Anemia is classified as either regenerative or non-regenerative based on the number  

of immature erythrocytes in the bloodstream. Regenerative anemias typically result from  

hemorrhage (blood loss) or hemolysis (erythrocyte destruction), whereas non-regenerative  

anemias are associated with diseases that affect bone marrow function (e.g., inflammatory  
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diseases, bone marrow disorders, neoplasia) (Thrall 2012; Yadav et al. 2021). In anemic  

patients with functional bone marrow, increased erythropoiesis is expected, reflected in an  

increase of immature erythrocytes in the bloodstream (i.e., regenerative anemia). On the other  

hand, patients with dysfunctional bone marrow may fail to respond appropriately to anemia  

(i.e., non-regenerative anemia) (Weiss and Tvedten 2012; Yadav et al. 2021)   

Immature erythrocytes are larger than mature erythrocytes and have ribosomes  

(ribonucleic acid - RNA) for continuous hemoglobin synthesis (Thrall 2012). This RNA can be  

detected in a blood smear with supravital dyes (e.g., new methylene blue, brilliant cresyl blue),  

which precipitate the cytoplasmatic RNA into a reticulum network recognized as clumped  

aggregates or by automated hematology analyzers with a fluorescent dye that binds to RNA;   

therefore, the identified cells are called reticulocytes (Christian 2010; eClinPath 2020a).  

However, depending on the RNA content, immature RBCs can be identified in Romanowsky- 

stained blood smears (e.g., Wright's, Diff-Quick) without the use of special dyes to detect the  

RNA. The cells' RNA stain blue with these dyes, whereas the hemoglobin stains red, and the  

mixing of these two colors gives the cells a purple color. These cells are termed  

polychromatophilic RBCs (polychromatophil) (Thrall 2012; Sirois 2020; eClinPath 2020a).  

Absolute reticulocyte count in the blood is the most consistent way to assess the  

response of bone marrow to anemia (i.e., erythropoiesis strength). Still, attention should be  

paid to the time after the onset of the anemia and the magnitude of the reticulocytosis during  

interpretation (Weiss and Tvedten 2012; Sirois 2020).   

Low numbers of reticulocytes (≤ 60000/µL) are expected in healthy non-anemic dogs  

(Pattullo et al. 2015). In anemic dogs with functional bone marrow (i.e., regenerative response),  

increased numbers of reticulocytes start to circulate within two to four days after bone marrow  

stimulation achieving a peak between four and eight days and decline after ten to fourteen  

days as anemia resolves (Thrall 2012; Prchal and Thiagarajan 2016). Guidelines for  

interpretation of reticulocyte numbers are for the peak of reticulocyte response. In this sense,  

one must keep in mind that in the early stages of blood loss or RBC destruction, the bone  

marrow has not yet responded, and reticulocytosis is not yet evident (i.e., pre-regenerative  

anemia). Moreover, in the presence of a regenerative response, it is also important to  

determine the degree of regeneration to assess the strength of erythropoiesis (Fleischman  

2012; Weiss and Tvedten 2012; Pattullo et al. 2015).   

Degree of Regeneration Canine Reticulocytes (x103/µL) 

None 60  

Slight 150  

Moderated 300  
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Marked > 500  

Table 2 | Absolute Reticulocyte Guidelines (according to Weiss and Tvedten 2012)  

There is a direct correlation between the number of reticulocytes and polichromatophilic  

erythrocytes. Furthermore, they should correlate inversely with the severity of anemia. Hence,  

a reticulocyte count of 150x103/µL is considered an appropriate response to anemia when the  

Hct is 30%, but not when it is 10% (Weiss and Tvedten 2012; Couto 2020).   

In addition, it is important to note that regardless of the Hct value, one should always  

evaluate the blood smear of dogs with reticulocytosis because sometimes these animals have  

an underlying disease. For example, dogs with early immune hemolysis or hemangiosarcoma  

that have both a normal Hct and a regenerative response (Couto 2020).  

Traditionally, the assessment of bone marrow response in anemia was performed by  

interpreting the RBC indices (Thrall 2012). However, these are not reliable indicators of  

regeneration, as discussed below (Hodges and Christopher 2011; Collicutt et al. 2012). The  

erythrogram parameters give us information about erythrocyte volume (mean cell volume -  

MCV) and hemoglobin content (mean corpuscular hemoglobin concentration - MCHC) within  

the erythrocytes. In addition, they allow us to classify anemia into microcytic, normocytic, or  

macrocytic when the MCV is respectively decreased, normal, or increased. MCHC changes  

classify the anemia as hypochromic (reduced Hb concentration) or normochromic (normal Hb  

concentration). High MCHC (hyperchromic) values are artifacts caused by pre-analytical and  

analytic errors, such as hemolysis, lipemia, and Heinz bodies within erythrocytes, which imply  

that erythrocytes contain more hemoglobin per unit volume than a normal cell filled with  

hemoglobin (Harvey 2012b; Thrall 2012; Yadav et al. 2021).   

This classification system may be helpful in that microcytic hypochromic anemias  

almost always result from iron deficiency (Thrall 2012; Yadav et al. 2021). Macrocytic and  

hypochromic anemias indicate that the bone marrow is responding and releasing immature  

RBCs, which are larger (macrocytic) than the mature erythrocytes and contain less hemoglobin  

(hypochromic), suggesting regenerative anemia (Couto 2020; Yadav et al. 2021). Conversely,  

normocytic normochromic anemia usually indicates non-regenerative or pre-regenerative  

anemia (Thrall 2012; Yadav et al. 2021). The main diagnostic patterns are summarized in  

Table 3.   

However, with newer hematology analyzers, the exclusive use of MCV and MCHC to  

determine regeneration is found to be highly unreliable because only up to 11% of dogs with  

regenerative anemia have the macrocytic hypochromic anemia described in the literature, with  

most regenerative anemias presenting as normocytic and normochromic (Hodges and  

Christopher 2011; Couto 2020). They are also unable to detect, for example, iron deficiency  

anemia in acute and subacute phases which only in chronic stages may reach values below  
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the reference range (Thomas et al. 2013; Fuchs et al. 2017). To summarize, these RBC indices  

only vary when we have a significant variation in RBC size and Hb content (Harvey 2012b).   

The red blood cell distribution width (RDW), another RBC index, describes the width of  

the RBC size distribution turning into the electronic equivalent of anisocytosis in a blood smear  

(Villiers 2016; eClinPath 2020b; Yadav et al. 2021). It is a more sensitive indicator of altered  

cell size than MCV, since it describes the entire population of red cells in a sample rather than  

an average value like MCV (Hodges and Christopher 2011; Villiers 2016). High RDW values  

indicate that erythrocytes are more variable in volume than usual due to macrocytic, microcytic  

Classification Etiology 

Macrocytic Hypochromic: 

- ↑ MCV 

- ↓ MCHC 

• Regenerative anemias with marked reticulocytosis 

• Hereditary stomatocytosis (often slight reticulocytosis) 

• Spurious with prolonged storage of blood sample 

Macrocytic Normochromic: 

- ↑ MCV 

- N MCHC 

• Regenerative anemias (decreased MCHC is not always present) 

• Erythroleukemia (AML-M6) and myelodisplatic syndromes 

• Non-regenerative immune-mediated anemia and/or myelofibrosis 

• Poodle macrocytosis (healthy miniature poodles with no anemia) 

• Folate deficiency (rare) 

• Spurious with erythrocyte agglutination and/or persistent 

hypernatremia 

Normocytic Normochromic: 

- N MCV 

- N MCHC 

• Hemolytic anemia if reticulocyte response is mild or if sufficient 

time has not elapsed for a prominent reticulocyte response to 

occur 

• Hemorrhage if reticulocyte response is mild or if sufficient time 

has not elapsed for a prominent reticulocyte response to occur 

• Early iron-deficiency anemia before microcytes predominate  

• Chronic renal disease 

• Endocrine deficiencies 

• Selective erythroid aplasia  

• Aplastic and hypoplastic bone marrows 

• Cobalamin deficiency 

Microcytic Normochromic/ 

Hypochromic*: 

- ↓ MCV 

- N/ ↓*MCHC 

• Chronic iron deficiency  

• Portosystemic shunt  

• Anemia of inflammatory disease (usually normocytic) 

• Healthy Akita and Shiba Inu (not anemic) 

• Prolonged recombinant erythropoietin treatment (mild) 

• Cooper deficiency (rare) 

• Drugs or compounds that inhibit heme synthesis 

• Familial dyseryhtropoiesis of English Springer Spaniel (rare) 

• Hereditary elliptocytosis (rare) 

• Spurious with persistent hyponatremia (not typically anemic) 

Table 3 | Comparison of Classification of Anemia by Erythrocyte Indices and Etiology 
(according to Harvey 2012b).*The presence of low MCHC along with low MCV strongly suggests 
iron-deficiency anemia. Abbreviations: MCV, mean corpuscular volume; MCHC, mean 
corpuscular hemoglobin concentration 
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RBC, or both. In order to distinguish the cause of a high RDW, a blood smear should be  

performed to identify the presence of small or large red blood cells (eClinPath 2020b; Yadav  

et al. 2021). In addition, attention should be paid to particular breeds, like poodles, who have  

physiologic macrocytosis, or Akitas and Shiba Inus, who have physiologic microcytosis,  

resulting in an increased RDW (Aniolek et al. 2017; Yadav et al. 2021).   

The blood smear evaluation is an important aid in establishing a diagnosis regarding  

the cause of anemia and sometimes helps confirm other disorders' diagnoses. Thus,  

erythrocyte morphology is classified according to size, shape, color, inclusions, and the pattern  

of cells on blood film (Thrall 2012). Poikilocytosis is the general term used to describe the  

presence of abnormally shaped erythrocytes, and these alterations may provide clues about  

the pathophysiological mechanism of anemia or possibly an underlying disease (Thrall 2012).  

In Table 4, are provided some examples of shape changes and their clinical significance.   

Variation in erythrocyte size is termed anisocytosis and relates to diameter changes.  

However, these changes are described similarly to volume-related size changes, i.e., small,  

regular, or large red cells are characterized as microcytic, normocytic, or macrocytic,  

respectively. Regarding color changes, they include polychromasia (presence of  

polychromatophil cells in the blood film), hypochromasia (RBC with increased central pallor),  

and ghost cells (lysed RBC), which helps assess whether the anemia is regenerative  

(polychromasia), if intravascular hemolysis is present (ghost cells in a fresh blood sample) or  

whether there is iron deficiency (hypochromasia), for example (Thrall 2012; eClinPath 2020c).  

Term Meaning Interpretation 

Spherocytes Spheric RBC 

In large numbers are suggestive of immune-

mediated hemolytic anemia (primary or 

secondary to infectious agents or drugs); 

In low numbers are suggestive of 

fragmentation. 

Acanthocytes 

or “spur” cell 
Irregularly spiculated RBC 

These shapes are suggestive of iron 

deficiency anemia due to mechanical fragility 

or disorders associated with fragmentation 

injury to RBC (e.g., hemangiosarcoma (HSA) 

or disseminated intravascular coagulation 

(DIC)). 

Keratocytes 

RBC with ruptured hole resulting 

in the formation of one or two 

projections 

Schistocytes RBC fragments 

Eccentrocytes 
RBC with “eccentric” central 

pallor These shapes and keratocytes are suggestive 

of oxidant injury to RBC.  
Pyknocytes 

Irregular spherical RBC with 

small cytoplasmatic projections 

Table 4 | Erythrocyte shape changes and clinical significance (according to Harvey 
2012b; eClinPath 2020c). 
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Changes in cellular patterns or inclusions in the red cells may also provide diagnostic clues,  

as described in Table 5.  

2.2.2 Causes of Anemia  

2.2.2.1 Blood loss anemia  

Blood loss anemia can be caused by trauma, parasites, coagulation disorders,  

neoplasia, gastrointestinal ulcers, and vascular abnormalities. The time after the onset of blood  

loss affects the pattern of laboratory results, in that immediately after substantial acute blood  

loss, the total blood volume is decreased. Still, the Hct and plasma protein are normal. Also,  

Hct may increase during the first two hours after onset due to splenic contraction, which  

releases blood into the peripheral circulation and masks the anemia. After several hours, the  

Hct and plasma protein decrease but return to normal within a few days. Consequently, the  

occurrence of hypoproteinemia in association with anemia suggests recent or ongoing external  

blood loss (Harvey 2012b; Paltrinieri 2014; Yadav et al. 2021).   

On the first days, anemia is pre-regenerative, becoming apparently regenerative two to  

four days after the onset. However, in chronic external blood loss, anemia can become non- 

regenerative due to iron deficiency. Internal blood loss mimics hemolytic anemias in that  

hyperbilirubinemia may occur due to phagocytosis and degeneration of RBC at the site of  

widespread bleeding. In addition, some plasma proteins may be reabsorbed, shortening the  

return of plasma protein concentrations to normal. On the other hand, iron is conserved, and  

hypoferremia does not occur (Harvey 2012b).  

Change Term Meaning Interpretation 

P
a
tt

e
rn

 

Agglutination Clumping RBC Immune-mediated hemolytic anemia  

Rouleaux Stacking of RBC 

Inflammation (polyclonal 

gammopathy), neoplasia of B cells 

(lymphoma) or plasma cells (multiple 

myeloma 

In
c
lu

s
io

n
s
 

Heinz bodies 
Aggregates of denatured 

hemoglobin 
Oxidant-induced hemolytic anemia 

Basophilic stippling 
In vivo aggregation of 

ribosomes  
Regenerative anemia 

Howell-Jolly bodies 
Nuclear remnants in 

RBC 

Hemoparasites  Possible cause of anemia 

Table 5 | Erythrocyte pattern and inclusions changes and their clinical significance 
(according to Harvey 2012b; eClinPath 2020c). 
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2.2.2.2 Immune-mediated hemolytic anemia  

Immune-mediated hemolytic anemia (IMHA) is a common cause of morbidity and  

mortality in dogs (Piek et al. 2011; Piek 2017). According to its nature, IMHA can be  

primary/non-associative (“idiopathic” or cryptogenic) or secondary/associative to putative  

trigger factors (such as infectious disease, neoplasia, inflammatory disease, drugs, toxins, or  

vaccines) (Garden et al. 2019). In non-associative IMHA, there is suppression or a failure of  

T-cell regulation, which leads to the activation of autoreactive T-cells that produce  

autoantibodies specific for an antigen on the membrane of the RBCs. In associative IMHA, an  

immune response can be triggered by a cross-reaction between foreign antigens and self- 

molecules (called “molecular mimicry”) or by the binding of the primary cause to the RBC  

(either directly or via immune-complex). RBCs may be destroyed following a type II  

hypersensitivity reaction in both cases. In this reaction, antibodies (IgG, IgM, and IgA) and/or  

complement (C3b) coat the RBCs, leading to their premature removal from circulation by  

macrophages in the spleen and liver (extravascular hemolysis). Additionally, concurrent  

intravascular hemolysis may occur if complement activation proceeds through the terminal  

pathway to form a membrane attack complex (formation of transmembrane channels),  

resulting in osmotic lysis of RBCs (Piek 2017; Garden et al. 2019; Couto 2020).   

Classically, IMHA is a regenerative anemia with acute development. However, this  

initial classification is not absolute since the anemia may be pre-regenerative if insufficient time  

has elapsed for a regenerative response to occur; or non-regenerative if an immune-mediated  

response is directed against erythroid medullary precursors ("precursor-targeted immune- 

mediated anemia") (Lucidi et al. 2017; Woodward and White 2020).    

2.2.2.3 Anemia of inflammatory disease  

For a long time, physicians and veterinarians have recognized that patients with various  

chronic inflammatory, degenerative, infectious, or neoplastic conditions frequently develop  

anemia (Couto 2020). For decades, the condition was termed "anemia of chronic disease  

(ACD)"; however, in recent years, as a result of the clarification of some underlying molecular  

pathways, the term "anemia of inflammatory disease (AID)" has been used more broadly, since  

it is thought that inflammation plays a key role in this type of anemia (Chikazawa et al. 2013).  

There is little epidemiologic data on its prevalence in small animals, but it is recognized as a  

common cause of non-regenerative anemia (Grimes and Fry 2015).  

The physiological role of AID is part of a systemic immune response to limit microbial  

invaders and neoplastic cells’ access to iron (Chikazawa and Dunning 2016). This systemic  

immune activation produces multiple inflammatory cytokines, leading to significant changes in  

iron metabolism due to gastrointestinal iron absorption blockage and iron sequestration within  

macrophages. The latter plays an important role since Hb synthesis depends heavily on iron  
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recycled by macrophages from phagocytosis of senescent red blood cells. Studies performed  

in human liver cultures, mice, and human volunteers show that IL -6 may be the most important  

cytokine in AID because it stimulates hepatocytes to produce hepcidin, the primary regulator  

of iron homeostasis. Hepcidin exerts its iron-regulatory effects by binding to the receptor,  

ferroportin, which is an iron exporter specifically expressed on the surface of enterocytes,  

macrophages, and other cells. This interaction leads to the internalization and degradation of  

ferroportin, which blocks the iron absorption by the enterocytes and macrophage iron recycling,  

decreasing serum iron concentration (Grimes and Fry 2015; Chikazawa and Dunning 2016;  

Weiss et al. 2019). In addition to hepcidin effects, bacterial lipopolysaccharides and IFN-ɣ can  

also block the transcription of ferroportin, thereby decreasing iron efflux (Guida et al. 2015).  

These pathophysiological pathways contribute to the hallmark features of AID: hypoferremia,  

hyperferritinemia, and iron-restricted erythropoiesis.   

AID diagnosis can become a challenge when it comes to differentiating between AID  

and iron deficiency anemia (IDA). Although not studied comparatively, AID and IDA share  

similar clinical characteristics, including hypoferremia, fatigue, and weakness, making the  

diagnosis between them difficult. Both AID and IDA can cause considerable morbidity in  

humans and animals and have a negative impact on a patient's prognosis. It has also been  

reported that these two entities can coexist (McCown and Specht 2011; Gavazza et al. 2012;  

Schaefer and Stokol 2015; Weiss et al. 2019). In addition, a recent study shows that the  

development of iron-restricted erythropoiesis in dogs as they age may occur due to both  

chronic illness and iron deficiency (Radakovich et al. 2017).  

AID and IDA diagnosis involve currently evaluating the CBC and direct (serum iron  

level) or indirect (total iron-binding capacity, serum ferritin, percentage of transferrin saturation,  

bone marrow, and liver iron stores) measurement of iron. Although these tests can be helpful  

for diagnosis, they also have limitations, especially when there is evidence of an inflammatory  

process, and the anemia has characteristics consistent with both conditions (McCown and  

Specht 2011; Harvey 2012b; Chikazawa et al. 2013; Radakovich et al. 2015; Schaefer and  

Stokol 2015; Fuchs et al. 2017; Weiss et al. 2019). Still, more research is needed to create a  

gold standard tool for AID diagnosis.  

2.2.2.4 Cancer-related anemia  

Anemia is a common finding in cancer patients, although its true prevalence in small  

animals is unknown (Childress 2012). Cancer-related mechanisms are often multifactorial and  

include factors directly or indirectly related to cancer and treatment-related factors (Childress  

2012; Grimes and Fry 2015). Anemia in cancer patients may be regenerative or non- 

regenerative, depending on the specific type of pathogenic mechanism involved (hemorrhage,  

hemolysis, or decreased production) (Childress 2012; Bailey 2020a).   
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Anemia secondary to tumor hemorrhage is classically regenerative and may be acute  

or chronic (Childress 2012). Acute and severe tumor hemorrhages are frequently reported in  

splenic HSAs. Still, there are also reports of benign and malignant splenic tumors and some  

types of carcinomas (e.g., adrenal, hepatocellular, or thyroid). By contrast, epithelial tumors  

(with involvement of the gastrointestinal tract, nasal cavity, or urinary bladder) and those  

causing a paraneoplastic syndrome (e.g., gastrinoma or mast cell tumor) may result in chronic  

low-grade bleeding (Childress 2012).   

According to the veterinary literature regarding hemolytic anemias in cancer patients,  

these can be immune-mediated or non-immune-mediated (Childress 2012; Grimes and Fry  

2015; Bailey 2020a). However, a statement from ACVIM asserts that there is no causal  

evidence to demonstrate an association between cancer and IMHA in dogs with cancer. Still,  

the authors do not rule out the possibility of an association, remarking the need for further  

studies to prove its existence (Garden et al. 2019). In this sense, according to some authors,  

neoplasia is the most commonly identified underlying cause for IMHA in small animals, being  

frequently identified in hematologic malignancies such as lymphoma and leukemia (Bailey  

2020a).   

Microangiopathy, oxidative injury to erythrocytes, or tumor cell erythrophagocytosis can  

all cause non-immune-mediated hemolytic anemias in veterinary cancer patients.  

Microangiopathic hemolytic anemia (MAHA) arises from endothelial cell damage and fibrin  

deposition, usually identified in patients with DIC and inherent anomalies in tumor  

microvasculature, most notably with HSA. These alterations result in the shearing and  

destruction of RBCs, leading to increased numbers of schistocytes in peripheral blood  

(Childress 2012; Grimes and Fry 2015). RBC oxidative injury  also plays a role in developing  

some cancer-related hemolytic anemias, particularly in canine lymphoma, and is characterized  

by the formation of eccentrocytes, Heinz bodies, or both (Childress 2012). Tumor cell  

erythrophagocytosis is a rare cause of anemia in canine cancer patients. It is frequently seen  

in tumors of macrophage origin, especially in hemophagocytic histiocytic sarcoma, where  

erythrophagocytosis is believed to be a primary cause of anemia in patients with this type of  

cancer. Still, erythrophagia, with or without secondary anemia, has also been documented in  

dogs with HSA, acute megakaryoblastic leukemia, and round cell tumors (Barger et al. 2012;  

Childress 2012; Bailey 2020a; Bailey 2020b).  

Non-regenerative anemia may result from direct or indirect effects of cancer upon  

erythropoiesis. In humans, inflammation is linked to the onset and progression of many  

cancers, and cancer usually causes secondary inflammation (Morrison 2012; Grimes and Fry  

2015; Macciò et al. 2015). In fact, inflammation is perhaps the most common cause of anemia  

in veterinary patients with cancer (Childress 2012; Grimes and Fry 2015; Bailey 2020a). The  

mechanisms of action by which inflammation may cause anemia are the same as previously  
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described in AID (Bailey 2020a). Cancer cells can also infiltrate the bone marrow and destroy  

normal hematopoietic tissue, resulting in myelophthisis. The latter is commonly reported in  

hematopoietic malignancies, such as acute leukemias, multiple myeloma, lymphoma, mast cell  

tumor, and disseminated hemophagocytic syndrome (Childress 2012; Moore 2014).  

Neoplastic tissues can also produce myelosuppressive hormones, such as estrogen (e.g.,  

Sertoli cell tumors, seminoma, and granulosa cell tumors), which induce severe bone marrow  

hypoplasia and aplastic anemia (Childress 2012; Bailey 2020a; Saba and Lawrence 2020).  

Nutritional deficits of iron, folate, and cobalamin are recognized causes of indirect inhibition of  

bone marrow function in human oncology patients (Baribeault and Auerbach 2011; Madeddu  

et al. 2018). However, this condition is infrequently reported in canine oncology patients,  

although a study suggested decreased serum cobalamin may be associated with multicentric  

lymphoma and poor outcome (Cook et al. 2009).  

Another possible contributor to anemia is the anti-neoplastic treatment, which can  

cause myelosuppression in both humans and animals with cancer. However, because of the  

extended lifespan of RBCs, the impact of myelosuppression on them is less severe than on  

other blood cell types, so monitoring for hematologic toxicity in anti-neoplastic treatments is  

usually focused on neutrophils and platelets. In fact, recent studies have shown that some anti- 

neoplastic protocols are safe, and the most commonly encountered hematologic abnormality  

is neutropenia (Stiborova et al. 2019; Kluthcovsky et al. 2020).  

2.2.2.5 Renal disease-related anemia  

Anemia affects a substantial proportion of canine patients with chronic kidney disease  

(CKD) at the time of diagnosis, ranging in recent studies from 51% to 63% (Dunaevich et al.  

2020; Lippi et al. 2021). Furthermore, it seems to be more frequent and clinically relevant in  

dogs with advanced stages of CKD, although it can also develop in early stages, similarly to  

humans (Fiocchi et al. 2017; Lippi et al. 2021)  

EPO hormone deficiency has been historically recognized as the primary mechanism  

of anemia in canine patients with CKD (Polzin 2017). This hormone is a circulating glycoprotein  

mainly produced (90% of systemic EPO) by renal peritubular capillary endothelial cells,  

responsible for stimulating erythrocyte production in the bone marrow (Polzin 2017). CKD is a  

progressive disease in dogs where there is a reduction in the overall number of peritubular  

cells available for EPO production, leading to EPO deficiency (Scott 2011; Bartges 2012). In  

veterinary medicine, it's unclear how often or to what extent other causes described in human  

literature play a role in developing anemia in animals with kidney disease (Babitt and Lin  

2012).   
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2.2.2.6 Infectious disease-related anemia  

Anemia caused by infection can be regenerative or non-regenerative, depending on  

the disease mechanism, and is frequently caused by inflammation, organ damage, blood loss,  

or an immune response that is misdirected. On the other hand, some infectious pathogens  

cause anemia more directly by infecting erythroid cells or producing products that block  

erythropoiesis (Sykes 2014a; Grimes and Fry 2015). This section will only look at some  

infectious pathogens whose mechanisms for causing anemia have been well-studied in  

veterinary medicine.  

Parvoviruses infect many mammalian species and demonstrate a tropism for mitotically  

active cells, especially hematopoietic, gastrointestinal, thymus, and lymph nodes. Anemia can  

develop due to blood loss caused by damage to villus capillaries or cytotoxic effects on marrow  

precursor cells, leading to regenerative or non-regenerative anemia. (Sykes 2014a).  

Babesia spp. is an intraerythrocytic protozoan parasite with worldwide distribution;  

however, only three species are recognized in Portugal: B. canis, B. vogeli, and B. microti-like  

(Simões et al. 2011; Irwin 2016). Anemia's severity and regenerative status in canine  

babesiosis depend on the infective species, strain, and infection course (Irwin 2016; Solano- 

Gallego et al. 2016; Eichenberger et al. 2017). For example, infections by B. canis are usually  

peracute leading to moderate-to-severe non-regenerative anemia with erythron regeneration  

only evident after two to four days. By contrast, B. vogeli is characterized by mild-to-moderate  

regenerative anemia. However, other factors like age, the host's immune status, and the  

presence of concurrent illness or infections should be considered as anemia contributors. In  

all species, anemia is caused by a combination of intravascular and extravascular hemolysis  

resulting from direct parasite-induced red cell injury or rupture, increased osmotic fragility, and  

secondary immune-mediated attack of the RBC membrane (Birkenheuer 2014; Irwin 2016;  

Solano-Gallego et al. 2016).  

Canine leishmaniosis (CanL) is a group of vector-borne diseases caused by the  

intracellular protozoa Leishmania infantum in the Old World (Africa, Asia, and Europe), which  

is synonymous with Leishmania chagasi in the New World (i.e., Americas) (Sykes et al. 2014).  

Visceral leishmaniosis (VL) and American tegumentary leishmaniosis, a localized cutaneous  

type seen in areas of South America, are two disease syndromes in dogs. Some dogs with  

Leishmania infection recover entirely, while a tiny fraction develops a severe, life-threatening  

disease. Furthermore, some dogs remain persistently but subclinically infected, with the risk  

of reactivation later in life with immunosuppression; these dogs act as reservoir hosts, playing  

an important role in human infection. VL's systemic signs include a broad spectrum of clinical  

symptoms, including mucosa pallor due to anemia (Sykes et al. 2014). The etiology of anemia  

has been considered multifactorial, with hemorrhage, immune-mediated hemolysis, chronic  
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renal failure, bone marrow impairment, decreased lipid fluidity of the erythrocyte membrane,  

and inflammation as possible contributing causes (Meléndez-Lazo et al. 2018).  

Leptospirosis is a zoonotic disease worldwide caused by systemic infection by  

pathogenic spirochetes of the genus Leptospira (Sykes 2014b). In small animals, dogs seem  

to be more susceptible to clinical leptospirosis than cats, and the disease is primarily caused  

by the pathogenic species Leptospira interrogans and Leptospira kirschneri (Arbour et al.  

2012; Sykes 2014b). However, dogs can shed leptospires in their urine without showing clinical  

signs of the disease (Rodriguez et al. 2014; Schuller et al. 2015; Llewellyn et al. 2016; Zaidi et  

al. 2018). It has also been suggested that leptospiral hemolysins, known as phospholipases,  

can act on erythrocytes membranes leading to cytolysis, which results in intravascular  

hemolysis (Schuller et al. 2015).  

2.2.2.7 Endocrinopathy-associated anemia  

Endocrinopathies are recognized to cause anemia in small animals. This section will  

focus on the relationship between anemia and some well-characterized endocrine diseases in  

veterinary medicine: hypoadrenocorticism and hypothyroidism.   

Anemia is a common finding in dogs with hypoadrenocorticism, although it may initially  

be masked by dehydration (Scott-Moncrieff 2015a). In the gastrointestinal tract, glucocorticoids  

play an important role in maintaining the gastric barrier by promoting adequate tissue perfusion  

and supporting prostaglandin production. With hypocortisolism, there is reduced  

gastrointestinal motility, poor tissue perfusion, vascular stasis with consequent mucosal barrier  

dysfunction resulting in gastrointestinal ulceration with blood loss (Van Lanen and Sande  

2014). Moreover, a reduction in glucocorticoids promotes a decrease in erythropoiesis by  

diminishing their interaction with EPO and SCF. Anemia due to inflammatory disease also  

plays a role in developing the anemia associated with hypoadrenocorticism (Grimes and Fry  

2015).   

A non-regenerative anemia is a recognized complication of canine hypothyroidism,  

occurring in approximately 30% of dogs (Scott-Moncrieff 2015b). Thyroid hormones are  

responsible for enhancing erythropoiesis through the hyperproliferation of immature erythroid  

progenitors, augmenting the amount of hypoxia-inducible factor 1 (HIF-1), and increasing EPO  

secretion by inducing erythropoietin gene expression (Dorgalaleh et al. 2013). The  

pathophysiology is not well understood; however it is believed that anemia develops primarily  

due to decreased EPO, lack of erythroid progenitor response to erythropoietin, and absence  

of direct action of thyroid hormone on early hematopoietic pluripotent stem cells (Scott- 

Moncrieff 2015b).  



 

20 

 

3. Prevalence of Causes of Anemia in Dogs at Veterinary Teaching Hospital  

FVM-ULisbon  

3.1 Objective  

Anemia is a common finding in veterinary practice, and single or multiple causes may  

induce its development. Only a few studies have reported the prevalences of different causes  

of anemia in dogs (Chervier et al. 2012; Liu and Su 2015), with AID and CRA being the most  

common causes identified (Chervier et al. 2012). Useful tools can be used to diagnose the  

underlying cause of anemia, such as RBC parameters, reticulocyte count, and blood smear  

findings.   

Furthermore, the severity of anemia varies depending on the cause, and the  

investigation of its causes and their severity have provided important diagnostic insights,  

despite regional and epidemiological limitations.  

This retrospective study aimed to identify the causes and severity of anemia and their  

relative importance in dogs and determine if they could provide diagnostic clues.  

3.2 Material and Methods  

3.2.1 Sample selection  

For this study, the veterinary medical database of Professor M. Braço Forte Clinical  

Analysis Laboratory, at the Faculty of Veterinary Medicine, University of Lisbon (FVM- 

ULisbon), Lisbon, Portugal, was searched retrospectively by reviewing the records of all dog’s  

blood samples between July 01st, 2016, and June 30th, 2020.   

Inclusion criteria included anemic dogs (Hct < 37%) of any breed or sex with age equal  

to or greater than one-year, complete blood count (CBC), and clinical follow-up at the  

Veterinary Teaching Hospital (VTH) FVM-ULisbon. This study only included the first CBC for  

each dog.  

Dogs less than a year old were excluded because reference values are different from  

adults. Samples recorded with macroscopic alterations such as lipemia, hemolysis, blood clot  

were also excluded as they result in artifactual changes of CBC. Repeated samples were  

identified by searching for those records containing the same owner and patient name.  

3.2.2 Sample analysis  

Sample collection was performed at the VTH. One milliliter of blood was collected by  

venipuncture of the jugular, cephalic or saphenous vein into a tube of  

ethylenediaminetetraacetic acid (EDTA). Subsequently, the samples were stored at a  
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temperature of 2-5ºC and processed in a period of 2 to 48 hours at the Professor M. Braço  

Forte Clinical Analysis Laboratory at FVM-ULisbon.  

The CBC was performed on the ProCyte Dx® Hematology Analyzer (IDEXX  

Laboratories, Westbrook, Maine) using laser flow cytometry, optical fluorescence, laminar flow  

impedance, and the SLS-hemoglobin methods to analyze the various parameters of the blood  

count.  

Laminar flow impedance is the fastest method to analyze the size and the number of  

RBC and canine platelets. The size and type of cell are determined by measuring each cell's  

electrical resistance when they move across an aperture and disrupt the electrical sign (IDEXX  

Laboratories 2016).  

Laser flow cytometry performs an RBC optical analysis, where it analyzes mature red  

blood cells, reticulocytes, and platelets. In addition, it also analyzes and classifies white blood  

cells (WBC) in a five-part differential (neutrophils, lymphocytes, monocytes, basophils, and  

eosinophils). This method focuses blood samples through a narrow orifice that detects each  

cell's forward-scattered light and side-scattered light. The optical signatures provide  

information about each cell's size, complexity, contents, and structure (IDEXX Laboratories  

2016).  

Optical fluorescence is the gold standard for identifying reticulocytes and adds  

sensitivity to a five-part WBC differential. With this method, stains for reticulocyte and leucocyte  

bind to nucleic acids and are excited by red laser light. A dichroic mirror separates the  

excitation light from the fluorescence, which provides a unique fluorescence signature  

captured at a higher wavelength than the normal side-scattered light (IDEXX Laboratories  

2016).    

The SLS-hemoglobin method is used to determine the hemoglobin concentration. In  

this method, an anionic surfactant (Sodium Lauryl Sulfate - SLS) lyses the RBC membrane  

and combines with hemoglobin, forming a stable hemichrome. Afterward,  the hemichrome is  

quantified by a photometer filter using a colorimetric method, which provides the hemoglobin  

concentration (IDEXX Laboratories 2016).  

3.2.3 Criteria for classification  

3.2.3.1 Age group  

Dogs were assigned into one of the following groups: adults (up to 6 years old), middle- 

aged (between 6 and 10 years old), and old (more than 10 years old).  
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3.2.3.2 Causes of anemia and final groups  

Dogs were assigned to one of the following groups: immune-mediated anemia (IMA),  

infectious disease-related anemia, anemia of inflammatory disease (AID), renal disease- 

related anemia, endocrinopathy-associated anemia, cancer-related anemia (CRA), acute  

blood loss anemia, other anemia, and anemia of undetermined origin, according to their clinical  

history.   

The immune-mediated anemia group consisted of dogs with specific laboratory  

abnormalities, such as saline agglutination, Coomb’s test, spherocytosis, or bone marrow  

smears. These dogs had no signs of infectious disease, cancer, clinical drug history, or  

incompatible blood transfusions.   

Dogs in the CRA group had a confirmed diagnosis via cytology or histopathology of  

tissue samples or a highly suspected neoplasm diagnosed by ultrasonography, despite  

suspected pathogenesis of anemia (inflammatory anemia, chronic blood loss, and immune- 

mediated pathogenesis).  

The infectious disease-related anemia group contained dogs diagnosed with an  

infectious disease, irrespective of whether the anemia occurs by a secondary immune- 

mediated mechanism or from the pathogen's direct action.  

The group of renal disease-related anemia included dogs with anemia associated with  

chronic kidney disease diagnosis that was not related with other processes that could affect  

the erythrogram, such as endocrine disease (hyperadrenocorticism, hypothyroidism),  

neoplasia, infection, immunological process, alpha-darbepoetin administration, or red blood  

cell transfusion.  

The AID group contained dogs with anemia, an inflammatory leukogram, chronic  

disease (e.g., liver disease, pancreatic disease, gastrointestinal disease), and/or acute  

inflammatory disease but with no infectious, neoplastic, or immune-mediated disease  

diagnosis.  

Animals classified as having anemia associated with endocrinopathy were classified by  

definitive diagnosis through complementary tests such as total T4 and TSH concentration, and  

free thyroxine concentration by equilibrium dialysis in the case of animals with hypothyroidism  

or ACTH stimulation test in the case of animals with hypoadrenocorticism.  

Regarding blood loss, it was considered when internal or external hemorrhage was  

identified that was not related to other processes such as neoplasia, endocrinopathy, or  

parasitism.  

The other anemia group was defined as having a known cause of anemia (as opposed  

to anemia of undetermined origin), differing from those listed above.   
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3.2.3.3 Anemia severity  

Dogs were retrospectively classified as anemic when their Hct was 37% or less at the  

time of admission. Afterward, the anemia was classified according to severity, as described in  

table 1.  

3.2.3.4 Regenerative anemia  

According to the laboratory internal reference intervals, a diagnosis of regenerative  

anemia was considered when the absolute reticulocyte count was 110x103/μl or more.  

3.2.3.5 Statistical analysis  

Nonparametric statistical techniques were used (Aviva and Watson 2013) Chi-squared  

tests were used to determine whether the distribution of causes differed significantly in  

frequency. Associations between variables were assessed by chi-squared (Aviva and Watson  

2013), and Bonferroni corrections (MacDonald and Gardner 2000; Sharpe 2015) were  

performed, as appropriate. Tests were performed using IBM SPSS Statistics 25 (SPSS Inc.,  

Chicago, IL, USA). When the test was highly significant, p-values were given as p=0,0001 and  

are reported here as p<0,001. All tests were two-tailed and statistical significance was defined  

as p<0,05.  

3.3 Results  

3.3.1 Animals  

Overall, 12350 dog blood samples were submitted during the period of the study. All  

samples underwent a selection process, and initially, 1352 (10,95%) samples from animals  

less than one-year-old or with altered macroscopic characteristics were excluded.  

Furthermore, from the total population, 10533 (88,62%) samples that did not meet the  

requirements regarding analytical and clinical data were also excluded, as described in Figure  

2.  

Of the 465 dogs that were part of this study, 249 were males (53,55%), and 216 were  

females (46,45%) (Appendix 1).   



 

24 

 

  

Figure 2 | Exclusion process criteria.  

3.3.2 Causes of anemia  

The different causes of anemia were not equally frequent (P<0,001). Causes of  

undetermined origin were the most frequent (135/465). However, relative to the known causes,  

the most frequent ones were CRA (102/465) and AID (71/465) (Chart 1 and Appendix 2).  
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Chart 1 | Distribution of causes of anemia in dogs (percentage of cases)  

The causes of anemia varied significantly with dogs’ age (p<0,001). Most young (<6  

years) dogs were diagnosed with AID or infectious disease-related anemia. In contrast, middle- 

aged (6 to 10 years) and old (>10 years) dogs were diagnosed with cancer-related anemia  

(Table 6). Young dogs were significantly (p<0,001) more affected by infectious disease-related  

anemia than dogs of other ages. The proportion of anemia cases decreased with age.   

The causes of anemia varied significantly with dog sex (p<0,05). Female dogs were  

significantly (p=0,0028) more affected by AID than male dogs (Appendix 3).   

 Young Middle-aged Old Total 

Acute blood loss anemia n=8 n=3 n=10 n=21 

38,10% 14,29% 47,62% 100,00% 

9,09% 2,34% 4,02%  

Anemia of inflammatory 
disease 

n=18 n=21 n=32 n=71 

25,35% 29,58% 45,07% 100,00% 

20,45% 16,41% 12,85%  

Anemia of undetermined 
origin 

n=17 n=34 n=84 n=135 

12,59% 25,19% 62,22% 100,00% 

19,32% 26,56% 33,73%  

Cancer-related anemia n=11 n=29 n=62 n=102 

10,78% 28,43% 60,78% 100,00% 
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12,50% 22,66% 24,90%  

Endocrinopathy-
associated anemia 

n=5 n=7 n=10 n=22 

22,73% 31,82% 45,45% 100,00% 

5,68% 5,47% 4,02%  

Immune-mediated anemia n=5 n=0 n=5 n=10 

50,00% 0,00% 50,00% 100,00% 

5,68% 0,0% 2,01%  

Infectious disease-related 
anemia 

n=18 n=20 n=11 n=49 

36,73% 40,82% 22,45% 100,00% 

20,45% 15,63% 4,42%  

Other anemia n=4 n=0 n=7 n=11 

36,36% 0,0% 63,64% 100,00% 

4,55% 0,0% 2,82%  

Renal disease-related 
anemia 

n=2 n=14 n=28 n=44 

4,55% 31,82% 63,64% 100,00% 

2,27% 10,94% 11,24%  

Total  
 

 

n=239 n=149 n=51 n=465 

51,4% 32,0% 11,0%  

100,00% 100,00% 100,00% 100,00% 

Table 6 | Causes of anemia and age in dogs. The data are number (n) of cases, percentage  
(%) of dogs for each cause of anemia (in bold) and percentage (%) of dogs for each age group  
(in italics)  

3.3.3 Anemia severity  

The degrees of anemia severity were not equally frequent (p<0,001). In this study, most  

dogs developed mild (239/465) or moderate (149/465) anemia, while cases of severe (51/465)  

or very severe anemia (26/465) were less frequent (Chart 2).   
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Chart 2 | Distribution of anemia severity in dogs (percentage of cases)  

Anemia severity was significantly (p<0,001) associated with the cause of anemia.  

Anemia of undetermined origin was the most frequent in all severity degrees. This study's most  

frequent known causes of mild and moderate anemia were AID and CRA (Table 7).  

The proportion of cases decreased with severity, with the same inference being verified  

for AID, CRA, and renal disease-related anemia.  

No relationship was found between severity and the dog's sex or severity and age in  

this study. No association was also found between age, severity, and cause.  

 Mild anemia 
Moderate 
anemia 

Severe 
anemia 

Very severe 
anemia 

Total 

Acute blood loss 
anemia 

n=6 n=8 n=5 n=2 n=21 

28,57% 38,10% 23,81% 9,52% 100,00% 

2,51% 5,37% 9,80% 7,69%  

Anemia of 
inflammatory disease 

n=41 n=25 n=4 n=1 n=71 

57,75% 35,21% 5,63% 1,41% 100,00% 

17,15% 16,78% 7,84% 3,85%  

Anemia of 
undetermined origin 

n=86 n=30 n=10 n=9 n=135 

63,70% 22,22% 7,41% 6,67% 100,00% 

35,98% 20,13% 19,61% 34,62%  

n=44 n=37 n=16 n=5 n=102 
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Cancer-related 
anemia 

43,14% 36,27% 15,69% 4,90% 100,00% 

18,41% 24,83% 31,37% 19,23%  

Endocrinopathy-
associated anemia 

n=14 n=6 n=0 n=2 n=22 

63,64% 27,27% 0,00% 9,09% 100,00% 

5,86% 4,03% 0,00% 7,69%  

Immune-mediated 
anemia 

n=1 n=2 n=6 n=1 n=10 

10,00% 20,00% 60,00% 10,00% 100,00% 

0,42% 1,34% 11,76% 3,85%  

Infectious disease-
related anemia 

n=17 n=21 n=5 n=6 n=49 

34,69% 42,86% 10,20% 12,24% 100,00% 

7,11% 14,09% 9,80% 23,08%  

Other anemia n=4 n=4 n=3 n=0 n=11 

36,36% 36,36% 27,27% 0,00% 100,00% 

1,67% 2,68% 5,88% 0,00%  

Renal disease-related 
anemia 

n=26 n=16 n=2 n=0 n=44 

59,09% 36,36% 4,55% 0,00% 100,00% 

10,88% 10,74% 3,92% 0,00%  

Total  
 

 

n=239 n=149 n=51 n=26 n=465 

51,40% 32,04% 10,97% 5,59%  

100,00% 100,00% 100,00% 100,00% 100,00% 

Table 7 | Causes and severity of anemia in dogs. The data are number (n) of cases,  
percentage (%) of dogs for each cause of anemia (in bold) and percentage (%) of dogs for each  
degree of anemia severity (in italics).  

3.3.4 Types of bone marrow response  

The types of bone marrow response were not equally frequent (p<0,001) and were  

significantly (p<0,001) associated with the cause of anemia. Most cases were diagnosed as  

non-regenerative, except in dogs with IMA. CRA and AID were the most frequent causes of  

non-regenerative anemia, occurring respectively in 19,27% and 16,76% of the dogs from this  

study. In addition, dogs with non-regenerative anemia were significantly more affected by renal  

disease-related anemia (p=0,001) than dogs with infectious disease-related anemia (p<0,001).  

There was a significant (p<0,001) association between the types of bone marrow  

response and the anemia severity. The number of cases from both types of bone marrow  

response decreased with the increase of anemia severity (Appendix 5).  

No statistical association between the bone marrow response and the dog's sex or age  

was found.  
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 Non-regenerative anemia Regenerative anemia Total 

Acute blood loss anemia n=14 n=7 n=21 

66,67% 33,33% 100,00% 

3,91% 6,54%  

Anemia of inflammatory disease n=60 n=11 n=71 

84,51% 15,49% 100,00% 

16,76% 10,28%  

Anemia of undetermined origin n=102 n=33 n=135 

75,56% 24,44% 100,00% 

28,49% 30,84%  

Cancer-related anemia n=69 n=33 n=102 

67,65% 32,35% 100,00% 

19,27% 30,84%  

Endocrinopathy-associated anemia n=17 n=5 n=22 

77,27% 22,73% 100,00% 

4,75% 4,67%  

Immune-mediated anemia n=3 n=7 n=10 

30,00% 70,00% 100,00% 

0,84% 6,54%  

Infectious disease-related anemia n=40 n=9 n=49 

81,63% 18,37% 100,00% 

11,17% 8,41%  

Other anemia n=10 n=1 n=11 

90,91% 9,09% 100,00% 

2,79% 0,93%  

Renal disease-related anemia n=43 n=1 n=44 

97,73% 2,27% 100,00% 

12,01% 0,93%  

Total  n=358 n=107 n=465 

76,99% 23,01%  

100,00% 100,00% 100,00% 

Table 8 | Causes of anemia and types of bone marrow response in dogs. The data are  
number (n) of cases, percentage (%) of dogs for each cause of anemia (in bold) and percentage  
(%) of dogs for each type of bone marrow response (in italics).  
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Discussion  

In this study, 29,03% of anemia cases were classified as of undetermined origin.  

According to our knowledge, these anemias may be incidental findings that resolve  

spontaneously. Another possibility is the lack of financial means on the part of the owner that  

precludes further investigation. Due to the study's retrospective nature, it was not possible to  

ascertain the causes for these undetermined anemias; thus, the category was not further  

investigated.  

Regarding the known causes of anemia, our study showed that cancer-related anemia  

and inflammatory disease are the second and the third most frequent causes of anemia (Chart  

1), and the latter is significantly more frequent in females (p=0,0028).   

Cancer development has a multifactorial nature (environment, sex, age, breed, body  

size, and neutering status) (Modiano and Kim 2020), and the true prevalence of anemia in the  

canine population is unknown (Childress 2012; Bailey 2020a). Still, anemia is undoubtedly  

recognized as a complication of cancer in veterinary medicine  and is frequently identified in  

dogs with various cancers (Bailey 2020a). The frequency of cancer-related anemia can differ  

for each type of cancer; for example, anemia is more frequently identified in dogs with acute  

leukemias (87%–98%) than in dogs with localized histiocytic sarcoma (0%-46%) (Childress  

2012). Although our study did not focus on types of cancer, it revealed that the second most  

frequent cause of canine anemia was cancer-related (21,94%). Similar results have been  

reported by Chervier et al. (2012) and Liu and Su (2015), highlighting the importance of  

searching for a tumor in cases of anemia. As previously mentioned, one of the factors for  

neoplasia development is age, and as life expectancy increases, dogs tend to be more  

susceptible to tumors as they age (Modiano and Kim 2020). Although we couldn't find a  

statistically significant relationship between cancer-related anemia and age, probably because  

of the low number of cases in each category, most dogs in this study belonged to the group of  

old dogs (60,78%). To the best of our knowledge, no conclusive association between cancer- 

related anemia and age has yet been made in the veterinary literature. However, according to  

Miller et al. (2009), lymphoma-associated anemia in dogs is most frequent in animals over ten  

years of age. Other studies on different tumor types with a large sample of anemic dogs also  

show that cancer development is commonly detected in middle-aged to old dogs (Shiu et al.  

2011; Macotpet et al. 2013; Lallo et al. 2016; Sánchez et al. 2019).   

Anemia of inflammatory disease is a common cause of anemia in veterinary practice  

(Grimes and Fry 2015; Chikazawa and Dunning 2016). In this study, it represented the third  

most frequent cause of anemia (15,27%). To the authors knowledge, there is only one report  

about AID prevalence in a canine population, and in this population AID represented the  

second most common cause of anemia (28,51%) (Chervier et al. 2012). AID is frequently  

associated with post-traumatic conditions and chronic disorders, including inflammatory,  
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immune-mediated, infectious, and neoplastic diseases (Chikazawa and Dunning 2016).  

Because of the study's retrospective nature, it was not always possible to determine the  

underlying mechanism of anemia in the animals with infectious (immune-mediated  

pathogenesis, direct action of the pathogen) or neoplastic diseases (IMA, AID, or chronic blood  

loss). Thus, dogs were considered to have inflammatory anemia only if a detectable  

inflammatory process or a diagnosed chronic disease were present in the absence of immune- 

mediated, neoplastic, or infectious processes, which may have resulted in underestimation. In  

our study, AID was found to have a statistically significant relationship with sex (p=0,0028),  

specifically with female dogs. These findings could be explained by the high incidence of  

genitourinary disorders in female dogs (Cruz-Pinto et al. 2015), especially pyometra in intact  

females, that was found to represent 34,09% of the pathologies of females in our sample  

population (Appendix 1) (Sykes and Westropp 2014; Cruz-Pinto et al. 2015). Several studies  

show that anemia is frequent in females affected with pyometra (Jitpean et al. 2012; Gupta  

and Dhami 2013; Jena et al. 2013; Santos Dos Anjos et al. 2021). This might be due to  

impaired erythropoiesis because of toxic effects on the bone marrow. It may also result from a  

protective mechanism against bacterial growth generally associated with many chronic and  

acute inflammatory diseases. In this mechanism, there is increased iron affinity by the  

reticuloendothelial system and decreased iron-binding capacity to limit the access of  

microorganisms to iron since it is a mineral necessary for their development (Jena et al. 2013;  

Santos Dos Anjos et al. 2021).  

Of the least frequent causes of canine anemia, infectious diseases- and renal disease- 

related standout, representing 10,54% and 9,46% of cases, respectively. Regarding to renal  

disease-related anemia, these results are similar to findings by Chervier et al. (2012), where  

renal disease-related anemia represented 8,11% of his sample population, being the fourth  

most frequent cause of anemia. Age is considered a risk factor for the development of chronic  

kidney disease, particularly in old dogs (Polzin 2011). A study performed by O’Neill et al. (2013)  

showed that dogs over 12 years of age had five times more probability of developing CKD than  

dogs between 7 and 12 years of age. This study also found a significant statistical relationship  

between anemia and CKD, which reinforces the results obtained in our study, with the anemic  

population of dogs with CKD being predominantly old.  

 As previously mentioned, anemia secondary to infection often occurs because of  

associated inflammation, organ damage, blood loss, or a misdirected immune response.  

However, in some cases, infectious agents can cause anemia directly by infecting erythroid  

cells or generating products that inhibit erythropoiesis (Grimes and Fry 2015). One of the most  

important risk factors for developing infectious diseases in dogs is age (Barutzki and Schaper  

2013; Stull et al. 2016). This increased risk is attributed to various factors, including incomplete  

immunity due to inadequate vaccination, increased risk of exposure to novel pathogens, and  
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behaviors associated with younger animals (e.g., chewing of fomites, close play with other  

dogs, and mouthing activity) (Stull et al. 2016). Our study also found a statistically significant  

association between infectious diseases-related anemia and age (p<0,001), with younger dogs  

being more susceptible, as expected.  

Previous studies report that most canine anemias tend to be non-regenerative and mild  

to moderate (Chervier et al. 2012; Liu and Su 2015). Accordingly, we found that 88,82% of  

anemias in our sample population fit this category and were significantly associated with the  

cause. Additionally, we found that the most frequent causes of mild to moderate anemias were  

CRA (43,24%), AID (33,93%), renal disease-related (21,62%), and infectious disease-related  

(10,60%). Most of the anemias in the CRA group were also non-regenerative (67,65%), as  

previously reported by Chervier et al. (2012) and Liu and Su (2015). The underlying  

etiopathogenesis of anemia in veterinary cancer patients is not fully understood. Still, it tends  

to be driven by inflammatory cytokines that induce changes in the proliferation of erythroid  

progenitors, erythropoietin release and production, and survival of circulating erythrocytes.  

Although the literature indicates a strong relationship between cancer and inflammation, other  

cancer-specific mechanisms may have influenced the sample results, such as the occupation  

of the bone marrow by neoplastic infiltrates or fibrosis, myelotoxic factors, or increased  

apoptosis (Childress 2012; Hohenhaus and Winzelberg 2017; Dow and Guth 2020).  

On what concerns AID, it is reported as being typically mild to moderate in severity. It  

does not evolve into severe anemia (Hct value less than 20%)  because in inflammatory states,  

anemia in dogs tends to develop more slowly due to the long life span of RBCs (Chervier et al.  

2012; Grimes and Fry 2015; Chikazawa and Dunning 2016; Couto 2020; eClinPath 2020d). In  

addition, according to Delaby et al. (2008), the increased iron retained within the macrophages  

stimulates the synthesis of ferroportin, which may partially counteract the hepcidin- and other  

cytokine-mediated downregulation or degradation, allowing heme synthesis to continue and  

preventing severe anemia. In our study, the severity of anemia was mainly mild (57,75%) to  

moderate (35,21%), and only five animals (7,04%) had severe or very severe anemia (Table  

7). No reports have been found in veterinary articles to explain the latter results. However,  

according to Weiss et al. (2019), human patients can develop anemia within hours or days in  

a critical illness accompanied by a high level of cytokine activation leading to massive  

erythrophagocytosis or hemolysis, which may explain these findings. Our study further  

reinforces what is described in the human medical (Weiss et al. 2019) and veterinary literature  

(Chervier et al. 2012; Liu and Su 2015; Chikazawa and Dunning 2016; Couto 2020), where  

AID is described mainly as non-regenerative (84,51% in our study).  Although it is not yet  

known completely the mechanism by which inflammation causes anemia, it is commonly  

accepted that the change in iron metabolism plays an important role in its development.  

However, several studies have implicated mechanisms other than hepcidin-mediated  
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disruption of normal iron handling. Thus, inflammatory cytokines are also thought to contribute  

to the development of anemia and the non-regenerative pattern by inhibiting erythroid  

precursors and by blunting erythropoietin production. For example, the necrosis factor tumor  

(TNF)-α is responsible for the rapid and irreversible inhibition of CFU-E and BFU-E, the  

inhibition of erythrocytic differentiation mediated by EPO, as well as the decrease in  

hemoglobin synthesis (Grimes and Fry 2015; Zivot et al. 2018). Several studies have also  

shown inhibition of EPO production and release by IL-1, IFN-ɣ, and TNF-α. Also, IL-6, IL-1,  

and IFN- ɣ  seem to be involved in EPOR downregulation which reduces the biological activity  

of erythropoietin IL-1 and TNF- α also appears to be implicated in the damage of EPO- 

producing kidney epithelial cells via radical-mediated damage, leading to decrease production  

or release of EPO (Jelkmann 2011; Okonko et al. 2013; Grimes and Fry 2015).  

In addition, erythrocyte decreased life span can also contribute to this type of anemia.  

In human patients, RBC survival time from healthy humans decreased when transfused into  

patients with anemia of inflammation (Grimes and Fry 2015). Also, a reduction in red cell life  

span has been reported in dogs, cats, and rats with experimental AID (Chikazawa and Dunning  

2016). Mechanisms proposed to this is effect include macrophage activation by inflammatory  

cytokines, such as TNF-α, which may stimulate premature removal of RBC from peripheral  

blood via erythrophagocytosis (Macciò et al. 2015). Erythrocytes with altered antigenicity or  

oxidative injury can also promote early removal by macrophages (Chikazawa and Dunning  

2016).  

In our study and according to Chervier et al. (2012), infectious disease-related anemia  

is non-regenerative and of mild to moderate severity. However, we should consider that  

depending on the type of pathogen involved and the presentation time, the type of anemia may  

also vary, as previously mentioned. In this sense, it became important to understand whether  

a particular infectious disease could have somehow influenced our results. In fact, it was found  

that 53,06% of the non-regenerative anemias related to infectious disease were due to canine  

leishmaniosis, which is described in the literature as an endemic disease in Portugal and,  

probably because of this, had such a significant representation in our sample (Franco et al.  

2011; Cortes et al. 2012). One of the most remarkable characteristics of CanL-associated  

hematological alterations is anemia, being reported as non-regenerative of mild to moderate  

severity (LeishVet; Nicolato et al. 2013; Sykes et al. 2014; Ulchar et al. 2015). As previously  

mentioned, anemia in CanL can result from multiple mechanisms. The most common cause  

implicated in non-regenerative anemia is renal damage with glomerulonephritis due to immune  

complexes deposition that could evolve into chronic renal failure, which leads to EPO  

deficiency (Polzin 2011). Another contributor may be the decrease of erythrocyte membrane  

fluidity that can lead to alterations in receptor-ligand erythrocyte cytoadherence mechanisms  
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or mechanical sequestration by the spleen, or both contributing to the anemia (Morabito et al.  

2017).   

Additionally, intense parasitism in the marrow leads to the formation of granulomas,  

which may change the architecture of this organ and occupy the space of hematopoietic cells.  

As a result of these events, an impairment of the functioning and differentiation of  

hematopoietic cells occurs, thereby leading to dysplasia of different cell lineages and directly  

affecting the cellular composition of peripheral blood (Trópia de Abreu et al. 2011; Nicolato et  

al. 2013; Momo et al. 2014; De Tommasi et al. 2014). Other factors described in humans may  

also be involved in the development of anemia, such as inflammation, increased permeability  

of the erythrocyte membrane, and immune-mediated hemolysis. Regarding the latter, studies  

performed in bone marrows of dogs infected with Leishmania observed the presence of  

hemosiderin within the macrophages and erythrophagia suggesting the occurrence of immune- 

mediated hemolytic processes (Momo et al. 2014). Other studies also have shown that many  

dogs have a positive Coomb's test, which supports the hypothesis of immune-mediated  

mechanisms involved in the pathogenesis of CanL anemia (Maia and Campino 2018).   

The severity of anemia in CanL varies according to the host’s responses to the  

infection. According to some authors, severe anemia is more commonly found in symptomatic  

dogs, especially in the terminal form of the disease (Nicolato et al. 2013; Ulchar et al. 2015).  

In this sense, we hypothesize that most dogs from this study population had a subclinical  

disease, where compensatory mechanisms of anemia have already acted, and a good balance  

in parasite-host interaction is ongoing, which resulted in mild to moderate anemia.  

In agreement with previous reports (Polzin 2011; Chervier et al. 2012; Lippi et al. 2021),  

our study found that most dogs with renal disease-related anemia have non-regenerative  

anemia (97.73%). As previously mentioned, the main mechanism associated with anemia in  

dogs with kidney disease is EPO deficiency (Polzin 2011). In this sense, and according to  

some authors, serum EPO concentrations in uremic dogs with CKD are undetectable or low.  

Thus, they correlate significantly with the numbers of erythroid colony-forming units grown in  

cultures (Harvey 2012b; Hasler 2012). There is also evidence of a relative rather than an  

absolute EPO deficiency in that serum concentrations usually surpass the normal range but  

are low compared to the severity of anemia (Hasler 2012).   

Furthermore, bone marrow examinations from these animals demonstrate hypoplasia  

of erythroid precursors with little or no interference with the other hematopoietic lines. (Stacy  

and Harvey 2017; Lippi et al. 2021). For this reason, it is acceptable to consider that EPO  

deficiency may be one of the causes for the low frequency of dogs with signs of regenerative  

anemia. In addition, due to the nature of our study, inflammation also cannot be ruled out as a  

contributing factor in the development of this pattern of anemia. A recent study has shown that  

dogs with kidney disease have significantly increased mRNA expression of the cytokines IL-1  
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and tumor growth factor (TGF)-β and the enzyme 5-lipoxygenase (LO) (Nentwig et al. 2016).  

The kidneys are the site of production and action of the anti-inflammatory cytokine TGF-β,  

which plays a role in the progression of kidney disease by mediating fibrinogenesis, apoptosis,  

and epithelial-to-mesenchymal transdifferentiation (Gu et al. 2020).   

On the other hand, IL-1 is a pro-inflammatory cytokine responsible for initiating and  

propagating the inflammatory response (Kany et al. 2019). The enzyme 5-LO is primarily  

expressed by leukocytes involved in the production of leukotrienes, which are also recognized  

as potent inflammatory mediators (Zhou et al. 2021). The joint action of these molecules is  

suggestive of the existence of an inflammatory component in kidney disease, which may  

contribute to anemia development. Also, other causes recognized in human patients cannot  

be excluded, such as iron deficiency, decreased RBC lifespan due to metabolic insult or  

mechanical damage, nutritional abnormalities, erythropoietic inhibitor substances in uremic  

plasma, and myelofibrosis (Sethi et al. 2018). Moreover, our study demonstrated that non- 

regenerative anemia is more likely to occur in animals with renal disease (p=0,001) than in  

animals with infectious disease (p<0,001). A possible explanation for this significant statistical  

relationship is that chronic renal disease is an irreversible and slowly progressing disease,  

where the decline in renal mass leads to inadequate EPO production and subsequent non- 

regenerative anemia. On the contrary, as previously mentioned, infectious diseases,  

depending on the time of presentation and type of pathogen, can have non-regenerative or  

regenerative anemia. In this sense, it seems more likely to diagnose non-regenerative anemia  

in a CKD patient than in a patient with an infectious disease.  

According to some authors (Chervier et al. 2012; Lippi et al. 2021), renal disease- 

related anemia severity is mainly mild to moderate, which is in agreement with what was found  

in our research (Table 7). Our study also showed a decrease in the cases of anemic CKD dogs  

as severity increased. In this sense, we hypothesize that our sample had a small number of  

anemic dogs in the late stages of renal disease since some reports show a positive association  

between anemia severity and the progression of renal disease (Lippi et al. 2021).   

IMA is an exception to the patterns described above in our study, presenting mainly as  

a severe (60,00%) regenerative (70,00%) anemia. These findings are similar to those reported  

by Francey et al. (2021), where 74% of the dogs affected by IMA have regenerative anemia.  

In addition, several studies show that the median hematocrit in canine IMA ranges from 13%  

to 18% (Lawson et al. 2018; Cuq et al. 2021; Francey et al. 2021), representing severe anemia  

by the time of presentation. The pathophysiology that leads to this pattern is explained above  

in the section on immune-mediated hemolytic anemia. 
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Conclusions  

This was a four-year retrospective study of the causes of anemia in a large number of  

dogs within the region of Lisbon, Portugal. Only a few studies have reported the frequencies  

of the various causes of anemia in dogs (Chervier et al. 2012; Liu and Su 2015). In our  

research, CRA and AID were the most prevalent causes identified. This is in agreement with  

what is most frequently described in the available literature. However, even though the data  

acquired comes from a national reference hospital, the rates we reported may not represent  

the general national or global dog population, and care should be taken when extrapolating  

our results.  

Age and sex were associated with specific causes of anemia, namely females with AID  

and young dogs with infectious disease-related. The high prevalence of a particular pathology  

in one of these groups, specifically pyometra in females, and various factors and behaviors  

associated with younger animals, i.e., incomplete immunity, increased risk of exposure to  

pathogens, mouthing activity, among others, are all potential explanations for this finding.  

Non-regenerative anemias were found to be tendentially mild to moderate and more  

likely to occur in animals with a renal disease rather than in animals with infectious disease- 

related anemias. Regardless, the same pattern was observed in the latter, but the high  

incidence of CanL in this study population could have potentially influenced this finding. By  

contrast, IMA tended to be severe and related to a regenerative response.  

Since this is a retrospective study, it was not always possible to determine the precise  

mechanism of anemia, which constitutes possibly the most significant limitation of the study.  

Prospective studies are essential to assess the distribution of causes of anemia and, perhaps  

most importantly, the pathogenic mechanisms implicated in the different causes of anemia. 
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Appendix 

Sex 
Frequency 

Count Percentage 

Male 249 53,5% 

Female 216 46,5% 

Total 465 100,0% 

Appendix 1 | Frequency of dogs from each sex. 

 N Observed 

Acute blood loss anemia 21 

Anemia of inflammatory disease 71 

Anemia of undetermined origin 135 

Cancer-related anemia 102 

Endocrinopathy-associated anemia 22 

Immune-mediated anemia 10 

Infectious disease-related anemia 49 

Other anemia 11 

Renal disease-related anemia 44 

Total 465 

Appendix 2 | Number of cases (N Observed) for each cause of anemia. 

 

 Female  Male Total 

Acute blood loss anemia n=9 n=12 n=21 

42,86% 57,14% 100,0% 

4,17% 4,82%  

Anemia of inflammatory disease n=44 n=27 n=71 

61,97% 38,03% 100,0% 

20,37% 10,84%  

Anemia of undetermined origin n=58 n=77 n=135 

42,96% 57,04% 100,0% 

26,85% 30,92%  

Cancer-related anemia 37 65 102 
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36,27% 63,73% 100,0% 

17,13% 26,10%  

Endocrinopathy-associated 
anemia 

n=14 n=8 n=22 

63,64% 36,36% 100,0% 

6,48% 3,21%  

Immune-mediated anemia n=8 n=2 n=10 

80,00% 20,00% 100,0% 

3,70% 0,80%  

Infectious disease-related 
anemia 

n=19 n=30 n=49 

38,78% 61,22% 100,0% 

8,80% 12,05% 10,5% 

Other anemia n=7 n=4 n=11 

63,64% 36,36% 100,0% 

3,24% 1,61%  

Renal disease-related anemia n=20 n=24 n=44 

45,45% 54,55% 100,0% 

9,26% 9,64%  

Total  
 

 

n=216 n=249 n=465 

46,45% 53,55%  

100,0% 100,0% 100,0% 

Appendix 3 | Causes of anemia and sex in dogs. The data are number of cases, 
percentage of dogs for each cause of anemia (in bold) and percentage of dogs for each sex (in 
italics). 

 

 
Frequency 

Count Percentage 

Gastrointestinal disease 13 29,55% 

Pyometra 15 34,09% 

Hepatic disease 5 11,36% 

Other 11 25,00% 

Total 44 100,0% 

Appendix 4 | Frequency of the pathologies in female dogs in the anemia of inflammatory 
disease group. 
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 Non-regenerative anemia Regenerative anemia Total 

Mild n=204 n=35 n=239 

85,36% 14,64% 100,00% 

56,98% 32,71%  

Moderate n=114 n=35 n=149 

76,51% 23,49% 100,00% 

31,84% 32,71%  

Severe n=26 n=25 n=135 

50,98% 49,02% 100,00% 

7,26% 23,36%  

Very Severe n=14 n=12 n=135 

53,85% 46,15% 100,00% 

3,91% 11,21%  

Total  n=358 n=107 n=465 

76,99% 23,01%  

100,00% 100,00% 100,00% 

Appendix 5 | Anemia severity and types of bone marrow response in dogs. The data are 
number (n) of cases, percentage (%) of dogs for each degree of anemia severity (in bold) and 
percentage (%) of dogs for each type of bone marrow response (in italics). 


