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CHAPTER- |

INTRODUCTION

The dog, technically referred to as Canis familiaris, is recognised as the
oldest domesticated animal and the initial species to undergo domestication
(David et.al., 1974). The dog has fulfilled several roles, including that of a guard
dog, a hunting companion, a companion, and even a guide. Before the 18th
century, dogs mostly had utilitarian roles in human society. During this period,
the expression 'man's best friend' gained frequent usage. Of late, with the
advancement in the diagnostics and therapeutics in canine medicine, dog owners
are now more particular and keener on general health and the adoption of modern
treatment approaches. “Anaemia” is such a disease condition that most dog

owners come across as an individual identity or sequelae of the other disorder.

Anaemia is a manifestation of many diseases or the result of multifactorial
causes. It is a medical condition characterized by a deficiency of red blood cells
or hemoglobin in the blood, resulting in a reduced capacity to transport oxygen to
body tissues. Haemoglobin, an essential protein found in erythrocytes, has a vital
function in the binding and transportation of oxygen from the lungs to other
tissues in the body. Shah et al. (2011) found that the major causes of anemia were
renal dysfunction (22%), E. canis infection (9.17%), lron deficiency (8.2%), B.
canis (8.1%), parvovirus infection (6.42%), hepatic dysfunction (6.4%),
leptospirosis (4.5%), pyometra (3.6%) and hepatozoonosis (2.75). Protozoa are

one of the most important causes of haemolytic anemia in the dog (Irwin, 2010).

Anaemia presents with diverse clinical manifestations that indicate the
diminished ability of the blood to transport oxygen. Typical symptoms include
exhaustion, debility, and paleness. Dogs suffering from anaemia may encounter
breathlessness even with slight physical effort, and their heart rate may rise to
compensate for the reduced oxygen supply. The presence of paleness in the skin,
mucosal membranes is frequently observed, highlighting the reduced amounts of
haemoglobin. (Davidow, 2013).



Immune-mediated hemolytic anaemia (IMHA) is a significant cause of
illness and death in dogs. It is characterised by the improper destruction of red
blood cells (RBCs) due to immune system activity. The self-attack can be
initiated by infections, inflammatory illnesses, neoplasia, certain poisons, and
medications. The diagnosis of IMHA can be readily established by seeing the
presence of anaemia accompanied by agglutination, spherocytosis, or a positive

Coomb's test.

Acquired Immune Haemolytic Anaemia (AIHA) is a condition that has
been recognized for a long time and was originally documented in 1954 by
Halliwell (1978), and Dodds (1991). Autoimmune Hemolytic Anaemia, is a
severe immunohaematological condition that occurs when red blood cells are
destroyed as a result of Type Il hypersensitivity, after the binding of
immunoglobulins to the cell membrane (Jain et al., 1986). The illness has been
documented in cats, horses, and cows, although it is more prevalent in dogs
(Bennett et al., 1981). The major clinical signs associated with AIHA are
lethargy, depression, pale mucus membranes, discolored urine, icterus, petechial
hemorrhages on the skin, splenomegaly, hemoglobinemia and hemoglobinuria
(Mills et al., 1985; Miller et al., 2009)

Anemia can be classified into two main types based on the capacity of the
body and bone marrow to react to the anemia, namely regenerative and non-
regenerative anemia. The type of anemia can be identified based on multiple
factors, mainly the number of reticulocytes in the blood. Reticulocytes, identified
as immature red blood cells (RBCs), originate in the bone marrow from
orthochromatic normoblasts through a process called nuclear exclusion. The
severity of anaemia can be classified based on the hematocrit or packed cell
volume percent as mild (30-37 %), moderate (20-29 %), severe (13-19 %) and
very severe (<13 %) (Douglas and Wardrop, 2010).

The Reticulocyte Production Index (RPI) is a numerical value that
provides information about the rate of reticulocyte production in the bone marrow
relative to the degree of anemia. It is a calculated index that aids in assessing the

bone marrow's response to anemia and helps distinguish between different causes



of anemia. The Reticulocyte Production Index helps clinicians to assess the
appropriateness of the bone marrow response to anemia and aids in determining
the underlying cause of anemia. It is a valuable tool in the field of hematology for
understanding the dynamics of red blood cell production in response to various
conditions affecting the blood. In cases of anemia, a higher count of peripheral
blood reticulocytes, termed reticulocytosis, is observed in patients with a
functioning bone marrow. Conversely, anemic patients with dysfunctional bone
marrow exhibit decreased reticulocyte numbers, resulting in reticulocytopenia.
(Riley et al., 2001). It usually occurs in disorders such as hemorrhagic
gastroenteritis, trauma, parasite gastroenteritis, immune-mediated hemolytic
anaemia, hemoprotozoan diseases, septicemia, chronic renal disease, and liver

diseases.

Coagulopathies or coagulation disorders in dogs refer to disorders or
abnormalities in the blood's ability to coagulate or clot properly and go hand in
hand with anemia, The coagulation process is vital for stopping bleeding and
promoting wound healing. Various factors contribute to the proper functioning of
blood coagulation, including platelets, clotting factors, and the blood vessel wall.
Coagulopathies may be caused by a variety of reasons including Vitamin K
deficiency, autoimmune disease, liver diseases as well as inherited disorders.
Coagulopathies may be diagnosed by tests including Prothrombin time test and
Partial thromboplastic time test. Clotting time can also be checked using capillary
tube test.

Blood lactate level is one of the prognostic indicators in Anemic dogs
(Stevenson, 2007). Under aerobic conditions, the intermediate product of
glycogenolysis, pyruvic acid, follows an aerobic glycolysis pathway and
eventually participates in the Citric-acid cycle or "Krebs cycle” that provides
substrates (16 H+) for oxidative phosphorylation. This oxidative phosphorylation
provides a large amount of energy for the cells. Under anaerobic conditions,
pyruvic acid follows a different route, the anaerobic glycolysis pathway, and the
end-product of this complex cascade of reactions results in the accumulation of
lactate. The normal resting blood lactate level in dogs is between 1.8 and 22.5

mg/dl or <2.5 mmol/L. In dogs, the measurement of blood lactate holds



significant clinical importance, serving as a key indicator in assessing the
physiological status and overall health, particularly in critical or emergency

situations.

Red cell distribution width can provide insight into early iron shortage
prior to other diagnostic tests. It conveys the concept of variation in the size of red
blood cells, which is the initial morphological alteration observed in cases of iron
deficient anaemia. Vitamin B12 or folate deficiencies result in a macrocytic
anaemia, characterised by the presence of big red blood cells. In about two-thirds
of cases, the red cell distribution width (RDW) is increased. Nevertheless, iron
deficiency anaemia is characterised by a diverse range of red blood cell sizes,
resulting in an elevated RDW in nearly every instance. Both iron and B12
shortages typically result in a combination of big and tiny cells, leading to an
increased RDW. High RDW, characterised by red blood cells of uneven sizes, is

referred to as anisocytosis.

Serum protein electrophoresis (SPE) shows the distribution of protein
fractions, helping clinicians to characterize pathologic processes. (Gori et al.,
2022). Protein electrophoresis holds significant importance in various scientific
and clinical applications due to its ability to separate, analyze, and characterize
proteins based on their electrical charge and size. The electrophoretogram splits
the protein fraction of serum or plasma into its constituent components including
albumin and globulins. Globulins can be divided into three fractions based on
their electrophoretic mobility. Most of the a and B globulins are synthesized by
the liver, whereas y globulins are produced by lymphocytes and plasma cells in
lymphoid tissue. a globulins consist of a-1 and a-2 globulins, and B globulins
consist of -1 and B-2 globulins. The third fraction known as y globulins consists
of the immunoglobulins: IgM, IgA, and IgG. It helps in clinical monitoring of a
patient, identification of proteins based on size and charge, and as an important

diagnostic tool in veterinary medicine.

Hyperglobulinemia refers to an elevated level of globulins in the blood.
Globulins are a group of proteins, including antibodies, that play a crucial role in

the immune system. A rise in globulin levels can be indicative of various



conditions, such as chronic inflammation, certain infections, autoimmune
diseases, or neoplasia. High blood globulin levels and skewed A: G ratios have
been noted in CKD, Canine Ehrlichiosis, Babesia canis, and pyometra-origin
anemic dogs. (Harrus et al., 1999). Several glomerular diseases can result in
hypoalbuminemia with an increased serum globulin concentration. A dramatic
increase in a-2 globulins is often seen in canine nephrotic syndrome due to VLDL
a-2 macroglobulins. Urine protein concentrations and urine protein/creatinine
ratios should both be increased with glomerular disease. By SPE analyses
decreased levels of albumin and elevated levels of a-2 globulin and B-globulin

were noted in dogs with pyometra (Yoon et al., 2021).

Gammopathies are conditions in which serum immunoglobulin levels are
greatly increased. They can be either polyclonal (Increases in all major
immunoglobulin classes) or monoclonal (Increases in a single homogenous

immunoglobulin).

The therapeutic management of anaemia is indeed an important factor that
must be taken into consideration as it includes a multifactorial approach,
including diet modifications, identifying and treating the cause of anemia,
hematinics, iron and vitamin supplementation, erythropoietin stimulating agents,

bone marrow stimulants and blood transfusions.

Blood transfusion is a medical procedure that involves the transfer of
blood or blood components from one individual (the donor) to another (the
recipient). The primary goal of blood transfusion is to replace lost blood
components or to provide specific blood constituents to address a medical
condition. Blood transfusion is considered a highly suitable supportive treatment
for anemia in patients (O'Hara and Richardson, (2008) irrespective of its
underlying cause, owing to its rich erythrocyte content. While the history of
successful blood transfusions in animals can be traced back to 1665, these
procedures have become more commonplace in the last five to six decades
(Davidow, 2013). The decision to administer an appropriate blood product is
contingent upon accurately quantifying the predominant deficit. When critical

levels of hematocrit (HCT) are reached, immediate stabilization of the patient is



imperative to facilitate further diagnosis. Transfusing blood from a compatible
donor serves as an excellent solution, ensuring prompt and noticeable stabilization
of the patient. Advancements in the preparation and storage of blood products
have significantly enhanced the effectiveness of transfusions, with whole blood,
erythrocyte concentrate, and plasma emerging as the most frequently used

products for transfusion purposes (Freireich, 2011).

Blood transfusion is a procedure that involves a donor, a recipient and the
cross-matching of blood to check the compatibility of the blood before
transfusion. The recipient must be monitored for acute or delayed transfusion
reactions such as hives, respiratory distress, icterus, etc. Despite this, the
paramount concern in human and veterinary blood banking and transfusion
therapy is to guarantee the safety of blood products. Blood Transfusion responses
can be caused by several factors, and their clinical presentations range from
immediate to delayed, immune-related or non-immune-related, and including the

destruction of red blood cells or not.

Red blood Cell dynamics evolved that the typical lifespan of red blood
cells (RBCs) is around 120 days. Every day, around 1% of the erythrocytes in a
healthy dog's bloodstream are eliminated owing to senescence, whereas the bone
marrow continuously generates new blood corpuscles. In contrast to humans, dogs
possess movable storage of red blood cells in their spleen and have the ability to
promptly replenish one-third of the given blood. The remaining blood cells will
undergo regeneration within a few days. Every day, 200 billion red blood cells
(RBCs) are produced, which necessitates the acquisition of almost 2 x 310% iron
atoms every second to sustain sufficient erythropoiesis. These statistics
correspond to the production of 20 mL of blood every day, which contains 6 g of

haemoglobin and 20 mg of iron.

The “RBC storage lesion” refers to cumulative biochemical and
biomechanical changes that occur in RBCs during storage In-vitro that decrease
their function and survival In-vivo. Based on the existing data, it is recommended
to focus on two main areas to enhance the quality of red blood cell (RBC) blood

bank products. Firstly, efforts should be made to prevent the significant loss of



transfused RBCs that occurs shortly after the transfusion. Secondly, measures
should be taken to minimize the interaction between the transfused RBCs and the
patient's immune system. Addressing these concerns is crucial for minimizing the

frequency and severity of adverse effects associated with transfusions.

Therefore, it is crucial for blood bank research to not only evaluate the
traditional RBC characteristics for quality control during storage, but also to find
the factors that can predict the survival, function, and behaviour of RBCs in the
patient following transfusion. The quality of blood products and the occurrence of
hemolysis, both in in vitro and in vivo can be significantly affected by the

circumstances in which the products are stored and the duration of storage.

This study was conducted to find out the keeping quality of canine blood
in CPDA to ascertain its suitability for blood transfusion. Preservation of red cells
implies maintenance of normal functional capacity of such an extent that after
transfusion to the body, they will stay in circulation and perform their functions.

In vitro studies are useful as screening procedures in evaluating the stored blood.

The Department of Veterinary Medicine, Mumbai Veterinary College has
established the country’s first Animal Blood and Blood Component Bank and
Referral Coagulopathy Laboratory with the help of ICAR under the Revolving
Fund. Therefore, present study entitled “Therapeutic Management of Anaemia
Associated Hyperglobulinemia with Special Reference to Erythrocyte Survival in

Dogs” was planned with the following objectives.

1. Clinical and laboratory assessment of anaemic dogs.

2. To analyse the serum protein pattern in hyperglobulinemic dogs.
3. To evaluate the therapeutic efficacy of anaemic dogs.

4. To study the survival pattern of erythrocytes (in-vitro).






CHAPTER- 1l

REVIEW OF LITERATURE

Anemia is commonly encountered in veterinary practice. It is not clinically
evident until the level of haemoglobin falls below 8 g/dl in dog (Ettinger et al.
2005). Anemia is defined as the decreased ability of blood to supply tissues with
adequate oxygen for proper metabolic functions (Hoffbrand and Pettit, 1993). It is
characterized by reduction in haemoglobin (Hb), haematocrit (Hct) or total
erythrocyte count (TEC) per unit volume of blood in a normally hydrated animal
(Aird, 2000). Protein Electrophoresis is a specialized test that analyzes specific
groups of proteins in the blood serum and measures how much of each group of
proteins is present. Present research work entitled “Therapeutic Management of
Anaemia Associated Hyperglobulinemia with special reference to Erythrocyte
Survival in Dogs” was undertaken. The literature was reviewed on the following

subheadings.

2.1  Anaemiain dogs

2.2 Prevalence of Anaemia

2.2.1 Age-wise prevalence of anaemia
2.2.2 Breed-wise prevalence of anemia
2.2.3 Sex-wise prevalence of anaemia
2.2.4 Season-wise prevalence of anaemia
2.3 Etiology

2.3.1 Anaemia due to Parasites

2.3.1.1 Babesiosis

2.3.1.2 Hepatozoonosis

2.3.1.3 Ehrlichia

2.3.2 Immune-mediated haemolytic Anaemia (IMHA)

2.3.3 Immune-mediated thrombocytopenia
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2.8 In-vivo and In-vitro survival of erythrocyte in dogs
2.9  Plasma protein in anaemia

29.1 Albumin

2.9.2 Globulin

2.10 Treatment of Anaemia

2.1  Anaemiain dogs

Jain (1986) defined anemia as the decreased ability of blood to supply

tissues with adequate oxygen for proper metabolic function.

Bhalerao (1997) screened forty clinical cases of anaemia for detection of
AIHA. Out of forty cases, fourteen cases were positive for direct antiglobulin test
with monospecific and polyspecific antiglobulin sera. Direct antiglobulin test was
positive in fourteen cases in anaemia with polyspecific antisera to the extent
between +1 to +4. The test was positive with monospecific rabbit anticanine

serum in twelve cases to the extent +1 to +4.

Moninder (2003) reported a higher prevalence of 68 per cent anemia in
state of Punjab and lower incidence i.e., 37.97% recorded in dogs of Palampur

valley of Himachal Pradesh.

Furlanello et al. (2005) observed anemia in 74% of dogs and classified it
as mild (35%), moderate (59%) and severe (6%) during the study undertaken at
Italy.

Radostits et.al., (2007) defined anemia as a deficiency of circulating RBCs

per unit volume of blood.

Vegad and Swamy (2010) defined anemia as a condition in which the
body has a decreased number of circulating erythrocytes (RBCs), or decrease in
haemoglobin concentration. Further, it can also be defined as reduction in number
of the erythrocytes in an animal for that particular age, species, breed, and

geographic location.

10



Singh et al. (2012) screened 137 dogs, out of which 65 dogs had Hb
value less than 12 g/dl indicating 47.44 % incidence of anemia during the

study on incidence of anemia from Jammu region, of India.

Tandel et al. (2012) screened 78 dogs, out of which 51 dogs had Hb value
less than 12 g/dl, Total erythrocyte count (TEC) less than 5.5 106 /uland Packed
cell volume (PCV) less than 35 % indicating overall incidence of anemia as 65.38
% based on physiological as well as hematological parameters in and around
Anand Region, Gujarat.

Brar et al. (2014) on CBC examination stated that there is decrease in
haemoglobin value, packed cell volume and erythrocytes per microliter indicates

anemia.

Bhattacharyya (2015) described anemia as a reduction in haemoglobin
concentration or RBC number or packed cell volume per unit volume of blood
below the normal value specific for the particular species and also suggested that

anemia may be due to excessive blood loss or accelerated RBC destruction.

Stokol (2017) stated that the anemia is most common hematologic
abnormality in Veterinary practice, occurring in 28% of canine patients during
their study on idiopathic pure red cell aplasia and nonregenerative immune-
mediated anemia in 43 dogs performed at the Veterinary Medical Teaching
Hospital, Cornell University, USA.

Meshram et al. (2019) reported that out of 108 samples, 63 (58.33%)
revealed various degrees and types of anemia. The anaemic cases were observed
as Normocytic Hypochromic 18 (27.27%), Microcytic Hypochromic 39 (59.09%),
Microcytic Normochromic 1 (1.515%) and Macrocytic Normochromic 8
(12.12%) during their study on clinicopathological assessment of anemia in dogs

at Mumbai Veterinary College, Mumbai.
2.2 Prevalence of anemia

Moninder (2003) reported a higher prevalence of 68 per cent anemia in
state of Punjab and lower incidence i.e., 37.97% recorded in dogs of Palampur

valley of Himachal Pradesh.
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Furlanello et al. (2005) observed anemia in 74% of dogs and classified it
as mild (35%), moderate (59%) and severe (6%) during the study undertaken at
Italy.

Singh et al. (2012) screened 137 dogs, out of which 65 dogs were having
Hb value less than 12 g/dl indicating 47.44 % incidence of anemia during the

study on incidence of anemia from Jammu region, of India.

Tandel et al. (2012) screened 78 dogs, out of which 51 dogs were having
Hb value less than 12 g/dl, Total erythrocyte count (TEC) less than 5.5 106 /pl
and Packed cell volume (PCV) less than 35 % indicating overall incidence of
anemia as 65.38 % based on physiological as well as hematological parameters in

and around Anand Region, Gujarat.

Stokol (2017) stated that the anemia is most common hematologic
abnormality in Veterinary practice, occurring in 28% of canine patients during
their study on idiopathic pure red cell aplasia and nonregenerative immune-
mediated anemia in 43 dogs performed at the Veterinary Medical Teaching
Hospital, Cornell University, USA.

Meshram et al. (2019) reported that out of 108 samples, 63 (58.33%)
revealed various degrees and types of anemia. The anaemic cases were observed
as Normocytic Hypochromic 18 (27.27%), Microcytic Hypochromic 39 (59.09%),
Microcytic Normochromic 1 (1.515%) and Macrocytic Normochromic 8
(12.12%) during their study on clinicopathological assessment of anemia in dogs

at Mumbai Veterinary College, Mumbai.
2.2.1 Age-wise prevalence of anemia

Chervier et al. (2012) revealed that anemia varied significantly with dog
age i.e., young dogs were significantly less affected by Cancer Related Anemia as
compared to old dogs during the study conducted at the Veterinary Campus

Hospital, Lyon, France.

Singh et al. (2012) reported the higher incidence of anemia (44.61%) in
young pups below 6 months followed by15.38% in 6 months to 1 year, 20.00 %
between 1 to 3 years and 12.32 % between 6-to-10-year age groups,
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whereaslowest prevalence in dogs of age group 3 to 6 years (7.69 %) in Jammu

region, of India.

Tandel et al. (2012) observed the highest incidence rate of anemia in dogs
of adult age group (58.83 %, 30/51 cases), followed by young (21.57 %, 11/51)
and senile age group (19.60 %, 10/51) in and Around Anand Region, Gujarat.

Brahmbhatt et al. (2015) recorded the occurrence of Ancylostoma more
frequently in dogs of young age (<1 Year) followed by middle age (1-7 year) and
lowest in old age (7 years) and age-wise prevalence was 36.02%, 16.15% &

10.89%, respectively by examining fecal samples of Anand district.

Radakovich et al. (2017) concluded that clinically healthy, aging dogs of
avariety of breeds, living in differing environments, and eating different diets
exhibit changes in CBC and serum biochemical profiles which suggest altered
physiology or emerging pathology as dogs age. In such cases most notably, there
was evidence for iron deficiency potentially due to gastrointestinal bleeding and
inflammation during their study on hematology and biochemistry of ageing,
evidence of anemia in older dogs held at Colorado State University’s (CSU)

Veterinary Teaching Hospital, USA.

Meshram et al. (2019) stated that out of total 65 dogs with anemia, the
highest incidence was observed in young group (25 cases, 38.46 %) followed by
senile group (25 cases, 37.87 %) and adult group (15 cases, 22.72 %) of dog

during clinicopathological assessment of anemia in dogs at BVC, Mumbai.

Shah et al. (2020) observed anemia at all ages but higher incidence was
observed in young pups less than 1 year (33%) and minimum in the age group of
more than 10 years (10%) during their etio-pathological study on canine anemia
conducted at Small Animal Clinics of the Department of Veterinary Clinical
Services Complex, GADVASU, Ludhiana, Punjab, from August 2008 to February
2009.

2.2.2 Breed-wise prevalence of anemia

Vidyabharathi (1990) observed anemia due to Ehrlichiosis mostly in

crossbred dogs, followed by Pomeranian, Alsatian, Non-descripts, Doberman and
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Labrador, whereas Hepatozoon canis infection was mostly encountered in non-
descript dogs followed by Pomeranian, Doberman, Labrador and Alsatian and
Babesiosis was recorded in crossbreds followed by non-descripts and Alsatian
breeds at Madras Veterinary College, Madras.

Stokol et al. (2000) reported that Labrador retrievers were significantly
over represented with pure red cell aplasia and non-regenerative immune
mediated anemia during their study performed at the Veterinary Medical Teaching
Hospital, Cornell University.

Singh et al. (2012) conducted the study on incidence of anemia in dogs
and reported maximum breed-wise incidence in mixed/desi/mongrels i.e., 52.33
per cent, followed by Pomeranian i.e., 10.76 per cent, Labrador and Spitz i.e.,
9.23 per cent, German shepherd i.e., 7.69 per cent and followed by other breeds
(Saint Bernard, Bull dog, Boxer and Pointer) i.e., 10.76 per cent from Jammu

Region, of India.

Tandel et al. (2012) observed high incidence of anemia in Labrador
(35.29 %; 18/51 cases) followed by German Shepherd and Doberman (13.73 %
each, 7/51 cases) during their study of an epidemiological status of Anemia in

Dogs in and around Anand Region of Gujarat.

Swann et al. (2013) stated that IMHA is prominent problem in a
number of popular breeds, including Cocker and Springer Spaniels, Old English
Sheepdogs, Bichon Frises, Bearded and Rough-coated Collies, Poodles, and Flat
coated Retrievers during American College of Veterinary Internal Medicine
consensus statement on the treatment of immune-mediated hemolytic anemia in

dogs.

Brahmbhatt et al. (2015) recorded the highest prevalence of
Ancylostomosis in Mongrel (stray dog) (42.85%) followed by German Shepherd
(24.67%), Labrador retriever (19.54%), Pomeranian (16.25%), and lowest in a
Doberman (14.10%) by examining fecal samples from Anand district, Gujrat.

Liu et al. (2015) reported the highest prevalence of anemia in mongrel
(40.0%), followed by Maltese (13.1%), Golden Retriever (8.2%), Miniature
Schnauzer (6.7%), Miniature Poodle (4.4%) and lowest in Labrador Retriever
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(4.2%) breeds of dog during a five-year retrospective survey on causes of canine

anemia in Taiwan.

Meshram et al. (2019) analysed the haematological data for incidence of
anemia in dogs at Mumbai Veterinary College, Mumbai and reported that out of
65 anaemic cases, the incidence of anemia was highest in Mastiff and Chihuahua
breed (100%) followed by Cocker spaniel (83.33%), German shepherd and
Pomeranian (80.00 %), Labrador (17 cases, 68.00 %), Bull and Dachshund
(66.67%), Golden retriever (60.00%) Doberman Pinscher, Beagle, Siberian husky,
Great Dane, Rottweiler and Non-descript (50.00 %), Boxer and Pug (33.33%),
while it was not observed in Saint Bernard, Lhasa Apso and Shih Tzu breeds of

dog in their study at Mumbai Veterinary College, Mumbai.

Shah et al. (2020) observed maximum anemic cases in Labrador (40.36%)
followed by German Shepherd (27.52%), Spitz (11.9%) and Dalmatian (5.5%)
among the pure breeds during their etio-pathological study on canine anemia
conducted at Small Animal Clinics of the Department of Veterinary Clinical
Services Complex, GADVASU, Ludhiana, Punjab, from August 2008 to February
2009.

2.2.3 Sex-wise prevalence of anemia

Stokol et al. (2000) recorded that the female dogs were predisposed to
develop immune mediated hemolytic anemia. They observed 66% of dogs with
Pure Red Cell Anemia and Non- regenerative immune mediated anemia were
female, of which 54% were spayed females during their study of idiopathic pure
red cell aplasia and non-regenerative immune mediated hemolytic anemia held at
Department of Biomedical Sciences, College of Veterinary Medicine, Cornell

University, Ithaca, New York.

Tandel et al. (2012) reported a higher incidence of anemia in males
(52.94 %) as compared to females (47.06 %) during their study of an
epidemiological status of Anemia in Dogs in and around Anand Region of

Gujarat.
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Brahmbhatt et al. (2015) recorded highest prevalence of
Ancylostomosis in males (29.41%) and the lowest in females (14.61%) by

examining fecal samples of dogs in Anand district, Gujrat.

Meshram et al. (2019) revealed that the percentage of anemia cases in
male was more than the females during their clinicopathological studies in dog at

Mumbai Veterinary College, Mumbai.

Shah et al. (2020) reported that the majority of anemic cases were
falling in moderate to severe type of anemia with higher incidence in males
(64.2%) than in females (35.8%) during their study on canine anemia held at
GADVASU, Ludhiana, Punjab.

2.2.4 Season wise prevalence of anemia

Vidya Bharathi (1990) recorded high incidence of anemia in dogs during
dry season correlating high acarid activity during their study held at Madras

Veterinary college, Madras, TN.

Klag et al. (1993) reviewed 42 cases of dogs, and observed 40% of total
anemic cases diagnosed for IMHA significantly during months of May and June
during the study undertaken at Veterinary Hospital of the University of
Pennsylvania (VHUP).

Oliveira-Sequeira et al. (2002) screened fecal samples from 271 dogs
employing sedimentation, simple flotation and centrifugation-flotation methods
and reported peak egg count in case of Ancylostomiasis at the beginning of
summer during April and May during their prevalence study of intestinal parasites

in dogs at Brazil.

Matjila et al. (2005) observed more cases of Canine Babesiosis in the

spring and autumn in the Netherland.

Ahmad et al. (2007) studied babesiosis in dogs and recorded high
infection percentage (1.82% to 3.13%) in the year 2004 and slightly low infection
percentages i.e., (1.19 % - 2.17%) in the year 2005 during May to September in

the Lahore region.
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Gadahi et al. (2008) collected 300 blood samples and screened for blood
parasites, and revealed the highest prevalence of blood-parasites in the month of
July (13.30%) followed by June (11%) and May (10%) resulting into anemia in
dogs during their prevalence study of Blood parasites in stray and pet Dogs in
Hyderabad Area, Sindh.

Kidd et al. (2014) studied the seasonal incidence of idiopathic IMHA in
dogs as more cases presented in spring and summer at a practice located in San
Diego, USA but not at a practice located in Los Angeles, USA. Further, the study

noted environmental differences influenced the incidence of IMHA in dogs.

Brahmbhatt et al. (2015) in the study of ancylostomiasis from Anand
district, reported seasonal prevalence 29.50%, 24.81%, and 15.03% of summer,

monsoon, and winter seasons, respectively by fecal sample examination.
2.3 Etiology of Anaemia

Searcy et al. (1979) studied that hemolysis can be intrinsic or extrinsic.
Intrinsic hemolysis is rare and caused by an inherent metabolic defect in red cells
such as red cell pyruvate deficiency in Besenjis

Giger et al. (1985) opined that extrinsic hemolysis involves external
factors like red cell parasites, drugs or antibodies directed against red cell
membrane that renderthe red cell abnormal and more susceptible to phagocytosis
resulting inreduction of red cell life span. Based on response of bone marrow in
the form of reticulocyte count, anemia is classified into regenerative and non-

regenerative.

Kerl and Hohenhaus (1993) reported that anemia can be classified

according to its cause into hemorrhagic, haemolytic and bone marrow hypoplasia.

Giger (2000) studied that acute blood loss can occur as a result of trauma,
surgery, bleeding, gastrointestinal ulcers, renal and bladder neoplasia etc. The
causes of chronic blood loss include urinary or gastrointestinal tumors and less
frequently of severe flea orhookworm infestation. Initially anemia is regenerative
but due to depletion of iron stores, it diverts to microcytic, hyprochomic and non-

regenerative nature
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Wanner and Harrus (2000) discussed that red cell destruction (hemolysis)
and loss are causes of regenerative anaemia. Differentiation of these categories
requires evaluation of other parameters including TP, bilirubin, plasma colour and
red cell morphology. Non-regenerative anemias are more common and are due to
decreased red cell production. These types of anemias are usually normocytic and
normochromic or microcytic and hypochromic. Many diseases can result in non-
regenerative anemias with most common cause being anemia of chronic disease
(ACD) such as Inflammatory processes, chronic infections and disseminated
neoplasias lead to decrease in iron availability, erythrocytesurvival and response

to erythropoietin

Neiger et al. (2002) stated that the red cell distribution width (RDW),
which provides a quantitative measure of the heterogeneity of red cell population
(anisocytosis) in the peripheral blood, the mean corpuscular volume (MCV) and a
regression model combining both variables can be used to assess their predictive
accuracy in differentiating dogs with regenerative anemia, which had been
diagnosed on the basis of corrected reticulocytes count.

Pierre (2002) stated that reticulocytes are immature red cells that contain a
reticulum network of RNA, mitochondria and organelles which are visible with

supravital stains, such as New methylene blue and Brilliant cresyl blue .

Cowgill et al. (2003) opined that reticulocytes are prematurely released
from bone marrow in response to elevated erythropoietin levels induced by tissue
hypoxia and indicate enhanced bone marrow erythropoesis. In dogs an absolute
reticulocytes count of greater than60000 to 80000/ul or greater than 1 to 1.5 per
cent typically indicates regeneration.

Barger (2003) stated that additional causes of non-regenerative anemia
include myelofibrosis, myelopthisis, chronic renal disease, infectious diseases that
affect red cell maturation (leukaemia virus, E.canis), drug toxicities (oestrogen
compounds, doxorubicin and vincristine) and when the immune-mediated

destruction is directed at erythroid precursors rather than mature red cells.
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2.3.1 Anemia due to parasites
2.3.1.1 Babesiosis

Conrad et al. (1991) opined that babesiosis is a major cause of haemolytic
anemia in dogs and B. gibsoni infection is difficult to detect in peripheral blood
smear and misdiagnosed as idiopathic or autoimmune haemolytic anemia. The
hematological ~ findings of babesiosis reveal regenerative anemia,
thrombocytopenia and leucopoenia with neutropenia and degenerative left shift.
Serum biochemical values are normal except for lower than normal serum protein

concentration.

Irizarry-Rovira et al. (2001) studied haematological and biochemical
changes in a dog infected with B. gibsoni which indicated severe regenerative,
normocytic to macrocytic normochromic anemia with poikilocytosis,
polychromasia, anisocytosis and marked increase in nucleated RBCs. Increased

ALT, ALP and gamma glutamyl transferase (GGT) activities were also present.

Furlanello et al. (2005) reported that out of 23 dogs infected with large
form of babesia (B. canis), 74 per cent dogs presented anemia and among them 70
per cent had haemolytic anemia and 30 per cent had non-haemolytic anemia. The
mechanism of hemolysis was not immune-mediated due to absence of
spherocytosis and auto-agglutination. In all the cases anemia wasnormocytic and
normochromic. Sixty nine percent of dogs showed leucopenia, 74 per cent
neutropenia and 13 per cent showed erythrocytic regeneration. In majority of
dogs, mild elevation of AST, ALT, ALP, Creatininekinase (CK), total bilirubin
and lactic acid and decrease of total iron and total iron binding capacity (TIBC)

were present.

Jacobson (2006) reported that half of the animals affected with babesiosis
were severely anemic (Hct < 15%), 32 per cent were moderately anemic (Hct<15-
30%) and 18 per cent non-anemic. On the basis of warm in- saline agglutination
and spherocytosis secondary IMHA was observed as complication of babesiosis.
Hyperlactemia was present in approximately half and hypoglycaemia in 20 per

cent of cases.
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Niwetpathomwat et al. (2006) studied the clinical haematology and serum
biochemistry of dogs infected with babesiosis. The hematological parameters in
most of these patients showed microcytic hypochromic anemia and
thrombocytopenia. Leucocyte abnormalities were non-specific as either
leukocytosis or leucopenia was observed. Serum chemistry values of BUN,

creatinine, liver enzymes, total protein and albumin were within the normal range.

Ruiz de Gopegui et al. (2007) reported thrombocytopenia, normocytic
normochromic anemia, leukocytosis, leucopenia, neutropenia and monocytosis as
primary complete blood count abnormalities in canine babesiosis. An increase in
BUN was observed in 47 per cent, hyperfibrinogenemia in 74 per cent and
discoloured urine due to hemoglobinuria was observed in 33 per cent of dogs. The
levels of ALT, ALP,creatinine and total protein were within the normal range,

whereas, hyperglycaemia was a common finding.

Zygner et al. (2007) evaluated the haematological changes in blood
samples from 248 dogs naturally infected with large babesia. The mostcommon
disorders observed were thrombocytopenia and anisocytosis. Anemia was present
in 29 per cent, increased MCHC in 21 per cent, anisocytosis in 60.5 per cent,
poikilocytosis in 25 per cent, polychromasia in 23.8 per cent, hypochromasia in
19.7 per cent erythroblastosis in 4.45 per cent, thrombocytopenia in 99.55 per
cent, increased MCV in 15.3 per cent, neutropenia in 36.3 per cent, left shift in
21.85 per cent, lymphocytosis in 14.9 per cent and lymphopenia in 7.2 per cent

cases.
2.3.1.2 Hepatozoonosis

Gondim et al. (1998) studied that the haematological and biochemical
findings in canine hepatozoonosisrevealed anemia, leukocytosis with

neutrophilia, lymphopenia, monocytosis and elevation in ALP.

Paludo et al. (2003) reported normocytic normochromic regenerative

anemia and an elevated leucocyte count in canine hepatozoonosis.

Assarasakorn et al. (2006) studied clinical haematology and biochemistry
of canine hepatozoonosis. The haematological findings demonstrated microcytic

hypochromic anemia, variable leucocyte count and normal platelet count. Serum
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biochemical values including BUN, creatinine, liver enzymes, total protein,
albumin and glucose were within normal ranges. Abnormality in levels of

glucose, albumin, globulin and ALP was found in some dogs.

Mundim et al. (2008) studied that anemia, neutrophilia, leukocytosis and

eosinopenia were also observed in canine hepatozoonosis
2.3.1.3 Ehrlichia

Dagnone et al. (2003) determined the prevalence of ehrlichiosis in dogs
with anemia, thrombocytopenia or ticks. Out of 129 dogs studied, 68 carried the
brown dog tick, 61 had thrombocytopenia and 19 had anemia. 21 per cent dogs

with ticks had ehrlichiosis.

Niwetpathomwat et al. (2006) studied the clinical haematology and serum
biochemistry of dogs infected with ehrlichiosis. The main clinical signs of canine
ehrlichiosis are pale mucus membrane, lymphadenopathy, splenomegaly,
hepatomegaly, emaciation and hair loss. The clinical haematology showed mild to
moderate anemia and severe thrombocytopenia. The red cell count, Hb, Hct,
WBC, platelet count and total plasma proteins all were decreased. Twenty percent
of cases had an increased BUN level and elevated levels of liver enzymes values
(ALP, ALT and AST).

Shipov et al. (2008) studied prognostic indicators for monocytic
ehrlichiosis. The haematological findings observed were anemia, leucopenia,
thrombocytopenia and serum biochemical abnormalities like hypoalbuminemia
(90%), increased activities of ALP and lactate dehydrogenase, hyperglobinemia,

increased AST, hypokalemia, and increased activity of creatinine Kinase.
2.3.2 Immune-mediated haemolytic anemia (IMHA)

Frank et al. (1977) reported that in IMHA, red cells are destroyed as a
result of anti-erythrocyte antibody production. IgM mediated hemolysis is caused
mainly by intravascular complement activation and subsequent intravascular
hemolysis. This is in contrast with the IgG mediated hemolysis where hemolysis

ismainly caused by macrophages in liver, spleen or both.
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Slappendel (1979) stressed the diagnostic significance of the direct
antiglobulin test (DAT) in anemic dogs. By using monospecific reagents
(coomb’s reagent) in 371 dogs, the DAT result was positive in 134 dogs (36.1%)
and negative in all 35 control dogs. The following antibodies/complement
components were detected in DATSs positive dogs; IgGalone in 15(11.2%), 1gG
and C3b in 41 (30.6%), C3b alone in 74 (55.2%) and IgM and C3b in 2 (1.5%).
The study revealed a high incidence of positive DAT in anemic dogs with

internal diseases.

Jackson and Kruth (1985) discussed retrospectively studied immune-
mediated haemolytic anemia and thrombocytopenia in dogs. Females were
slightly over represented and the mean age of dogs was 6.4 years. All the dogs
with IMHA presented severe anemia, high reticulocytes count, leukocytosis,

neutrophilia, elevated band response and monocytosis.

Klag et al. (1993) reported the mean age of dogs that suffered from IMHA
as 6.4 years. 1gG without complement was reported as the mainantibody involved
in causing hemolysis. They reported spherocytosis in 67 per cent,
hemoglobinuria and hemoglobinemia in 10 per cent, marked bilirubinuria in all
the cases, severe anemia in 88 per cent, moderate to severe reticulocytosis in 38
per cent and mild reticulocytosis in 29 per cent cases. A significant seasonal
incidence was observed with 40 per cent of all cases diagnosed during the months
of May and June. In the study of IMHA in dogs found severe anemia with PCV<
20% in 88% cases, moderate to severe reticulocytosis in 38% cases, mild
reticulocytosis in 29% cases, mild to severe thrombocytopenia in 67% cases and
spherocytosis in 67% of cases, while hemoglobinemia and haemoglobinuria only
in 10% cases. Also, they found marked bilirubinuria in all dogs affected with
IMHA during the study undertaken at Veterinary Hospital of the University of
Pennsylvania (VHUP).

Duval and Giger (1996) opined a temporal association between recent
vaccination and IMHA.. He observed that vaccination against several diseases can
be the cause of IMHA in dogs at the Veterinary Hospital of the University of
Pennsylvania (VHUP) from December 1992 to March 1995.
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Burgess et al. (2000) reported mortality rates up to 70 per cent in dogs
suffering from IMHA during the 1% 3 weeks of treatment (The presence of auto-
agglutination (Duval and Giger 1996), the degree of reticulocytosis (Klaget al.
1993), the severity of anemia (Klag et al. 1993), thrombocytopenia (Carr et al.
2002), severity of leukocytosis (Burgess et al. 2000 and Weinkle et al. 2005),
increase in bands (Weinkle et al. 2005), serum bilirubin concentration (Klag et al.
1993, Duval and Giger 1996, Reimer et al. 1999 and Carr et al. 2002) and
increase in prothrombin time (Burgess et al. 2000 and Weinkle et al. 2005) all are

associated with poor prognosis.

Stokol et al. (2000) recorded pure red cell aplasia (PRCA) and non-
regenerative forms of IMHA in dogs. The chronicity of anemia (based on duration
of clinical signs) and response to treatment with immunosuppressivedrugs in these
reports favoured an immune-mediated pathogenesis for non- regenerative nature
of these disorders. PRCA and IMHA were most common in middle aged Labrador
and Retriever breeds. All dogs presented severe non-regenerative anemia which
was predominantly normocytic and normochromic. The leucocyte counts were
within the normal range and band neutrophils were generally found in low

numbers. Thrombocytopenia was observed in 22 per cent of cases.

Cotter (2001) stated that immune-mediated hemolysis may also be caused
by alloantibodies that are antibodies produced by one individual that react with
antigens in another members of same species directed against RBC membrane
components e.g.blood group incompatibility, transfusion reactions and neonatal

isoerythrolysis.

Scott-Moncrief et al. (2001) elaborated that diagnostic imaging in patients
with haemolytic anemia may detect underlying diseases that mimic or trigger
IMHA. Abdominal radiographs should be obtained to evaluate spleen and liver
size as well as to detect metallic (Zinc) foreign bodies and mass lesions.
Animals that present with severe tachypnea should be evaluated for pulmonary
thromboembolism, a common complication of the hypercoagulability state

associated with IHA
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Carr et al. (2002) proposed approximately one quarter of patients with
IMHA in several studies have been found to be vaccinated within 30 days of

presentation.

Good (2002) reported 4 to 10 fold increase in liver enzymes indicative of
hepatocellular damage and hyperbillirubinemia, reduced blood urea nitrogen
(BUN), albumin and cholesterol, indicating reduced hepatic function in a case of
IMHA. The dog had significant antibody titre for Leptospira canicola which was

possibly the cause of hepatic damage.

Miller et al. (2004) described that no single finding is pathognomonic for
IMHA, but the following have been suggested as adequate criteria for diagnosis.
Anemia with Hct < 25 per cent to 30 per cent. Evidence of hemolysis
characterised by hemoglobinemia or hemoglobinuria. Evidence of antibodies
directed against RBCs, with auto agglutination, spherocytosis or positive result
from a direct antiglobulin (Coomb’s test). Elimination of other underlying causes

of anemia.An appropriate response to immunosuppressive therapy.

Trepanier (2004) studied that several drugs (e.g. sulfa drugs, penicillin,
cephalosporins, levamisole, insulin,acetaminophen, tetracycline, phenylbutazone,

dipyrone, quinidine, chlorpromazine have been suggested to cause IMHA

Nassiri et al. (2005) studied that the hematological and biochemical
findings of IMHA included anemia, anisocytosis (61%), spherocytosis (54%),
polychromasia (38.5%), thrombocytopenia (54%), hyperbillirubinemia (80%) and
increased activity of ALT (46.2%) and ALP (61.5%). The main causes of anemia
were found to be infectious diseases (e.g. pyometra) and drug therapy
(cotrimoxazole). Study concluded that out of 40 anaemic dogs, 14 cases (35%)
were positive for IMHA which were diagnosed with direct Coombs’ test. They
observed that age of 14 dogs with IMHA ranged from below 2 months to 12 years
old, with a mean age of 3.7 years. In that, nine dogs (64%) were female and five
(36%) were male. The most frequent breeds were Terriers (four cases) and
German shepherds (three cases) and main causes of IMHA were infectious
diseases (e.g., pyometra) and drug therapy (e.g., cotrimoxazole) during the

investigative study of the prevalence of immune-mediated hemolytic anemia
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(IMHA) in anemic dogs referred to the Veterinary Teaching Hospital of the

University of Tehran.

Weinkle et al. (2005) postulated that in young animals with hemolytic
anemia, a hereditary disorder, such as pyruvate kinase deficiency (found in
Besenjis and other canine breeds), phosphofructokinase deficiency (found in
English Springer and American Cocker spaniels), or hereditary RBC osmotic
fragility (found in Alaskan malamutes and Miniature Schnauzers), should be

considered.

Peik et al. (2008) in their study investigated dogs with idiopathic IMHA
that had been treated according to a protocol of prednisolone and azathioprine
with the objective to determine the treatment outcome and to identify prognostic
variables. In their study they concluded that the main predictors of mortality of
dogs with idiopathic IMHA are the presence of increased plasma urea

concentration, bands, thrombocytopenia and petechiae at the time of diagnosis.

Miller et al. (2009) examined all dogs presented at the Animal Medical
Center between July 1, 1995, and July 1, 1999, and reported that the Cocker
Spaniels specially with blood type DEA 4 had increased risk of IMHA in their
case-control study of blood type, breed, sex, and bacteremia in dogs with

immune-mediated hemolytic anemia held at New York.

Bovens et al. (2014) diagnosed immune-mediated haemolytic anemia
(IMHA) in a 10-year-old male neutered small Terrier cross infected with
leptospirosis and presumed that IMHA was secondary to the leptospirosis during
their study conducted at the Langford Veterinary Services referral hospital,

University of Bristol, UK.

Garden et al. (2019) described infections, cancer, drugs, vaccines, and
inflammatory processes as an underlying cause of immune mediated hemolytic
anemia during their study on diagnosis on immune mediated hemolytic anemia in

dogs and cats.

Shah et al. (2020) confirmed 4 cases of IMHA on the basis of direct
Coomb’s test, out of those 3 had E. canis and one Leptospira infection
concurrently during the study undertaken at GADVASU, Ludhiana, Punjab.
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2.3.3 Immune-mediated thrombocytopenia (IMTP)

Middleton (2005) studied hematological and biochemical abnormalitiesin
a German Shepherd dog presented with immune-mediated thrombocytopenia
(IMTP). The CBC revealed a marked thrombocytopenia, moderate anemia and
mild leukocytosis. The leukocytosis was characterized by increased segmented
and band neutrophils. The biochemical profile showed slightly increased glucose,
increased phosphorus, decreased total serum protein and decreased serum
globulins. The coagulation profile revealed a normal prothrombin time (PT) and
partial thromboplastin time (PTT). This case was unique due to young age of the

dog as IMTP is primarily seen in middle aged dogs.
2.3.4 Pancytopenia

Shelly (1988) defined pancytopenia as decreased circulating numbers of
all marrow cell lines: myeloid, erythroid and megakaryocytic. Pallor and bleeding
tendencies are most common clinical manifestations and are directly related to
anemia and thrombocytopenia respectively. Causes of pancytopenia include drug
toxicity, neoplasia and infectious diseases.

Weiss et al. (1999) reported that in dogs the most common cause of
pancytopenia is drug therapy especially chemotherapeutic drugs. Nonetheless,
many other causesoccur at lower frequency, including parvovirus infection, E.
canis, neoplasia (malignant histiocytosis, myelodysplastic syndrome) and

presumed immune-mediated destruction of hematopoietic precursors

Stern (2005) conducted a study on immune-mediated pancytopenia in dogs
presented with moderate non-regenerative normocytic normochromic anemia, and
leukopenia consisting of moderate neutropenia, lymphopenia and eosinopenia,
and a moderate thrombocytopenia. The most frequent abnormalities in serum
chemistry were mild hypokalemia and hypoalbuminemia along mildly elevated

alkaline phosphatase and mild hypoferremia.
2.3.5 Aplastic anemia

Steinberg (1970) suggested that it is characterised by leukopenia and
thrombocytopenia which usually develops within two weeks of initial marrow
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injury. The anemia is usually mild or absent due to long RBC life span.
However chronic aplastic anemia is characterised by neutropenia,

thrombocytopenia and moderate to severe non-regenerative anemia

Weiss and Armstrong (1984) opined that aplastic anemia is also termed as
aplastic pancytopenia in blood and panhypoplasia of bone marrow with marrow

space replaced by adipose tissue
2.3.6 Pure red cell aplasia (PRCA)

Glauberg and Beaumont (1978) stated that Pure red cell aplasia (PRCA) is
a hematological disorder characterized by severe non-regenerative normocytic
normochromic anemia associated with severe depletion of erythroid precursor

cells in the bone marrow.

Weiss (2001) studied that granulopoiesis and thrombopoiesis are not
affected, so total leucocyte and platelet counts are not decreased in blood, and

adequate numbers of precursors are present in bone marrow
2.3.7 lIron deficiency anemia

Weiser and O’Grady (1983) studied hematologic and biochemical features
in dogs with iron deficiency anemia attributable to chronic external blood loss.
Consistent abnormalities in hemograms included moderate to marked
reticulocytosis, decreased MCV, and decreased MCHC. Hypoproteinemia
occurred in 33 per cent cases. Consistent blood film findings included
hypochromic cells, leptocytes and erythrocyte fragmentation. Biochemical
abnormalities indicated decreased serum iron value and percent transferring
saturation values. The total iron binding capacity values of these dogs were not
significantly different than those of healthy dogs.

Gilson et al. (1990) evaluated two commercial kits for detection of occult
blood in faeces of dogs and concluded that occult blood testing is useful for
detection of blood in faeces at volumes 20 to 50 times less than that required to

cause melena.
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Smith (1992) elaborated that most of the iron deficiency anemia is
regenerative resulting from slow chronic or intermittent blood loss particularly

from gastrointestinal tract.

Swenson and Reece (1993) studied that erythrocytes wait for iron needed
in synthesis of hemoglobin and after further cell division smaller than normal red
blood cells deficient in haemoglobin are produced leading to the development of

microcytic hypochromic anemia

Laflamme et al. (1994) opined that the common cause of microcytic

anemia is generally iron deficiency.

Harrison et al. (2002) suggested that iron deficiency anemia is mostly
reported in cases of chronic blood loss from blood sucking parasites,
gastrointestinal and urinary bladder tumors or hemorrhagic disorders in young

animals. Blood feeding hookworms are a leading cause of iron deficiency anemia.

Rockey (2005) stated that occult gastrointestinal bleeding commonly
manifests as iron deficiency or faecal occult blood.

Steinberg and Olver (2005) concluded that reticulocyte haemoglobin
content (CHr) and decreased reticulocyte MCV are associated with hematologic

and serum biochemical abnormalities indicative of iron deficiency in dogs.

Fry and Kirk (2006) compared reticulocyte indices with conventional
hematologic and biochemical indices as markers of iron deficiency in dogs.

2.3.8 Anemia of chronic, infectious and inflammatory diseases

The multifactorial aetiology of anemia of chronic disease include
malnutrition, chronic blood loss through repeated sampling or gastrointestinal
losses, renal failure, coagulopathy, drugs or bone marrow infiltration with

malignant cells.
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2.3.8.1 Renal failure

Ki