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CHAPTER 1

INTRODUCTION

Anemia is one of the most common abnormalities in dogs and cats. The primary
causes of anemia are blood parasites, trauma, chronic renal failure and viral infection.
However, one of the causes of anemia that often has been overlooked is immune-
mediated hemolytic anemia (IMHA) (Day, 2002;.Gunn-Moore et al., 1999; Husbands et
al., 2002; Kohn, 2007; Mackin, 2002; Nassiri'ef alky2005; Weiss, 2008; Zini et al., 2007).
This abnormality has been overlooked ikfmost small animal practice in Thailand due to
the lack of appropriated diagnastic tool.

IMHA is the abnormality that red glood cells are destroyed in blood vessel (intra
vascular hemolysis) and in tissug (ex’fra vé;s’('.:ular hemolysis) (Barker, 2000; Giger, 2001;
Mackin, 2002). Chronic stimulati'oni of"} red Dblood cell by immunoglobulin and
complements cause IMHA which [eg,ults inif‘_q,dp!ood cell breakdown (Day, 2002; Kohn,
2007; Mackin, 2002). This abnormality Cads*es_ acute or chronic anemia and leads to
multiple organ infarction and-death. B@d’és destruction of red blood cells,
immunoglobulin and complements from lMHiﬁiiFﬁéy‘cause damages in bone marrow and
cause reduction in th:é—pfeéueﬁeﬂ—ef—Feaueleod eeli-(nent-regenerative anemia) (Day,
2002; Kohn, 2007; Méckin, 2002; Weiss, 2008; Zini et al., 2607). Early, fast and precise
diagnosis of IMHA is ne:éded in small animal medicine to lower the death of anemic cats
caused by IMHA! The abjective of this 'studyisto use flow eytOmetry as a new possible
diagnostic method for early detection of immunoglobulin on red blood cell in anemic

cats withisuspected. IMHA:

Objectives of the study

1. To study the prevalence of immune-mediated hemolytic anemia in cats.
2. To compare the sensitivity and specificity of flow cytometry and direct

antiglobulin test for feline immune-mediated hemolytic anemia.



Keywords: Immune-mediated hemolytic anemia (IMHA), flow cytometry, cats

Advantages of Study

1. Using the prevalence of immune-mediated hemolytic anemia in anemic cats

at Small Animal Hospital, Faculty of Veterinary Science, Chulalongkorn

University and Veterir

Bangkok to predict cats with IMHA.

2. Be able to use flow )agnosis and follow up of immune-
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CHAPTER 2

LITERATURE REVIEW

Feline anemia is one of the most frequently clinical findings in Thailand. This
abnormality has been diagnosed in routine health check up by complete blood count.
Anemia may also be relative or physiologic as well as pathologic. Physiologic anemia
occurs when the red blood cell mass is /déecreased as a result of normal physiologic
changes such as seen in neonates or during esirus«Relative anemia results from increased
plasma volume (dilutional anemia) or seauestration of red blood cell (RBC) within the
microcirculation. These aregsnot.irle anemia as the functional RBC mass is not decreased.
Clinical evidence of anemi@ isfnét/dsseciated with. relative and physiologic anemia.
(Cowgill et al., 2003) It issclagsified into t\)vg;-'. types: Regenerative and Non-regenerative
anemia.

Regenerative anemia is c_ha_racterirzje_;d by properly production of RBCs by the
bone marrow when bloods are! loss du—’._destroyed. The excessive blood loss
(hemorrhage) or RBC destruction:(hemolyg_i;c,i’l-%esult in increased erythropoiesis with
increased numbers of young Ted- cells (reﬁém:o.b'ytes) present in the peripheral blood.
Reticulocytes appeadr.ia-the-bleed-within-2-te-4-days-aiter-blood loss or destruction with
peak production ocerring within 4 to 7 days. Thus efythropoiesis may appear non-
regenerative early in the course of an anemia because of inadequate response time.
(Cowgill et alky 2003) 'Non-regenetative anemia is ' Characterized by decreased or
ineffective produgction of RBCs by the bone marrow. These may be caused by primary
or, morejcommonly, ‘secondafy.bone marrow disease!

The clinical manifestations of anemia are determined in part by their specific
origin and pathogenesis. In general, clinical signs can be attributed to a reduction in
oxygen-carrying capacity of the blood. Severity is determined by the rapid of onset,
magnitude of decreased blood volume, and adequacy of cardiopulmonary adaptation.
Some animals that have severe anemia may not show clinical signs because of chronic

onset, whereas others that have anemia may be severely affected if the onset is acute.



In regenerative anemia, there are many successive treatments that can be

used. While in non-regenerative anemia, multiple blood transfusion or prolong

hormonal treatment have many complications and adverse effects. Advanced

therapy such as bone marrow transplantation or stem cell therapies are more

suitable for these patients. Non-regenerative diseases can be divided as followed

(Table 1):

Table 1 Causes of non-regenerative anemia

Causes

Diseases

Hypoproliferative anemia

Renpal disease, hypothyroidism, hypoadrenocorticism,
panhypopituitarydism, decrease growth hormone,
peduced  oxygen requirements, increased oxygen

release

Lack of iron

[nﬂammatioh;‘_chronic bleeding, iron deficiency

Marrow disorders

external toxin — aplasia, myelophthistic disease,

myelofibrosis, - myelodysplasia, hyperestrogenism —

iatrogénic, neoplasia

Infection

FelV—FR—F Ehrlichiosis, Mycoplasmosis,

immunotherapy, pure red blood cell aplasia

Ineffective erythropoiesis

Macrocytic : intrinsic bone marrow disease, vitamin B,,
deficiency,

Normocytic : stromal disease (myelofibrosis), intrinsic
erythroidydisease

Microcytic® * " nonsideroblastic® =" iron deficiency,

sideroblastic — globin or porphyrin abnormality

Time related

Hemolysis — during the first 3-5 days at least,

hemorrhage — during the first 3-5 days at least)

(Apply from: Cowgill, et al. (2003). "Clinical application of reticulocyte counts in dogs

and cats." Vet. Clin. North Am. Small Anim. Pract. 33(6): 1223-1244).




Therefore, completed blood count, blood morphology and bone marrow
evaluation are the important diagnostic tools to classify the type of anemia.

One of the most common causes of anemia in canine and feline patients is
IMHA. IMHA is the state that immunoglobulin and complement attached to red blood
cell surface (Barker et al., 1992). These two compositions induce the red blood cell to

lyses by two main pathways as primary IMHA and secondary IMHA (Giger, 2005).

Primary IMHA is a stage that immun attacks the surface of normal red blood

cell which found mainly in d

%, 2002; Mackin, 2002; Kohn, 2007).
r@eged animals. Secondary IMHA

This condition typically a

response poorly to treatme orgdg@@a‘;,_ unless th 1derlying cause is recognized and

eliminated. The causes of hemalyiic i are shown in Table 2.

AuEINENINYINg
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Table 2. Differential diagnostic list for hemolytic anemia

Red Blood Cells Type of Abnormalities
Immune-mediated Chemical mediated
Autoimmune hemolytic anemia Onion, rye grass, maple
Systemic lupus erythematosus Phenazopyridine hydrochloride
Subacute bacterial endocarditis Chronic progressive hepatitis
Incompatible transfusions Phenothiazines
Feline leukemia virus infection Propylthiouracil

Neonatal isoerythrolysis (cats) Glomeruloneph avere hypophosphatemia (<1.0 mg/dL)
Lymphocytic leukemia M, f ’r ofilariasis (venal caval syndrome)
Lymphosarcoma 7 OPIC zocaine

Idiopathic
Histopiasmosis

Reticulum cell sarcoma

Ancyclostoma caninum

Microangiopathic

Disseminated intravascular coag

J“_“ Wil ZlnC
rLCI

*111;1 ' i

Hemangiosarcoma

imeth prim/sulphonamide

H rm di icilli
eartworm disease L/Penicillins

Vasculitis losporins

Hemolytic uremi ndrom ) )
emolytic uremia syndrome ing envenomation

Intrinsic red blood cell defects |

Methemoglobin reductase @ eff (epicellular)
Phosphofructokinase deficien mams (epicellular)
|diopathic Heinz body anemia " Cytauxzoonosis (Usually nonregenerative)

Pyruvate kinase deficiency L] =9 Cpitoplasmosis

Chondrodysplasia ( ﬁ u ﬂ ’J w ﬂ ﬂ }\w H ’] ﬂ j
Congenital feline por@rla Babesia canis (intracellular)
Spur cell disease) hrlich o/
Stomato Q:ﬁ ﬁ ﬁ ﬂ 5 m ll acteria

EII|ptocyt03| Acute Iebtospirosis

Endotoxemia

Clostridium perfringens

(From: McCullough, S. (2003). "Immune-mediated hemolytic anemia: understanding the

nemesis." Vet. Clin. North Am. Small Anim. Pract. 33(6): 1295-1315).




IMHA is classified as Class Il hypersensitivity (Antibody-mediated cytotoxic)
(Mackin, 2002; Nassiri et al., 2005). Antigen-activated immune system produces
Immunoglobulin G (IgG) and Immunoglobulin M (IgM) which attach on red blood cell
surface (Day, 1999).

IgG possesses two antigen-binding sites (monomeric) and usually cannot
directly agglutinate red blood cells unless a large amount of antibody is present. When
the red blood cell attaches to anlgG molecule, it is phagocytized by macrophages
possessing multiple receptors for the constant fragment (Fc) portion of the IgG
molecule. These macrophages —are found-primarily in the spleen; thus, active
erythrophagocytosis results_in™ splenomegaly. The more immunoglobulin production
increases the more moleculessare bouri'_d to the red blood cell. Erythrophagocytosis
occurs within the liver, and hepatomegalyin‘ay also result (Fig.1) (McCullough, 2003).

Another key immune responsé in WI—JA is activation of the complement system
and binding of complement proteins' to r:!ed bloed cells. Complement activation can
cause immediate intravaseular Iyé:is:-or enh%iil_p_; extravascular lysis (Day, 2002; Mackin,
2002, Kohn, 2007) and produce-’_sprk-a;rooytes}t_;_‘é_gj?nononuclear phagocytic system. C1, a

serine protease from the liver, _e_r]_ters the com—bfe_;m_ent cascade and, through a series of

enzyme reactions depjcted generates a "'membrane attac;lf complex" (C8CICSbC6CT)

that attaches to the re@.blood cell membrane. The membrarie attack complex "punches
holes" in the red blood*Cell membrane, allowing an influx*of water and electrolytes, cell
swelling, and JAyses | (Fig. ~2) » fhe, |G3h-membrane; eomplexw~can be removed by
macrophages wijthin“the” spleen (partial erythrophagocytosis) producing spherocytes.
Spherogcytes.are.more rigid.and.can be.destroyed ‘more quickly.as. they. traverse through

the spleen orliver. (McCullough, 2003)



Figure 1 Primary, A pathway (Harvey, 2001)
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IgM is a large pentameric molecule and agglutinates red blood cells. Once IgM
is bound to the red blood cell, C1 can be bound, and the complement cascade is
activated. IgM may also detach after complement activation and bind to other red blood
cells. The red blood cell-lgM complex may bind complement and be phagocytized by
macrophages (possessing the Fc receptor), most commonly in the liver, although about
20% of receptors are in the spleen (McCullough, 2003).

Antibody attachment to cell membrapesrtriggers RBC destruction by a number
of different mechanisms:With--high levels of-antibedy attachment and, particularly,
complement fixation, membranessmay;be damaged then extracellular water leaks into
the cytoplasm, causing swelling and rupture of the RBC while it is still in the circulation,
so-called intravascular hemalysiss dAn - the' absence of direct RBC lysis, antibody
attachment and subseqguent cell me_mbran_q; dgmage can still lead to an accelerated rate
of destruction of affected /RBCs by tis;ue macrophages within the mononuclear
phagocytic system (MPS);a procésé that occurs outside of the circulation which called

Y

extravascular hemolysis. MPS destruction-of RBCs is mediated by Fc receptors on the
macrophage surface, receptors which bm?ghe Fc component of the antibodies
attached to the RB,Cimgmﬁbgaﬂqsr.wsmce the MPS is"lgcated throughout the body,
extravascular hemolysis.can occur in many organs, but typically is most pronounced in
the liver and the spleen: In some patients with high levels‘of anti-RBC antibodies, many
individual antibedies jcan: eachsbind toytwo=different RBCsiaprocess that causes the
cells to clump ‘tegether<(agglutinate):” Patients that exhibit significant RBC agglutination
at body.temperature, typically have an increased rate of extravascular. hemolysis, since
clumping of RBC slows"their passage“through vessels and-facilitates-their removal by
the MPS (Mackin, 2001; McCullough, 2003).

Typically, IMHA is caused by antibodies directed against mature RBC, with the
marrow response to anemia by regenerative response. (Feldman, 2001; Giger, 2001;
Husbands et al., 2002) However, in some animals, antibodies may also be directed

against marrow RBC precursors at any stage in their development. Hemolytic anemia

with an inappropriately poor regenerative response will develop if antibodies are
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directed against cell membrane components that are present both on mature RBC and
their marrow precursors. In contrast, if antibodies are directed against membrane
components that are present only on marrow precursors, and not on mature RBC, non-
regenerative anemia will develop without peripheral hemolysis (Day, 2002; Kohn, 2007,
Mackin, 2002; Weiss, 2008; Zini et al., 2007). Pure red cell aplasia (PRCA), in which all
stages of marrow RBC precursor are dramatically reduced or absent, is the most

extreme form of this process (Mackin, 2002; McCullough, 2003).

Categories of Immune-mediated Hemolytic Anemia-(IMHA)

Typical IMHA is" causeds by, antibodies that exert their effects at body
temperature, so-called warm sreactive \ antibodies. Some animals have anti-RBC
antibodies that are only reactive @l much lower temperatures. Although such cold
reactive antibodies usually gause minimal ’rjarJr_nfuI effects, their presence can potentially
cause specific clinical gyndromes, and cén élso lead to a false positive diagnosis of
IMHA if tests such as slide agglutinétion aré -E)eJi-’formed at cold temperatures. IMHA has

been sub-divided into five main categories b?é.@d on the thermal reactivity of the anti-

RBC antibodies, and their major. clinical effe(;:t.E_,_:_a_E optimal temperature (Mackin, 2002).
1. Warm Antibody Typfe,,Agqutination:

High levels of antibody lead to detectable« autoagglutination of RBC.
Agglutination is.eften associated, with acute Severe extravascular hemolysis. (Mackin,
2002)

2. Warm Antibody Type, Intravascular Hemolysis:

Intravascularihemolysi§, usdally~associated with ‘high llevelsi.of antibody and
complement fixation, causing severe anemia with detectable hemoglobinemia and
hemoglobinuria. (Mackin, 2002)

3. Warm Antibody Type, Incomplete Antibody:

Anti-RBC antibodies cause extravascular hemolysis, without detectable

autoagglutination or hemoglobinemia and hemoglobinuria. Disease onset can be

chronic or sub-acute, and resultant anemia varies from mild to severe. (Mackin, 2002)
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4. Cold Antibody Type, Agglutination:

Anti-RBC antibodies are only reactive at cold temperatures, and agglutination
does not occur at body temperature. Agglutination can occur within the vasculature of
the extremities, particularly in colder weather. Obstruction of the blood supply to the
peripheral vasculature due to agglutination can lead to ischemic necrosis of the ear or
tail tips, the end of the nose, and the feet. (Mackin, 2002)

5. Cold Antibody Type, Non-agglutinating Hemolysis:

Antibodies are only-reactive at cald temperatures, and hemolysis does not occur
at body temperature. In cold.weather, ;however, some degree of hemolysis may occur
within the extremities, whi€h .manifests| clinically. as transient hemoglobinemia and
hemoglobinuria. (Mackin, 2001)

Although the @above categorisatio-ﬁ system is derived by extrapolation from
human beings, all five categones of IMHA have been reported in small animals.
Agglutinating and (especially) hemolysmg Con antlbody types of IMHA are rare in both

dogs and cats. Intravascular warm-antibody. typlei_JMHA is also relatively uncommon.

Clinical signs

Signs typically_associated with IMHA reflect the presence of both anemia
(lethargy, weakness, pale mucous membranes, and @ hemic heart murmur) and
compensatory responses) caused, by tissueshypoxiayand, stimulation of the sympathetic
nervous system, (tachypnea, tachycardia, and bounding pulses). Some patients may
also show clinical signs.of.an.ongoing immunological .or. inflammatory process, such as
pyrexia, * anorexia “and, "‘uncommonly, “lymphadenopathy: Since' the Mononuclear
Phagocytic System (MPS) within the spleen and liver is usually the main site of RBC
destruction, organomegaly is only variably present in animals with IMHA. Patients with
IMHA of acute onset tend to be very severely affected by their anemia, and are often
very depressed, weak or even collapsed and death (Giger, 2001; Gunn-Moore et al.,
1999; Kohn, 2007; Mackin, 2002; Nassiri et al., 2005; Weiss, 2006). Hyperbilirubinemia,

bilirubinuria and tissue jaundice are often seen during acute severe episodes of IMHA
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(Giger, 2001). Since intravascular hemolysis is uncommon, hemoglobinemia and
hemoglobinuria are observed very infrequently. Patients with extravascular hemolysis
due to sub-acute or chronic IMHA can compensate to some extent for their lack of
erythrocytes, and may be remarkably bright despite the presence of severe anemia. In
these patients, the liver can often cope with the extra bilirubin released by RBC
breakdown, and jaundice does not occur.

Pulmonary thromboembolism is a well-recognized complication of IMHA, and is
common in animals with acute severe «an€mia that are receiving high dose
glucocorticoids. Pulmonary-thremboembolism-sheould always be suspected in those
anemic animals that suddenly=develop severe and persistent dyspnea, although other
causes of dyspnea such®as® eardiogenic pulmonary edema or acute bacterial
pneumonia should also #bes gonsidered, especially in dogs already receiving
glucocorticoid and immunosuppressive thé}apy. Disseminated intravascular coagulation

/
(DIC) can also complicate severe cases of IMHA.

' I
Y

Diagnosis of Immune-mediated :I;Iemolytiq ﬁnemia (IMHA)

Changes in red blood ge[l_ _morphologyT_g_r;e_ effective test for IMHA (Barger, 2003).
Hematology in patients;yyi?hill\ﬂl—lAi tyrpioally reveals a modrerate to severe anemia, which
is most commonly régenerative, with anisocytosis, polychromasia, a high corrected
reticulocyte count and-increased numbers of nucleated RBCs. Reticulocyte counts can
sometimes be inappropriately low, either.because antibodies are also directed against
RBC precursors,'or'because anemia’is peracute. White ‘cell’and neutrophil counts are
often moderately to markedly increased, probably: in response to" both non-specific
marrow stimulationtand! the inflammatory ‘process’ associated! with 'RBC breakdown.
White cell counts can be high enough to mimic myelogenous leukemia, a reaction
sometimes called a 'leukemoid response'. Platelet counts are usually normal unless the

animal also has immune-mediated thrombocytopenia purpura (IMTP). Hematology can

often also reveal clues that suggest a specific etiological diagnosis.
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1. Spherocytosis:

Spherocytes are small spherical erythrocytes that, when present in high
numbers, strongly suggest a diagnosis of primary or secondary IMHA. Spherocytes are
formed when macrophages remove a piece of RBC membrane without cell destruction
or a significant loss of cytoplasm (Fig 3). Spherocytes can be difficult to recognize in
cats, because normal feline RBCs tend to be smaller and less discoid than canine

RBCs.

W

Fig. 3 Sherocyte'vfﬁﬁjét:ﬁse;e pherical shape (Arrow)

AVal "?’-nun—nn--:nAnn-nr— favet.cony |mhahtm|
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2. Agglutination:

Exami ic auto-agglutination
(clumping) ofr@u)ﬁg WHEEﬂtJ ﬂ:ipm large rafts of RBC
that, w, ﬁ é‘g inspected, are
w&bleitﬁ?ﬁ:ﬁgﬁ ﬁmﬂ%@i ﬁgr’i CEJ be created by
rouleaux formation, a phenomenon that can occur in normal animals, especially cats.
Clinicians should perform a saline dilution (one drop of RBCs to one drop of saline in
dogs, one drop of RBCs to two drops of saline in cats) slide agglutination test to
differentiate rouleaux from genuine auto-agglutination (Mackin, 2002). True agglutination

can be seen grossly as persist despite dilution with saline, and microscopically as non-

linear clumps of RBCs. A positive slide agglutination result is highly suggestive of a
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diagnosis of IMHA, and also suggests that the condition is likely to be acute and severe.
Negative slide agglutination does not rule out IMHA, since in fact a negative result is
reported to be the most common result in small animals with IMHA because most
actually have non-agglutinating antibodies. Automated hematology analyzers sometimes
register a clump of agglutinated RBCs as a single cell, often of a size too large to even
be recorded as a RBC at all. Resulting an artifactually high MCV or lowering of the
calculated hematocrit. Since the hemoglabin within all RBCs is still measured by the
analyzer, this leads to an erroneously high estimation of mean corpuscular hemoglobin
concentration (MCHC). When-agglutination is suspeected to be the cause of a lower than
expected hematocrit, packed"” cell volume (PCV), which is not affected by RBC
clumping, should be monitered.tsing micronematocrit tube centrifugation rather than an

automated analyzer.

3. Other RBC Abnormalities:
Careful examination of RBC morpﬁe_logy may. suggest an underlying cause of
either immunological or non—immunologiéél .hemolysis. Diagnostically useful RBC

abnormalities include detection of :parasites;-f'sggh as Mycoplasma haemofelis (which
may cause secondary IMHA); Heinz bodjz_s;_;(s_uggesting hemolysis secondary to
oxidative damage).-and schistocytosis (suggesting a “microangiopathic hemolytic
process such as DIC)._Mild to moderate hyperbilirubinemia and bilirubinuria may be
seen transiently in animals with acute severe anemia. Since the liver is usually able to
cope with all but the jtransient eyemwhelming-bilirubin; leads+«preduced by acute severe
hemolysis, severe hyperbilirubinemia or persistence of jaundice for more than 3 to 5
days, even.in.the markedly.anemic animal,.usually.indicates the presence of concurrent
hepatic 'disease! or" biliary’ obstruction. Hemaoglobinemia® and“' hemoglobinuria are
uncommon, transient events that indicate the presence of severe intravascular
hemolysis.

Immunological Testing

Specific immunological testing can be used to support a tentative diagnosis of
IMHA. The most widely used test is the direct antiglobulin test (DAT) or Coombs' test,

which detects antibodies and/or complement bound to RBC membranes. A standard
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DAT as provided by most laboratories typically uses a mix of antibodies directed against
IgG, IgM and complement, and is performed at body temperature (Mackin, 2002).
Modifications of the routine screening DAT that may increase its diagnostic value
include running the test at different temperatures and titers, and using individual
antibodies against I1gG, IgM, IgA and complement as well as the standard polyvalent
antibody/complement mix. Positive DAT results (at 4 ° Celsius) are of minimal diagnostic
significance unless the patient has clinical’ signs consistent with cold antibody type
agglutination or intravascular_hemolysis. Strietlyfinterpreted, a positive DAT supports a
diagnosis of IMHA, whilesa-negative {dest suggesis-a non-immunological cause of
hemolysis. Large number ofsstudies have shown that a DAT can often be of only
mediocre diagnostic accutacy although sensitivity and specificity undoubtedly improve
with meticulous attention to test methodology (Quigley et al., 2001; Overmann et al.,
2007; Wardrop, 2005)the fact remains thaftf bgth false positive and false negative results
do occur relatively commonly (Quigley et ;ﬁ._, 2001). Veterinarians should be aware that
since IMHA can occur in the presénc;e ofa 6§§;tive DAT and, conversely, a positive test
does not absolutely prove the prjesehce of IM—E]A{_;sometimes a diagnosis must be made
based on clinical judgment de_gpite the p'r:e:e_gc‘e of an apparently discrepant DAT
result. However, petforming a DAT is still recommended: in-all patients with suspected
IMHA even if criterid _such as spherocytosis or positive slide agglutination already
strongly suggest a diagnosis, since a positive DAT will add support to the diagnosis and
characterize the pdisease~ further, by~ determining,~thes jinvolvement of various
immunoglobulintypes and complement. Various other immunological tests for detecting
anti-RBC antibody .have been, _reported, including. an .enzyme-linked immunosorbent
assay, and'a‘direct enzyme-linked"antiglobulin test by Flow cytometry<in dogs (Barta,
1981; Tarrant, 2005) but, although some of these tests may arguably be more sensitive
than the DAT, they have not as yet become commonly available. Flow cytometry have
more advantage than DAT due to the need less antiserum and have standardization on

interpret the result (Quigley et al., 2001). Regardless of whether a DAT or an alternative

test for ant-RBC antibody is used, clinicians should be aware that a positive result
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merely records the presence of antibody, and does not determine whether IMHA is

primary (AIHA) or secondary.

Identification of underlying disease

Since IMHA is often secondary, particularly in cats with an atypical signalment,
confirmation of a diagnosis of IMHA is not necessarily the end of the diagnostic trail.
Primary IMHA can only be diagnosed with absolute certainty once potential underlying
causes have been thoroughly investigated.«Siandard screening tests for underlying
disease which ideally should be performed in all animals with IMHA include hematology
(including careful examinationof a blood smear), serum biochemistry, urinalysis,
thoracic and abdominal radiography; anq, In cats, testing for retroviruses (particularly
FelLV). Serologic and/or PCR tgsting for RBC parasites such as Mycoplasma haemofelis
in cats is indicated.#Sinceé arguably rié:kqt_tsial diseases may also predispose to
secondary IMHA, testing for Ehdichia speéieé may also be indicated in endemic areas.
Further tests that might be consideréd in Seme patients, particularly in older animals in

A v ol i

which underlying occult neoplasia;(especiarl.ly:-;],ymphoproliferative disease) are a real

possibility, include abdomina[_ql_t_rasonograp_hy_,',_Iymph node aspiration cytology, and

bone marrow analysis.

Bone marrow evaluation

Bone marrow_evaluation is indicated=when peripheral blood abnormalities are
detected. The! most common' indications fare "persistent Inéutropenia, unexplained
thrombocytopenia, poorly regenerative anemiassor a combination. Examples of
proliferative ‘abnormalities | ing whieh ¢bone | marrew 'examination, may be indicated
include persistent thrombocytosis or leukocytosis, abnormal blood cell morphology, or
the unexplained presence of immature cells in blood (e.g., nucleated erythroid cells in
the absence of polychromasia or a neutrophilic left shift in the absence of
inflammation).

Bone marrow is examined to stage neoplastic conditions (lymphomas and

mast cell tumors); estimate the adequacy of body iron stores; evaluate lytic bone
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lesions; and search for occult disease in animals with fever of unknown origin,
unexplained weight loss, and unexplained malaise. Bone marrow examination can
also be useful in determining the cause of a hyperproteinemia when it occurs
secondarily to multiple myeloma, lymphoma, leishmaniasis, and systemic fungal
diseases. It may also reveal the cause of a hypercalcemia when associated with
lymphoid neoplasms, multiple myeloma, or metastatic neoplasms to bone.

Bone marrow aspirate biopsies are done more frequently than core biopsies in
veterinary medicine. Aspirate biopsies are easier, faster, and less expensive to perform
than are core biopsies. Bone-marrow-core-biopsies require special needles that cut
a solid core of material, whieh.is then placed in fixative, decalcified, embedded,
sectioned, stained, and examined microscopically by a pathologist. Core biopsy
sections provide a moge accurate way of evaluating marrow cellularity and
examining for metastatic neoplasia tharfdg aspirate smears, but cell morphology is
more difficult to assess. ;

Bone marrow analysis (asbirétion Cy‘[JQIogy and/or core biopsy histopathology) is
indicated in all patients suspected trer have thé:rr:JQn—regenerative forms of IMHA (Harvey,

2001; Weiss and Aird, 2001). _E_ure red Cel!,:_ag'lasia is characterized by a relative or
complete lack of RBQ,,E@%{SQ‘CS ‘within~the ~marrow,/ whereas cytological or
histopathological evidence of an erythroid ‘maturation arrest' (preponderance of
immature precursors, with an absence of more mature RBC precursors) suggests that,
rather than beipg directed against veny-early-stem cellsy-antibodies are directed against
a later stage of marrow"RBC development. Marrow ¢ytology ‘and/or histopathology may
reveal macrophages, phagocytosing erythrocytes ‘or' RBC precursors..In such patients,
when available, techniques 'sueh+as immunofluorescent’or-immuroperoxidase staining
of marrow samples may confirm the presence of antibodies directed against RBC
precursors.

The fast and accuracy test is the important key to help patient with IMHA.

Because in late stage, patient cannot cope with lack of oxygenation situation and die

with severe anemia. Early treatment by using immunosuppressive drug such as
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corticosteroid, cyclosporine, azathioprine can combat with IMHA and have a good result

for patient.
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CHAPTER 3

MATERIALS AND METHODS

Study animals: are divided into 2 groups

a)

Controls consisted of ten healthy cats presented to Small Animal Hospital,
Faculty of Veterinary Science, Chulalongkorn University with normal CBC and
blood chemistry. Cats were included with no gender and breed preference

aging between 12-120 months old.

b) Anemic cases (IMHA"and non-IMHA)-eonsisted of nineteen cats with anemia

presented at ~Small _Animal | Hospital, Faeulty of Veterinary Science,
Chulalongkorn=University and 3 -Veterinaw Hospitals in Bangkok metropolitan
area with no gendegand brged p;:re,ference aging between 12-120 months old.
Cats with chgonics renal failu;?, rblood loss anemia and/or receiving
immunosuppressive treatmént withfr) one month were excluded from the study.

Cats with hematogrit of ‘lower than 27% (Couto, 2001) were divided in 2
i a“
abd vl

subgroups: = ;ja

il

1. Regenerative anemiia group:f?ts with absolute aggregate reticulocytes

gl

count level of 42,00C /pl and/or corrected/ reticulocytes count > 0.4%

(Cowgillet al., 2003).
2. Non regenerative anemia group: all anemic cats that had been anemic
for at least &xdays with absoéldte aggregate reticulocytes count of less

than 45,000/l and/or_corrected reticulocytes ¢ount < 0.4%.

Samplesicollection

Peripheral blood was collected from cephalic or saphenous vein then placed

into an EDTA tube. Cats with IMHA were treated with corticosteroid and followed-up for

changes in red blood cells or complete blood count.
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Diagnostic method
a) Blood sample was tested for PCV (microhematocrit test), CBC (manual count),
reticulocyte count (manual count), total protein (refractometer) and blood
chemistry by colorimetric method including ALT (Audit Diagnostic, Ireland), ALP
(Audit Diagnostic, Ireland), BUN (Merck, Germany) and creatinine (ASRITHA,
INDIA).
b) Auto-agglutination test:

1. Macroscopic. agglutination’ was«inspected by visible of multiple red
speckles on.a.glass slide.l(MacKin,.2002)

2. Microscopic agglutination was performed with saline dilution on a glass
slide (one dgep of RBCs tdltwo drops of saline) and inspected under light
microscopexs (Mackin,_,QQOé‘)

c) Direct agglutination test (DA__T)(“CooT[:an_s’ test) (Quigley et al, 2001)

1. 1 ml EDTA Plood | was cé_wtrifuged at 3000 rpm for 5 minutes for
separation fed bldad:-éell fro:ﬁ_o;ﬁers components.

2. Mixed 0.1 m| red_—;p[id(—)d cell V;J;hﬁ9 ml phosphate buffered saline (PBS)
then centrifuged at :I;OOO rpﬁgr_? minutes. Discard supernatant and

repe@té_’_d the procedure for 4 times.

3. Mixed’—\ﬂ/ashed red blood cell 0.1 ml with F;BS 4.9 ml. This would made
2% red-blood cell solution. s

4. Added .0.1%." bovine, serum. albumin .for..blocking antigen-antibody
reaction.

5, Filled 12 well of 96 well micro-titer piate with PBS 0.1ml in each well and
added Feline Coombs feagent (Antiserum ifeline 1gG, IgM and C3 from
VMRD Coombs’ test, USA) 0.1 ml in 1* well mixed properly and
transferred 0.1 ml of this solution in to next well. Repeated until well
number 11 (two fold dilution). This made serial dilution from 1:1, 1:2...
1:1,024. Negative control is in well 12 (PBS only).

6. Added 2% red blood cell solution in each well. Incubated at 37°C for 30

minutes at room temperature for 30 minutes.
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Results interpretation:
® Negative result contained a button of RBCs that would stream
when the microtiter plate was tilted.
® Positive result exhibited a matte formation that did not stream
when tilted.
Results would be reported as negative or positive. Highest dilution with
complete agglutination titer s\would be reported as part of all positive

results.

d) Flow cytometry test(Quigley et al, 2001)

1.

Diluted 2% _red blood. cell solution from packed RBC for Coombs’ test
with PBS g_t»-‘l":Tr ratios This \I_k/ould made 1% RBC solution.

Prepared #1.:'30 dilution’ (PB-S”diIuent) of fluorescein isothiocyanate (FITC)-
labeled goat anti-cat IZ:jG _E:E]eavy chain specific) (Serotec, USA), FITC-
labeled goat anti—c_:_at_lél\/l (rﬁfghg_in specific) (Serotec, USA).

Mixed 1% red bIo.oid_r:dC'eII sdfﬁ'g:ggn 50 ul"with (FITC)-labeled goat anti-cat
IgG (ponCIon;\I) 5@"b_land mw_&aﬁéd at 4°C in the dark for 45 minutes.
Mixed 1% red bioodcell solUlioni0. i with (FITC)-labeled goat anti-cat
IgM (péﬁucLQnaD_SD_pLamLmQubalaaIAiC_ié dark for 45 minutes.
RBCS_-’F;ad been washed twice and resusggnded in 0.2 ml of isotonic
PBS with 0.1% bovine serum albumin and 0.1 ml of 10% buffered
formalin:

Samples were analyzed by flow cytometry (BD FACSCaIiburTM, USA).
Ferwardp and «sidey (orthoganal), seattering | signals gand fluorescein-
generated ‘fluorescence (488 nm) signals Were' collected in list mode.
Specific gates were set to identify red cells. For each sample, the
median fluorescence channel recorded for 10,000 red cells.

BD CellQuest Pro software was used for calculation of mean
fluorescence intensity (MFI). The MFI values from 10 healthy non-anemic
cats were used to establish a reference interval. A test sample

considered positive if the MFI was more than 2 SD above the mean for
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clinically normal cats and considered negative if the MFI fell below this

value.

Data analysis

Sensitivity of the tests was defined as the number of cats with IMHA that tested

positive with gold standard (DAT) and specificity was defined as the number of healthy

(DAT). Positive predictive value was
e that had IMHA, and negative
predictive value was defined-as-the n beﬁat tested negative that did not

have IMHA. / ,
Variables (M X

IMHA and IMHA cats with 3 onfidence intervals (95% CI) are

nt, corrected reticulocytes
jotal protein, ALT, ALP, BUN,

ong three groups of control, non-

reported along with sensiti spécificit SI negative predictive values, and

ANOVA.
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CHAPTER 4

RESULTS

Results from whole blood (EDTA) taken from 19 anemic cats (PCV 8-26 %, mean
+ SD 17.00 + 5.86 %, median 17 %, red blood cell count 1.0-6.07 X 10° cell/ul, mean
317 + 1.60 X 10° cell/pl, median 3.50 X 10° cell/ul) referred for the diagnosis of IMHA

over a time period of 11 months. ,
7
s !
t luorescence assay and Coombs’

The direct flow cyt nrocy

'J E—
7 th.red blood cells. Blood samples
rols -52 %, mean + SD 41.30 + 6.02
dQ ul, mean + SD 6.75 + 0.98 X

N

.ﬁ? k
test were used to detect im
from 10 healthy cats we & 6

%, median 42 %, red b

10° cell/ul, median 6.65
and 16 domestic short h
these cats were 10 male, 4

19 cats suffered from viral i i us"“ others various diseases (Table 3)

(Fig. 5).

s

Y eseeR

i SPAYED FEMALE
B UNDETERMINED

Fig. 4 Percentage of anemic cats according to gender (n=19).



Table 3 Diseases status of anemic cats (n=19)

Coombs’ test

Positive Negative

FelLV 2 6

FIV 0

FIP + FelLV 0

Calici virus 1

Unknown 7

Total Number of Cats ‘ 14
Note: FeLV and FIV were diagng m calici virus were suspected by clinical

H FelV
H FIV
"] ﬂ i FelV + FIP

W Calici virus

Chil VI8 )b fhown
q
Fig. 5 Diseases status of all anemic cats (n=19).

Note:

FeLV = Feline Leukemia Virus FIV = Feline Immunodeficiency Virus  FIP = Feline Infectious Peritonitis
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The results of this study showed that the prevalence of feline IMHA presents in
cats with PCV less than 27% at Small Animal Hospital, Faculty of Veterinary Science,
Chulalongkorn University and veterinary hospitals in Bangkok area between October

2008 and August 2009 was 26.31% (5/19) by using Coombs’ test (Fig. 6).

H IMHA
B NON-IMHA

1o i S RH I RIS NI Gton i . e

age of cats wit#'lIMHA was 4.4 years old. Five ”\=/IL_|A cats consis&ig of 1 Siamese, 1

IR TR U ORF AR
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m Male
H Female

u Female spayed

IMHA positive cats 3C range1.48- cell/ul, mean + SD 2.84 + 1.25 X
10° cell/ul, median 3.55 X 1 between 12% - 26%, mean + SD

17.20 = 5.80%, median 17% wit regenerative anemia in only one cat.

all of cats with IM

j

White ﬁ(ﬁ ltT ﬁs stage of the disease.
Mean white bloqjj coﬁan $Z1 gﬁmlstry resEL oﬂ cats were within normal
range. i: t ine and blood
urea nﬂ W jﬁ ﬁﬂ mﬁﬂaﬁl jq ﬂ i:la ree cats were

seropositive for FeLV (60%) and two cats for FIV (40%),).

(Table 5).

Sensitivity and specificity of flow cytometry (FC) method were 100% and 50%
compared with DAT method. Positive predictive value is 41.66% and negative predictive
value is 100%. These values from FC were compared with DAT. PCV from control, IMHA
and anemic group + SD were 41.30 + 6.02%, 17.20 + 5.80% and 16.93 + 6.10% (Table

5). PCV and red blood cell count were statistically significant difference between
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controls and 19 anemic cats (P<0.01). Regenerative anemia was found only in 20% of
IMHA (corrected reticulocytes count 0-0.8%, mean + SD 0.24 + 0.32%, median 0.13 %).
This may be due to the time of detection that passed the regenerative phase (4-7 days)
for a period of time instead of these cats had bone marrow abnormality. This study
showed the lack of aggregate reticulocytes but many of punctuate reticulocytes found in
reticulocytes count which confirmed that the regenerative phase of IMHA had been
passed for 14-21 days. All IMHA cats had thrombocytopenia (platelet count 0.49-1.48 X
10° cell/ul, mean + SD 0.84 + 0.46 X 10° cell4il#Mmedian 0.53 X 10° cell/ul). Platelet was
statistically significant different-between’control-and-anemic cats (P<0.05). The white
blood cell counts (total white.blood cell count 6,000-24,500 cell/ul, mean + SD 15,160 +
8,371 cell/ul, median 18,700 cell/ul) were unremarkable different. FeLV and/or FIV were
diagnosed in all IMHA catsdFell\V.60%, FIV 40%) (Table 5).

Blood chemisiry values were also-_dugremarkable (ALT 25-98 U/L, mean = SD
45.34 + 30.11 U/L, median 38 U/L, ALP 2357_—66 U/L, mean + SD 44.85 + 29.91, median
44.85, BUN 14.2 -31.4 mag/dl, rﬁeén s SD; 228 + 12.16mg/dl, median 22.8 mg/dl,
creatinine 0.7-1.74 mg/dl, mean:+.SB.-1.22 i‘(J-;;}Q_j_mg/dI, median 1.30 mg/dl) (Table 6).

Abnormal blood morphology Were?é_l;so_ observed such as stomatocytes,
schistocytes, poikilagytosis, anisocytosis, ploychromasia, iiypochromasia and rouleaux
formation that were found in many anemic cats in this study due to various causes of
anemia. Autoagglutination was negative in all 5 IMHA cats and positive in 1 of 14 non-
IMHA anemic eatsy(7.14%)~(Table ). DAT-was; positive, in=5 IMHA cats and had titer
from 1:1 to 1:128,in IMHA group (table 4). All of non=IMHA cats'were negative for DAT.
Due to low sensitivity; negative.results were.not expected, to, be.true.negative.

Red blood eells‘were detected by flow cytometry (Fig. 10,411, 42). Total positive
result was 12 from 19 anemic cats. All IMHA cats were positive for both IgG and IgM
detected on red blood cell surface (MFI of IgG 43.46-79.53, mean + SD 61.01 + 13.98,
median 57.25, MFI of IgM 37.92-54.88, mean + SD 47.90 + 6.69, median 48.71). Six of
non-IMHA cats which were positive from flow cytometry test had insignificant higher
level of MFI for IgG or IgM than control cats. After staining with (FITC)-labeled goat anti-

cat IgG and IgM, MFI in IMHA cats were more than mean + 2SD of control group (cut
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point). Cut point was 27.20 for IgG and 25.51 for IgM (Table 7). Difference between
staining intensities of IMHA group and control group were statistically significant

(P<0.01) and also different between IMHA group and non IMHA (P<0.01).

Three of IMHA cats survive. One of IMHA cat which positive for FelLV (cat
number 5) was treated with prednisolone and recover from IMHA. MFI of IgG and IgM

reduced from 54.99 and 85.09 on the

i Vd of diagnose of IMHA to 17.72 and 18.42

Z

Table 4 Serum titer of five IV cats diaghoseo Soombs’ test

\
after treatment (Fig. 13). oA

77/ 557\ I

' T
NO.3 (TA-TOE) ey 14
ANl T
s
NO. 4 (SI-RI) ; 14
NO. 5 (MOKKY) ":-‘é} 10

Note: Serum titer, feline 'L”;-__'—"“—

sa

test was positive me,omgﬁat_ie - i
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'I ’,
Table 5 Comparison of packed red blood cell volume, corrected reticulocyte i-----;iig e, red b

white blood cell and platelet in control, IMHA and non-IMHA cats

PARAMETER ANEMIC GROUP
NON-IMHA (n=14)
) (mean + SD)
PCV (%) - 16.93 +6.10 *°
CORRECTED RETICULOCYTE (%) 0.34 + 0.50
RED BLOODCELL COUNT (cell/l) X 10% 3.29 +1.73 X 10°%

PLATELET COUNT (cell/ul) | D%5¢ d mexm 112+ 1.10 X 10°°
WHITE BLOOD CELL COUNT (cell/ I‘1@23 + 3,402 ﬁ-f 15,160 + 8,32‘ 13,817 £ 12,004
Note ° P < 0.05 when compared betwe IMKA ¢ %ﬂﬁcdpared between non IMHA and control cats
**P < 0.01 when compared betweengontrols and IMHA cats P < 0.01 when compared between non IMHA and control cats

TR WTAND S R TR
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Table 6 Comparison of total protein, alanine aminotransferase (ALT), . blood urea nitrogen (BUN) and creatinine in control, IMHA and non

IMHA cats

EMIC GROUP

PARAMETER
NON-IMHA (n=14)
(mean + SD)
TOTAL PROTEIN (g/dl) 7.54 +1.40
ALT (U/L) 126.21 + 232.65
ALP (U/L) 39.85 + 53.79
BUN (mg/dl) 20.91 + 26.58
CREATININIE (mg/dl) 1. %5 +0.34 1 23+0.4 0.98 + 0.49

Note: ALT = Alanin ﬂﬂ w EJ ﬂ j w;\m ’Iﬁidlated hemolytic anemia
ALP = Alkalin mune mediated hemolytic anemia
BUN =Blood urea nitrogen

QW’]ﬁNﬂ‘iﬂJ UA1AINYAY
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Table 7 Comparison of the results auto-agglutination test, Coombs’ test and mean

PARAMETER

AUTO AGGLUTINATION

COOMBS’ TEST

32

rescence intensity (MFI) from flow cytometry in controls, IMHA and non-IMHA cats

ANEMIC GROUP

AMHA (n=5) NON-IMHA (n=14)

0% (0/5)

...; .. \
100% (5/5)

7.14% (1/14)

0% (0/14)

FLOW CYTOMETRY 19G 9. 29;34;3‘)@ ‘ 61.01+ 13.98™ 25.84 +7.22°
(MFI) (mean + SD) LI .:ei-il-a"'
CUT POINT —r-: 20/ /4 3
IgM 7.90 6.69™ 22.72 + 6.51°
(mean = SD) =4 } ‘
CUT POINT IL
Note °P < 0.05 when compared between controls anciﬁo -IMHA cats MFI = Mean fluorescence intensity

** P < 0.01 when compared betwe
IMHA = Immune-mediated hemolyti

Non-IMHA = Non-immune mediated hemolytic anemia

Hﬁ‘mﬂmw NV

@UT POINT = Mean + 2SD of controls

QW’]ﬁNﬂiﬂJ UA1INYIAE
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goat anti-cat IgG goat anti-cat IgM
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Fig. 10 Flow cytometry evaluation of RBCs from healthy, non IMHA and IMHA cats after staining with 1IgG and IgM-

Forwa

specific secondary reagent. FSC/SSC dot-plots and fluorescence histogram are shown for one healthy control cat,
one non IMHA anemic cat and five IMHA anemic cats after incubation with goat anti-cat IgG (1:30) and goat anti-cat
IgM (1:30). Histogram of fluorescence profiles were generated after gating on RBC in FSC/SSC dot-plots (region R2).
Mean fluorescence intensities (MFI) are noted within each histogram; in anemic cats agglutination titer (AT) is also

shown.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The prevalence of IMHA in cats of PCV less than 27% from Small Animal
Hospital, Chulalongkorn University and 3 veterinary hospitals in Bangkok is 26.31% by
Coombs’ test. Our results are consistent with previous reports that the incidence of feline
IMHA ranged between 13% in 2006 (Kohn et al., 2006) and 24% in 2007 from cat with
anemia at Small Animal Hospital Free University.of Berlin Germany (Kohn 2007).

This study also had.shown that cats with*IMEA are sero-positive for FeLV or FIV.
Our findings showed that 3 out-ef'5 cats (60%) were Fel.V positive and 2 (40%) were FIV
positive by ELISA test Kit®(IDEXX, UUSA). As in others studies, most IMHA cases are
secondary IMHA in cat'(Day 1996; Gul‘nn—Moore et al, 1999). It may be from the
chronicity of FeLV infection that increéses Lhe amount of immunoglobulin which induced
formation of IMHA. The result is immunog-ﬂob-ulins that bind to affected red blood cell
surface resulting in IMHA. Non self antigen:-.dfﬁom FelLV and FIV infection may coated red
blood cell surface and caused immune systéf;fto_ attack the red blood cell.

Feline IMHA has been reborted Hq_—ygung male cats (McCullough, 2003).
However, in this study, there are no diﬁerenéé-s'-;b*!e_tWeen age-and gender in five positive
cats. In canine, ther'evaér’éb?eéds'"rep()rted with higher 'indidence such as Doberman
Pinschers, Cocker Spahiels, Miniature Poodles, Irish Setters, Collies, English Springer
Spaniels, Old English Sﬁeepdogs and American Cocker Sbaniels (McCullough, 2003).

As feline IMHAis mostly seeondary, Iruling out others causes are necessary to
conclude that primary IMHA is found. In one retrospective study, Kohn, et al. (2006)
found 19 cats with primary'IMHA. *This"is contrast tol canine. patientithat primary IMHA is
more commonly found than secondary IMHA. The estimation of primary canine IMHA is
60-75% (Piek et al., 2008).

Not only RBC, but platelets are frequently decreased in IMHA cats. This may be
due to immune system that is not only attack red blood cell but also damaged platelets
cells (immune mediated thrombocytopenia purpura, IMTP) as well. Evan’s syndrome has

been called for patient with both IMHA and IMTP.
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Three out of five IMHA cats survived in this study. The mortality rate is 40% (2/5).
The survival rate of IMHA is 30-70% (McCullough, 2003). This outcome indicates the
importance of IMHA diagnosis in cats with anemia. An earlier diagnosis can give a
better prognosis for IMHA cats.

Our results also found that autoagglutination is negative in all IMHA cats and
positive in one non-IMHA cat. This may suggested that autoagglutination is not a good
screening test for feline IMHA due to the very low sensitivity (0%). It is contrast to canine
IMHA which most of severe IMHA dogs may have auto-agglutination.

Using Coombs’ test (DAT method), we.eould detect 5 IMHA cats from 19 anemic
cats. Aggultination titer from DAT test ranged from 1:1to 1:128 in the five positive cats.
Cat No.1 had a highest titerdUesfrom the result of number of antigen (IgG,IgM and C3)
on red blood cells that mueh mére than others 4 positive cats. Results from other studies
showed that DAT had low' sensitivity due-to loss of antigen on red blood cell surface
during washing red blood gells prooedurezhigh false negative) but high specificity (true
negative) (Kucinskiene‘et al., 2(_)05_; Quiéiﬂ_elyret al., 2001). Even though, our IMHA
negative cats may be negative by DAT, otﬁg-]'édiagnostic method or serial testing may
be needed to confirm these resiits:-Other Vﬂ@US factors may affect the result of DAT

test. False positive rarely found- but hemolyiic- sample is the main pathological

abnormality that leading-tofalse positive DAT results.

The FC method;in this study had higher detection rrate than Coombs’ test when
the cut point was set at mean + 2SD of thefmean value in the control group. All IMHA
cats had MFI more than 40 for IgG and 37 fer IgM while none of the non-IMHA cats had
this high value. In cats’ number 9, 12, 13, 14, 15, 46 and 18 of nop-IMHA group, there
were negative results with Coombs' test, but positive by using FC -methad and the level
of MFI were not exceeded minimal level of IMHA group. These cats may be in the early
stage of IMHA and a serial testing is recommended for follow up before final diagnosis.
The results in this study are similar to those previously reported in dogs and humans, in
which FC has been found to be more sensitive than Coombs’ test (DAT). This may be

from incomplete of antibody detected by FC, since antibody for complement is not
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included in this study. Complement is one of three parts in pathophysiology in IMHA and

should be included in diagnostic material.

Immunoglobulin M and G are both detected by FC method. There are consistent
in each other positive IMHA cat in this study with high mean fluorescence intensity
value. But in negative IMHA group, there were some cats that have slightly high IgG.
These cats are suspicious of having subclinical IMHA and should required further

investigation.

IMHA cats in this study were treated-with#prednisolone dose 2 mg/kg twice a
day and taper dose to minimum for redﬁrcing side effect. Cat number 1 presented with
pale mucous membrane and diarrhea. He died a week later after the diagnosis. This
may be from high Cooms” test titer (1:1128) which means that enormous inflammation
occurs in his body and may lgad to éerioﬁs"'overwhelming process and at last systemic
inflammatory response syadrome andﬁ mu]-}ipie organ dysfunction syndrome. However,
the correlation of titer and severity, stil uncI’:e:@__ir (__Day, 2000). Cat number 3 died because
of failure of drug deliver (owner could héje’:_give medication). Cat number 2 and 5
response to prednisolone but réturrence ocours after tapering prednisolone. This may
be from too quick to reduce desage or the uhdeFlyrng causes were not treated. Only cat

number 4 response Weu—and—ée%—net—FelaQse since the lymphoma which may be the
cause of IMHA was treated (Table 22, 23, 24).

One of the main advantages of FC isithat it requires much less sample quantity
than DAT method. livis moreicost effectiveness than.DAT method due to amount of anti-
antigen used in each test. Our results show that flowscytometry is afgood diagnostic tool
for feline| IMHA and'can be used,fer follow up asga prognasti¢ indicator for cats with
IMHA. But DAT can tell only positive or negative IMHA result. The only disadvantage of
FC method is the availability of Flow cytometry in only some research facilities due to the

high cost of equipment.

At the present, there is little information of the application of direct flow cytometry

method to detect red blood cell bound immunoglobuluin in cats. Our study was the first
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report in cats which has shown that this technique has a promising result and should be

developed as a tool for detect IMHA in cat in the future.
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Appendix 1
Table 8 Data of breed, gender, age versus FelLV an IMHA cats
NUMBER BREED GEND FelV, FIV STATUS
/ i —
Siamese FeLV + FIP
Ve
(Vicheanmas) #
A&
Persian M . 4. FIV
DSH Fengile A4S FeLV
: ot it
DSH Female A7 FelV
DSH : FIV

Note:

DSH
FeLV
FIV

= Domestic short hair

= Feline Leukemia Virus

-mm%%ﬂ@ﬂﬂﬂiﬂﬂﬂﬂi
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Appendix 2

Table 9 Breed, gender, age versus clinical signs in IMHA cats

1 Siamese

(Vicheanmas)

3 DSH ll‘

4 DSH

5 DSH

—
Note: DSH = Domestic short hai
FelLV = Feline Leukema Virus
FIV =

NUMBER BREED GENDER \'\‘( !/(

/AN
2 Persian )’//E‘E" \\\
p}\\\\< N anemia

CLINICAL SIGNS

Diarrhea, anemia

anemia

Anorexia, pale pink mucous

N embrane, 10% dehydrate, fever,

nasal discharge,
lymphadenopathy, alopecia,

lymphoma

> mucous membrane, oral
@er, mucous nasal discharge,

flea infestation

d
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Appendix 3

Table 10 PCV, corrected reticulocytes percentage, red blood cell count and platelet.,eount in control group

PATIENT NAME PACKED CELL CORRECTED RED BLOOD CELL | PLATELET COUNT
VOLUME (PCV) (%) =RETICULOCYTE (%) COUNT (cell/pl) (cell/ul)

DUM-LEK 36 0 7.01 X 10° 1.68 X 10°
DUM-YAI 45 0 7.53 X 10° 2.35X 10’
JEFFREY 44 0 6.15 X 10° 1.98 X 10°
OVALTINE 42 0 5.68 X 10° 1.88 X 10°
OYUA 42 0 6.64 X 10° 5.86 X 10°
SONG-SEE 33 0.18 6.02 X 10° 3.48 X 10°
DUM 46 0 7:67 X 10° 3.14 X 10°
DHANG 40 0.21 667 X 10° 152X 10°
POP 33 0.18 550 X 10° 2.98 X 10°
BOON-ROD 52 0:28 8.66-X 10° 1.05X 10°

MEAN =+ SD 41.3 46.02 0.08 = 0.11 6.75 + 0.98 X 10° 2.59 + 1.38 X 10°
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Appendix 4

Table 11 Total white cell count, neutrophil, band neutrophil, eosinophil, lymphacyte and monocyte in control group

PATIENT NAME | WHITE BLOOD | NEUTROPHIL | BAND (cell/ul) EOSINOPHIL LYMPHOCYTE MONOCYTE
CELL COUNT (cell/pl) (cell/pl) (cell/pl) (cell/pl)
(cell/pl)
DUM-LEK 9,430 5,796 0 1,278 2,356 0
DUM-YAI 9,050 5,520 0 1,448 2,082 0
JEFFREY 10,000 6,100 0 1,100 2,800 0
OVALTINE 6,400 3,456 0 1,216 1,664 0
OYUA 9,950 5174 0 1,094 3,682 0
SONG-SEE 15,050 8,579 150 1,204 3,762 1,355
DUM 6,300 3,213 0 441 2,520 126
DHANG 11,500 q,565 0 5T 3,795 575
POP 16,800 9,912 0 2,856 3,528 504
BOON-ROD 12,750 7,140 0 1,785 3,697 128
MEAN + SD 10,723 £ 3,402 6,144+ 2,070 16 £ 47 1,800 +/670 2,988 + 800 268 + 438
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Appendix 5

Table 12 Serum color, total protein, alanine aminotransferase (ALT), alkaline/phosphatase (ALP), blood urea nitrogen (BUN), creatinine and FeLV/FIV status in

control group

PATIENT SERUM TOTAL ALT(U/L) ALP{uAY _L.CREATININE BUN SEROLOGY
NAME COLOR PROTEIN (mg/dl) (mg/dl)
(g/d))
DUM-LEK CLEAR 6.2 210 179 1.29 26.5 ND
DUM-YAI CLEAR 7.2 5748 “83.2 2.18 32.9 ND
JEFFREY CLEAR 8.6 282 121 1.80 26.5 ND
OVALTINE CLEAR 7.6 46.1 63.5 2.21 25.6 ND
OYUA CLEAR 7.0 20.7 7 1,'0.3- 1.54 29.6 ND
SONG-SEE CLEAR 6.8 496 114 1.97 32.3 ND
DUM CLEAR 8.0 22.9 35 1.69 26 ND
DHANG CLEAR 8.3 38.6 837.2 218 50 ND
POP CLEAR 7.4 32 97.3 1.2 18 ND
BOON-ROD CLEAR 7.0 21.5 80.6 1.2 27 ND
MEAN + SD 7.41+0.73 33.93 + 13.40 89.36.£'50.00 1.72+0.40 29.44 + 8.32

Note: ND = Not determine
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Appendix 6

Table 13 Auto-aggulutination test, Coombs’ test and mean fluorescence intensity (MFI) form flow cytometry in control group

51

PATIENT AUTO AGGLUTINATION TEST COOMBS’ TEST FLOW CYTOMETRY
NAME (Mean Fluorescence Intensity)
GROSS MICROSCOPIC GROSS MICROSCOPIC lgG IgM
DUM-LEK - - - - 22.59 16.18
DUM-YAI - . ¢ . 15.50 13.87
JEFFREY - 3 - = 22.21 19.86
OVALTINE - - - b 19.88 15.14
OYUA - - r - 24.23 23.19
SONG-SEE - - - - 24.69 21.66
DUM - - - - 14.76 13.68
DHANG - - = - 14.54 23.55
POP - . = - 17.58 16.11
BOON-ROD - - - . 16.04 15.41
MEAN + SD 19.20 £4.00 17.87 £ 3.82
Note:  IgG = Immunoglobulin G
IgM = Immunoglobulin M
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Appendix 7
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Table 14 PCV, corrected reticulocytes precentage, red blood cell count and platelet count in IMHA group
\ WAy ry
PATIENT NAME PACKED CELL h":‘i ¢ CIED RED BLOOD CELL PLATELET COUNT
0, —— e |5 [ZJ
VOLUME (PCV) (%) | ETICULOC COUNT (cell/pl) (cell/ul)
TUA-TUNG 26 //ﬁ\\\\\\ 4.00 X 10° 148 X 10°
TUA-LEK 19 ///ﬁ'\\\\ 3.70 X 10° 0.51 X 10°
F
TA-TOE 12 ll ‘\\ 148X 10° 0.53 X 10°
SI-RI 17 3.55 X 10° 0.49 X 10°
MOKKY 12 149 X 10° 119X 10°
MEAN + SD 17.20 £ 5.80") 84+ 125X 10° 0.84 + 0.46 X 10°

ﬂUEJ’J’VIEW]’ﬁWEJ’]ﬂ‘i
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Appendix 8

Table 15 Total white cell count, neutrophil, band neutrophil, eosinophil, te and monocyte in IMHA group

PATIENT NAME | WHITE BLOOD | NEUTROPHIL EOSINOPHIL LYMPHOCYTE MONOCYTE
CELL COUNT (cell/pl) (cell/ul) (cell/pl) (cell/ul)
(cell/ul)

TUA-TUNG 18,700 17,204 //A&‘k\ \\- 1,122 374
TUA-LEK 6.000 234 Al/ & i\\ W 3,000 480
TA-TOE 19,999 13,799 ’ ‘ ‘ 4,799 200
SI-RI 6,603 2,707 m ‘k 0 3,896 0

_ m
MOKKY 24,500 12,985 by :uo-a* = 2,695 6,615 2,205
MEAN + SD 15,160+ 8,371 9,807 + 6,8 +1,152 3,886 + 2,043 651 + 887

ﬂ‘lJEJ’J'VIEJ'ﬂﬁWEﬂﬂ‘i
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Appendix 9

Table 16 Serum color, total protein, alanine aminotransferase (ALT), aIK li osphatase (ALP), blood urea nitrogen (BUN), creatinine and FeLV/FIV status in

IMHA group
PATIENT SERUM TOTAL CREATININE BUN (mg/dl) SEROLOGY
NAME COLOR PROTEIN (mg/dl)
(g/di)
i 3 |
TUA-TUNG RED 7.2 P \\\\* 14 ND FeLV
TUA-LEK CLEAR 8.4 (% ) ‘ ' 1.00 14.2 FIV
o \ \
TA-TOE RED 8.1 ; < - ki) \1‘ 1.3 ND FelLV
SI-RI CLEAR 7.4 0.7 ND FelLV
MOKKY CLEAR 7.6 174 314 FIV + FIP
MEAN + SD 774+05" 23+04 22.80 +12.16
IS
Note: ND = Not determined U I I I d
FelLV = Feline Leukemia Virus

o

Wﬂ AINIUNNINYIA Y
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Appendix 10 %5

Table 17 Auto-aggulutination test, Coombs’ test and mean fluorescence i = ty. (MFI1) form flow cytometry in IMHA group

PATIENT AUTO AGGLUTINATION TEST \\\ f: MBS TEST FLOW CYTOMETRY
NAME — S — (Mean Fluorescence Intensity)
GROSS MICROSCORIE ﬁﬁ WIEROSCOPIC lgG IgM
TUA-TUNG - / ///ﬂ&l\ \\ 79.53 52.73
TUA-LEK - I /E \1\\\\ A 69.94 48.71
TA-TOE - : \\\ 57.25 37.92
SI-RI - 4 43.46 45.28
MOKKY - 54.88 85.09
MEAN + SD 61.01+£ 13.98 47.90 + 6.69
Note:  IgG = Immunoglobulin G
IgM = Immunoglobulin M

ﬂ‘lJEJ’J'VIEJﬂﬁWEﬂﬂ‘i
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Appendix 11

Table 18 PCV, corrected reticulocytes percentage, red blood cell count and platelet count in non-IMHA group

PATIENT NAME PACKED CELL CORRECTED RED BLOOD CELL PLATELET COUNT
VOLUME (PCV) (%) RETICULOCYTE"% COUNT (cell/pl) (cell/ul)
HUA-TOE 23 0 5.36 X 10° 0.56 X 10°
KAI-JEAW 20 0.22 5.28 X 10° 0.1 X 10°
MOMO 9 0 1.24 X 10° 0.22 X 10°
TONG-TAE 14 0.31 & 2.80 X 10° 1.18 X 10°
MAEW 8 0 1.00 X 10° 0.28 X 10°
DANG 26 0.7 5.00 X 10° 4X10°
MIMI 24 0.26 4.71 X 10° 2.75 X 10°
KHAI-DOWN 18 0.004 3.60 X 10° 0.20 X 10°
PE-TAI-NOI 12 0.13 2.13X10° 0.43 X 10°
FU 10 0.21 1.6 X 10° 0.92 X 10°
NONG-PHUN 14 0.38 169 X 10° 0.76 X 10°
KHAW 19 1.95 3.50 X 10° 1.78 X 10°
SLIP 25 0.54 6.07 X 10° 1.14 X 10°
DUM 15 016 2.20.X.10° 1.41X10°
MEAN + SD 16.92 + 640 0:34 & 0.50 3129 £ 173 X 10° 1.12+1.10 X 10°

56

9g



Appendix 12

Table 19 Total white cell count, neutrophil, band neutrophil, eosinophil, lymphogyte and monocyte in non-IMHA group

PATIENT NAME WHITE BLOOD NEUTROPHIL BAND (cell/1l) EOSINOPHIL LYMPHOCYTE MONOCYTE
CELL COUNT (cell/ul) (cell/ul) (cell/ul) (cell/ul)
(cell/ul)
HUA-TOE 7,900 7,584 0 0 316 0
KAI-JEAW 300 - - - - -
MOMO 3,900 1,950 156 39 1,716 39
TONG-TAE 20,450 14,140 22 0 2,659 3,067
MAEW 2,700 135 0 (0] 2,430 135
DANG 21,400 18,404 0 642 2,354 0
MIMI 32,300 29,393 0 646 1,938 646
KHAI-DOWN 600 - = - - -
PE-TAI-NOI 40,300 33,046 806 0 2,261 3,224
FU 4,600 2,990 46 0 1,196 460
NONG-PHUN 17,800 135706 0 178 3,560 356
KHAW 11,500 10,580 0 0 460 690
SLIP 13,100 11,528 524 262 786 0
DUM 16,600 11,122 0 332 4,980 166
MEAN £ SD 13,817 £ 12,004 12,879+ 10,135 230 £ 407 174 £ 248 2,054 + 1,331 702 £ 1,169

YA
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Appendix 13

Table 20 Serum color, total protein, alanine aminotransferase (ALT), alkaline phesphatase (ALP), blood urea nitrogen (BUN), creatinine and FeLV/FIV status in

non-IMHA group

PATIENT NAME | SERUM COLOR TOTAL ALT (U/L) ALP(U/L) CREATININE BUN (mg/dl) SEROLOGY
PROTEIN (g/dl) (mg/dl)
HUA-TOE ICTERIC +1 6.2 200 ND 1.2 ND NEGATIVE
KAI-JEAW ICTERIC +4 7.6 45 87 0.82 12.2 ND
MOMO ICTERIC +2 71 10¢ . ND 0.7 101.5 FeLV
TONG-TAE ICTERIC +1 1.0 283 83.8 1.14 20.7 ND
MAEW CLEAR 8.0 Y/ -20 0.8 20 ND
DANG ICTERIC +1 8.2 8 30 1.6 28 ND
MIMI CLEAR 8.7 28.7 178 1.1 18.4 NEGATIVE
KHAI-DOWN CLEAR 7.8 12 3071, 1.8 21 FeLV
PE-TAI-NOI ICTERIC +3 5.7 46 ND 0.5 191 FeLV
FU ICTERIC +2 6.6 89 ND~ ND ND ND
NONG-PHUN RED 7.3 o ND 0.6 ND ND
KHAW ICTERIC +1 59 M 50 1.6 31 ND
SLIP ICTERIC +2 8.4 51 ND 1.2 ND FeLV
DUM CLEAR 7.4 154 ND 0.7 ND FeLV
MEAN + SD 754+ 140 126.21 % 232.65 39.86 +53179 0.98'+ 0.49 20.92 + 26.58
Note: ND = Not determined FelaZs= Feliné LeuKemiaiVirts FlV = Feline"'/mmunodeficiency Virus
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Appendix 14

Table 21 Auto-aggulutination test, Coombs’ test and mean fluorescence intensity (MFI) form flow cytometry in non-IMHA group

59

PATIENT NAME AUTO AGGLUTINATION TEST COOMBS_JEST FLOW CYTOMETRY
(Mean Fluorescence Intensity)
GROSS MICROSCORIC GROS$S MICROSCOPIC fe]€ IgM
HUA-TOE - - - - 21.34 22.21
KAI-JEAW - - TRACE - 24.15 23.71
MOMO - < - - 21.84 20.80
TONG-TAE - - - - 25.37 29.34
MAEW + + - - 20.65 17.70
DANG + - . - 20.74 16.85
MIMI - - TRACE - 38.63 24.33
KHAI-DOWN - - = - 25.47 30.18
PE-TAI-NOI - - - - 32.02 21.88
FU - - - - 38.76 30.67
NONG-PHUN - = - - 29.42 11.70
KHAW - < - e 15.71 19.74
SLIP - - - : 30.60 34.11
DUM - - - - 16.99 14.94
MEAN = SD 25.84+ 7.22 23.72 + 6.51
Note: 19G = Immunoglobulin G IgM = Immunoglobulin M
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Flow cytometry results of control group
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Appendix 21
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Appendix 25

Flow cytometry results of IMHA cat
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ﬂ‘NEJ’J‘VIEJﬂ‘ﬁWEJ']ﬂ‘i
QW']c’;NﬂiELJ UA1AINYAY



71

Appendix 26
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Appendix 30

Flow cytometry results of non-IMHA cat
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Appendix 32
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Appendix 37
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Appendix 42

090730.001
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Appendix 43
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Appendix 44  Table 22 Follow up and treatment of IMHA cat number 2

89

Date Prednisolone Dose PCV (%) Red blood cell Platelet count White blood cell ALT (U/L) Creatinine (mg/dl) TP (g/dl)
count (cell/l) (cell/ul) count(cell/ul)
4 Apr 2009 1 mg/kg/day 18 3.55 x10° 0.8 x110° 33,400 ND ND 8.2
10 Apr 2009 1 mg/kg/day 20 4.27 x 10° 1164 x 10° 8,600 94 0.5 8.6
17 Apr 2009 0.5 mg/kg/day 21 4.26 x i0° 2.37x10° 8,400 93 ND 8.2
30 Apr 2009 0.5 mg/kg/EOD 25 5.15 x 10° 2425907 7,400 117 ND 7.9
15 May 2009 Discontinued 25 5.03 x 106 W45 % 105 8,800 137 0.6 8.4
12 Jun 2009 Discontinued 19 3.79 x 10° 0.96 x 10° 6,400 71 0.5 7.4
19 Jun 2009 Discontinued 15 3.04 x 10° 0.61x10° 5,000 ND ND 7.8
23 Jul 2009 2 mg/kg/day 24 4£73%,10° 1.41 x 10° 6,500 283 0.7 8.6
31Jul 2009 1mg/kg/EOD 22 4.00x 10° 142 x10° 4,500 220 ND 7.4
6 Aug 2009 0.5 mg/kg/EOD 24 447 X 10° 1,40/x 10° 5,100 ND ND 7.4
Note: PCV = Packed cell volume ALT = Alanine aminotransferase
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Appendix 45 Table 23 Follow up and treatment of IMHA cat number 4

90

Date Prednisolone PCV (%) Red blood t count | White blood cell ALT (U/L) Creatinine
Dose ( count(cell/ul) (mg/dl)
13 Mar 2009 1 mg/kg/day 17 6,603 42 0.7
20 Mar 2009 1 mg/kg/day 19 31,700 ND ND
27 Mar 2009 0.5 mg/kg/day 21 3,706 55 1.2
3 Apr 2009 Discontinued 27 5,300 ND ND
10 Apr 2009 Discontinued 30 3,700 ND ND
7 Aug 2009 Discontinued 31 6,900 ND ND

Note: Patient also treated with cyclophosphamide and vincristine for Iyrﬁo

PCV = Packed cell volume ALT = Alanine amlnotransfeiase
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Appendix 46  Table 24 Follow up and treatment of IMHA cat number 5

91

Date Prednisolone Dose PCV (%) Red blood cell Platelet count White blood cell ALT (U/L) Creatinine (mg/dl)
count.(cell/ul) (cell/l) count(cell/ul)
12 Mar 2009 4 mg/kg/day 12 140 10° 1.19%10° 24,500 33 1.74
19 Mar 2009 2 mg/kg/day 26 316 40; 1.52 x.10° 13,400 153 1.3
26 Mar 2009 1 mg/kg/day 31 5.32'% 40} 2:28x 10° 12,400 183 1.1
3 Apr 2009 1 mg/kg/day 37 5.97 x/10° 2.14% 10° 12,700 192 1.2
16 Apr 2009 0.5 mg/kg/day 37 6.3 x 10° 1,85 x 10° 19,200 63 1.1
1 May 2009 0.5 mg/kg/EOD 34 6.10 x 10° 1.95x 10° 13,400 31 1.2
21 May 2009 Discontinued 31 5.7.x10° 1.34x10° 13,100 26 1.3
1 Jun 2009 2 mg/kg/day ND ND ND ND ND ND
18 Jun 2009 2 mg/kg/day 35 6:26 3 10° 1.74x 10° 15,600 50 1.6
Note: PCV = Packed cell volume ALT =~Alanine aminotransferase ND = Not determine

16



Appendix 47
Descriptives
95% Confidence Interval for
Mean

N Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum

PCV CONTROL 10 | 41,3000 6,01941 1,90351 36,9940 45,6060 33,00 52,00
IMHA 5 | 17,2000 580517 259615 9,9919 24,4081 12,00 26,00

NON IMHA 14 | 169286 6,10755 1,63231 134022 20,4550 800 26,00

Total 29 | 253793 13,1328 243508 20,3913 30,3673 800 52,00

RETICULO  CONTROL 10 ,0850 111306 03575 0041 1659 00 28
IMHA 5 2420 31878 14256 -,1538 6378 00 80

NON IMHA 14 3467 50674 113543 0541 6393 00 195

Total 29 2384 ,39002 07243 0901 3868 00 195

RBC CONTROL 10 6,7530 98322 31250 6,0461 7,459 550 866
IMHA 5 2,8440 1,25113 55952 1,2005 43975 148 400

NON IMHA 14 32914 1,73251 {/63 22911 42017 1,00 6,07

Total 29 44079 2,22603 | j@g;- 35612 52547 1,00 8,66

PLATELET ~ CONTROL 10 2,5920 138315 | }3?5 L 16026 35814 105 586
IMHA 5 | 8400 46357 | 20182 | . 2644 1,4156 49 148

NON IMHA 14 | 112%™ 110372 29408 | 4863 1,7608 10 400

Total 20 " 1m0 1,33377 124767 10737 2,0884 ,10 586

WBC CONTROL qum {3402, 737¢ 1076,040 8288,8281 13157,1719 6300,00 | 16800,00
IMHA 5 | 15160 8371,24497 « | 3743,735 4766,1265 25854,6735 6000,00 | 24500,00

NON IMHA ‘y 331 #12004,031 3208,212 6886,9357 20748,7786 300,00 | 40300,00

Total 29 144801 4 91462 1693,418 9503,0854 16461,1905 300,00 | 40300,00

NEUTRO CONTROL 1 m /2069,82030. | 654,5346 4663,8398 7625,1602 3213,00 9912,00
IMHA X 9307, 85776 | 067,102 1319,1243 18294,8757 2340,00 | 17204,00

NON IMHA 12 87! [ 1d5,55656 |2025,883 6439,1746 19318,8254 135,00 | 33046,00

Total 9315,852 7851,70873 | 1511,062 6709,8193 12921,8844 135,00 | 33046,00

BAND CONTROL 0 f 2743416 1500000 18,9324 489324 00 150,00
IMHA 5 *4 357/77083 ': 160,0000 284,2312 604,2312 00 800,00

NON IMHA ; W 117,4816 286585 488,4918 00 1227,00

Total 316,78592 /| 60,96548 12,0540 262,6867 00 1227,00

EOSINO CONTROL 10 ,1670,07148 |1 211,8952 820,3597 1779,0403 441,00 2856,00
IMHA 5 hgz,,zom pir 15,2815 ~775,6507 2085,6507 00 2695,00

NON IMHA 12 4 247,60726 | 71,47806 17,5945 332,2388 00 646,00

Total 7 |44 <806, 95002 —?%76 _ 361,1886 999,6262 00 | 285,00

LYMPHO CONTROL 10 600 4 [ 79,5122 %ﬁé&dp 2416,6205 3560,5795 1664,00 3795,00
IMHA 5 | 3886,400"| —2043,63654 | 9139420 1348,8901 6423,9099 1122,00 6615,00

NON IMHA 12 | 2054667, 133153789 | 3843810 1208,6479 2900,6855 316,00 4980,00

Total 27 | 2730798 145162019 | 279,3662 | 2165,5323 3314,0233 316,00 6615,00

MONO CONTROL w10 | 268,8000 43848117 | 138,659 44,8705 582,4705 00 1355,00
IMHA 4 5 | 651,800 837,14215 | 39,7420 -449, b | 1753,3325 00 2205,00

NON IMHA ~‘l':,'- 1 702,5467 | 1168,92079 | 337,4384 mﬁr"’ 1445,2435 00 | 322400

Total w J 27 | 532502 899,19066 | 173,0493 176, J 838,2102 00 3224,00

P CONTROL =T 7,4100 ,73098 123116 6,887 79329 6,20 860
IMHA I5 7,7400 149800 22271 7,217 83583 720 840

NON IMHA 13 7,5462 1,40630 ,39004 6,6963 8,3960 5,70 11,00

Total 28 75321 1,05235 ,19388 7,1241 7,9402 5,70 11,00

AT CONTROL 10 | 47339300 1340697 423966 24,3392 435208 20,70 57,80
IMHA 5 |#7%5,3400 3041275 ,|1346683 79501 82,7299 2500 98,00

NON IMHA 14 | 126,2143 23,6506 | 6217995 -8,1173 260,5459 7,00 911,00

Total 29 | ‘804483 165,40487 | '30,71491 17,5316 143,349 7,00 911,00

AP CONTROL 10 | 89,3600 5000514 | 1581301 53,5885 125,1315 1030 179,00
IMHA 2 | 448500 2991062 | 21,5000 fw. -223,8862 313,5862 2370 66,00

NON IMHA 12 | 39,8583 5379054 i 4552799 56815 74,0352 00 178,00

Total = 24 /| 60,9000 5488369 | 11,19288 37,7458 84,0542 00 179,00

CREATIN CONTROL 10 1,7260 120700 12870 14348 20172 1,20 221
IMHA 5 1,2280 139613 17716 7361 1,719 70 1,74

NON IMHA 14 ,9829 49052 113110 6996 1,661 00 180

Total 29 12814 55049 10222 1,0720 1,4908 00 221

BUN CONTROL 10 | 294400 8,32389 263224 23,4854 35,3946 1800 50,00
IMHA 2 | 228000 1216224 8,60000 86,4734 132,0734 14,20 31,40

NON IMHA 13 | 209154 2658643 7,37375 48494 369814 00 101,50

Total 25 | 244760 2007321 401464 16,1902 32,7618 00 101,50

IGG CONTROL 10 | 19,2020 4,00257 1,26572 16,3387 22,0653 1454 24,69
IMHA 5 | 61,0120 1398617 6,25481 43,6459 78,3781 4346 7953

NON IMHA 14 | 258350 7,21924 1,92942 21,6667 30,0033 1571 38,76

Total 29 | 296128 16,70903 3,10279 232570 35,9685 14,54 7953

IGM CONTROL 10 | 17,8650 3,82830 1,21062 15,1264 20,6036 1368 2355
IMHA 5 | 479040 6,69272 2,99308 39,5939 56,2141 37,92 54,88

NON IMHA 14 | 22,7257 6,51118 1,74019 18,9663 26,4852 11,70 34,11

Total 29 | 253907 1204493 2,23669 20,8090 299723 11,70 54,88
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Appendix 48

ANOVA
Sum of
Squares df Mean Square F Sig.

PCV Between Groups 3868,999 2 1934,500 53,178 ,000
Within Groups 945,829 26 36,378
Total 4814,828 28

RETICULO Between Groups ,400 2 ,200 1,346 ,278
Within Groups 3,860 26 ,148
Total 4,259 28

RBC Between Groups 84,675 2 42,337 20,358 ,000
Within Groups 54,071 26 2,080
Total 138,746 28

PLATELET  Between Groups 15,896 2 7,948 6,093 ,007
Within Groups 33,914 26 1,304
Total 49,810 28

WBC Between Groups 8,5E+07 2 42269571,3 ,487 ,620
Within Groups 2,3E+09 26 86837562,1
Total 2,8E+09 28

NEUTRO Between Groups 2,65+08 \ 2 123691577 2,190 ,134
Within Groups 1, 4FF 098 24 56479142,7
Total 1 6E+09 i\ 26

BAND Between Groups 255083 4 ; 2 127541,690 1,300 ,291
Within Groups 2854103 { 4% 98087,622
Total 2609186, [ 26

EOSINO Between Groups 6904712 i 2 | 3452355,751 8,264 ,002
Within Groups },0E+07 v i 21 417736,042
Total 1,76+07 ") 26

LYMPHO ~ Between Groups: | 13£+67 { 2 | 6412682,200 3,668 ,041
Within Groups SZEFOT. gdoh 1748440,344
Total 5,507 — of

MONO Between Groups ~|* 1113530 gt 556764 ,888 ,671 ,520
Within Groups 2,0E+07 24 829525 427
Total" = e D0 26 ot |

TP Between Groups ,368 2 ,184 ,156 ,857
Within Groups 29,533 25 1,181
Total 29,901 27 -

ALT Between Groups 57125,84 2 28562,921 1,048 ,365
Within Groups 708919.8 26 27266,145
Total 7660456 28

ALP Between Groups 13927,94 2 6963,971 2,648 ,094
Within Groups 55226,92 21 2629,853
Total 69154,86 -~

CREATIN Between Groups 3,239 2 1,619 8,025 ,002
Within Groups 5,246 26 ,202
Total 8,485 28

BUN Between Groups 416,845 2 208,422 ,496 ,616
Within Groups 9253,561 22 420,616
Total 9670,406 24

1GG Between Groups 6213,201 2 3106,601 50,351 ,000
Within Groups 1604,163 26 61,699
Total 7817,364 28

IGM Between Groups 3200,035 2 1600,018 48,248 ,000
Within Groups 862,214 26 33,162
Total 4062,249 28
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