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E.I. Katoéywavvov', A.B. ABavaciov’, I. Xprotodovrorovioc', Z.X. [Torlvlomoviov’

"Tlaforoywkn Kiwvikn, Tufuo Ktnviatpikng, Mavemotiuo Oeocaliog
2 Auryvootikd Epyactipro, Tunqpo Kmviatpikrc, Zyod Emotnudv Yyeiog,
Aptototéreto [avemotiuo Becoorovikng

ABSTRACT. Anemia in ruminants is an abnormal condition characterized by the decrease of the hematocrit (Packed
Cell Volume, PCV), the mass of erythrocytes (Red Blood Cells, RBCs) and/or hemoglobin. Anemia is classified as hemo-
lytic, hemorrhagic or anemia caused by the decreased production of erythrocytes; the first two categories are character-
ized by a regenerative response. Hemorrhagic anemia can be caused by ectoparasites or parasites of the gastrointestinal
system, hemorrhagic bowel syndrome, abomasal ulcers, vena cava thrombosis as well as from the genitourinary tract. In
addition, primary and secondary hemostatic disorders can be accompanied by hemorrhagic anemia. Hemoparasites, toxins
produced from Clostridium perfringens type D and Clostridium hemolyticum and leptospirosis are some of the causes of
hemolytic anemia. Furthermore, certain plants, drugs or heavy metals and lack of certain trace elements can cause hemo-
lysis. Immune-mediated hemolytic anemia has also been reported in ruminants. The reduced production of erythrocytes
can be caused by deficiency of vitamin B12 or iron, as well as by chronic diseases. Pathologic conditions of bone marrow
like inflammatory or neoplastic cells filtration and hypoplasia or aplasia of bone marrow are related to reduced produc-

tion of erythrocytes. After laboratory confirmation by complete blood count analysis, history taking, clinical examination
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of the animal and specific test depending on the case, are required for the diagnostic approach of anemia and especially
for etiological diagnosis. Tachycardia, tachypnea, icterus, mucosal pallor as well as specific symptoms of the underlying
disease are observed during the clinical examination of the animal. FAMACHA technique is widely used for the clinical
diagnosis and the assessment of the severity of anemia. With respect to complete blood count, apart from the hematocrit,
hemoglobin concentration, erythrocytes indices as Mean Corpuscular Volume (MCV) and Mean Corpuscular Hemoglobin
Concentration (MCHC) are contributing to the classification of anemia. The size and the shape of the erythrocytes, the
appearance of inclusions and reticulocytes, which are indicative of regenerative anemia, are evaluated in blood smear.
Rarely, examination of bone marrow is carried out, for the differentiation of anemia as regenerative or non-regenerative.
In particular, the confirmation of immune- mediate anemia is based on Coomb’s test for the detection of autoagglutination.
Except from hemorrhage, blood loss is detected at urinalysis or feces microscopy for the presence of blood and/or para-
sites. Finally, serological and molecular techniques for the detection of infectious agents, as well as specific toxicological
analysis are performed in various biological materials.

Keywords: anemia, ruminants, diagnostic approach

INNEPIAHYH. H ovawio ota pnpukootikd sivol madoloyiky kotdotacn, n onoia xapaktnpileton and ) peimon
tov awpatokpitn (Packed Cell Volume, PCV), tov apBpod tov gpvBpokvttdpov (Red Blood Cells, RBCs) 1/kot
™mg oupoceopivng. H avarpio yopoktnpiletol o¢ ooAVTIKY, GLLOPPOylKn 1 avalioo Tov o@eiletal ot HEI@UEVN
TAPAYOYN TOV £pLOPOKVLTTAPOV, LE TIG dV0 TPATES KoTnyopies va yapaktnpilovtatl amd avayevvnrkomta. H avorpio
AOY® andrelag aipotog pmopel va opeidetal e e£@MAPAGITOON 1] EVOOTOPAGITMOGT TOV YUOTPEVIEPIKOD COANVA, GTO
GUVOPOLLO TOV CULLOPPOYLIKOD EVTEPOL, € £AKN TOL MVOGTPOL, 6 EUEpacn G omiching KoiAng eAéPag Kabmg kot oe
OLLOPPaAYio. OO TO OVPOYEVVITIKO GUGTN L. AKOUT, TPOTOYEVEIS KAl OEVTEPOYEVEIC dlaTaPAYEG TNG OMIOCTOCNG HITOpPET
VO GLVOOEVLOVTOL OTTO OLUOPPOAYIKT OVOLLic. XTO aiTLoL TG OUUOADTIKNG avouiog mTeplapBavovtol Ta OoTopactto, ot
to&iveg mov mapdyovror and ta Clostridium perfringens tomov D kou Clostridium hemolyticum kot 1 AenTOOTEIPOOT).
Emumdéov, opiopéva outd, edpuoka 1 apéo LETAALA LTOPOVY VO TPOKOAEGOVV GLLOAVCT TV EPLOPOKLTTAP®V KAOMG
Kot 1 EAAenym yvootoryeimv. H avocoroykng attiohoyiog atploAvTikn avaptio €xet eniong avaeephetl oTo UNpLKAGTIKG.
H peiopévn mapaywyn epobpokvttdpmv opesiletal o Eddenyn g Prropivig B12 1 tov odfpov, kabdg kot og ypovia
voonpata. [TaBoroyikéc kataotdoels Tov puehod TV 00TMV OTTmG 1 S11Bnomn amd EAEYLOVIKA 1] VEOTAACLLOTIKG KOTTOPO
OTMG KOl 1] VIOTAOCI0 1] ATAOGi0 TOV PVEAOD TOV 00TAOV GYETIOVTUL [IE LELOUEVT TOpay®Yn epvBpokvTtdpmv. o T
SYVOOTIKN TPOGEYYIoN TG avalpiog LETA TV epyoaotnplokn emPePfainon pe ) yevikn eEETOON TOL OHUATOG KO KUPImG
Yl TV UTIOAOYIKY S1dyveon omoiteitor n Ayn 1oTopkov, 1 KAV e&étaon tov {dov, kot edkég Katd nepinmtmon
gketdoelg. Katd v kuvikn e&étaon tov {dhov mapatnpodvTol tayvkapdio, ToydIvold, iKtepog, wypoi PAevvoyovol
OAAG KOt TO EWOIKOTEPO GUUTTMOHOTO TOV Vokeipevov voonpatoc. H texvik FAMACHA éyetl evpémc ypnotpomron et
Yo TV KAvikn duidyvoon Kot Tov Tpocsdloptopd g Papdmmrog g avatpiog. Ao T TOPAUETPOVS TG OLATOAOYIKNG
gEETaong, TEPO OTTO TOV ALULOTOKPITY, 1| CVYKEVTIPMGT TNG AHOGPALPIvIG, Ol SEIKTES TV £pLOPOKLTTAP®Y HEGOG OYKOG
gpvbpokvttdpov (Mean Corpuscular Volume, MCV), ka1 péon ovykévipmon oupocparpivng (Mean Corpuscular
Hemoglobin Concentration, MCHC) cupfdriovv otny to&ivounon g avotpiog. Xto eniypiopo tov aipotog aSloloyeitot
70 oYNUa Kot To péyefog tv epubpokuttdpwy, 1 mapovsio eykieioTmv, KaBmS Kot 1 mwapovsio diktvogpvbporutTdpmv
EVOEIKTIK®DY OVOYEVVITIKNG avoipiog. [ tn dtapopomoinon g avaliog 68 avoyevvnTikKi 1 1N oToviOTEP YIVETOL
gEétaon puehod Tov ootdv. Ewdwdtepa, n emPePainon avocoloykrg artioroyiog avorpiag ompiletoar oy eEétaon
Coomb’s yio v Somiotwon avutoalocuykoAinong. H andieia aipotog mépav tng apoppayiog S10moTOVETOL EXIONG LUE
TNV AVAADGT] TOL OVPOV KoL TV KOTPAVOAOYIKT €EETAGT Y10, TNV TTOPOLGIN aipatog 1)/Kot mapacitav. TéAog oo didpopa
Brodoykd VAKA Tpory LOTOTOLOVVTOL OPOAOYIKEG KOl LOPLUKES TEXVIKES Yol TNV aviyvevon Tafoydvmv mapaydvimv Kabmg

Kot €101KEG EETACELS Y1 TNV AViXVELST) TOEVAV.

AéEeig evpeTnpiacng: avolpio, UNPLKOCTIKA, SL0YVOGCTIKY TPOGEYYION.
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INTRODUCTION

Anemia, by definition, corresponds to the reduction
of blood oxygen and it is characterized by a decrease
in hematocrit, erythrocyte mass and/or hemoglobin
concentration leading to tissue hypoxia. In practice
anemia is defined as the concentration of hemoglobin
below the lower reference limit.

Anemia can be classified either based on the ensuing
pathogenetic mechanisms thus characterized as hemor-
rhagic, hemolytic and anemia caused by the decreased
production of erythrocytes or based on the regenerative
response of bone marrow and consequently character-
ized as regenerative or non-regenerative anemia.

The presence of hypoxia in renal erythropoietin pro-
ducing cells, as a consequence of anemia, dynamically
alters the concentration of circulating erythropoietin.
Erythropoietin is an early identified humoral factor,
an erythropoietic glycoprotein hormone that induces
proliferation and differentiation of erythroid progeni-
tors, leading to red blood cell production (Souma et
al., 2015).

At first, anemia is always non-regenerative because
it takes some days for mature erythrocytes to be
released to the peripheral blood. Therefore, evidence
of regeneration should become apparent within 4-5
days.

Regeneration is mainly observed in acute blood loss
or in hemolytic anemia while it is rather unlikely in
cases where anemia is related to a chronic disease or
by impaired erythrocyte production by the bone mar-
row (Ogilvie, 1998).

ETIOLOGY

Hemorrhagic anemia

Anemia due to blood loss can be caused by intense
ectoparasitism (Stromberagn and Gyillot, 1987;
Shemanchuk et al., 1960). Similarly, parasitisism of
the gastrointestinal track is a common cause of blood
loss anemia in ruminants as in other species. Differ-
ent parasitic phyla have been identified as causative
agents of anemia such as nematodes in small ruminants
(Baldissera et al., 2015; Bordoloi et al., 2012; Vatta et
al., 2002) and in cattle (Favero et al., 2016; Van Aken
et al., 1997) with Haemonchus contortus referred as
the most common species causing blood loss anemia
as well as trematodes including Fasciola hepatica in

small ruminants (Saleh, 2008; Maltinez- Moreno et
al., 1997; Knight, 1980) and in cattle (Lotfollahzadeh
et al., 2008; Ross et al., 1966) and Paramphistomum
cervi, as well (Dorny et al., 2011). In severe cases of
winter dysentery, a disease with unconfirmed causa-
tive agent, fresh blood clots have been reported to be
evidenced in the feces of affected calves (Divers and
Peek, 2008). Other clinical conditions of the gastroin-
testinal tract associated with blood loss anemia are the
hemorrhagic bowel syndrome caused by Clostridium
perfringens type A (Braun et al., 2010) and abomasal
ulcers (Ok et al., 2001; Vatn and Ulvund, 2000).

Vena cava thrombosis in adult dairy cattle or in feed-
lot cattle fed a high-carbohydrate diet is also clinically
manifested by pale mucous membranes, hemoptysis,
and epistaxis (Breeze et al., 1976). Blood loss is also
evident from the genitourinary tract presented as
hematuria as in the case of enzootic hematuria caused
by urinary bladder tumors secondary to chronic bracken
fern toxicity (McKenzie, 1978) as well as in pyelone-
phritis caused by Corynebacterium renale and E.coli
in cows (Braun et al., 2008). Moreover, acute blood
loss, sometimes severe, can result from injuries caused
by obstetrical manipulations more often in cows that
have been in labor for several hours and when the birth
canal is dry and non-lubricated (Radostits et al., 2006).
In addition, anemia can be caused by tumors (Stock et
al., 2011). Rupture of an ovarian granulosa cell tumor
followed by hemoperitoneum or spleen rupture after
infiltration by lymphosarcoma (Divers and Peek, 2008),
is a rather uncommon condition in cows (Masseau et al.,
2004). Body cavity effusions usually result from hemo-
static disorders (Radostits et al., 2006). Internal hemor-
rhages caused by massive thrombocytopenia have been
attributed to Bovine Virus Diarrhea- Mucosal Disease
(BVD- MD) virus (Dabak et al., 2007). Secondary
hemostatic disorders such as rodenticide intoxication
are very rarely reported in ruminants. A case of roden-
ticide toxicity in lambs that accidentally gain access to
baits for rodent control was reported as sudden death
followed epistaxis, respiratory distress and edemas in
different body parts (Del Piero and Poppenga, 2006).
Experimentally dosing of carbon tetrachloride, in goats
resulted in hepatic damage and decreased of blood clot-
ting activity (Smith and Sherman, 2009).

The most frequent causes of blood loss anemia per
ruminant species are presented in Table 1.
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Table 1. Causes of blood loss anemia in sheep, goats and cattle

Sheep Goats Cattle
Ectoparasites
Linognathus spp AY
Gastrointestinal tract
Haemonchus concortus AY A Y
Mecistocirrus spp Y
Fasciola hepatica AY A AY
Paramphistomum cervi AY
Abomasal ulceration Y
Hemorrhagic bowel syndrome A
Winter dysentery Y
Respiratory tract
Caudal vena cava thrombosis and pulmonary embolism A
Genitourinary tract disease
Enzoonotic hematuria A
Others
Injuries A
Tumor AY
Hemostatic disorders Y A
Carbon tetrachloride A

*Sheep: Young (Y) < 12 months, Adult (A) >12 months; Goats: Young (Y) < 12 months, Adult (A) >12 months; Cattle: Young (Y) < 12

months, Adult (A) >12 months

Hemolytic anemia

Anemia due to hemolysis can be caused by parasites
implicated in tick born fever including piroplasms
that invade red blood cells like Babesia spp in small
(Esmaeilnejad et al., 2012; Yeruham et al., 1998) and
large ruminants (Bal et al., 2016; Trueman and Blight,
1978) and Theileria spp in lambs (Alani and Herbert,
1988) and cattle (Omer et al., 2002; Moll et al., 1986)
and rickettsiae, mainly Anaplasma spp that infect
granulocytes up to 90% in the peak of bacteremia
as it is referred in sheep (Yasini et al., 2012), goats
(Gokce and Woldehiwet, 1999) and cattles (Ashuma
et al., 2013; Henniger et al., 2013). Furthermore, pro-
tozoa like Trypanosoma (Biryomumaisho et al., 2013;
Katunguka- Rwakishaya et al., 1997; Anosa et al.,
1992) and certain Mycoplasma species (Genova et al.,
2011; Suzuki et al., 2011) can also be found in plasma
and/or in erythrocytes. In addition, microfilaria, the
larval stage of stephanofilarial worm, the causative
agent of the bovine stephanofilarial dermatitis, enters
peripheral blood circulation causing anemia by
increasing erythrocytic fragility (Singh et al., 2011).

Hemolysis also results from toxins produced by
Clostridium perfringens type D causing yellow lamb
disease (Gianniti et al., 2014) and Clostridium hemo-
Iyticum that causes bacillary hemoglobinuria in sheep
and cows (Tagaki et al., 2009; Randhawa et al., 1995).

The primary lesions of the pathogenic Leptospira
spp circulating in the bloodstream, concern the
endothelium of small blood vessels, which leads to
localized ischemia in organs mainly kidney and liver.
Apart from vasculitis, Leptospira spp hemolysins
have been implicated in the pathogenesis of anemia;
in calves Leptospira spp hemolysin has been reported
as responsible for yielding holes in the erythrocyte
cellular membrane (Lee et al., 2002).

Toxicity from grazing plants Allium spp including
onion and garlic (Heidarpour et al., 2013; Aslani et al.,
2005; Rae, 1999), Brassica spp with the most known
the broccoli and the cabbage (Xu, 1992) and Ipomoea
carnea, a flowery plant (Tartour et al., 1973), have
been associated with hemolytic anemia in ruminants.
Although, long acting oxytetracycline compounds
have been widely used in ruminant medicine only
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experimentally induced toxicosis has been reported. It
seems that oxytetracycline may penetrate erythrocytes
interacting with hemoglobin and thereby significantly
reducing the erythrocyte count and hemoglobin con-
centration (Chi et al., 2010).

Moreover, natural occurring cases of anemia associ-
ated with toxicosis by heavy metals such as copper
(Cregar et al., 2012; Bundza et al., 1982; Stogdale,
1978), zinc (Allen et al., 1983) and arsenic (Keshavarzi
et al., 2015; Rana et al., 2010) have been reported in
ruminants. Although, anemia has been reported in
natural cases of lead poisoning in cows (Schlerka et
al., 2004), it has not been observed in experimentally
lead poisoned sheep were low doses of lead where
administered (Polizopoulou, 1991). In addition, poi-
soning by nitrate resulted in methemoglobinemia with

methemoglobinuria, in sheep (Hindson and Winter,
1996). On the other hand, nutritional deficiency in
copper and selenium has been associated with forma-
tion of Heinz bodies indicative of erythrocyte oxida-
tive damage in lambs. Moreover, copious exercise
seems to further reveal the hematological impact of
these trace element deficiencies (Draksler et al., 2002;
Suttle et al., 1987). Similarly, anemia with Heinz body
presence has been reported in hypophosphatemic cows
(Jubb et al., 1990).

Rarely autoimmune hemolytic anemia is reported in
young, as well in adult ruminants after vaccinations;
a polyvalent botulism vaccine has been incriminated
for such a condition in a cow (Yeruham et al., 2003).
Similarly, antigens of the BVD- MD vaccine seem to
elicit antibodies that bind not only to peripheral blood

Table 2. Causes of hemolytic anemia in sheep, goats and cattle

Sheep Goats Cattle
Infectious Agents
Babesia spp AY A AY
Theileria spp Y AY
Anaplasma spp A A AY
Trypanosoma spp AY A AY
Mycoplasma spp A A
Bovine stephanofilarial dermatitis A
Yellow lamb disease Y
Bacillary hemoglobinuria A A
Leptospira spp Y A
Toxic agents
Allium spp A A ALY
Brassica spp A
Ipomoa carnea A Y
Long-acting oxytetracycline A
Copper Y A
Zinc A
Arsenic A A
Lead A
Nutrition deficiency
Copper Y Y
Selenium Y
Phosphorus Y
Immune Mediated Conditions
Vaccination AY
Bovine colostrum fed to sheep Y Y
IMHA AY

*Sheep: Young (Y) < 12 months, Adult (A) >12 months; Goats: Young (Y) < 12 months, Adult (A) >12 months; Cattle:

Young (Y) < 12 months, Adult (A) >12 months
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cells but also to the stem cells in the bone marrow
of neonates (Deutskens et al., 2011). These anti-
gens cause opsonization of the affected cells which
enhance phagocytosis by bovine macrophages. After
vaccination with Lumpy Skin Disease Virus in cows,
mild regenerative hypochromic macrocytic anemia
has recently been reported, probably because of slight
hemolysis (Katsoulos et al., 2017). Immune-mediated
hemolytic anemia has been reported in juvenile lambs
fed with cow colostrum (Winter and Clarkson, 1992)
while idiopathic immune mediate anemia has been
diagnosed in cases where hemolysis could not be
attributed to any of the above-mentioned agents (Nas-
siri et al., 2011).

The causes of hemolytic anemia in ruminants are
presented in Table 2.

Anemia due decreased production of RBCs

Decrease of RBCs production is metabolically rela-
tive to essential nutrients such as cobalt which is con-
verted by ruminal microflora to vitamin B12. Vitamin
B12 acts as an essential cofactor of several enzyme
systems promoting red blood cell synthesis. Thus, a
vitamin B12 deficiency results to anemia. In case of
sheep, it has been reported (Ulvund, 1990) that white
liver disease attributed either to B12 deficiency or to
hepatotoxic disease in deficient lambs was associated
with a decrease in hemoglobin concentration. Similar
findings have been reported in cobalt deficient goats
(Al- Habsy et al., 2007). Iron deficiency is usually

observed in young animals, because of their rapid
growth and the large amount of iron needed for the
production of hemoglobin, myoglobin and other iron-
containing compounds (Green et al., 1997) as well
as in ewes after parturition (Cihan et al., 2016). The
most frequent cause of iron deficiency is endo- and
ectoparasitism (Singh et al., 2014).

However, iron is also implicated in the pathogenesis
of'anemia of the chronic disease. Although, iron stores
are adequate for erythropoiesis, they are sequestrated
making iron unavailable for hematopoiesis leading to
normocytic, normochromic non regenerative anemia.
(Radostits et al., 2006). Anemia of chronic disease has
been reported in cattle affected by lumpy skin disease
due to the chronic inflammatory response to Capripox-
virus infection, that disturbs iron metabolism. There-
fore, anemia is usually mild and slowly progressive
and the main hematological abnormalities concern
the indexes Mean Corpuscular Volume (MCV), Mean
Corpuscular Hemoglobin (MCH) and Mean Corpus-
cular Hemoglobin Concentration (MCHC) (Abu-
tarbush, 2015). Similarly, ovine paratuberculosis is
associated with macrocytic normochromic anemia due
to the chronic inflammation (Hemalatha et al., 2013),
while in goats, anemia is non-regenerative (Smith and
Sherman, 2009). Although, anemia is not a common
finding in Bluetongue infected sheep, few cases have
been reported in sheep attributed either in vasculitis
caused by the virus or chronic disease (Vasileiou et al.,
2016). Apart from inflammation, neoplasia has been
reported to cause anemia of chronic disease. Bracken

Table 3. Causes of anemia of decreased erythrocyte production in ruminants

Sheep Goats Cattle
Nutrition deficiency anemia
Cobalt/ folate Y A
Iron AY AY
Anemia of chronic disease A A
Lumpy skin disease A
Mycoplasma paratuberculosis A
Chronic toxicity AY
Bluetongue A
Anemia secondary to bone marrow dysfunction or dysplasia
Neoplasia A
Bovine neonatal pancytopenia Y

* Sheep: Young (Y) < 12 months, Adult (A) >12 months; Goats: Young (Y) < 12 months, Adult (A) >12 months; Cattle:

Young (Y) < 12 months, Adult (A) >12 months
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Table 4. Infectious agents that have been associated with anemia * in ruminants in Greece

Infectious agents Species References
Haemonchus contortus sheep, goats Kouam et al., 2014
Besnoitia besnoiti cattle Papadopoulos et al., 2014

Fasciola hepatica

Anaplasma spp

Babesia spp

Theileria spp

Mycobacterium paratuberculosis
Leptospira spp

Yellow lamb disease

BVDV

Bluetongue

Lumpy skin disease

Kantzoura et al., 2011; Katsoulos
etal., 2011
Giadinis et al., 2011;
Giadinis et al., 2015
Papadopoulos et al., 1996
Papadopoulos et al., 1996

sheep, goats

sheep, cattle

sheep, goats, cattle
sheep, cattle

goats Angelidou et al., 2014
sheep, cattle Burriel et al., 2003
sheep Gkiourtzidis et al., 2001
cattle Billinis et al., 2005
sheep Vasileiou et al., 2016
Tasioudi et al., 2016
cattle

Katsoulos et al., 2017

* Although the documentation of a cause- effect relationship between infection agent and anemia was not the main objective of
all these publications, anemia has been observed in the affected ruminants.

fern toxicity mostly in cattle but also in sheep results
to the development of tumors and consequently to this
type of anemia. Bone marrow examination revealed
aplasia of the hematopoietic tissues, in these animals
(Prakash et al., 1996). Neoplastic tissue seems to infil-
trate bone marrow as in a case of hemophagocytic his-
tiocytic sarcoma in a cow where neoplastic histiocytes
primarily proliferated in the spleen and bone marrow
(Matsuda et al., 2010). A recently observed syndrome
in calves is the bovine neonatal pancytopenia in which
bone marrow is aplastic and hemopoietic tissues were
replaced by fat cells (Fukunaka et al., 2010).

Conditions associated with anemia of reduced
erythrocyte production are presented in Table 3, while
the most common condition associated with anemia in
ruminants in Greece are presented in Table 4.

DIAGNOSTIC APPROACH

Anemia is mostly a diagnosis confirmed by laboratory
testing. However, diagnostic approach should include
history and environmental assessment. Demographic
data, such as age and breed, the prevalence of the
causative agents in each geographic area along with
nutrition and breeding conditions including vaccina-
tions and antiparasitic control should be taken into
consideration (Deutskens et al., 2011; Dabak et al.,
2007; Aslani et al., 2005). Apart from the clinical sus-

picion of anemia, clinical manifestations of anemia as
well as other laboratory findings are essential in order
to reach etiological diagnosis. Furthermore, classifica-
tion of anemia offers clinicians a diagnostic algorithm
to compile a list of differentials with the ultimate goal
to reach a definite diagnosis of the underlying cause
(Figure 1).

Clinical manifestations and severity

Clinical signs derive from inadequate oxygen supply
when compensatory mechanisms fail or even because
of these mechanisms. Among them, mucous mem-
brane pallor, exercise intolerance, tachypnea and/
or dyspnea are the most commonly signs observed
in anemic ruminants. Heart auscultation reveals an
increased heart rate as well as functional murmurs due
to blood cell turbulence disturbances (Radostits et al.,
2006).

Symptoms of the underlying disease are also present
and they can be either non-specific such as anorexia,
fever and weight loss or specific to the certain disease.

The severity of clinical signs is negatively related
to the chronicity of anemia and positively to the
amount of blood loss. Therefore, chronic diseases as
well as bone marrow insults are manifested by mild
symptoms such as weight loss in adults and decrease
of weight gain in lambs, reduction of foraging or
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Figure 1. Algorithm for investigation of anemia in ruminants

grazing, reduced exercise tolerance and subcutaneous
edema (Gianniti et al., 2014).

To the contrary severe acute hemorrhage or blood
destruction is usually presented with a more severe
clinical picture, even sudden deaths, depending on the
cause of anemia.

Hemorrhage is evidenced during physical exami-
nation as epistaxis, hematuria and melena (Ok et
al., 2001; Xu, 1992) or denoted by the presence of
ectoparasites. Hemolysis is manifested by icterus,
splenomegaly and abnormal urine color (Giannitti et
al., 2014; Ashuma et al., 2013; Braun et al., 2008) due

to hemoglobinuria or bilirubinuria. Moreover, in case
of hemostatic disorders, petechiae and ecchymoses
or body cavity effusions are observed (Dabak et al.,
2007).

Scoring systems of the severity of clinical patent
anemia as manifested by mucous membrane pallor
have been developed in ruminants. The most widely
used system is called FAMACHA (FAO, 1998), an
acronym of the name of the originator of the system.
This system had been initially developed to identify
small ruminants with anemia caused by haemonchon-
sis, in order to selectively administer antiparasitic
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compounds only in the infected and not all animals
of an infected farm. This system is an easy to perform
and of low cost method.

FAMACHA is based on the examination of the lower
eyelid mucous membrane color against a laminated
color chart presenting 5 color categories where 1 is
the normal mucous membrane color and 5 is the white
color. The score 3 is the borderline for starting medi-
cal treatment. The system has been validated using
PCV as gold standard. The sensitivity was found to be
higher in sheep than in goats negatively related to the
cut off value of the PCV that was used to differentiate
anemic from non-anemic animals (Sotomaior et al.,
2012). Furthermore, conjunctiva color varies in dif-
ferent breeds therefore; modifications of the color in
the chart based on breed specific colors are suggested
(Moors and Gauly, 2009)

In bovine, FAMACHA was used to score anemia
predominantly caused by Trypanosoma congolense.
The system was found adequate to identify moderate
and severely anemic cattle witha FAMACHA score of
4 and 5, respectively (Grace et al., 2007).

Despite the subjectivity of color estimate, FAMA-
CHA remains a convenient rough estimate of anemia
in ruminants prior to laboratory testing.

Laboratory evaluation
Blood testing
Complete blood count (CBC)

Clinical suspicion of anemia is confirmed by a
complete blood count, mainly the hematocrit and
red blood cell count. It is worth mentioning that in
neonates, hematocrit value is relatively high at birth,
while, till the age of 6 months, it decreases below the
lower reference interval for adults. Different reference
intervals are provided in literature reflecting differ-
ences in populations and equipment used for their
determination. For instance, according to Schalm’s
hematology textbook (Weiss and Wardrop, 2010),
hematocrit reference interval is 21-30%, 27-45% and
22-38% for cow, sheep and goat, respectively.

For the classification of anemia and the assessment
of regenerative response, reticulocyte count along
with blood smear evaluation should be performed. In
regenerative anemia, the number of reticulocytes is

increased in peripheral blood therefore serial monitor-
ing of blood parameters is required. In case of low
number of reticulocytes, monitoring is essential to
find out if the anemia is non-regenerative or if there
is an acute regenerative anemia. Repeating of CBC
analysis is important as well as in the case of high
number of reticulocytes, in order to see if the anemia
does no anymore exists or if the anemia is changing
from regenerative to non- regenerative. Reticulocytes
in sheep and goats with basophilic stippling are eas-
ily detected in EDTA anticoagulated blood stained
by Giemsa. Regeneration in ruminants is also dem-
onstrated by macrocytosis and polychromasia while
anisocytosis is quite common in healthy ruminants
(Weiss and Wardrop, 2010). In response to severe
anemia red blood cells contain nuclear fragments,
the Howell- Jolly bodies (Alani and Herbert, 1988).
Macrocytosis, is determined by calculating the Mean
Corpuscular Volume (MCV) (Alani and Herbert,
1988). To the contrary, microcytosis (decreased
MCYV) is indicative of chronic disease (Abutarbush,
2015) as well as nutrition deficiencies. Furthermore,
a diagnosis of iron deficiency anemia is very likely
when microcytosis coexists with a decreased mean
cell hemoglobin concentration (MCHC) (Green et al.,
1997). On the other hand, an increase in the MCHC is
observed in hemolytic anemia because of the released
of hemoglobin from the ruptured erythrocytes in blood
(Radostits et al., 20006).

Apart from the detection of reticulocytes and the
presence of polychromasia, blood smear evaluation
is needed in order to identify morphological abnor-
malities such as spherocytosis in case of both immune
mediated hemolytic anemia and toxicity (Bundza et
al., 1982). In diseases that cause physical injury to red
blood cells, usually hemoparasitoses (7rypanosoma
spp, Mycoplasma spp), schistocytes are observed
(Gladden et al., 2016; Anosa et al., 1992). Moreover,
oxidative damage of hemoglobin associated with
onion toxicosis (Heidarpour et al., 2013) is denoted by
the presence of Heinz bodies in the cytoplasm of red
blood cells and/or eccentrocytes, where hemoglobin
has been eccentrically accumulated (Borreli et al.,
2009).

Finally, parasitic inclusions such Babesia spp,
Theilleria spp, Mycoplasma spp and Anaplasma spp
(Gladden et al., 2016; Henniger et al., 2013; Izzo et
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al., 2010) can be found.

Alterations in the number and/or morphology of
white blood cells are also observed in case of anemia
and they are associated with the underlying disease.
Similarly, anemia caused by hemostatic disorders can
affect the number and/or morphology of platelets.
For instance, thrombocytopenia has been reported in
anemic calves with BVD-MD (Dabak et al., 2007).

Agglutination testing

Aggregation of erythrocytes forming irregular shapes
is observed either in inflammatory reactions especially
in bovine known as rouleaux formation (Weiss and
Wardrop, 2010) or in autoimmune diseases where red
blood cell clumps are not dissolved if blood is diluted
with 0.9% saline (Nassir et al., 2011). Suspected
immune- mediate hemolytic anemia is confirmed by
direct Coombs’ test which becomes positive when
anti- immunoglobulin and anti- complement antibod-
ies are mixed with host erythrocytes (Nassir et al.,
2011). Both IgG and IgM reactive antibodies have
been implicated in the pathogenesis of idiopathic
immune-mediated hemolytic anemia, however, 1gG
is much more common than IgM. They are mostly
considered as warm hemagglutinins since they are
reactive at body temperature. Cold hemagglutinin dis-
ease (IgM antibodies that bind to erythrocytes below
body temperature) results in thrombi formation that
lead to ischemic necrosis usually observed at the tips
of the ears.

While immune mediated anemia is usually regen-
erative, it can rarely be non-regenerative when bone
marrow progenitor cells are targeted instead or along
with mature erythrocytes.

Scoring of anemia without using a blood count
analyzer

Efforts to estimate haemoglobin without the use of
laboratory equipment and consumables have been
made in human medicine and the Haemoglobin Col-
our Scale (HbCS) has been developed (WHO, 2004).
The test requires a drop of blood that is applied on a
special chromatographic paper which is compared to
a laminated card with different colours related to dif-
ferent haemoglobin concentrations. The performance
of this test in cattle was reported to be good for the

detection of moderate to severe anemia and less sensi-
tive in cases of mild anemia (Grace et al., 2007).

Other biological material testing
Fecal examination

Feces of anemic ruminants should be examined for
color change due to the presence of blood, consist-
ency, amount, shape, odor and the presence of mucous
(Braun et al., 2008). Laboratory examination of feces
includes microscopy for the detection of parasites,
presence of occult blood and microbiology including
molecular techniques for the detection of causative
agents of the underlying disease (Bott et al., 2009).

Urinalysis

A strong indication for urinalysis in anemic ruminants
is the red or dark brown color in urine. Urine sedi-
ment microscopy reveals the presence of red blood
cells (hematuria). The red color of the supernatant
after urine centrifugation either due to the presence
of hemoglobin or myoglobin should be further differ-
entiated by chemical analysis (Giannitti et al., 2014;
Braun et al., 2008). Certain microorganisms can also
be detected in urine employing either microscopy or
molecular techniques (Denipitiya et al., 2017).

Bone marrow evaluation

Bone marrow evaluation is not routinely performed
in ruminant medicine as it requires sample referral
to a specialized laboratory. Bone marrow cytology is
used to determine the regenerative response. If there
is an increased cellularity in bone marrow, anemia is
regenerative, while if there are few cells with morpho-
logical abnormalities, bone marrow dysfunction and
dyserythropoiesis as well as non- regenerative anemia
is more likely to occur (Fukunaka et al., 2010; Steffen
et al., 1992). Bone marrow samples can be used for
the detection of the causative agents of the underlying
diseases.

Additional tests

Serological and molecular techniques are widely
used for the etiological diagnosis of diseases that are
associated with anemia in ruminants (Sonawane and
Tripathi, 2015; Yang et al., 2015; Grova et al., 2011).
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Moreover, chemical analysis is used for the detection
of heavy metals and toxins in biological material as
well as in feed and water (Keshavarzi, 2015).

CONCLUSION

Anemia is a frequent abnormal condition in ruminants.
It is usually associated with pathological state of other
tissues or organs rather than reflecting primary defects in
erythropoiesis A complete blood count is the indispen-

sable part of the laboratory investigation of every case
of anemia. However, a systematic approach includes
history taking and clinical examinations followed by
laboratory testing targeted to the clinical findings in order

to identify possible etiologic factors.
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