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ABSTRACT

The aims of the present work were to evaluate hemogram, acute phase response acid base balance and blood gas analysis
in newborn foals infected with Babesiosis. Thirty three newborn foals were infected with Babesia spp. and ten clinically
normal foals served as controls. There was a significant reduction in the mean values, TRBc, Hb, PCV in diseased
newborn foals infected with Babesiosis and anemia was of Macrocytic hypochromic type. Results also indicated
significant increase in total leukocytes count as significant increase in lymphocytes. Infection with Babesia spp. was
diagnosed on the basis of Giemsa stained blood smears and was confirmed by competitive c-ELISA test and results
showed that out of 33 samples tested (100%) of foals were seropositive for B. equi, whereas no antibodies were detected
for B. caballi. Results were also showed significant decrease in blood pH, Pco2, Bicarbonate, Base access and Oxygen
saturation percent (So2), However significant increase in Anion gab was found and Titritional metabolic acidosis was
indicated. Furthermore significant decrease in haptoglobin and fibrinogen have been encountered in diseased newborns
foals. It have been concluded that Babesiosis causes economic loss, therefore all anemic foals born in endemic areas
should be screened for Babesia spp.
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INTRODUCTION

Equine babesiosis is an acute, subacute, or
chronic infectious disease, globally distributed and
responsible for heavy economic losses, caused by the
tick-borne protozoan (Radostitis et al., 2007). In foals, as
in horses, it caused by Babesia equi and Babesia caballi,
(Solusby, 1986), since susceptibility does not appear to
vary with age, (Acici et al. 2008). The disease is also
known as equine piroplasmosis and endemic in most
tropical and subtropical regions of the world, this
infection has been documented in horses, mules, donkeys,
and zebras, (Bruning, 1996; Smith, 2004). Occurrence of
equine pyroplasmosis were always related to distribution
and seasonal activity of the biological vectors, Ticks in
the genus Rhipicephalus, Dermacentor, and Hyalomma
are responsible for transmission , (Battur et al . 2001).

The disease characterized by fever, inappetence,
anemia, jaundice and some time sudden death, (Seifi et
al. 2000; Uilenberg, 2006) and are distributed in most
regions of Iraq, (Alsaad et al. 2010; Alsaad et al. 2012).

Intra-uterine transmission of Babesia parasites
seems to be rare, and might be accidental, however it was
reported in horses infected by B. equi and the fetus may
be infected with Babesia parasites at any stage
furthermore in enzootic areas it may cause abortions
whereas evidence of B. caballi infection in utero is lack
(Allsopp et al., 2007; USDA.–APHIS, 2009; Georges et
al., 2011).

In the present study, infection of newborn foals
with babesia species were detected for the first time in
Mosul ,Iraq with evaluation of hemogram, acute phase
response, acid base balance and blood gas analysis.

MATERIALS AND METHODS

Animals and study design: The study was conducted on
62 local newborn foals (male and female), 1-5 days old.
in Mosul , Iraq. Thirty three out of sixty two local
newborn foals were infected with Babesia spp. Infection
with Babesia spp. was diagnosed on the basis of Giemsa
stained blood smears and was confirmed by competitive
ELISA test (c-ELISA test) (VMRD, Inc, Pullman, WA
99163 USA). Animals are free from ticks infestation .Ten
clinically normal foals served as controls. Routine
clinical examination had been carried out in all animals.
complete history was obtained upon presentation in the
clinic and emphasis was placed on clinical signs observed
moreover body temperature, respiratory and heart rate
were calculated.

Blood collection and analysis: Blood were drained from
each newborn foals by jugular puncture. Blood mixed
with EDTA (2.5 mL) were used to determine total
erythrocyte count (TRBc), haemoglobin (HB), packed
cell volume (PCV), Mean corpuscular volume (MCV),
Mean corpuscular hemoglobin concentration (MCHC),
total leukocyte counts (TLC) on an automatic full digital
cell counter (Beckman, USA). Giemsa-stained blood
smears were used for differential leukocyte counts (Weiss
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and Wardrop, 2010). Another 2.5 mL of blood mixed
with trisodium citrate were used to determine fibrinogen
using commercial kits (Biolabo, France). Serum
haptoglobin concentrations were analyzed according to
(Hiss et al. 2004). One mL of blood mixed with heparin
were obtained separately from each newborn foal, used to
determine Blood pH, Pco2, Bicarbonate , Po2, Bass
access, Anionic gab, Oxygen saturation percent(So2),
Sodium and potassium (Opti-critical care analyzer /USA)
according to (Shiroshita et al. 1999). Serum chloride
values were estimated according to (Katsuhiko, 2002).

Statistical analysis: The significance of variations
between diseased and healthy newborn foals were
statistically analyzed using (SPSS) T-test, (Leech et al.
2007).

RESULTS

Diseased foals showed sings of paleness and/or
icteric mucus membranes with petechial hemorrhages on
the conjunctiva, increase body temperature, labored or
rapid respiration, colicky sings, unable to suck, rough
hair coat, and lacrimation. Moreover, some diseased foals
were suffering from muscles tremors, in coordination and
hind limbs paralysis.

There were a significant reduction (P<0.05) in
the mean values of TRBc, Hb and PCV, in diseased
newborn foals infected with Babesiosis and anemia was
of Macrocytic hypochromic type. Results also indicated
significant increase (p<0.05) in total leukocytes count
and lymphocytes. Table 1.

Table 1. Blood parameters of new born foals infected
with Babesiosis and controls.

Parameters
Control foals

(n=10)
Infected foals

(n=33)
TRBc (×106) 7.66 ± 1.42 4.21 ± 1.35*

Hb (g/dl) 13.63 ±1.53 7.56 ±2.73*

PCV % 32.61 ±3.43 23.17 ±4.68*

MCV/fl 42.55±3.58 54.29±4.22*

MCHC /dl 41.61±6.62 31.87±5.82*

TLC(×103) 10.53  ±1.63 14.43 ±2.23*

Lymphocytes
/absolute

4554  ± 421.2 2 8892 ± 788.8 2*

* (P<0.05), Values are mean ± standard error of mean

Results showed that out of 33 samples tested
(100%) of newborn foals were positive for B. equi,
whereas (0%) no antibodies were detected for B. caballi.

Fig. 1. Babesia equi in newborn foal blood smear

Significant decrease (p<0.05) in blood pH, Pco2,
Bicarbonate, Base access and Oxygen saturation percent
were observed, However significant increase (p<0.05) in
Anion gab were indicated Table 2.

Table 2. Acid-base balance and blood gas analysis of
newborn foals infected with Babesiosis and
controls.

Parameters Control foals
(n=10)

Infected
foals (n=33)

pH 7.32 ±0.11 6.91±
*0.33

Pco2/mm Hg 43.85±1.75 40.88± *2.19
Bicarbonate mEq/L 23.17±2.77 18.46±1.23 *

Po2/mm Hg 151±3.82 151.67±5.72
Base access /mEq/L 4.11 ± 1.33 (-5.73) ± 0.3*

So2 % 96% 83% *

Anion gab/ mEq/L 8.24±1.84 12.28±2.72*

Sodium/ mEq/L 137±3.38 136±4.45
Potassium /mEq/L 3.55±0.71 3.72±0.76
Chloride /mEq/L 97.53±1.14 98.44±4.13

* (P<0.05), Values are mean ± standard error of mean

Moreover significant difference have been
encountered in acute phase response and results showed
significant decrease in haptoglobin and fibrinogen in
diseased newborns foals than in controls, Table 3.

Table 3. Haptoglobin and fibrinogen values of new
born foals infected with Babesiosis and
controls.

Parameters Control foals
(n=10)

Infected foals
(n=33)

Haptoglobin g/L 0.0213±0.15 0.0063± *0.05
Fibrinogen g/L 3.08±0.04 2.33± *0.04

* (P<0.05),Values are mean ± standard error of mean
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DISCUSSION

Reports of transplacental transmission of B. equi
has been diagnosed in asymptomatic horses with no
known natural exposure to the ticks, which indicate that
carrier animals may act as reservoirs to prove equine
piroplasmosis in some areas where tick vectors may be
present, Moreover intrauterine Infection of foals with B.
equi can result in still births, abortions, or the birth of live
foals with neonatal piroplasmosis, Phipps and Otter
(2004), In addition evidence of intrauterine Infection with
B. caballi were not reported, (Allsopp et al. 2007).
Furthermore Babesiosis were detected in clinically
normal horses in Mosul, Iraq, (Allsaad et al. 2012)
However results revealed that all diseased foals were
infected with B.equi these results were in support of data
reported also by (Allsopp et al. 2007) who suggested that
neonatal equine Babesiosis may be acquired during days
40 – 150 of gestation which congruent to the histotrophic
nutrition when the embryo is exposed to a mixture of
uterine gland secretions, maternal erythrocytes and
desquamated epithelial cells. Moreover (Georges et al.
2011) added that carrier mares can transmit B. equi to
their foals and such foals born at term can have a massive
parasitaemia, On the other hand, (De Waal, 1992; De
Waal and Van Heerden , 2004) mention that although anti
piroplasims drugs suppress the parasite but do not
eliminate completely therefore carrier mares may
transmit the organism to their breed and it is assumed that
once the parasite crosses the placenta and infects the
fetus, the result is either an abortion or a foal born with
neonatal Babesiosis. Nevertheless, It has been suggested
before that transplacental transmission results from
abnormal placentation as placental damage may
permitting the maternal and fetal blood to mix, or that
reverse erythroblastosis fetalis may occur, allowing
parasites to cross the placenta, (Phipps and  Otter , 2004).
In contrast (Allsopp et al. 2007) suggest that parasite
transmission can also occurs during pregnancies where
placentation is normal.

Significant decrease in TRBc, HB, PCV, reflect
Macrocytic hypochromic type of anemia, same results
also recorded by (Zobba et al. 2008; Allsaad, 2009).
However the degree of true anemia may not be reflected
on foal’s hemograme because of the sharp increase in
erythrocyte parameters at birth During the first 12 hrs,
transfusion of placental blood to the foal from the mare
increases the foals RBCs which then decreased sharply
over 12-24 hrs, (Weiss and Wardrop, 2010). The cause of
anemia in blood pyroplasmal infection may be multi
factorial, the direct effect of the parasite to the infected
erythrocytes may be incriminated or decrease life span of
RBCs beside suppression of hemopoitic system (Dewaal ,
1992; Halat et al. 1997), Moreover (Oladosa and Oll
Feml , 1992), refers to the role of auto immunity and the
anti erythrocytic auto antibodies enhancing more

erythrophagocytosis and bone marrow depression. Same
type of anemia were also stated by (Nafie et al. 1981;
Alsaad and A-Mola , 2006) whose stated that Macrocytic
hypochromic type of anemia indicated regenerative type
of anemia and reticulocytosis were detected in blood
stream.

Leukocytosis in current study were also seen by
(Alsaad and Al-Mola, 2006; Zobba et al. 2008) which
may occur due to stimulation of bone marrow response
and lymphoid system against the parasite, (Mohri and
Sardari , 2000) added that leukocytosis occur as a result
to lymphoid depletion and disorganization with massive
lymphocytes. Lymphocytosis in equine piroplasmosis
were also noted by (Salem et al. 1986) whose reported
that increase lymphocyte numbers were detected during
the formation of antibodies in response to babesia
antigen.

Results of c-ELISA revealed that all infected
foals were seropositive to B. equi and no B. cabalii
antibodies were detected, similar results were also
recorded by (Shkap et al. 1998; Sevinc et al. 2008) they
observed that that competitive ELISA test might be an
alternative for increased and sensitive detection of acute
and also latent babesial infections, Moreover (Salim et al.
2008; Sar et al. 2010) added that ELISA using
recombinant antigens which were developed as a more
specific method for the serodiagnosis of piroplasmosis,
Furthermore , (Knowles et al. 1996; Katz et al. 2000)
refers that B. equi were more pathogenic than B. caballi
and more common and distributed in endemic countries.

In the current study results showed decrease
blood pH and bicarbonate in newborn foals infected with
Babesiosis which indicated Metabolic acidosis, similarly
results also mentioned by (Button, 1979; Johnson, 1995;
Leisewitz et al. 2001; Sherlock et al. 2003). Titrational
metabolic acidosis were indicated in the present study.
Moreover (McMichael et al. 2005; Ayers and
Warrington, 2008) added that in cases of anemia, and
hypovolemic shock, blood perfusion is decreased and
tissue hypoxia where follow therefore anaerobic
metabolism become a consequence of decreased
perfusion, so lactic acid accumulates and Hyperlactemia
will result, Furthermore (Radostitis et al. 2007) refers that
the negative Base excess were also indicate metabolic
acidosis since Base excess were reflected the amount of
strong acid which must be added to each liter of full
oxygenated blood to return the pH to normal .

The anion gap is a calculated value based on the
principle of electroneutrality which refer to that the total
anions in the body must be equal to the total cations ,
(Dibartolam, 2006; LeRoy 2005 ).With titrational
metabolic acidosis, the anion gap is increased which were
indicated in the present study .

Blood gas analysis of newborn foals infected
with Babesiosis were also indicated the tissue hypoxia via
decrease level of Percent of Oxygen Saturation which
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consider as an indicator of the percentage of hemoglobin
saturated with oxygen at the time of the measurement ,
(Beall et al. 1999).

In current study decrease Pco2 were indicated in
diseased newborn foals, (Radostitis et al. 2007) mention
that Pco2 reflects the amount of carbon dioxide gas
dissolved in the blood, Moreover Pco2 is an independent
measure of the respiratory component of acid-base
balance and were decreased in hypoxia and metabolic
acidosis, (Smith , 2004).

Haptoglobin is a plasma protein that binds free
hemoglobin released from red blood cells with affinity,
thereby inhibits its oxidative activity, (Jain et al. 2011).
Decrease haptoglobin values were indicated in newborn
foals infected with Babesiosis in this study as haptoglobin
levels will be decreased in hemolytic anemia in the
process of binding hemoglobin, because haptoglobin
sequesters the iron within hemoglobin, preventing iron-
utilizing organism from benefiting from hemolysis ,
(Tecles et al. 2005; Cary et al. 2009). The present study
was clarify the importance of intrauterine infection of
Babesiosis in newborn foals therefore all anemic / and or
icteric foals born in endemic areas should be screened for
neonatal piroplasmosis.

Conclusions: Babesiosis is an important disease affected
newborn foals and exhibited different clinical signs, a
significant changes were noticed between infected and
control animals in hematological and some biochemical
values.

Acknowledgement: This article was supported by the
College of Veterinary Medicine, University of Mosul,
Mosul- Iraq.

REFERENCES

Acici, M., S. Umur., T. Guvenc., H. H. Arslan and M.
Kurt (2008). Seroprevalence of equine
babesiosis in the Black Sea region of Turkey.
Parasitol. Int. 57(2): 198-200.

Allsopp, M.T., B.D. Lewis and B.L. Penzhorn (2007).
Molecular evidence for transplacental
transmission of Theileria equi from carrier
mares to their apparently healthy foals. Vet.
Parasitol.148:130-136.

Alsaad, K.M and G. M. AL-Mola (2006). Clinical and
pathological study of equine babesiosis in
drought horses in Mosul. Iraqi J. Vet. Sci. 20(1):
89-101.

Alsaad, K.M., Alsaad A. Essra., Al-Derawie A.Hussein
(2010).Clinical and Diagnostic Study of Equine
Babesiosis In Drought Horses In Some Areas of
Basrah Province. Res. J. Anim. Sci., 4 (1):16-22

Alsaad, K.M., S .D. Hassan and Q.T. Al-Obaidi (2012).
Detection of Babesia equi and Babesia caballi
antibodies in horses and donkeys in Mosul, Iraq.
Res. Opin. Anim. Vet. Sci. 2(4): 291-294.

Alssad, K.M. (2009). Acute Babesiosis in foals. JAVA.
8(12)2585-2589.

Ayers, P. and L. Warrington (2008). Diagnosis and
treatment of simple acid-base disorders. Nutr.
Clin. Pract. 23(2):122-127.

Battur, B., D. Boldbaatar and B. Byambaa (2001).
Detection of Babesia caballi and Babesia equi
in Dermacentor nuttalli adult ticks. Int. J.
Parasitol.31(4):384-386.

Beall,C.B., L.A. ALmasy., J. Blangero., S. Williams-
blangero., G. M Brittenham (1999). Percent of
Oxygen Saturation of Arterial Hemoglobin
Among Bolivian Aymara at 3,900–4,000 m.
Amer. J. Physic. Anthropol. 108:41–51.

Bruning, A. (1996). Equine piroplasmosis: an update on
diagnosis, treatment and prevention. Br. Vet. J.
152: 139–151.

Button,C (1979). Metabolic and electrolyte disturbances
in acute canine babesiosis. JAVMA .175(5):475-
975.

Cary,C., J. Zaias and N.H. Altman (2009). Acute Phase
Response in Animals: A Review. Comp. Med.
59(6):517-526.

De Waal, D.T. and J. Van Heerden (2004). Equine
piroplasmosis. In: Coetzer, J.A.W and R.C.
Tustin, Editors, Infectious Diseases of
Livestock, Oxford, Southern Africa .pp: 425–
434.

De waal, D. T (1992). Equine piroplasmosis: A review.
Br. Vet. J. 148: 6-14.

Dibartola, S.P (2006). Fluid, Electrolyte and Acid-Base
Disorders in Small Animal Practice. 3rd Ed.
Elseiver, City. 91-309 p

Georges, K. C., C.D. Ezeokoli., O. Sparagano., I.
Pargass., M. Campbell, R. D’Abadie, and M.J.
Yabsley (2011). A case of transplacental
transmission of Theileria equi in a foal in
Trinidad. Vet. Parasitol. 175 (3-4) :363-366.

Hailat, N. Q., S. Q. Lafi., A. M. Al-Darraji., F. K. Al-Ani
(1997). Equine babesiosis associated with
strenuous exercise: clinical and pathological
studies in Jordan. Vet. Parasitol. 69: 1–8.

Hiss, S., M. Mielenz, R. M. Bruckmaier and H.
Sauerwein (2004). Haptoglobin concentrations
in blood and milk after endotoxin challenge and
quantification of mammary Hp mRNA
expression. J. Dairy Sci. 87: 3778–3784.

Jain, S., V. Gautam., and S. Naseem (2011). Acute-phase
proteins: As diagnostic tool. J. Pharm. Bioallied.
Sci. 3(1): 118–127.

Johnson, P.J. (1995). Electrolyte and acid-base
disturbances in the horse. Vet. Clin. North Am.
Equine Pract. 11(3):491-514.

Katsuhiko, Y. (2002). Colorimetric determination of
chloride in biological samples by using mercuric



Alsaad J. Anim. Plant Sci. 24(3):2014

742

nitrate and phenylcarbazone. Bio. Tra. Ele. Res.
85(1):87-94.

Katz, J., R. Dewald., J. Nicholson (2000). Procedurally
similar competitive immunoassay systems for
the serodiagnosis of Babesia equi, Babesia
caballi, Trypanosoma equiperdum, and
Burkholderia mallei infection in horses. J. Vet.
Diag. Invest. 12: 46–50.

Knowles, D. (1996). Equine babesiosis (piroplasmosis): a
problem in the international movement of
horses. Brit. Vet. J.152: 123–126.

Leech, N.L., K.C. Barrett., and G.A. Morgan
(2007).SPSS for intermediate statistics: use and
interpretation .1st Ed. Lawrence Erlbaum
Asso.USA. 20-51 p.

Leisewitz, A.L., L.S. Jacobson., H.S.de Morais, and F.
Reyers (2001). The mixed acid based
disturbances of severe canine babesiosis. J. Vet.
Intern. Med . 15:445–452

LeRoy, B.E. (2005).“Acid-Base Balance” Clinical
Pathology (VPAT 5250) Notes,1-21 p.

McMichael, M.A, G.E. Lees., J. Hennessey., M. Sanders.,
M. Boggess (2005). Serial plasma lactate
concentrations in 68 puppies aged 4 to 80 days.
J. Vet. Emerg. Crit. Care. 15(1):17–21.

Mohri, M. and K. Sardari (2000). Clinical and laboratory
findings in equine piroplasmosis. J. Equine. Vet.
Sci. 20: 857-859.

Nafie, T. H., E. T. Allawy, B. B. Helib and S. El-Amrous
(1981). Effect of induce equine piroplasmosis on
some blood constituents. Assiut. Vet. Med. J. 9:
123-136.

Oladosa, L. A. and B. E. OllFeml (1992). Hematology of
experimental babesiosis and enrlichiosis in
steroid immuno-suppresscal horse. J. Vet. Med.
39: 345-352.

Phipps, L.P and A. Otter (2004). Transplacental
transmission of Theileria equi in two foals born
and reared in the United Kingdom. Vet. Rec.
154: 406-408.

Radostitis, O.M., C.C. Gay., D.C. Blood and K.W.
Hinchliff (2007). Veterinary Medicine. A text
book of the diseases of cattle, sheep, goats and
horses.10th Ed, WB Saunders Co. 1483-1498 p.

Salem, A. E., G. El-Battawy, M. A. El-Seify, M. K.
Salim, and Z. Hosny (1986). Preliminary
investigation on hematological and Bio-
chemical picture of blood of premunized
donkeys against Babesia equi. Assiut. Vet. Med.
J. 16: 147-155.

Salim, B.O., S.M. Hassan., M.A. Bakheit., A. Alhassan.,
I. Igarashi., P. Karanis., M.B. Abdelrahman
(2008). Diagnosis of Babesia caballi and

Theileria equi infections in horses in Sudan
using ELISA and PCR. Parasitol. Res.
103(5):1145-50.

Sar, B., A.H. Kırmızıgul., A. Deniz., G.T. Tasc (2010).
Seroprevalance of Babesia caballi and Theileria
equi in horses from Kars and Ardahan provinces
during the winter season. Kafkas Univer. Vet.
Fakult. Dergi..16:657-661.

Seifi, H. A., M. Mohri., K. A. Sardari (2000). Mixed
Infection of Babesia equi and Babesia caballi in
a racing colt: a report from Iran. J. Equine Vet.
Sci. 20: 858–860.

Sevinc, F., M. Mehmet., C. Kumas., M. Sevinc., O.D.
Ekici (2008). A comparative study on the
prevalence of Theileria equi and Babesia caballi
infections in horse sub-populations in Turkey.
Vet. Parasitol. 156: 173–177.

Sherlock, M., A.M. Healy., M.L. Doherty (2003).Acid
base balance in field cases of bovine babesiosis.
Vet. Rec. 152(22):687-688.

Shiroshita, Y., R. Tanaka., A. Shibazaki, and Y. Yamane
(1999). Accuracy of a Portable Blood Gas
Analyzer Incorporating Optodes for Canine
blood.J.Vet.Int.Med.13(6):597-600.

Shkap, V.,I. Cohen., B. Leibovittz., P.E. Savitsky., G.
Avni., U. Giger., L. Kappmeyer., D. Knowles
(1998). Seroprevalence of Babesia equi in Israel
using competitive inhibition Elisa and IFA
assay. Vet. Parasitol.76:251-259.

Smith, B. P(2004). Large animal internal medicine, 4th

Ed., New York, Mosby. 1017 p.
Solusby, E. J. L (1986). Hilminth, arthropods and

protozoa of domesticated animals. 7th Ed.,
Philadelphia, Bailliere Tindall, London. 712-716
p.

Tecles,F., E. Spiranelli., U. Bonfanti., J.J. Ceron., S.
Paltrileiri (2005). Preliminary studies of serum
acute phase protein concentrations in
hematologic and neoplastic diseases in dogs. J.
Vet .Intern .Med. 19:865–70.

Uilenberg, G (2006). Babesia: a historical overview. Vet.
Parasitol. 138: 3–10.

USDA.–APHIS (2009). Seroprevalence of Equine
Piroplasmosis Disease Agents in the United
States, APHIS Info.sheet.

Weiss, D.J and K.J. Wardrop (2010). Schalm's Veterinary
Hematology, 6th Ed, Ames, Wiley-182
Blackwell.

Zooba, R.A., A.B. Mauro., N.B. Serena., C.C. Bernardo.,
M.D. Laura., C.C. Raffaella and M. Luisa
(2008).Clinical and laboratory finding in equine
piroplasmosis. Equine Vet. Sci. 28(5) 308-310.


