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Abstract

Effects of synbiotic, probiotic and prebiotic supplementation on alterations in haematological parameters of broiler chickens
infected with Eimeria tenella was understudied. Ninety-day-old broiler chicks divided into 6 groups (I, II, IIL, IV, V, VI)
containing 15 chicks each were used for the study. Group I served as negative control (non-supplemented, unchallenged).
Group II served as positive control (non-supplemented but challenged). Group III was supplemented with prebiotic (sugar-
cane molasses). Group IV was supplemented probiotic (Antox®). Group V was supplemented synbiotic (Enflorax®) whilst
Group VI was given Amprolium prophylactic treatment. Birds were challenged at 21 days with 2.0x 10* sporulated E. tenella
oocysts/chick. Blood samples were taken on days 0, 4, 7, 11 and 14 post-challenge for haematology and serum total protein
evaluation according to standard laboratory procedures. Results showed haematological alterations even 4 days post-challenge
(dpc) in infected groups. Total leucocyte count rose 4 dpc and was significantly (P <0.05) high 7 dpc. Heterophil/lymphocyte
ratio was significantly high in the infected groups compared with negative control by 7 dpc. Relative monocyte and oesinophil
counts also increased significantly (P <0.05). Packed cell volume, haemoglobin concentration and total erythrocyte counts
were significantly lower in infected groups 7 dpc. MCHC and MCV were also low. Serum total protein equally decreased
4 dpc and was significantly (P <0.05) lower in the infected groups compared with negative control 7 dpc. Supplementation
with synbiotic, probiotic and prebiotic products amended haematological alterations associated with experimental Eimeria
tenella infection more rapidly and lessened fatalities prompted by caecal coccidiosis.
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Introduction

The potential of the poultry industry can only be actual-
ized when birds are adequately protected against enteric dis-
eases (Adewole 2012; Malik et al. 2016; Hashem et al. 2020)
amongst which coccidiosis is prominent, given the terrible
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economic damage it causes the industry (Kheirabdi et al.
2014; Pop et al. 2015). The poultry industry worldwide is
said to incur losses to the tune of 14.4 billion USD annually
due to coccidiosis alone (Blake et al. 2020). The disease is
largely caused by Eimeria tenella, E. necatrix, E. bruneti, E.
acervulina, E. mitis and E. praecox (Owai and Mgbere 2010;
Jatau et al. 2012). Studies have shown that E. tenella and
E. necatrix are the most pathogenic species in chicken
causing bloody caecal and intestinal coccidiosis, respec-
tively (Musa et al. 2010). Malik et al. (2016) opined that
E. tenella is more important, demanding continuous pro-
phylactic treatment. Coccidiosis control in time past relied
principally on chemoprophylaxis, chemotherapy, vaccina-
tion (Kheirabdi et al. 2014) and incorporation of coccidi-
ostats in feeds (Mohiti-Asli and Ghanaaparast-Rashti 2015).
This practice led to an increase in production costs and the
appearance of drug-resistant strains of Eimeria (Pop et al.
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2015). Consequently, a safer method of coccidiosis control
is desired; moreover, the use of antimicrobials as growth
promoters is deemed hazardous and is being phased out now
(Portugalia and Fernandez 2012; Kheirabdi et al. 2014).

The organic supplements, synbiotics, probiotics and
prebiotics, are seriously being considered to fill up this void
(Trafalka and Grazy 2004). Probiotics are live microbial
organisms that are taken as dietary supplements and have
beneficial effects on the gut microbial balance and health
of the host animal (Hassan et al. 2012). Prebiotics, on the
other hand, are indigestible feed components that benefit the
host by promoting the growth and activity of one or a few
beneficial bacteria in the colon (Gibson et al. 2010). Synbi-
otics are the combination of probiotics and prebiotics (Yang
et al. 2019). The prebiotics provide the perfect environment
for probiotic microbes to live, multiply and thrive (Sekhon
and Jairath 2010).

The usage of these supplements in poultry has been well
explored, particularly in terms of boosting performance and
protection against enteric infections. Few, however, have
addressed their relative effects on haematological compo-
nents in coccidiosis, the major protozoal disease of poultry,
which is known to cause drastic variations in haematology.
In clinical practice, haematology is important to the clini-
cian, as is the animal’s history and physical examination,
especially in modern veterinary practice. For research-
ers also, haematology provides absolute proof of physi-
ologic changes and immune responses caused by disease
(Coles 1986; Anas et al. 2018). The goal of this study was
to therefore compare the effects of a synbiotic, probiotic
and prebiotic products on the haematology and serum total
protein of broiler chickens experimentally infected with
Eimeria tenella.

Materials and methods
Supplements/drug

The prebiotic product (sugarcane molasses) used was
acquired from a local market in Zaria, Nigeria, and it
comprised of sugar, crude protein, crude ash, potassium,
phosphorus, magnesium and sodium. The probiotic prod-
uct (Antox®) used contains Saccharomyces cerevisiae
4.125x 107° CFU/mL. Whilst the synbiotic product (Enflo-
rax®) used for the study consisted of Enterococcus faecium
1.5x 10" CFU/kg, Lactobacillus casei 1.5x10'" CFU/kg,
L. plantarum 1.5 x 10" CFU/kg, Pedicoccus acidilactici
1.5x 10! CFU/kg, maltodextrin, fructo-oligosaccharides,
oligofructose and inulin. The anticoccidial drug used for the
study was Amprolium (Amprolium 250 WSP), a saturated
powder of Amprolium hydrochloride for use in drinking
water of poultry used according to the producer’s instruction.
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Eimeria tenella parasite

This study used Eimeria tenella oocysts from the Depart-
ment of Veterinary Parasitology and Entomology, Ahmadu
Bello University, Zaria, which were isolated and character-
ized by Jatau et al. (2016).

Experimental birds and infection

Ninety-day-old commercial broiler chicks were used for the
study. The chicks were randomly allocated into six groups
(I, I, III, TV, V and VI) having 15 birds each. Birds in each
group were further re-classified into three replicates contain-
ing five chicks for easy sampling and management. Chicks
in Group I were neither infected with E. tenella nor supple-
mented; they served as the non-infected (negative) control
group. Group II was also not supplemented but infected,
to serve as infected (positive) control. Group III was given
prebiotics at 1 mL/L of drinking water. Group IV was given
probiotic supplement at 1 mL/L of drinking water. Group
V was given synbiotics at 1 g/L of drinking water. Groups
III-V were supplemented from day 1 till the end of the study
at day 35. Group VI was not supplemented but given Ampro-
lium prophylactic treatment (0.25 g/L of drinking water for
7 days). Birds in Groups II-VI were infected at day 21 with
an inoculum of 2.0x 10* sporulated E. tenella oocysts/chick.
All of the chickens were given a standard diet and unre-
stricted access to water throughout the study.

Sample collection

Two millilitres of blood from three birds in each group (1 per
replicate) were obtained from the wing vein using a sterile
needle and syringe and placed into sample bottles containing
EDTA atdays 0, 4, 7, 11 and 14 post-challenge. The samples
were analysed at the Clinical Pathology Laboratory of the
Department of Veterinary Pathology, Faculty of Veterinary
Medicine, Ahmadu Bello University Zaria for haematologi-
cal parameters and serum total protein.

Determination of packed cell volume and serum
total protein

The microhaematocrit method described by Rehman et al.
(2003) and Feldmann et al. (2006) was used to calculate
packed cell volume (PCV). The second end of a non-
heparinised capillary tube was heat-sealed using a Bun-
sen burner after it had been filled with blood sample up
to about 34% of its circumference. Using the Saitexiangyi
TG12MX® Micro-haemoglobin Centrifuge, the blood in
the sealed capillary tube was centrifuged for 5 min at 4383
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revolution per minute (rpm). Using the Hawksley® Micro-
haematocrit Reader, the proportion of cells in the total vol-
ume of blood was determined and reported as a percentage.

The serum total protein was determined using the hand
refractometric method (Sirois 1995). The capillary tube was
split after reading the PCV; an end containing plasma was
held. The hand refractometer’s plastic flap was reflected,
revealing a glassy sample surface that was wiped clean with
cotton wool. After touching the sample surface of the refrac-
tometer with the broken end of the capillary tube to position
the plasma sample on the surface, the capillary tube was dis-
carded. The refractometer’s plastic flap was then replaced;
pressure was applied to the flap against the plasma sample
with the index finger, and the concentration of plasma pro-
teins was read in grams per decilitre (g/dL) whilst holding
the refractometer against the light.

Determination of haemoglobin (Hb) concentration

The concentration of blood haemoglobin was measured col-
orimetrically as cyanomethhaemoglobin (Drabkin 1945). A
5-mL syringe was used to measure 5 mL of HICN (Drab-
kin) solution into plastic test tubes. A micropipette was used
to measure 20 pl of blood, which was then applied to the
Drabkin solution in the test tube and thoroughly mixed by
gently shaking the test tube. Thereafter, it was centrifuged at
1509 rpm for 15 min. A sample bottle was used to collect the
supernatant. The solution was absorbed into a haemoglobin
meter (China, XF-C). The value is shown on the screen as
the haemoglobin concentration was measured in g/dL after
the wiggling pump had stopped working.

Determination of red blood cells and total white
blood cell counts

The Natt-Herrick solution (1:200 dilution) and the Improved
Neubauer haemocytometer (Campbell and Ellis 2007) were
used to count red blood cells (RBC) and total white blood
cells (TWBC). The heparinised blood samples were lightly
agitated before being pipette to the 0.5 level with an RBC
diluting pipette. The tip of the pipette was wiped with tissue
paper without reaching the distal opening of the pipette tip,
as this would induce a capillary shift of blood into the tissue.
The diluting solution (Natt-Herrick) was pipetted to the 101
labelings (1:200) without immersing the pipette tip fully in
the diluting fluid. To ensure fair distribution, the mixture was
vigorously shaken for 1 min before being poured into a clean
sample container. A dry, lint-free cloth was used to clean the
Neubauer haemocytometer and the coverslip. The haemo-
cytometer was on and the coverslip was correctly mounted.
The mixture was then agitated slightly until a small aliquot
was taken using a capillary tube. By softly touching the
intersection between the coverslip and the haemocytometer

with the loaded capillary tube, both sides of the haemocy-
tometer were filled (charged), preventing air bubbles and
under- or over-filling, and then left for 5 min. The cells were
viewed using a light microscope (Olympus-XSZ-107BN) at
a low-power magnification (X 40), and the tally counter was
used to count them. The WBC in the haemocytometer’s four
outer broad squares is counted and the TWBC was deter-
mined using the formula below:

N/20 = WBC x 10°/L

where N is the number of WBC counted in the four outer
large squares (or in 64 small squares).

The cells in the four corners and central squares of the
haemocytometer’s mid-section were counted for RBC count.
Following the “L” rule, cells that touched the ruling’s cen-
tre triple lines on the left and bottom sides were counted,
but cells that touched the ruling’s centre triple lines on the
right and top sides were not. The RBC count was determined
using the formula:

N/100 = RBC x 10'?/L

where N is the number of RBC counted in the 5 squares in
the mid-section of the haemocytometer (or in 160 squares).

For both the RBC and TWBC, both charged sides of
the haemocytometer were counted, and the average was
measured.

Preparation of smears for differential leukocyte
count

A small drop of blood (approximately 2 uL.) was immediately
used to prepare blood smears using the traditional slide-to-
slide technique. The air-dried smears were labeled correctly
with a pencil on the frosted end of the slide, then fixed in a
methanol-based fixing jar for 3 min and air-dried. The smears
were stained by soaking them in Wright-Giemsa stain for
3 min. Sorensen’s buffer (pH 6.8) was applied in an equal
amount, and the mixture was gently mixed with a pipette until
a green metallic sheen formed on the surface. This was then
left to sit for another 6 min. For distinction, the smears were
rinsed with Sorensen’s buffer and allowed to sit for a minute.
After washing the stained slides with Sorensen’s buffer, the
backs of the smears were rubbed with tissue paper to remove
excess stain and allowed to air dry. Until they were viewed,
they were neatly packed into a slide case. Examination of the
blood smears was done using a light microscope (Olympus-
XSZ-107BN) under oil immersion and high-power magnifica-
tion (X 1000). A total of 100 white blood cells (WBC) were
counted and graded based on their morphologic characteris-
tics (Campbell 1988; Campbell and Ellis 2007). The Marble®
Blood Cell Calculator was used to count the cells. After that,
the differential WBC count was expressed as a percentage of
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each cell category. Using the formula below, the percentage of
each cell was translated into absolute numbers by referencing
the total WBC:

Percentage of WBC counted X TWBC
100

10.00+1.00, respectively. After experimental infection het-
erophil significantly (P <0.05) increased in all five infected
groups above their pre-infection values 7 dpc (Fig. 2).

= Absolute number x 10° /L

Calculation of erythrocytic indices

Campbell et al. (2010) determined erythrocytic indices [mean
corpuscular volume (MCV) and mean corpuscular haemoglo-
bin concentration (MCHC)]:

PCV(%) x 10 /RBC(x 10'2/L) = MCV(fL)
RBC(x 10'%/L)

Hb(g/dL) x 100 /PVC = MCHC(%)

PCV

Data analyses

GraphPad Prism version 8.0.2 (GraphPad Software, San Diego,
CA, USA) for Windows was used to perform a two-way analysis
of variance (ANOVA) followed by a Bonferroni posthoc test on
the data. P values of less than 0.05 were deemed significant.
Analysed data are displayed in tables and figures as mean + SEM.

Results
Leucocytes and differential leucocyte counts
Total leucocyte count (TLC)

TLC before experimental infection was in the range of
2.30-3.01x 10°/LL amongst the supplemented groups, whilst
the TLC counts were 2.42x 10°/L and 3.01 x 10°/L in the neg-
ative and positive control groups, respectively. After experi-
mental infection, TLC significantly (P <0.05) increased in
all five infected groups above their pre-infection values. The
highest count (X 10°/L) was observed in group II (7.27 +1.27)
followed by III (5.92 +0.54), IV (5.80+0.18), V (5.67+0.42)
and VI (5.06+0.59) groups 7 dpc (Fig. 1).

Heterophil count
Pre-infection heterophil count in the supplemented groups
(IIL, IV and V) were significantly (P <0.05) lower than that

of the Amprolium hydrochloride medicated group (VI).
Both negative and positive controls had 10.00 +0.58 and
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Lymphocyte count

Relative lymphocyte count before experimental infection was
in the range of 83.33 +2.19 (in group VI) and 89.00 +2.00
(in group III), amongst the supplemented groups; III
recorded a higher mean value than IV (88.33+1.76) and V
(88.33 +0.67) though not significantly different at P <0.05.
Lymphocyte counts were 84.33 +0.67 and 85.00+1.00 in
the negative and positive control groups, respectively. After
experimental infection lymphocyte count first decreased sig-
nificantly (P <0.05) then increased in all five infected groups
compared with their pre-infection values (Fig. 3).

Heterophil lymphocyte ratio

Relative heterophil lymphocyte ratio before experimental
infection was 0.1140.01 and 0.12+0.01 in the negative and
positive controls, whilst the supplemented groups had higher
mean values 0.16+0.02 in group III, 0.18 +0.04 in group IV,
0.14+0.04 in group V and 0.17 +0.03 in group VI which was
not significantly different at P <0.05. Following infection, het-
erophil lymphocyte ratio was lowered in all groups 4 dpc except
the non-supplemented, infected positive control group II which
only showed a significant (P <0.05) increase of 11 dpc (Fig. 4).

Oesinophil count

Oesinophil count before experimental infection were
1.33+0.67 in group IV, 1.67+0.67 in I1I and 2.00+0.58 in
V which are the supplemented groups whilst the Amprolium
medicated group had 1.00 +0.58. Oesinophil counts were
1.00+0.58 and 1.03 +0.33 in the negative and positive con-
trol groups, respectively. Post-infection values were signifi-
cantly (P <0.05) higher in all five infected groups compared
with the negative control group (Fig. 5).

Monocyte count

Relative monocyte count before experimental infection
was in the range of 1.00+0.58 (in groups III and IV)
and 0.67+0.33 (in group V) amongst the supplemented
groups; VI had a higher mean value (1.33 +£0.67) though
not significantly different at P <0.05. Monocyte counts
were 0.67+0.33 and 0.78 +0.33 in the negative and positive
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Fig. 1 Effect of prebiotic, probi-
otic and synbiotic supplementa-

tion on total leucocyte count 8.00
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control groups, respectively. After experimental infection
monocyte count first increased significantly (P <0.05) then

decreased again at recovery in all five infected groups com-
pared with their pre-infection values (Fig. 6).
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Packed cell volume (PCV)
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Fig. 3 Effect of prebiotic, pro- 110.00
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within the normal range (22-35%). Both control groups
had non-significantly higher values (30.67 +1.33% and
30.33+0.88%) for the negative and positive control groups,
respectively compared to supplemented groups which had
30.33+2.73%, 30.00+1.15% and 30.00+ 1.15% for groups
I, IV and V, respectively. After experimental infection, the
highest reduction was observed in the positive control group,
18.00+ 1.15% and group VI, 19.00+0.58% followed by
group II1, 19.67 +1.20% then groups V, 20.33 +0.88% and IV
and 22.00+1.15% compared to pre-infection values (Table 1).

Haemogloblin (Hb) concentration

Haemoglobin (Hb) levels were within the normal range
(7-13 g/dL) before experimental infection at 3 weeks of age.
However, the supplemented groups had a slightly higher Hb
value (8.77 +£0.47 g/dL, 8.80+0.44 g/dL and 8.70 +0.36 g/
dL) for the prebiotic, probiotic and synbiotic groups, respec-
tively, when compared with the negative and positive control
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Day 4 Day 7 Day 11 Day 14
Days post infection
= Positive Control Prebiotic
Synbiotic Amprolium

groups which had 8.57+0.23 g/dL and 8.53 +0.33 g/dL,
respectively, whilst the Amprolium medicated group had
8.50+0.40 g/dL. After experimental infection the Hb values
began to vary significantly, showing a declining trend in the
infected groups particularly in the first week but began to
rise in the second week. The trend of fall was worst in group
IL, positive control (8.06 +1.09 g/dL) followed by group III,
prebiotic (8.25+0.28 g/dL); V, synbiotic (8.27 +0.09 g/dL);
and IV, probiotic (8.37 +1.98 g/dL) groups (Table 2).

Erythrocytes and erythrocytic indices
Total red blood cell count (TRBC)

Before experimental infection, the highest mean TRBC
(10'%/L) was observed in group III (4.67 +0.26) followed
by V (4.63+0.09), IV (4.53+0.17) and VI (4.48 +0.15)
groups. Positive control group II (4.38+0.19x 10'%/L) and
negative control group I (4.37 +0.15x 10'%/L) had more or
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Fig.4 Effect of prebiotic, probi- 0.55
otic and synbiotic supplementa- :
tion on heterophil lymphocyte
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less like values. There were no significant differences in
TRBC counts between control groups, medicated and sup-
plemented groups. After experimental infection, there was
a significant reduction in TRBC in all infected groups with
the highest reduction in group II followed by groups V, III
and IV whilst the least reduction was seen in group VI.
In comparison with the positive control group, all supple-
mented groups (III-V) showed a significant beneficial effect
on TRBC value in terms of fewer RBC damage (Table 3).

Mean corpuscular haemoglobin concentration
(MCHCQ)

Pre-infection values (%) of the control groups were
34.43 +0.49 and 34.86 +0.95 for the negative and
positive groups, whilst the supplemented groups had
34.07+0.16 (III), 33.54+0.18 (IV) and 34.29 +0.53

Day 4 Day 7 Day 11 Day 14
Days post infection
=8 Positive Control Prebiotic
=o-Synbiotic Amprolium

(V) and 33.68 +0.20 for group VI. Post-infection values
showed a non-significant (P < 0.05) decline of 4 dpc in all
infected groups and rose up again at different times across
groups (Table 4).

Mean corpuscular volume (MCV)

MCV (pg) values decreased gradually over time till 7 dpc
during the infection (Fig. 4), showing a trend similar to that
seen in TEC but showed improved values of 11 dpc in all
infected groups. There is a significant (P <0.05) difference
between their least values at 7 dpc and the pre-infection val-
ues at day O (Table 5).

Serum total protein

Serum total protein values were similar in both control
groups, 4.00+0.12 g/dL and 4.03 +0.09 g/dL for the
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Fig.5 Effect of prebiotic, 9.00
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negative and positive control groups, respectively. The sup-
plemented groups at 3 weeks of age had significantly higher
serum total protein values, 4.93+0.73 g/dL, 4.60+0.51
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and 4.10+0.10 g/dL for prebiotic, probiotic and synbi-
otic groups, respectively, before experimental infection.
Post-infection value of positive control fell significantly
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/ r
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Table 1 Packed cell volume (%) A B C D E F
Day0  30.67+1.33 30.33+0.88  30.33+2.73  30.00+1.15 30.00+1.15 28.67+1.45
Day4  30.67+0.67° 27.00+0.58° 25.67+0.67° 27.00+1.53% 27.67+0.6> 27.00+0.5°
Day7  30.33+0.88° 18.00+1.15° 19.67+1.20° 22.00+1.15® 20.33+0.8° 19.00+0.5
Day 11 31.33+0.67° 22.33+120° 24.67+0.67° 2500+1.73° 2333+08° 21.33+1.2°
Day 14 32.00+1.15° 26.67+0.88° 27.33+1.20° 28.00+1.15° 26.00+0.5° 25.33+0.3

b ¢ Means with different superscript letters across rows are significantly (P <0.05) different. Group A
is non-supplemented uninfected (negative control), B is non-supplemented but infected (positive control)
group, C is supplemented sugarcane molasses (prebiotic) and infected, D is supplemented Antox® (Pro-
biotic) and infected, E is supplemented Enflorax® (Synbiotic) and infected whilst F was administered
Amprolium hydrochloride prophylaxis and infected

low (3.27+0.27 g/dL) as compared to pre-infection value
(4.03 +0.09 g/dL). Decrease in serum protein value (g/dL)
was also observed in other infected groups, III (4.21 +£0.13),
D (3.50+0.38), V (3.53£0.18) and VI (3.63 +0.26) at 7
dpc. By the end of the study period, the difference between
the challenged groups and the non-challenged control group
was quite apparent. Group I had 5.09 +1.18 g/dL whilst
II had 3.97 £0.41 g/dL, III had 4.77 +0.18 g/dL, IV had
4.60+0.21 g/dL whilst V and VI had 4.43 +0.07 g/dL and
4.20+0.21 g/dL, respectively (Table 6).

Discussion

The present study observed variations in haematological
components of broiler chickens challenged with Eimeria
tenella even at 4 days post-challenge (dpc). Eimeria is
known to adversely alter haematological and immune pro-
file of infected birds (Patra et al. 2010a, b; Mohammed 2012;
Akhtar et al. 2015). The second-generation schizonts, a very
destructive developmental stage of the parasite, mature
about 4 dpc (Hector et al. 2020); consequently alterations in
haematological components were evident by 4 dpc.
Significant reductions in TRBC is a consistent find-
ing in caecal coccidiosis (Irizaary-Rovira 2004; Patra
et al. 2010a, b), and it may be linked to hemorrhages
in the caeca as a result of caecal tissue destruction by

the parasite. The tissue injury may cause histamine to
be released to improve permeability of blood capillar-
ies and venules, allowing large amounts of fluid to be
exuded resulting in heavy blood loss. The mitochondria
of infected and immune cells may shunt oxygen metabo-
lism to produce reactive oxygen species (ROS) and nitric
oxide synthases (NOS) in order to eliminate the invading
parasite; this action promotes further damage and bleeding
as the parasite life cycle progresses (Kasper and Buzoni-
Gatel 2001; Gotep et al. 2016). The free radical oxidative
species, nitric oxide, promotes vasodilation and haemor-
rhages during coccidia infection which further enhances
blood loss (Koinarski et al. 2005).

Packed cell volume (PCV) and haemoglobin (Hb) concen-
tration decrease have been reported as early as 4 days post-
challenge (Fukata et al. 1997; Bagado et al. 2010; Samrawit
et al. 2018) as seen in the present study. This is not unrelated
to the severe acute haemorrhages consistent with caecal coc-
cidiosis (Razzaq et al. 2003; Ogbe et al. 2010; Akhtar et al.
2015) which causes loss in blood components. The signifi-
cant (P <0.05) falls in PCV and Hb concentration resulted
in low levels of MCHC and MCYV revealing a hypochromic
microcytic anaemia hitherto. Microcytic anaemia has been
associated with iron deficiency; iron is not produced by the
body and hence must be absorbed from dietary sources.
Given the destruction of caecal tissues and severe inflam-
mation of caeca associated with the disease, absorption of

Table 2 Haemoglobin A B

: C D E F
concentration (g/dL)
Day 0 8.57+023  8.53+0.33 877+047  880+044  870+036  8.50+0.40
Day 4 8.59+0.13*°  826+027° 8.64+1.10  8.47+025 8.65+0.27 8.51+0.22
Day 7 8.72+0.32°  8.06+1.09° 825+028° 8374198  827+0.09°  8.39+0.28"
Day 11 8.78+0.11*°  8.12+0.74> 8.73+032  8.47+0.33 8.77+0.40  8.65+0.12
Day 14  890+0.70  837+029  897+046  867+130  889+024  890+043

4% Means with different superscript letters across rows are significantly (P <0.05) different. Group A is
non-supplemented uninfected (negative control), B is non-supplemented but infected (positive control)
group, C is supplemented sugarcane molasses (prebiotic) and infected, D is supplemented Antox® (Pro-
biotic) and infected, E is supplemented Enflorax® (Synbiotic) and infected whilst F was administered
Amprolium hydrochloride prophylaxis and infected
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Table 3 Total red blood count A B C D E F

(TRBC)
Day 0 297+0.15  298+0.19  3.07+026  3.05+0.17  3.12+0.09 2.92+0.15
Day 4 3.03+£0.18*  2.64+0.07° 290+0.07  2.85+028  2.69+0.13b  2.75+0.11°
Day 7 3.09+0.16  259+031°  2.67+£032° 264+043° 2.62+036° 2.69+0.11°
Day 11 3.23+0.05* 2.67+0.36° 3.02+037  3.03+0.49  2.79+028®  2.85+0.22°
Day 14  3.34+035  3.06£020  322+023  3.13+0.59  3.28+0.09 3.09+0.17

b ¢ Means with different superscript letters across rows are significantly (P <0.05) different. Group A
is non-supplemented uninfected (negative control), B is non-supplemented but infected (positive control)
group, C is supplemented sugarcane molasses (prebiotic) and infected, D is supplemented Antox® (Pro-
biotic) and infected, E is supplemented Enflorax® (Synbiotic) and infected whilst F was administered
Amprolium hydrochloride prophylaxis and infected

iron from feeds is terribly hampered. Again, the drop in feed
intake which deprived the chickens of dietary sources of iron
and loss of whole blood together with iron explains the iron
deficiency (microcytic) anaemia seen in the study.

Infected groups showed significant increases in mean
total leucocyte count (TLC) compared to pre-infection val-
ues and negative (non-infected) control group. Leucocytosis
was observed as early as 4 dpc and was significantly high
by 7 dpc. TLC and DLC levels in the blood of coccidia-
infected chickens rose significantly (P <0.05) higher than
coccidia-free chickens (Kogut et al. 2005; Patra et al. 2010a,
b; Meskerem et al. 2013). The boosts in TLC (leukocyto-
sis) may be attributed to increase mobilisation of polymor-
phonuclear cells at the acute stage of the infection, severe
tissue destructions and the consequent caeca inflammation.
Significant (P <0.05) increases were seen in relative hetero-
phil and lymphocyte counts with oesinophil and monocyte
counts. Increased heterophils, lymphocytes, oesinophils and
monocytes have been reported in the differential leucocyte
counts (DLC) of chickens infected with E. tenella (Kogut
et al. 2005; Adamu et al. 2013; Meskerem et al. 2013). The
fall in total leucocyte counts seen 7 dpc may be because
the cells moved into tissues for repair and immune response
modulation (Dial 2010).

Heterophil recruitment occurs as a first-line defense for
the immune system following any infection. Heterophils
contain a variety of granules that contribute to the first line

of host defense against bacteria, fungi, protozoa and some
viruses. They are also known to respond to stress. Shoot in
heterophil counts are commonly reported in acute E. tenella
infection (Kogut et al. 2005; Hirani et al. 2018). The increase
in heterophil detected may indicate stimulation of immune
response. Heterophil count was significantly high at 7 dpc
in the positive control than the other infected groups which
suggests severer invasion and stimulation by E. fenella with
acute stress.

Relative lymphocyte counts before experimental infection
were in the range of 83.33 +2.19 and 89.00 +2.00 amongst
the supplemented groups and 84.33 +0.67 and 85.00 + 1.00
in the control groups, respectively. The slightly higher level
in the supplemented groups may have been the result of the
action of probiotic organisms prior to the infection. After
experimental infection relative lymphocyte count showed a
slight non-significant rise first followed by a decrease and
increase again after the course of the infection 7 dpc. This
biphasic lymphocytosis has been described in Eimeria infec-
tions (Meskerem et al. 2013); the initial increase in lympho-
cyte count (lymphopoiesis) may be ascribed to the induction
of immune response as a defence mechanism against the
parasite. Since the primary functions of lymphocytes are
immunological response, humoral antibody production and
cell-mediated immunity, chronic antigenic stimulation can
result in a greatly expanded circulating lymphocyte pool
(Irizaary-Rovira 2004). The significant reduction after the

Table 4 Mean corpuscular A B

. . C D E F
haemoglobin concentration (%)
Day 0 3443+049 34.86+0.95 34.66+0.16 34.54+0.18 34.29+0.53 33.68+0.20
Day 4 34.48+0.67 34.36+0.81 3449+0.14  34.17+0.23 34.15+0.23 34.75+0.36
Day 7 34.61£024% 3372+0.50° 34.10+0.14° 34.09+0.34° 34.02+0.15° 34.02+0.34°
Day 11  34.73+0.38  34.32+0.25 34.25+0.17 34524058 3431+030 34.40+0.52
Day 14 34.70+0.34  34.55+0.24 34.48+0.11 34.57+£0.41 34.77+0.41 34.62+0.29

4% Means with different superscript letters across rows are significantly (P <0.05) different. Group A is
non-supplemented uninfected (negative control), B is non-supplemented but infected (positive control)
group, C is supplemented sugarcane molasses (prebiotic) and infected, D is supplemented Antox® (Pro-
biotic) and infected, E is supplemented Enflorax® (Synbiotic) and infected whilst F was administered
Amprolium hydrochloride prophylaxis and infected

@ Springer



Comparative Clinical Pathology (2022) 31:53-66 63

Table 5 Mean corpuscular A B C D E F

volume (fL)
Day 0 65.25+4.17 65.04+2.13 64.76+£2.65 65.69+1.29 64.76+2.40  63.55+3.32
Day4  66.51+0.7° 63.84+551° 61.87+3.4° 6471+£857" 6395+3.9°  62.64+0.2°
Day 7 67.38+2.3*  5225+2.07° 57.49+2.6° 5321+5.35° 55.62+157° 58.69+2.0°
Day 11  63.53+4.04 63.97+21.57 62.01+8.73 6242+2458 63.69+327 64.34+3.96
Day 14  67.64+0.16 65.54+4.96 68.06+0.21 68.08+0.16 65.12+0.29  67.95+0.50

& b.¢ Means with different superscript letters across rows are significantly (P <0.05) different. Group A
is non-supplemented uninfected (negative control), B is non-supplemented but infected (positive control)
group, C is supplemented sugarcane molasses (prebiotic) and infected, D is supplemented Antox® (Pro-
biotic) and infected, E is supplemented Enflorax® (Synbiotic) and infected whilst F was administered
Amprolium hydrochloride prophylaxis and infected

initial rise may suggest therefore that the infection was more
acute and stressful rather than chronic antigenic stimulation.

The two most common leucocyte forms detected were
lymphocytes and heterophils, and these play important
roles in adaptive and innate immune defences, respectively.
The heterophil/lymphocyte (H/L) ratio in infected control
chickens was higher than in negative (uninfected) control
group. H/L ratio represents a readiness to deal with infec-
tion via injury (through heterophils) rather than a commu-
nicable disease (through lymphocytes) (Campbell 2000;
Minias 2019). Since these cells serve as the first line of pro-
tection against many pathogens, the increased lymphocyte
and heterophil counts may be attributed to the activation of
immune response in infected birds. However, under infec-
tious conditions as lymphocyte count increases, heterophil
decreases and vice versa as obtained in this study, thus gen-
erating lower H/L ratio. Again, this ratio has been described
as unstable due to transient changes in adrenocorticotropic
hormone (ACTH) levels as a result of stress (Ali et al. 2002)
because poultry are very prone to stress.

The levels of monocytes and oesinophils were relatively
normal in this study prior to infection with E. fenella, but
the post-infection values were significantly high (P <0.05)
in the infected groups compared with the negative (unin-
fected) control. Monocytosis may be seen in acute or chronic
inflammatory diseases in birds (Irizaary Rovira 2004). Since
monocytes, macrophages and dendritic cells are impor-
tant haematopoietic cells that are critical in defence and

maintenance of homeostasis. Monocytes are phagocytic
cells that convert into macrophages once they penetrate tis-
sues (Mitchell and Johns 2008). Furthermore, monocytes
and macrophages communicate with one another through
chemotaxis, which entails migrating towards an inflam-
matory gradient (Quresh 2003). Majority of inflammatory
tissue macrophages rise from monocytes from blood, and
regardless of location, tissue macrophages have similar func-
tions like surveillance, removal of dead cells and cellular
debris, defence against pathogens, promotion of wound heal-
ing and tissue remodeling and repair (Wakenell 2010).

Increase in oesinophil levels were seen in infected groups
with the highest increase in the infected (positive) control
group. Ooesinophilia in chicken is very rare but it has been
associated with parasitism including parasites with tissue
invasion (Irizaary-Rovira 2004). Though increased oesino-
phil levels have been reported in Eimeria infection (Adamu
et al. 2013), the exact role of these cells in poultry coc-
cidiosis is unclear. Oesinophils are thought to interact with
homocytotropic antibodies (Ig E and Ig G), mast cells and
basophils. The antibody and T lymphocytes provide specific-
ity to the reaction and the Ig E on mast cells attracts ooes-
inophils to modulate the inflammatory reaction (Meskerem
et al. 2013).

Serum total protein in broiler chickens infected with
Eimeria tenella fell below normal ranges (Wakenell,
2010; Kaingu et al. 2017). The fall in serum total
protein was also seen 4 dpc which decreased significant

Table 6 Serum total protein (g/ A B

C D E F
dL)
Day 0 400+0.12  4.03+0.09 4.93+0.73 4.60+0.51 4.10+0.10 3.9+0.04
Day 4 433+ 41° 4.00+0.12 4.63+0.20 3.93+0.07 3.73+0.29° 3.73+0.15°
Day 7 447+0.6°  327+027° 421+0.13 3.50+0.38°  3.53+0.18°  3.40+0.26°
Day 11 4.80+0.5°  3.78+028  4.43+0.09 4204026  4.13+0.17°  3.83+0.14°
Day 14  5.09+1.1°  3.97+041° 477+0.18  4.60+021° 443+007° 4.20+0.21°

ab.¢ Means with different superscript letters across rows are significantly (P <0.05) different. Group A
is non-supplemented uninfected (negative control), B is non-supplemented but infected (positive control)
group, C is supplemented sugarcane molasses (prebiotic) and infected, D is supplemented Antox® (Pro-
biotic) and infected, E is supplemented Enflorax® (Synbiotic) and infected whilst F was administered
Amprolium hydrochloride prophylaxis and infected
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by 7 dpc. Mondal et al. (2011) reported similar findings in
protein of broiler chickens given 20,000-25,000 doses of
E. tenella sporulated oocysts. In the infected groups there
was significant (P < 0.05) reduction in serum total protein.
This may be due to acute stress leading to cortisol secre-
tion and catabolism of proteins. It may also have resulted
from the acute haemorrhages causing loss of plasma pro-
teins and acute hypo-proteinaemia induced by rapid move-
ments of interstitial fluids without protein into the plasma
compartment. Other contributing factors could be the for-
mation of inflammatory exudates rich in proteins and drop
in feed consumption which deprived the chickens of amino
acids present in feed. By 11 dpc protein level showed sig-
nificant amendment suggesting recovery, a trend which was
sustained 14 dpc, further validating that the fall in serum
protein level was a result of the infection (Basith et al. 2003;
Kaingu et al. 2017).

Conclusion

The results of haematology in the first week post-infection
showed an initial falling trend then a rise afterwards in total
red blood count (TRBC), packed cell volume (PCV) and
haemoglobin (Hb) concentration. The falling trend was
significant (P <0.05) in all infected groups, especially by
7 days post-challenge; meanwhile, total and differential leu-
cocyte counts were conversely rising about the same time in
infected groups followed by a gradual decline thereafter. The
haematological and protein profiles were negatively altered
but supplementation with probiotic microorganisms led to
a more rapid immune response accounting for the speedy
amendment of the haematological changes compared with
the positive control. Likewise, the prebiotic supplement sup-
plied sufficient energy through the course of the infection
when birds were off feed and promoted immune response to
enhance speedy recovery of the evaluated parameters. Sup-
plementation with synbiotic, probiotic and prebiotic prod-
ucts in drinking water credibly compensated the negative
effects of caecal coccidiosis on haematological components
and hence is recommended for use in broiler production.

Author contribution Ogwiji Matthew, Jatau Isa Danladi, Natala Audu
Joseph and Sani Dahiru came up with the research concept and design;
Ogwiji Matthew, Andamin Danlami Aliyu, Abdulmajeed Isiaku, Kyari
Stephen and Gasaliyu Abidemi Khadijat were involved in the labora-
tory work as well as statistical analysis of result under the supervision
of Jatau Isa Danladi and Natala Audu Joseph. All authors contributed
in the discussion of the results.

Availability of data and material The datasets generated in the current
study are available from the corresponding author.

Code availability Not applicable.

@ Springer

Declarations

Ethics approval The use of broiler chickens in the study were in
accordance with international ethical guidelines and the Ahmadu Bello
University Committee on Animal Use and care (ABUCAUC) which
approved their use.

Consent to participate Authors have permission to participate.

Consent for publication Authors have permission for publication.

Conflict of interest The authors declare no competing interests.

References

Adamu M, Chaiwat B, Nirat G, Montakan V (2013) Haematologi-
cal, biochemical, and histopathological changes caused by
coccidiosis in chickens. Kasetsart Journal of Natural Science
47:238-246

Adewole SO (2012) The efficacy of drugs in the treatment of coccidi-
osis in chicken in selected poultries. Int J Adv Res 2:20-24

Akhtar M, Awais MM, Anwar IM, Ehtisham-ul-Haque S, Nasir A,
Saleemi KM, Ashraf K (2015) The effect of infection with mixed
Eimeria species on hematology and immune responses following
Newcastle disease and infectious bursal disease booster vaccina-
tion in broilers. Veterinary Quarterly 35(1):21-26. https://doi.org/
10.1080/01652176.2014.991048

Ali A, Aslam A, Khan SA, Hashmi HA, Khan KA (2002) Stress man-
agement following vaccination against coccidiosis in broilers. Pak
Vet J 22:192-196

Anas M, Rizwan HM, Kasib M (2018) Probiotic role in control of
coccidiosis in poultry industry. Res Vet Sci 3(1) ISSN 2474-9222

Bagado ALG, Garcia JL, da Silva PFN, Balarin MRS, Junior JDG
(2010) Post-challenge hematological evaluation with virulent
strain of Eimeria tenella in broilers immunized with attenuated
strain or sporozoite proteins from homologous strain. Revista Bra-
sileira De Parasitologia 19:1-6

Basith S, Abdul S, Rajavelu G, Murali MB (2003) Biochemical studies
in experimental Eimeria necatrix infection in chickens. Indian
Vet J 75:876-878

Blake DP, Knox J, Dehaeck B, Huntington B, Rathinam T, Ravipati
V, Ayoade S, Gilbert W, Adebambo AO, Jatau ID, Raman M,
Parker D, Rushton J, Tomley FM (2020) Re-calculating the cost of
coccidiosis in chickens. Vet Res 51:115. https://doi.org/10.1186/
s13567-020-00837-2

Campbell TW (1988) Avian Haematology and Cytology. Iowa State
University Press, Ames, IA, p 101

Campbell TW (2000) Normal haematology of psittacine birds. In:
Feldman BF, Zinkl JG, Jain NC (eds) Schalm’s Veterinary Hae-
matology. Lippincott Williams and Wilkins, Philadelphia, pp
1155-1160

Campbell TW, Ellis CK (2007) Haematology of birds. In: Campbell
TW, Ellis CK (eds) Avian and Exotic Animal Haematology and
Cytology, 3rd edn. Blackwell Publishing Professional, Ames (IA),
pp 3-50

Campbell TW, Smith SA, Zimmerman KL (2010) Hematology of water-
fowl and raptors. In: Weiss DJ, Wardrop KJ, editors. Schalm’s Vet-
erinary Hematology. 6. USA: Wiley-Blackwell. 977-986.

Coles EH (1986) Veterinary pathology, 4th edn. Saunders, London, W.B

Dial AJ (2010) Abnormalities in the red and whites blood cell popula-
tions. Clinical Pathology for the Veterinary Team. Willey-Blackwell,
USA, pp 45-74


https://doi.org/10.1080/01652176.2014.991048
https://doi.org/10.1080/01652176.2014.991048
https://doi.org/10.1186/s13567-020-00837-2
https://doi.org/10.1186/s13567-020-00837-2

Comparative Clinical Pathology (2022) 31:53-66

65

Drabkin DR (1945) Crystallographic and optical properties of human
haemoglobin. A proposal for standardization of haemoglobin. Am
J Med 209:268-270

Feldmann BV, Zinki JG, Jain NC (2006) Shalm’s Veterinary Hematol-
ogy. Sth Ed. Lea and Fibiger, Philadelphia, USA.

Fukata T, Komba Y, Sasai K, Baba E, Arakaw A (1997) Evaluation
of plasma chemistry and haematological studies on chickens
infected with Eimeria tenella and E. acervulina. Veterinary
Record 141:44-46

Gibson GR, Scott KP, Rastall RA, Tuohy KM, Hotchkiss A, Dubert-
Ferrandon A, Gareau M, Murphy EF, Saulnier D, Loh G (2010)
Dietary prebiotics: current status and new definition. Food Sci-
ence and Technology Bulletin - Functional Foods 7:1-19

Gotep JG, Tanko JT, Forcados GE, Muraina IA, Ozele N, Dogonyaro
BB, Oladipo OO, Makoshi MS, Akanbi OB, Kinjir H, Samuel
AL, Onyiche TE, Ochigbo GO, Aladelokun OB, Ozoani HA,
Viyoff VZ, Dapuliga CC, Atiku AA, Okewole PA, Shamaki D,
Ahmed MS, Nduaka CI (2016) Therapeutic and safety evaluation
of combined aqueous extracts of Azadirachta indica and Khaya
senegalensis in chickens experimentally infected with Eimeria
oocysts. J Parasitol Res 2016 Article ID 4692424, 9. https://doi.
org/10.1155/2016/4692424.

Hashem MA, Neamat-Allah ANF, Hammza HEE, Abou-Elnaga MH
(2020) Impact of dietary supplementation with Echinacea pur-
purea on growth performance, immunological, biochemical, and
pathological findings in broiler chickens infected by pathogenic
E. coli. Trop Anim Health Prod 52:1599-1607. https://doi.org/10.
1007/s11250-019-02162-z

Hassan ER, Zeinab KME, Girh MA, Mekky HM (2012) Compara-
tive studies between the effects of antibiotic (oxytetracycline);
probiotic and acidifier on E. coli infection and immune response
in broiler chickens. J Am Sci 8:795-801

Hector M, Cervantes LRM, Mark CJ (2020) Coccidiosis. Diseases of
Poultry, 14th edn. John and Wiley. Sons Inc., USA, pp 1193-1217

Hirani ND, Hasnani JJ, Pandya SS, Patel PV (2018) Haematological
changes in broiler birds with induced caecal coccidiosis follow-
ing prophylaxis with different coccidiostats. Int J Curr Microbiol
Appl Sci 7(04): 1094-1100. https://doi.org/10.20546/ijcmas.2018.
704.119

Irizaary-Rovira AR (2004) Avian and reptilian clinical pathology
(Avian haematology and biochemical analysis), Section XI, In
R.L. Cowell, (ed.). Veterinary clinical pathology secrets. Elsevier
Inc. St. Louis, MO, USA., 282-313.

Jatau ID, Lawal 1A, Kwaga JK, Tomley FM, Blake DP, Nok AJ (2016)
Three operational taxonomic units of Eimeria are common in
Nigerian chickens and may undermine effective molecular diag-
nosis of coccidiosis. BMC Vet Res 12:86

Jatau ID, Sulaiman NH, Musa IW, Lawal Al, Okubanjo OO, Isah I,
Magaji Y (2012) Prevalence of Coccidia infection and prepon-
derance Eimeria species in free-range indigenous and intensively
managed exotic chickens during the hot-wet season, in Zaria,
Nigeria. Asian J Poult Sci 6:79-88

Kaingu F, Liu D, Wang L, Tao J, Waihenya R, Kutima H (2017)
Anticoccidial effects of Aloe secundiflora leaf extract against
Eimeria tenella in broiler chicken. Trop Anim Health Prod
49(4):823-828

Kasper LH, Buzoni-Gatel D (2001) Ups and downs of mucosal cellular
immunity against protozoan parasites. Infect Immun 69(1):1-8

Kheirabdi PK, Jahangir KK, Shahab B, Jaime AT, Amir DS, Mehdi
CB (2014) Comparison of the anticoccidial effect of granulated
extract of Artemisia sieberi with monensin in experimental coc-
cidiosis in broiler chickens. Exp Parasitol 141:129-133

Kogut MH, Gore TC, Long PL (2005) E. tenella, E. necatrix and E.
adenoeides: peripheral blood leukocyte response of chickens and
turkeys to strains adapted to the turkey embryo. Exp Parasitol,
Orlando 58:63-71

Koinarski V, Georgieva N, Gadjeva V, Petkov P (2005) Antioxidant
status of broiler-chickens infected with Eimeria acervulina. Revue
De Médecine Vétérinaire 156:1268-1274

Malik TA, Kamili AN, Chishti MZ, Tanveers S, Ahad S, Johri RK
(2016) Synergistic approach for the treatment of chicken coccidi-
osis using berberine — a plant natural product. Microb Pathog
93:56-62

Meskerem A, Chaiwat B, Nirat G, Montakan V (2013) Hematological,
biochemical, and histopathological changes caused by coccidiosis
in chickens. Kasetsart Journal-Natural Science 47:238-246

Minias P (2019) Evolution of heterophil/ lymphocyte ratios in response
to ecological and life-history traits: a comparative analysis across
the avian tree of life. ] Anim Ecol 88:554-565. https://doi.org/10.
1111/1365-2656.1294

Mitchell EB, Johns J (2008) Avian hematology and related disor-
ders. Veterinary Clinics of North America: Exotic Animal 23.
11(3):501-22

Mohammed AK (2012) Study of haematological and some biochemical
values changing with the administration of Salinomycin and Poul-
try star probiotics in broiler chickens challenged with Cocciodsis
(E. tenella).J Vet Med Sci 11:1-8

Mohiti-Asli M, Ghanaatparast-Rashti M (2015) Dietary oregano essen-
tial oil alleviates experimentally induced coccidiosis in broilers.
Prev Vet Med 120:195-202

Mondal DK, Chattopadhyay S, Batabyal S, Bera AK, Bhattacharya K
(2011) Plasma biochemical indices at various stages of infection
with a field isolate of Eimeria tenella in broiler chicken. Veteri-
nary World 4(9):404—409

Musa IW, Sa’idu L, Jatau JT, Adamu J, Out MO, Abdu PA (2010) An
outbreak of coccidiosis in 5-day old commercial breeder flock in
Zaria. Nigeria. Int J Poult Sci 9(12):1112-1115

Ogbe AO, Atawodi SE, Abdu PA, Oguntayo BO, Noel D (2010) Oral
treatment of Eimeria tenella infected broilers using aqueous
extract of wild mushroom (Ganoderma Sp): effect on haema-
tological parameters and histopathology lesions. Afr J Biotech
9:8923-8927

Owai PU, Mgbere G (2010) Effects of components of Melia
azadirachta on coccidia infections in broilers in Calabar. Int J
Poult Sci 9(10):931-934

Patra G, Ayoub M, Chanu K, Jonathan L, Joy L, Pravo M, Das G, Dvel
K (2010) Diagnosis of E. tenella infection in broiler chicken. Int
J Poult Sci 9(8):813-818

Patra G, Rajkhow TK, Ali MA, Tiwari JG, Sailo L (2010b) Studies on
clinical, gross, histopathological and biochemical parameters in
Broiler Birds suffered from Eimeria necatrix infection in Aizwal
District of Mizoram. Int J Poult Sci 9(12):1120-1124

Pop L, Gyorke A, Taraban AF, Dumitrache MO, Kalmar Z, Mircean V,
Zagon D, Balea A, Cozma V (2015) Effects of artemisin in broiler
chickens challenged with Eimeria acervulina, E. maxima and E.
tenella in battery trials. J Vet Parasitol 214:264-271

Portugaliza HP, Fernandez TJ (2012) Growth performance of Cobb
broilers given varying concentrations of malunggay (Moringa
oleifera lam) aqueous leaf extract. ] Anim Feed Sci 2(6):465-469

Qureshi MA (2003) Avian macrophage and immune response: an over-
view. Poult Sci 82(5):691-698

Razzaq A, Hashmi HA, Kamran A, Rehman H, Khan H (2003) Clini-
cal and haematological effects of experimentally induced coc-
cidiosis and its prophylactic control in commercial quails. Pak J
Sci 55:23-26

Rehman H, Abbas S, Lohahet N (2003) Laboratory Manual of Physiol-
ogy, (vol. 1). Society of Veterinary Physiology, Lahore, Pakistan.

Samrawit M, Mersha C, Mulat A (2018). Haematological changes
caused by coccidiosis in experimentally infected broiler chick-
ens. Int J Adv Res Biol Sci 5(5): 196-202. https://doi.org/10.
22192/ijarbs.2018.05.05.02

@ Springer


https://doi.org/10.1155/2016/4692424
https://doi.org/10.1155/2016/4692424
https://doi.org/10.1007/s11250-019-02162-z
https://doi.org/10.1007/s11250-019-02162-z
https://doi.org/10.20546/ijcmas.2018.704.119
https://doi.org/10.20546/ijcmas.2018.704.119
https://doi.org/10.1111/1365-2656.1294
https://doi.org/10.1111/1365-2656.1294
https://doi.org/10.22192/ijarbs.2018.05.05.02
https://doi.org/10.22192/ijarbs.2018.05.05.02

66

Comparative Clinical Pathology (2022) 31:53-66

Sekhon BS, Jairath S (2010) Prebiotics, probiotics and synbiotics: an
overview. Indian J Pharm Educ Res 1:13-36

Sirois M (1995) Veterinary clinical laboratory procedures (1st edition).
Mosby Year Book, Inc. Pp. 23-67.

Trafalka E, Grazy BK (2004) An alternative to antibiotics? Journal of
Poultry Science 57:491-498

Wakenell PS (2010) Haematology of chickens and turkeys. In: Weiss,
D. J. and Wardrop, K. J. (eds.) Veterinary haematology 6th ed.
John Wiley & Sons. Ames, lowa, USA. 957-967.

@ Springer

Yang, B, Ping, L, Mei-Xuan, L, Xiao-Ling, C, Wan-Yuan, X, Huai-
Jing, H, Xiao-Qin, H (2019) A meta-analysis of the effects of
probiotics and synbiotics in children with acute diarrhea. Med
98:37 https://doi.org/10.1097/MD.0000000000016618

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/MD.0000000000016618

	Effects of synbiotic probiotic and prebiotic supplementation on haematology and serum total proteins of broiler chickens challenged with Eimeria tenella
	Abstract
	Introduction
	Materials and methods
	Supplementsdrug
	Eimeria tenella parasite
	Experimental birds and infection
	Sample collection
	Determination of packed cell volume and serum total protein
	Determination of haemoglobin (Hb) concentration
	Determination of red blood cells and total white blood cell counts
	Preparation of smears for differential leukocyte count
	Calculation of erythrocytic indices
	Data analyses

	Results
	Leucocytes and differential leucocyte counts
	Total leucocyte count (TLC)

	Heterophil count
	Lymphocyte count
	Heterophil lymphocyte ratio
	Oesinophil count
	Monocyte count
	Packed cell volume (PCV)
	Haemogloblin (Hb) concentration
	Erythrocytes and erythrocytic indices
	Total red blood cell count (TRBC)

	Mean corpuscular haemoglobin concentration (MCHC)
	Mean corpuscular volume (MCV)
	Serum total protein

	Discussion
	Conclusion
	References


