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ABSTRACT
A study was conducted to evaluate the haematological parameters of broilers fed Moringa oleifera leaf supplemented
feed and had been challenged with a very virulent infectious bursal disease virus. Two hundred and forty day-old
Ross 308 hybrid broiler chicks were assigned into four groups (A,B,C,D) of 60 chicks each in a deep litter type
housing. While groups A and B were fed with formulated broiler starter and finisher containing 5% Moringa oleifera
leaf, groups C and D were fed with formulated broiler starter and finisher without Moringa oleifera leaf. Groups A
and C were vaccinated intramuscularly against infectious bursal disease (IBD) at 14 and 21 days of age, and
Newcastle’s disease at 18 days of age. Groups A, B and C were intraocularly challenged at 35 days of age with 0.05
ml of a live vv IBDV. Groups B and D served as positive and negative control respectively. Blood was collected from
10 broilers in each group via the wing vein at 35, 38 and 42 days of age for various haematological indices. A
significant decrease in the values of lymphocytes counts in group B at 38 days of age was observed.
Heterophil/lymphocyte ratio had significantly decreased (P<0.05) in group D at 38 days of age. Packed cell volume
significantly decreased (P<0.05) at 38 days of age in groups A, B, C and D and subsequently increased (P<0.05) by
42 days of age in groups B, C and D. Red blood cell count was significantly decreased (P<0.05) in group B and C at
38 days of age, while haemoglobin concentration significantly increased (P<0.05) at 42 days of age in group B and D.
Feeding broilers with5% MOL supplemented diet without vaccination did not prevent vvIBDV from causing a
decrease in lymphocyte count 3 dpi in broilers of group B.
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the resultant changes are important in assessing the
response of animal to various pathological, nutritional and
physiological situations (Akpodiete and Ologhobo 1998;
Khan and Zafar 2005; Owen et al., 2009).
Poultry diseases such as infectious bursal diseases
(Panigraphyet al., 1986; Juranova et al., 2001), avian

INTRODUCTION
Haematology has been defined as the study of blood.
It is an important part of clinical pathology as well as
diagnostic process. Haematological analysis has been
widely used as indices in assessing the health status of an
animal (Graczyk et al., 2003; Uchegbu et al., 2010) and
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coccidiosis (Koinarski et al., 2001), Newcastle disease
(ND) (Galindo-Muniz et al., 2001; Oladele, et al., 2012),
fowl typhoid (Kokosharov and Todorova 1987; Barde et
al., 2015) and Mycoplasmosis (Branton et al., 1997;
Burnham et al., 2003; Ahmed et al., 2015) greatly
influence haematological parameters of avian species.
Differential leucocytes are used as indicators of stress
response and are sensitive biomarkers that are vital for
immune functions. Bacterial and viral diseases affect the
total number of white corpuscles thus; the proportion
among the various types of white corpuscles and the
percentages of the different types of white corpuscles in
healthy birds, have therefore been modified in sick birds
(Wendy and Jean-Marc 1992; Post et al., 2007;
Muhammad and Oloyede, 2009; Barde, et al., 2015).
Infectious bursal disease virus has been reported to cause
alterations in different haematological parameters of
poultry (Zeryehun, et al., 2012). In birds, clinical signs of
illness are often delicate; therefore, clinical chemistry is
essential to assess cellular changes (Ritchie, et al., 1994).
Moringa oleifera leaf (MOL) in the diets of broilers
has been shown to have a significant effect on the blood
parameters of broilers (Oghenebrorhie and Oghenesuvwe,
2016), and Makanjuala et al. (2014) had earlier observed a
numerical increase in the values of Parked cell volume
(PCV), Red blood cell (RBC) and haemoglobin (HB) of
broilers fed with MOL supplemented diets. The absences
of hematological values of broilers fed Moringa oleifera
leaf (MOL) supplemented diet and then challenged them
with vvIBDV demand this study. Therefore, this study was
aimed at assessing the effect of dietary MOL feed
supplement on haematological parameters of broilers
challenged with a very virulent infectious bursal disease
virus (vvIBDV).

Yobe State. The stem together with the branches of the
Moringa trees were cut down and spread out under shade
for it to dry at room temperature for 5 days. The MOL
were then manually separated from the stem and branches
by hand and grounded into powder using a milling
machine.
Mineral analysis
The analysis of the mineral content of MOL was
carried out based on the procedure of AOAC (1990) to
determine minerals such as calcium, phosphorus,
magnesium, iron, sodium, zinc, copper, selenium,
potassium, and manganese components of the leaf.
Phytochemical analysis
Qualitative and quantitative analysis of MOL was
done, based on the method described by Sofowora (1993),
to ascertain the presence of tannins, phytates, saponins,
oxalates, cyanides, alkaloids, carbohydrates, flavonoids,
steroids, terpenoids, phenols and phylobatanins.
Proximate analysis
The method described by the AOAC (1990) for the
proximate analysis of the MOL was used to verify the
proportion of carbohydrates, crude protein, fats, fibre, ash,
moisture and metabolizable energy.
Feed formulation and analysis
Following shade drying of MOL, it was milled with a
hammer mill and sieved with 3 mm mesh to obtain
Moringaoleifera leaf meal. A 22% and 20% crude protein
broiler starter and broiler finisher mash respectively were
formulated [with 5% MOL (Olugbemi, et al., 2010)
forming part of the feeds ingredients for group A and B]
using Pearson square and milled in a toll mill in Zaria. The
feed was subjected to analysis based on the method
described by the AOAC (1990) in the Feed analysis
laboratory of the Department of Animal Science, Ahmadu
Bello University Zaria, to determine the level of
metabolizable energy, crude protein, crude fibre, moisture,
ash content, and dry matter.

MATERIALS AND METHODS
Study location
The study was conducted at the Poultry Research
Unit of the Faculty of Veterinary Medicine, Ahmadu Bello
UniversitySamaru, Zaria, Kaduna state, Nigeria.
Ethical approval
Approval this research was sorted from the ethics
committee of the Ahmadu Bello University, Zaria and
guidelines for the care and humane handling of animals
were strictly followed throughout the study (FASS, 2010).

Experimental chicks and housing
A total of 240 day-old Ross 308 hybrid broiler chicks
were obtained from a reputable commercial hatchery
located in Yola, Nigeria. The chicks were brooded in a
conventional open-sided house which was properly
disinfected before the arrival of the chicks (deep litter
system of management with wood shavings as litter
material, feeders and drinkers were provided) with cyclic
temperatures. The chicks were individually weighed with

Collection and processing of Moringa oleifera leaf
Moringaoleifera leaf was harvested during the early
flowering stage of the plant from orchards in Potiskum,
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a weighing balance and assigned in a completely
randomised design into four different groups A, B, C and
D of 60 chicks each (each pen has a floor space of 3×4 m).
A 100-watt bulb was provided in each of the compartment
to supply light and heat during brooding.

containing ethylene diamine tetra acetic acid for
haematology. Prior to this, the area around the brachial
vein was swabbed with 70% methanol to obtain optimal
disinfection and to allow for easy access to the vein and
for the collection of blood. Each of the sample bottles
were properly labelled using a permanent marker. Direct
contact with blood was avoided by the use of hand gloves
and laboratory coat.

Experimental design
Groups A and B were fed with broiler starter and
finisher diets each containing 5% MOL, while groups C
and D were fed with broiler starter and finisher feed
without MOL. Groups A, B and C were challenged at 35
days of age with a vvIBDV. While group B served as the
positive control, group D served as the negative control.
All the groups were fed for 49 days (7 weeks) with feed
and water provided ad libitum.

Determination of packed cell volume
The Packed Cell Volume (PCV) was determined
using a standard technique as described by Rehmanet al.
(2003). Non-heparinized capillary tubes were filled up to
about ¾ of its length from one end and the second end was
heat-sealed using Bunsen burner. The blood in the sealed
capillary tubes was then centrifuged for 5 minutes at 4,383
x g using the Saitexiangyi TG12MX® Microhaematocrit
centrifuge machine. Then the proportion of cells in the
total volume of blood was measured and recorded as a
percentage using the Hawksley® Micro-haematocrit
reader.

Vaccines and vaccination
Inactivated vaccines against IBD (Virsin 122, oil
emulsion, Biovac limited, Isreal, Batch 1- 382222) and
inactivated vaccines against ND (oil emulsion Komorov
strain, Biovac limited, Isreal, Batch 1- 422222) were
obtained from a reputable Veterinary Pharmaceutical
supplier in Jos, Nigeria. Broilers in groups A and C were
vaccinated on the thigh muscles intramuscularly with 0.5
ml of killed IBD vaccine on 14 and 21 days of age
respectively, while vaccination against ND was done with
a killed ND vaccine (0.5 ml) on the thigh muscles
intramuscularly on 18 days of age.

Estimation of haemoglobin concentration
Haemoglobin
concentration
was
assayed
colorimetrically as cyanmethemoglobin (Drabkin, 1945).
Five ml of hemiglobincyanide (HICN) (Drabkin) solution
were measured using a 5 ml syringe into plastic test tubes.
Twenty µl of blood was measured using a micropipette
and was added to the Drabkin solution in the test tube and
properly mixed by gently shaking the test tube. It was
centrifuged at 1,509 × g for 15 minutes to separate the
empty Red Blood Cell (RBC) from interfering with the
reading. The supernatant was separated into a sample
bottle. The supernatant was absorbed into the haemoglobin
meter (XF–C, China). After the wiggling pump stops
working, the value displayed on the screen was recorded
in g/dl as the haemoglobin concentration.

Challenge infectious bursal disease virus
At 35 days of age, all the broilers in groups A, B and
C were challenged intraocularly with 0.05 ml of a live
vvIBD virus. The IBD virus used for the challenge was a
field strain of vvIBDV obtained from previously
vaccinated layers that died of natural outbreak of IBD.
Sixty five per cent of commercial cockerels were
inoculated at 30 days of age with 50 µl of bursal
suspension (v/w) in phosphate buffer saline (PBS) (pH
7.4) died. One millilitre of bursal suspension (v/w) in PBS
(pH 7.4) contained 10-976 CID50 of IBDV.

Determination of red blood cell and total white
blood cell count
RBC and Total White Blood Cell (TWBC) counts
were determined with the Natt-Herrick solution (1:200
dilution) and the improved Neubauer haemocytometer
(Campbell and Ellis, 2007) as both counts can be prepared
directly from the same sample placed in the
haemocytometer.
The heparinised blood samples were slightly agitated
and the RBC diluting pipette was used to pipette the blood
to the 0.5 marking. The tip of the pipette was cleaned
properly using a tissue paper without touching the distal
opening of the pipette tip with tissue, as this will causea

Collection and processing of blood
Blood samples of the broilers were collected when
the chicks were 35, 38 and 42 days of age from all the
groups for haematological assay. On each blood collection
day, 10 broilers from each group that had been previously
randomly selected and marked were bled via the brachial
vein using a 25-gauge sterile needle on a plastic disposable
5 ml syringe. Two ml of blood were collected after the
birds were properly restrained by an assistant and then
emptied into a commercially available sample bottle
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capillary shift of blood into the tissue. The diluting
solution (Natt-Herrick) was also pipette to the 101
marking (1:200) without entirely immersing the pipette tip
into the diluting fluid. The mixture was well shaken for 1
minute to obtain equal distribution then emptied into a
clean sample bottle. The Neubauer haemocytometer and
cover slip were cleaned using a dry, lint free cloth. The
cover slip was properly placed on the haemocytometer.
The mixture of Natt-Herrick solution and the blood
sample was then agitated a little and a capillary tube was
used to withdraw a small aliquot. Both sides of the
haemocytometer were filled up (charged) by gently
touching the intersection between the cover slip and
haemocytometer with the loaded capillary tube avoiding
air bubbles and under-filling or over-filling, and then left
for 5 minutes for the cells to settle down. The light
microscope (Olympus-XSZ-107BN), at low power
magnification (×40) was used to view the cells and
counting was done using the tally counter.
For TWBC count, the WBC in the four outer large
squares of the haemocytometer were counted and
calculated using the formula:
N/20 = WBC × 109 /l
Where N = Number of WBC counted in the four
outer large squares (or in 64 small squares).
For RBC count, the cells contained in the four
corners and central squares in the mid-section of the
haemocytometer were counted. Following the “L” rule:
cells that touch the centre triple lines of the ruling on the
left and the bottom sides were counted but the cells that
touch the centre triple lines of the ruling on the right and
the top sides were not counted. The RBC count was
calculated using the formula:
N/100 = RBC x 1012 /l
Where N = Number of RBC was counted in the five
squares in the mid-section of the haemocytometer (or in
160 squares). Note that both charged sides of the
haemocytometer were counted for both the RBC and
TWBC and the average calculated.

Staining was done by flooding the smears with
Wright-Giemsa stain for 3 minutes. An equal amount of
Sorensen’s buffer (pH of 6.8) was added then mixed
gently by blowing using a pipette until green metallic
sheen forms on the surface. The smear was allowed to
stand for further 6 minutes. The smears were rinsed with
the Sorensen’s buffer and allowed to stand for a minute for
differentiation. The stained slides were then washed
copiously with the Sorensen’s buffer and the back of the
smears were wiped with tissue paper to remove the excess
stain and allowed to air dry. The slides were then neatly
packed into a slide box until viewing.
Examination of the stained blood smears for
differential leucocytes count was done using a light
microscope (Olympus-XSZ-107BN) under high-power
magnification with oil immersion (×1, 000). One hundred
WBC were counted and classified based on their
morphologic features (Campbell 1988; Hawkey and
Dennet 1989; Campbell and Ellis, 2007). The counting
was done using the Marble® Blood Cell Calculator. The
differential WBC count was then expressed as a
percentage of the individual cell group. The percentage of
each cell was then converted into absolute numbers by
reference to the total WBC using the formula:
Percentage of WBC counted × TWBC = Absolute Number × 109 /l
100

An estimated thrombocyte count was obtained from
the stained blood film using the same formula for the
indirect estimation of total WBC (Campbell, and Ellis,
2007). Valid and reliable results were not obtained where
there was evidence of thrombocytes clumping. The
absolute number of thrombocytes was estimated by using
the formula:
Number of thrombocytes counted × TWBC=Absolute Thrombocytes x 109 /l
100

Data analyses
The results of the haematological values were
expressed as means ± standard deviation. They were
further subjected to repeated measure one way analysis of
variance (ANOVA) followed by post-hocDunnett’s
control test for multiple comparison. Analyses are
considered significant at p < 0.05 using Statistical Package
for Social Science (IBM SPSS version 20) for windows.

Preparation of smears for differential leucocyte
count and thrombocytes estimation
From the blood sample collected in all the birds, a
pair of smears for each blood sample was made. A small
drop of blood was immediately used for the preparation of
blood smears each using the standard slide-to-slide
technique. The air-dried smears were properly labelled
using a pencil on the frosted end of the slide and then
fixed in a fixing jar containing 70% methanol for 3
minutes and air-dried.

RESULTS
Haematology results had shown significant decrease
in the values of PCV in group A at 38 (P<0.05) and 42
(P<0.05) days of age. The values of PCV were also
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significantly decreased in group B (P<0.05), C (P<0.05)
and D (P<0.05) at 38 days of age, but had significantly
increased (P<0.05) by 42 days of age in group B (Table 1).
Haemoglobin concentration significantly increased in
group B (P<0.05) and group C (P<0.05) at 38 days of age
and decreases significantly (P<0.05) at 38 days of age in
group D (Table 2). The value of RBC significantly
(P<0.05) decreased at 38 days of age and increased
significantly (P<0.05) at 42 days of age in group B (Table
3), while TWBC count was observed to significantly
increase (P<0.05) between groups A and C, and B and C at
42 days of age (Figure 1).
The result of this study also showed a significant
increase (P<0.05) in the values of eosinophils count
among broilers in group B at 42 days of age, but no
significant increase (P>0.05) was however observed
among broilers in groups A, C and D at 35, 38 and 42 days
of age (Table 4). A significant decrease (P<0.05) was
observed in lymphocyte count at 38 days of age in group B
(Table 5). The values of heterophil/lymphocyte (H/L) ratio
had significantly (P<0.05) decrease at 38 days of age and a
significant (P<0.05) increase was observed between 35
and 42 days of age in group D (Table 6).

Figure 1. Mean (± SD) total white blood cell count of
broilers fed 5% Moringa oleifera leaf feed supplement (A
and B), vaccinated (A and C) with killed infectious bursal
disease vaccine at 14 and 21 days old and challenged (A,
B and C) at 35 days old with very virulent infectious
bursal disease virus

Table 1. Packed cell volume of broilers fed 5% Moringaoleifera leaf supplemented feed
Groups

A
n = 10

B
n = 10

Age in days

C
n = 10

D
n = 10

Mean (± SD) packed cell volume (%)

35

28.60 ± 1.77

a

26.30 ± 1.94a

25.22 ± 2.28a

25.50 ± 3.54a

38

21.80 ± 3.46b

21.10 ± 1.91b

21.44 ± 1.33b

23.30 ± 3.06a

42

19.90 ± 2.73b

23.80 ± 3.01c

22.67 ± 1.87b

26.80 ± 2.04c

F statistics

25.528

12.585

8.952

3.028

P value

0.0000

0.001

0.003

0.079

n = total number of birds sampled, Mean (± SD) = standard deviation of the mean; Means having different superscripts alphabet on the same column differ
significantly P<0.05

Table 2. Haemoglobin concentration of broilers fed 5% Moringaoleifera leaf supplemented feed
Groups

A
n = 10

Age in days

B
n = 10

C
n = 10

D
n = 10

Mean (± SD) haemoglobin concentration (g/dl)

35

10.55 ± 2.21

10.01 ± 1.77ac

9.81 ± 0.97a

13.38 ± 1.47a

38

10.78 ± 1.95

10.32 ± 0.93b

11.39 ± 1.17b

11.14 ± 1.47a

42

10.77 ± 1.50

12.06 ± 2.04ac

11.77 ± 2.00b

13.38 ± 1.47c

F statistics

0.053

5.499

4.280

8.924

P value

0.940

0.015

0.040

0.015

n = total number of birds sampled, Mean (± SD) = standard deviation of the mean; Means having different superscripts alphabets on the same column differ
significantly P<0.05
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Table 3. Red blood cell count of broilers fed 5% Moringaoleifera leaf supplemented feed
Groups

A
n = 10

Age in days

B
C
n = 10
n = 10
Mean (± SD) red blood cell count (× 1012/L)

D
n = 10

35

2.44 ± 0.44

2.49 ± 0.34ac

2.25 ± 0.26

2.44 ± 0.63

38

2.01 ± 0.42

1.78 ± 0.35b

1.79 ± 0.52

2.19 ± 0.82

ac

42

2.04 ± 0.49

2.19 ± 0.51

2.09 ± 0.29

2.10 ± 0.51

F statistics

2.210

8.011

3.399

0.542

P value

0.140

0.006

0.077

0.572

n = total number of birds sampled, Mean (± SD) = standard deviation of the mean; Means having different superscripts alphabets on the same column differ
significantly P<0.05

Table 4. Eosinophil count of broilers fed 5% Moringaoleifera leaf supplemented feed
Groups

A
n = 10

Age in days

B
C
n = 10
n = 10
Mean (± SD) eosinophil count ×109 /L

D
n = 10

35

0.05±0.06

0.01 ±0.02a

0.15± 0.17

0.16 ±0.21

38

0.10±0.12

0.03±0.03a

0.19± 0.24

0.12± 0.12

0.12± 0.12

b

0.13±0.11

0.09 ±0.12

42

0.05 ±0.05

F statistic

4.205

7.25

0.389

0.570

P value

6.07

0.025

0.618

0.556

n = total number of birds sampled, Mean (± SD) = standard deviation of the mean; Means having different superscripts alphabets on the same column differ
significantly P<0.05

Table 5. Lymphocyte count of broilers fed 5% Moringaoleifera leaf supplemented feed
Groups

A
n = 10

38
42

C
n = 10

D
n = 10

Mean (± SD) lymphocyte count (x 109 /L)

Age in days
35

B
n = 10

3.2 ± 0.26

3.87 ± 1.52a

3.5 ± 0.34

2.2 ± 0.44

3.1 ± 0.32

b

4.1 ± 0.40

4.0 ± 0.60

a

4.7 ± 0.70

3.3 ± 0.51

2.67 ± 1.26

3.6 ± 0.62

3.77 ± 0.82

F statistic

0.335

1.338

1.165

2.160

P value

0.653

0.023

0.328

0.153

n = total number of birds sampled, Mean (± SD) = standard deviation of the mean; Means having different superscripts alphabets on the same column differ
significantly P<0.05

Table 6. Heterophil/lymphocyte ratio of broilers fed 5% Moringaoleifera leaf supplemented feed
Groups

A
n = 10

Age in days

B
n = 10

C
n = 10

D
n = 10

Mean (± SD) heterophil/lymphocyte ratio

35

0.15±0.05

0.13±0.06

0.19±0.07

0.68± 0.42a

38

0.22±0.20

0.18±0.10

0.14±0.06

0.17±0.07b

42

0.22±0.10

0.19±0.09

0.20±0.12

0.22±0.11b

F statistic

0.877

1.511

2.442

11.568

P value

0.387

0.251

0.118

0.007

n = total number of birds sampled, Mean (± SD) = standard deviation of the mean; Means having different superscripts alphabets on the same column differ
significantly P<0.05
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decrease in lymphocytes with large single and large
multiple lysosomes have been reported 3 dpi (Klucinski, et
al., 1984). The finding of this work agrees with that of
Oladele et al. (2005) and Kassim, (2014) who separately
reported lymphopenia 6, 12, and 48 hours, and a
subsequent, increase in lymphocyte counts between 120
and 144 hours post infection with vvIBDV in 4 weeks old
broilers and cockerels respectively. The result of this study
implies that despite feeding broilers with 5% MOL
supplemented feed; the vvIBDV was able to cause
destruction of B-lymphocytes.
Increase H/L ratio has been used as an important
indicator of stress in birds (Gross and Siegel, 1983). Stress
in birds which may vary from food or water deprivation,
temperature extremes, constant light or diseases usually
elevates the number of heterophils and depresses the
number of lymphocytes (Gross, 1989; Mcfarlanje, and
Curtis, 1989). The highly significant increase in H/L ratio
observed in broilers of group D may not necessarily be
due to the above mentioned stressors, because broilers
used for this study were not deliberately disturbed in
anyway. However, it was observed that broilers in group D
had more number of males than females, though not
deliberately apportioned. This high number of males could
probably be the reason for the higher H/L ratio observed.
This finding is in agreement with the findings of AlMurraniet al. (1997) where he reported that male (cock)
broilers had a higher H/L ratio when compared to female
(Hen) broilers and suggested that, the additional stress of
higher body weight in males must have attributed to the
increase in the H/L ratio.

DISCUSSION
The significant decrease in PCV and RBC observed
in groups A, B and C 3 dpi in the current study could be
due to anaemia resulting from haemorrhage that is usually
associated with IBD infection. The findings in the present
study are in accord with those of Skeeles et al. (1980) and
Moss (1999). Additionally, this finding also agrees with
the works of Panigraphyet al. (1986) and Kassim, (2014)
who in their separate studies reported a significant
reduction in the values of PCV and RBC 5 dpi with
vvIBDV, when a 4 weeks old broilers and cockerels were
challenged respectively. But it is however, contrary to the
findings of Oladeleet al. (2005) who reported an increase
in PCV of broilers challenged with vvIBDV at 32 days of
age. The significant increase in PCV at 7 dpiob served in
group B could suggest that minerals such as iron that were
found in high quantity in the MOL used for supplementing
the feed fed to broilers in group B may have possibly
helped in increasing their PCV. Significant increase in the
values of PCV was also reported in broilers fed MOL
supplemented diet (though not challenged with vvIBDV)
(Tijjani et al., 2015; Emmanuel, 2016; Oghenebrorhie and
Oghenesuvwe, 2016).
The increase in the concentration of haemoglobin
observed in groups B and C could indicate polycythaemia
that could be due to dehydration, which is a characteristic
finding in IBD (Gross, 1989). It could also imply that the
5% MOL supplemented diet and the feeds without MOL
were rich in iron which is responsible for the synthesis of
haemoglobin. Hassan et al. (2016) also reported an
increase in the values of Hb concentration when MOL was
supplemented in the diet of broiler. The increase in TWBC
count observed in group C could be a response to
subclinical bacterial infections such as E. coli. Infectious
bursal disease has been reported to increase the
susceptibility to various bacterial infections (Niki, 1996;
Shane, 1997). The significant increase observed in the
values of eosinophils in group B was probably as a result
of an increase from an initial absence of eosinophils at 35
days of age (pre infection with vvIBDV).
The significant decrease observed in the values of
lymphocyte in group B, showed a marked lymphopenia, 3
dpi with vvIBDV. It is well known that viral infections in
birds are associated with lymphopenia (Jain, 1986). This is
because IBDV causes the destruction of B-lymphocytes
within the bursa of Fabricius before their migration into
the blood stream, thus causing the reduction in the number
of lymphocytes in the blood (Weiss and Kaufer-Weiss,
1994). After infection with IBDV, an increase in the
percentage of lymphocyte without lysosomes and a

CONCLUSION
It was concluded that, 5% MOL supplemented diet
without vaccination did not prevent vvIBDV from causing
a decrease in lymphocyte count 3 dpi in broilers of group
B. Supplementation of broiler feed with 5% MOL and
vaccination with a killed IBD vaccine did not prevent a
decrease in PCV and RBC, but cause an increase in Hb
concentration3dpi with vvIBDV in groups A and B,
respectively.5% MOL supplemented diet with or without
vaccination did not cause an increase in the heterophil to
lymphocyte ratio in groups A and B.
DECLARATIONS
Author’s contribution
All authors participated in making the design,
performing the experiment, analyses of the data, and
writing of the manuscript.

14

IA,101.https://www.amazon.com/Avian-HematologyCytology-TerryCampbell/dp/0813800641

Consent to publish
All the authors have consented to the publication of
this paper.

Campbell TW and Ellis CK (2007). Haematology of birds. In:
Campbell, T.W. and Ellis, C. K. (Eds). Avian and Exotic
Animal Haematology and Cytology (Third edition.).
Blackwell Publishing Professional, Ames (IA), pp. 3–50.
DOI:10.1647/1082-6742(2007)21[335:
AAEAHA]2.0.CO;2

Competing interest
The authors declare that they have no competing
interests.

Drabkin DR (1945). Crystallographic and optical properties of
human haemoglobin. A proposal for standardization of
haemoglobin. American Journal of Medicine and
Surgery,
209:
268
–
270.https://www.hindawi.com/journals/tswj/2014/364602
/ref

REFERENCES
Ahmed JS, Lawal SM, Fatihu MY, Moses DG, Barde IJ,
Kumbish PR and Oladele SB (2015). Isolation and
serological detection of Mycoplasma gallisepticum and
Mycoplasma synoviae using combined MG/MS enzyme
linked immunosorbent assay kit in indigenous chickens in
Niger State, Nigeria. African Journal of Cellular
Pathology,
4:70-73.
DOI:http://www.academicjournals.org/journal/AJCPath/h
ow-to-cite article/8CEC3F955483

Emmanuel A (2016). Influence of Moringa oleifera seed meal on
haematologicaland biochemical parameters of broiler
chickens. American Journal of Life Science Researches,
4(4):137-139. DOI:10.21859/ajlsr-040405
FASS (2010). Guide for the care and use of agricultural animals
in research and teaching (3rd edition). Federation of
Animal
Science
Societies.
103128.https://www.aaalac.org/about/Ag_Guide_3rd_ed.pdf

Akpodiete OJ and Ologhobo AD (1998).The nutritive value of
maggot meal in broiler chicks. II – Nutrient retention,
haematology and serum chemistry. In: The Nigerian
Livestock Industry in the 21st Century. Proceedings of
the 3rd Annual Conference of the Animal Science
Association of Nigeria (A. D. Ologhobo and E. A. Iyayi,
eds.) held at Lagos Airport Hotel, Ikeja, Lagos.
September
22nd
–
24th,
pp.
41-42.
https://www.ajol.info/index.php/gjas/article/view/1932

Galindo-Muniz F, CaldernoNL, Charles MN, Telez IG and
Fortoul TI (2001). Haematological and histological
findings in experimental Newcastle disease. Acta
Veterinaria
Brunensis,
70:185189.https://www.researchgate.net/publication/237726333
_Haematological_and_histological_findings_in_experime
ntal_Newcastle_disease

Al-Murrani WK, Kassab A, Al-SamHZand Al-Athari AM
(1997). Heterophil/lymphocyte ratio as a selection
criterionfor heat resistance in domestic fowls. British
Poultry
Science,38:159–163.
DOI:http://doi.org/10.1080/00071669708417962

Graczyk SA, Pliszczak K, Kotonski B, Wilczek J and Chmielac
Z (2003). Examination of haematological and metabolic
change mechanisms of acute stress in turkeys.Electronic
Journal of Polish Agricultural University. 6:1-10.
https://www.researchgate.net/publication/228968639_Exa
minations_of_hematological_and_metabolic_changes_me
chanisms_of_acute_stress_in_turkeys

Association of Official Analytical Chemists (AOAC) (1990).
Official methods of analysis, Association of Official
Analytical Chemists, Washington, D.C., USA, 15th
Edition,
807928.https://law.resource.org/pub/us/cfr/ibr/002/aoac.meth
ods.1.1990.pdf

Gross

Barde IJ, Bale JOO, Oladele SB, Fatihu MY, Kumbish PR,
Rimfa AG, Teki IS, Moses GD, Ahmed JS and Okewole
PA (2015). Study of some haematological parameters of
Japanese
quail
(Coturnixcoturnix
japonica)
experimentally infected with Salmonella enteric Serova
Gallinarum. Annual Research and Review in Biology,
7(4):222-228.
DOI:http://doi.org/10.9734/ARRB/2015/18450

WB
(1989).
Factors
affecting
chicken
thrombocytemorphology and the relationship with
heterophi1: lymphocyte ratios. British Poultry Science,
30:919-925.
DOI:https://doi.org/10.1080/00071668908417218

Gross WB and Siegel HS (1983). Evaluation of the
heterophil/lymphocyte ratio as a measure of stress in
chickens.
Avian
Diseases,
27:972–
979.https://www.ncbi.nlm.nih.gov/pubmed/6360120
Hassan HMA, El-Moniary MM, Hamouda Y,El-Daly EF,
Youssef AW and Abd El-Azeem, NA(2016). Effect of
different levels of Moringa oleifera leaves meal on
productive performance, carcass characteristics and some
blood parameters of broiler chicks reared under heat
stress conditions. Asian Journal of Animal and Veterinary
Advances, 11: 60-66. DOI: 10.3923/ajava.2016.60.66

Branton SL, May JD, Lott BD and Mashin WR (1997). Various
blood parameters in commercial hens acutely and
chronically infected with Mycoplasma gallisepticum and
Mycoplasma synoviae. Avian Diseases, 41(3):540 –
547.https://www.ncbi.nlm.nih.gov/pubmed/9356698

Hawkey CM and Dennet TB (1989).A Colour Atlas of
Comparative Veterinary Haematology. Wolfe Publishing,
London,
UK,
pp.
DOI:192.onlinelibrary.wiley.com/doi/10.1111/j.1939165X.1989.tb00532.x/abstract

Burnham MR, Peebles ED, Branton SL, Jones MS and Gerard
PD (2003). Effects of F-strain Mycoplasma gallisepticum
inoculation at twelve weeks of age on the blood
characteristics of commercial egg laying hens. Poultry
Science,
82:1397402.https://www.ncbi.nlm.nih.gov/pubmed/12967252

Jain NC (1986). Schalm’s Veterinary Hematology, 4th
Edn.Philadelphia, PA, USA, Lea and Febiger, 747748.https://searchworks.stanford.edu/view/10861913

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

15

Juranova R, Nga NT, Kulikova L and Jurajda V
(2001).Pathogenicity of Czech isolates of infectious
bursal disease virus. Acta Veterinaria Brunensis, 70:425431.http://citeseerx.ist.psu.edu/viewdoc/download?
DOI:10.1.1.580.2991&rep=rep1&type=pdf

Oghenebrorhie O and Oghenesuvwe O (2016). Performance and
haematological characteristics of broiler finisher fed
Moringa oleifera leaf meal diets. Journal of Northeast
Agricultural University (English Edition), 23(1):28-34.
DOI:https:doi.org/10.1016/S/006-8104(16)30029-0

Kassim I (2014). Pathological, haematological and biochemical
changes in cockerels experimentally infected and
vaccinated against infectious bursal disease virus. M.Sc
Thesis,department of veterinary pathology, Ahmadu
Bello University, Zaria, pp. 96.

Oladele OA, Adene DF, Obi TU, Nottidge HO and Aiyedun AI
(2005). Sequential hematological study of experimental
infectious bursal disease virus infection in chickens,
turkeys and ducks. Pathologie Infectieuse, 58(4):211-215.
http://remvt.cirad.fr/cd/derniers_num/2005/EMVT05_211
_215.pdf

Khan TA and Zafar F (2005).Haematological study in response
to varying doses of estrogen in broiler chicken.
International Journal of Poultry Science, 10:748-751.
http://www.docsdrive.com/pdfs/ansinet/ijps/2005/748751.pdf

Oladele SB, Enam SJ and Okubanjo OO (2012). Pathogenic
haemoparasites and antibody to Newcastle disease virus
from apparently healthy wild birds in Zaria, Nigeria.
Veterinary
World,
5(1):13-18.
DOI:10.5455/vetworld.2012.13-18

Klucinski W, Kopec-Szlezak J, Grabarczyk M, Sitarska E,
Karczewski W, Minta Z and Szeleszczuk P. (1984).
Morphological changes in blood lymphocytes of chickens
infected with infectious bursal disease virus. Zentralblatt
fur Veterinarmedizin, 31:518-525.

Olugbemi TS, MutayobaSK andLekule FP (2010). Evaluation of
Moringa oleifera leaf meal inclusion in cassava chip
based diets fed to laying birds. Livestock Research for
Rural
Development,
22(6):118-120.DOI:
10.3923/ijps.2010.363.367

Koinarski V, Angelov G and Lalev (2001). Haematologic and
blood electrolyte changes in broiler chickens
experimentally invaded with Eimeriatenella. Bulgarian
Journal of Veterinary Medicine,4:237-242.

Owen OJ, Amakiri AO and Ngodigha EM (2009). Physiological
responses of weaner rabbits fed graded levels of poultry
litter. International Journal of Poultry Science, 8(2): 183187. DOI:10.3923/ijps.2009.183.187

Kokosharov T and Todorova T (1987).Changes in the iron
content, erythrocytes and hemoglobin in the blood of
poultry with acute experimental fowl typhoid. Veterinary
Medicine
Nauki,
24(5):70-74.
http://www.bu.edu.eg/portal/uploads/discussed_thesis/11
161566/11161566_R%C2%A0.pdf

PanigraphyB, Rowe LD and Corrier DE (1986). Haematological
values and changes in blood chemistry in chickens with
infectious bursal disease. Research in Veterinary Science,
40:
86-88.
https://www.ncbi.nlm.nih.gov/pubmed/3010410

Makanjuola BA, Obi OO, Olorungbohunmi TO, Morakinyo OA,
Oladele-Bukola MO and Boladuro BA (2014).Effect of
Moringa oleifera leaf meal as a substitute for antibiotics
on the performance and blood parameters of broiler
chickens. Livestock Research for Rural Development.
Volume 26, Article #144. Retrieved February 6, 2018,
from http://www.lrrd.org/lrrd26/8/maka26144.htm

Post J, Rebel JMJ and terHuurne AAHM (2007). Automated
Blood Cell Count: A Sensitive and Reliable Method to
Study Corticosterone-Related Stress in Broilers.IDLelystad, Institute for Animal Science and Health,
Lelystad,The
Netherlands,
777781.www.arpapress.com/volumes/vol15issue3/ijrras_15_
3_24.pdf

Mcfarlanje M and Curtis SE (1989).Multiple concurrent stressors
in chicks. Effects onplasma corticosterone and the
heterophi:lymphocyte ratio. Poultry Science, 68:522-527.
https://www.ncbi.nlm.nih.gov/pubmed/2748500

Rehman H, Abbas S and Lohahet N (2003). Laboratory Manual
of Physiology, (1), Society of Veterinary Physiology,
Lahore, Pakistan. pvj.com.pk/pdf-files/28_2/89-91.pdf
Ritchie

Moss PP (1999). Blood Banking: Concepts and Applications.
W.B.
Saunders
Co,
Philadelphia,
12-34.
https://www.google.com/search?q=Blood+Banking:+Con
cepts+and+Applications.+W.B.+Saunders+Co,+Philadelp
hia,+12-34.&ie=utf-8&oe=utf-8&client=firefoxb&gfe_rd=cr&dcr=0&ei=liF9Wre9BKf08Ae0hLugBQ

BW, HarrisonJG andHarrison RL (1994).Avian
Medicine,Winger’s
Publishing,
Inc,
Florida.avianmedicine.net/publication_cat/avianmedicine

Shane S(1997). Oxford, Infectious bursal disease in: Poultry
Health and Management. 4thedthion. Blackwell
Publishers
UK,
125-126.
scialert.net/fulltext/?doi=ajpsaj.2012.152.159

Muhammad NO and Oloyede OB (2009). Haematological
parameters of broiler chicks fed Aspergillus niger fermented Terminalia catappa seed meal-based diet.
Global Journal of BiotechnologyandBiochemistry, 4 (2):
179-183.
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.
606.2853

Skeeles JK, Slavick M, Beasley JN, Brown AH and Meinecke
CF (1980).An agerelated coagulation disorder associated
with experimental infection with infectious bursal disease
virus. American Journal of Veterinary Research,41:1458–
1461.
http://agris.fao.org/agrissearch/search.do?recordID=US19810704435

Niki E (1996). Free radical- induced oxidative damage and
nutritional oxidants.Proceedings of 2nd World Health
Organisation Symposium on Health issues for 21st
Century,
pp.
105-108.
http://www.inchem.org/documents/ehc/ehc/ehc188.htm

SofoworaA (1993). Medicinal Plant and Traditional Medicine in
Africa; Spectrum Books Limited, Ibadan, pp. 1-12,101108. http://www.sciepub.com/reference/41679
Tijani LA, Akanji AM, Agbalaya K and Onigemo M (2015).
Haematological and serum biochemical profiles of broiler
chickens fed diets containing Moringa oleifera leaf

16

meals. Agro-Science -Journal of Tropical Agriculture,
Food, Environment and Extension, 14(3): 7-11.
https://www.ajol.info/index.php/as/article/view/149053
Uchegbu MC,Ezuma CC, Ogbuewu IP and Opara MN (2010).
Physiological responses of finisher broilers to yam peel
meal: Haematology and serum biochemistry. Electronic
Journal of Environmental Agriculture and Food
Chemistry,
9:16571664.https://www.researchgate.net/profile/Maxwell_Opar
a/publication/265575606_Physiological_responses_of_fin
isher_broilers_to_yam_peel_mea
Weiss E and Kaufer-Weiss I (1994). Pathology and pathogenesis
of infectious bursal disease. In: Proceedings of
International symposium on infectious bursal disease and
chicken
infectious
anaemia,Rauischholzhausen,
Germany,
21-24
June.www.enfermedadgumboro.com/referencias.asp
Wendy

BB and Bollag JM (1992).Encyclopedia of
Microbiology, volume 2, Academic Press Inc. 269 –
274.https://www.google.com/search?client=firefoxb&ei=jjB2WpgBiJySBYazk6AM&q=Wendy,+B.+Bolla

ZeryehunT, Bejo MH and RasedeeA(2012). Biochemical
changes in specific pathogen free chicks infected with
infectious bursal disease virus of malaysian isolate.
Global
Veterinaria,
8(1):8-14.
http://idosi.org/gv/GV8(1)12/2.pdf

17

