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ABSTRACT
The present work was conducted to evaluate the effect of prophylactic treatments using an

ionophore anticoccidial (lasalocid sodium, 100 ppm) and a prebiotic (beta-glucans and
oligosaccharides, 0.5 ppm) on coccidiosis and immune reactions against it in experimentally
infected broiler chickens. A total of 120 chicks were equally divided into four groups. The first group
(A) served as control and received the basal diet with no additives, while the other groups (B, C and
D) served as tests and their birds were given the basal diet supplemented respectively with an
anticoccidial (Avatec®), a prebiotic (Alphamune®) or a combination of them. Coccidiosis was induced
in broiler chickens using a mixture of E. acervulina and E. maxima at the 14th day of age. By the
end of the experimentation, better health condition and production performances were recorded in
birds of the last group (D), in which a decrease in coccidia replication and lesional scores were found
in association with low oocysts shedding kinetics and a stimulated immune system (increased
lymphoid organs weights, indices and a bigger number of lymphocytes). Our findings confirm the
effectiveness of the prebiotic-anticoccidial combination in the control of coccidia infections in broiler
chickens.
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INTRODUCTION
Avian coccidiosis is a global parasitic disease characterized with heavy health and economic

impacts. Control of this disease is based essentially on chemoprevention using coccidiostats
additives and more recently on immunization. Vaccine efficacy is variable and may in some
circumstances be restricted, which led to the development of novel protocols that would improve
vaccination effectiveness (Allen et al., 2004). Indeed, improving the immunological functions
through better hygiene practices and feed additives usage could undoubtedly be a valuable
complementary approach (Vermeulen et al., 2001). Several alternative strategies have proven their
effectiveness in coccidiosis control with potential stimulatory effects on performances and
immunity. They are mainly based on the preservation of the intestinal barrier integrity and the
stimulation of the immune response. This is the case of some yeasts and their derivatives
(Elmusharaf et al., 2007; Gomez-Verduzco et al., 2009a, b; Oliviera et al., 2009; Swiatkiewicz et al.,
2014). Thus, the use of feed additives that prevent diseases such as coccidiosis and promote the
nutrients utilization is important.

The present study was carried out to assess  the  efficiency  of  some  prophylactic protocols
based  on  an   ionophore    anticoccidial    (lasalocid   sodium)  and  a   prebiotic   (beta-glucans  and
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oligosaccharides) in production performances, preventing coccidiosis and improving broiler
immunity under experimental infection conditions.

MATERIALS AND METHODS
Animals and housing: A total of 120 days old ISA 15 chicks were allocated into four equal batches
with three replicates in a completely randomized design. Each group was housed in a separate
suspended wire cage. Temperature was gradually decreased from 32°C on the first day to 20°C on
the 49th day. Continuous lighting was provided with an intensity reduction from the 3rd week.
Birds were vaccinated against Newcastle disease and Infectious bursal disease on the first and the
14th day, respectively.

Dietary treatments: To meet the nutrient requirements of the broiler chickens during the
experimental period, a complete basal diet was formulated according to AOAC (1990). Table 1
presents the ingredients and the composition of the basal diet. It contains no antibiotic growth
promoter, or anticoccidiostatic. Birds of the first batch (A) served as control and received only the
basal diet, while those of the other batches (B, C and D) served as tests and they were given the
basal diet supplemented respectively with 100 ppm of Avatec® (lasalocid sodium: anticoccidial
ionophore) and 0.5 ppm of a prebiotic "Alphamune®" (beta-glucans and oligosaccharides) or a
mixture of them, throughout the period of study (J 0-49). Feed and water were provided ad libitum
and the trial was performed according to the guidelines established by the Institutional Animal
Care and Use Committee.

Avatec® and Alphamune® were provided as premix powders by Alpharma Animal Health
(Belgium). During the experimental period, some performance parameters were monitored such
as: Live Body Weight (BW) at the 3rd and 7th week of age, daily Feed Intake (FI), feed conversion
ratio (FCR) and mortality rate.

Experimental infection with E. acervulina and E. maxima: A native strain of sporulated
Eimeria spp. oocysts were obtained from the Department of parasitology (Veterinary and
Agricultural Sciences Institute, University of Batna).

Table 1: Composition of the basal diet
Ingredients (%) Starter Grower/finisher
Maize 51.0 53
Soybean meal (45% protein) 30.0 25
Wheat 13.8 15
Oil 1.00 2.5
Premix* 2.50 2.5
Di-calcium phosphate 1.20 1.2
Salt 0.30 0.3
DL methionine 0.10 0.1
L-lysine 0.10 0.1
Calculated chemical analysis
ME (kcal kgG1) 3000 3085
Crude protein (%) 21.2 19.4
Available phosphor (%) 0.73 0.68
Calcium (%) 0.70 0.53
Methionine (%) 0.34 0.30
Lysine (%) 1.190 1.08
*Provided per kg of diet, Vitamin A: 8800 UI, Vitamin D3: 3300, Vitamin E: 40 UI, Vitamin K3: 3.3 mg, Thiamine: 4.0  mg, Riboflavin:
8.0 mg, Panthotenic acid: 15 mg, Niacin: 50 mg, Pyridoxine: 3.3 mg, Choline: 600 mg, Folic acid: 1 mg,  Biotin:  220  mg,  Vitamin B12:
12 mg, Antioxidant: 120 mg, Manganese: 70 mg, Zinc: 70 mg, Iron: 60 mg, Copper: 10 mg, Iodine: 1.0 mg and Selenium: 0.3 mg
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Challenge of chickens with E. acervulina and E. maxima was carried out at the 14th day of age.
A mixture of E. acervulina (50%) and E. maxima (50%) oocysts were multiplied in broiler chickens.
They were conserved in 2% potassium dichloramate solution to induce sporulation and kept
refrigerated (3-5°C) until use. To induce the infection, 2 mL of this mix (containing about 1×105

sporulated oocysts) was suspended in saline water and orally administrated to every bird of the
trials.

Parasitological and immunological parameters: On the 21st and 49th days, oocysts counts
were determined in 10 g of excreta collected along the day. Samples were placed in separate
airtight storage bags, mixed thoroughly and kept refrigerated. Then, they were firstly ten-fold
diluted in tap water and the resulted solutions were further diluted in saturated NaCl solution at
ratio of 1/10 and oocysts were counted using McMaster chambers and presented as the number of
oocysts per gram of excreta (Hodgson, 1970).

At these same dates and from each batch, five randomly selected birds were euthanized by
jugular vein bleed and the intestinal lesions were noted according to the gross lesion scoring
procedure (SLM). A lesion score was assigned from 0-4 (Johnson and Reid, 1970). Blood samples
were taken for hematological and biochemical analysis.

Effects of the experimental protocols on the immune system were studied by weighing the
lymphoid organs (thymus, bursa of fabricius and spleen) and circulating leucocytes, heterophils and
lymphocytes differential counts. The total number of leukocytes counted is 100. Blood samples were
taken from the jugular vein for total leukocytes counts.

The lymphoid organs were removed and individually weighed with an analytical balance-A and
D-GH-300, then each lymphoid organ index was calculated as the ratio of its weight (g)/body weight
(g)×100  (Rizvi  and   Anjm, 2000).  These  indices  are  important  criteria  in  studying immune
system status and immune responses during infections or after vaccination (Anwar et al., 2008;
Galha et al., 2010).

Total leukocytes counts were estimated using a hemacytometer and Natt and Herrick’s solution.
For differential leukocyte counts, the blood smears were prepared and stained with Giemsa stain
(Campbell, 1998). Heterophils/Lymphocytes ratio (H/L) was calculated as described by Gross and
Siegel (1983) and PCV (packed cell volume) was determined using a microhaematocrit centrifuge
(GMDN 32429) at 12000×g for 5 min.

Statistical analysis: Data was subjected to analysis of variance (ANOVA) in the general linear
model using the SPSS 17.00 statistical package (SPSS Inc., Chicago, USA). The homogeneity of the
variance was tested by Levenes Test. When significant treatment effects will be disclosed at p<0.05,
the turkey’s test was applied in order to determine statistical differences between means.

RESULTS
Performance parameters: At the age of 21 days, body weight gain in the control batch was lower
than in all the other batches (Table 2) with the highest value in birds of batch D
(Avatec®+Alphamune®) followed by group B (Avatec®) and C (Alphamune®).

Feed conversion ratio values in the control group and the Avatec® group were significantly the
lowest among all tested groups (p>0.05) and a significant difference (p>0.05) between the groups
receiving additives (Avatec® and Alphamune®) and the control group was observed at the end of the
trial (49th day). The mortality rate (8%) was the highest in the control group.
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Table 2: Performance parameters of broiler chickens
Day 21 Day 49
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments FI (g) Body weight (g) FCR %* FI (g) Body weight (g) FCR %*
Control 1005±13.36b 593±30.17a 1.69c 2 3499±36.25a 1702±50.65a 2.05a 8
Avatec® 932±26.21a 598±20.22a 1.55a 0 3172±29.14b 1985±48.32b 1.590b 0
Alphamune® 984±20.54b 678±30.70b 1.45b 1 3165±31.98b 1913±39.14b 1.65b 1
Avatec®+Alphamune® 976±12.65b 680±28.40b 1.430b 0 3085±16.54b 1963±64.12b 1.570b 0
a, b, cValues within a column showing the same superscript do not differ significantly (p>0.05) . *percentage of mortality, FI: Feed intake,
b.wt.: Body weight, FCR: Feed conversion ratio

Table 3: Effects of different treatments on lesion scores of infected broiler chickens
Treatment days Control Avatec® Alphamune® Avatec®+Alphamune®

Day 21 1.0±1.00a 0.4±0.54b 0.4±0.54b 0.2±0.44b

Day 49 3.0±0.54a 0.6±0.54c 1.0±1.00b 0.6±0.54c

 Average 2.0±1.13a 0.5±0.52b 0.7±0.82b 0.4±0.51b

a,b,cValues within a row showing the same superscript do not differ significantly (p>0.05), those with different superscript differ significantly
(p<0.05)

Table 4: Effect of  dietary  treatments  on  oocysts  excretion (log10) per g of excreta in broiler chickens challenged with E. acervulina and
E. maxima

Treatment days Control Avatec® Alphamune® Avatec®+Alphamune®

Day 21 5.60±0.4a 4.30±0.3cb 4.60±0.5b 4.20±0.2c

Day 49 10.56±1.1a 3.21±0.2b 3.18±0.2b 1.10±0.3c

a,b,cValues within a row showing the same superscript do not differ significantly (p>0.05)

Lesions score: At the end of the starter period (21st day), the average lesions score (SLM) values
were lower than one (1.0) for all groups (Table 3). Birds of the control group had recorded the
highest SLM value followed by those of group B and C together (0.4) and finally by those of group
D, which had the lowest SLM (0.2). There was an increasing tendency of SLM values with age in
all groups. At the day 49 the SLM value became 3.0 for group A, indicating a severe infection with
E. acervulina and E. maxima. Groups B, C and D had lower SLM values. The highest average
lesion score in the 21st and 49th day was found in birds of group A.

There is a significant difference (p>0.05) between the groups that received prophylactic
treatment (prebiotic and coccidiostatic) and the control one.

Oocysts excretion: The Table 4 presents the effect of diets on oocyst excretion of broiler chickens
challenged with E. acervulina and E. maxima on day14 of age. The number of oocysts per gram of
excreta in the control group is higher than the other groups submitted to treatments with a
prebiotic or a coccidiostatic or a combination of them (p<0.05).

At the end of the breeding period (day 49), the difference in the number of oocysts excreted in
the group that received the association "Avatec®+Alphamune®" is highly significant (p<0.05)
compared with Avatec® and Alphamune® groups.

Immunological parameters
Weight and indices of immune organs: Preventive use of prebiotic Alphamune® and/or
anticoccidial Avatec® had beneficial effects on the immunity of birds which resulted in an increase
in weight and indices of their lymphoid organs (thymus, bursa and spleen). This increase in weight
of the lymphoid organs was significantly (p<0.05) correlated with the increase in body weight of
animals of groups Avatec®, Alphamune® and their association (Table 5).

Differential immune cell count: Results showed that there was an improvement in the
immunity  of  birds  by  stimulating  the  cellular  and  humoral  immune  responses  supported by
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Table 5: Effects of different treatments on weight and indices of lymphoid organs
Bursa of fabricius (%) Spleen (%) Thymus (%)
------------------------------------------ ------------------------------------------ --------------------------------------------

Treatments Day 21 Day 49 Day 21 Day 49 Day 21 Day 49
Control
Weight 1.36±0.30a 0.76±0.08a 0.29±0.03a 1.96±0.50a 1.48±0.26a 3.28±1.02a

Index 0.33±0.18a 0.05±0.01a 0.08±0.01a 0.13±0.02a 0.40±0.03a 0.24±0.04a

Avatec®

Weight 1.39±0.28a 0.92±0.28b 0.38±0.08b 2.30±0.70b 1.88±0.18b 3.64±0.74b

Index 0.34±0.05a 0.05±0.01a 0.09±0.01a 0.13±0.02a 0.46±0.04a 0.22±0.04a

Alphamune®

Weight 1.69±0.26b 0.94±0.16b 0.47±0.08c 2.60±0.410c 1.86±0.18b 4.96±0.76c

Index 0.40±0.05a 0.06±0.01a 0.11±0.02b 0.16±0.02b 0.44±0.05a 0.30±0.02b

Avat.+Alpha.®

Weight 1.49±0.24a 0.97±0.17b 0.42±0.08c 2.38±0.52b 1.89±0.53c 4.92±1.29c

Index 0.36±0.05b 0.05±0.01a 0.09±0.01a 0.13±0.02a 0.43±0.08a 0.27±0.05a

a,b,cValues within a column showing the same superscript do not differ significantly (p>0.05)

Table 6: Effects of the different treatments on the absolute counts of different immune cells. On total, one hundred immune cells were
counted

Immune cells Control Avatec® Alphamune® "Avatec®+Alphamune®

Heterophils 
Day 21 15.600a 15.20a 11.60a 12.60a

Day 49 19.400a 15.00a 12.80a 12.40a

Average 17.500a 15.10ab 12.20b 12.50b

Lymphocytes
Day 21 71.800a 74.80ac 80.40bc 75.00ac

Day 49 67.400a 70.40a 75.40a 71.80a

Average 69.600a 72.60ac 77.90bc 73.40ac

Eosinophils
Day 21 1.00a  1.00a 1.00a 0.80a

Day 49 1.400a 2.40ad 0.80ac 1.20a

Average 1.200a 1.70a 0.90a 1.00a

Monocytes
Day 21 10.200a 8.20a 5.80a 9.80a

Day 49 10.000a 9.80a 9.40a 8.40a

Average 10.100a 9.00a 7.60a 9.10a

Heterophils/lymphocytes ratio 0.25a 0.20a 0.15b 0.16c

a, b, c, dValues in a row with the same superscript do not differ significantly (p$0.05)

lymphocytes. Birds of group "A" showed a decrease in circulating lymphocytes counts compared to
those of other groups. But they recorded the highest heterophils counts and
heterophils/lymphocytes ratio. The prebiotic "Alphamune®" boosted the immune response with an
increased percentage of circulating lymphocytes compared to the other groups but the difference
was not significant (p>0.05) (Table 6).

DISCUSSION
The preventive use of anticoccidial Avatec® and/or prebiotic Alphamune® in groups B, C and D

improves chickens performances compared to the control group. These results are in agreement
with those of De los Santos et al. (2007), Bolu et al. (2009) and Cheraghi et al. (2014), who proved
the  beneficial   effect   of   prebiotics   on   growth   performances   of  chickens.  According to
Gomez-Verduzco et al. (2009a) and despite the beneficial role of yeast derivatives on the body
weight, feed intake and feed conversion, these products can be used as feed additives to recover
from coccidiosis and to reduce livestock losses due to this disease.

The use of yeast derivatives stimulates broiler performances (body weight and feed conversion),
nutrients  digestibility  as  well  as  the  length  of intestinal villi (in jejunum, duodenum and ileum)
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which results in an enlargement of the absorption surface (Zhang et al.,  2005;  Gao  et  al., 2008;
Al-Mansour et al., 2011). Elwinger et al. (1998) reported that anticoccidial ionophores (monensin
and narasin) have an antibacterial activity and they enhance the animal growth in a same way as
the antibiotics growth factors avilamicine and avopracin. Mohamed et al. (2008) suggested MOS
as alternatives to enramycine® (an antibiotic growth factor) which has more beneficial effects when
combined with them.

The low levels of oocysts shedding and the reduced SLM values recorded in our study,
demonstrate the success of the different preventive protocols in the control of coccidial replication
and confirmed the anticoccidial activity of the used products. However, they do not completely
eliminate the parasites from the intestine of birds. Our results are in agreement with those of
Elmusharaf et al. (2006) and Gomez-Verduzco et al. (2009a), who have proved the ability of
prebiotics and coccidiostat lasalocid sodium to reduce the replication of coccidia.

Lasalocid sodium is an ionophore anticoccidial with excellent activity against all species of
Eimeria at a dose of 90 ppm (Botsoglou and Fletouris, 2001). In experimental inoculation, this drug
has shown a good anticoccidial activity compared to monensin and salinomycin (Mahmood et al.,
2001). In addition, ionophores exhibit an antibacterial activity and reduce the pathogenic enteric
bacterial populations such  as  clostridia  that  cause infections predisposing to coccidiosis
(Chapman et al., 2002).

The protective effect of prebiotics is a result of asexual schizonts development inhibition
following the stimulation of local immune mechanisms (Elmusharaf et al., 2006). Elmusharaf et al.
(2007) proved the potential anticoccidial ability of MOS to significantly reduce E. acervulina oocysts
excretion and intestinal damage. However, these prebiotics still unsuccessful in controlling
infestations induced by E. maxima and E. tenella.

The increase in SLM values at the end of our study means that broiler chickens remain
susceptible to infestation despite the inclusion of prebiotics and/or anticoccidial lasalocid sodium
in their  feed  as  their  efficiency  can  be  weakened  by  many  factors.  As  a solution,
Vancraeynest et al. (2009) recommended the increase of ionophore coccidiostats dose to prevent
coccidiosis especially with the emergence of drug resistant strains of parasite. A lesional score of
1.8 was observed with a dose of 75 ppm of lasalocid  compared  to  a  score  of  0.7  with  a dose of
125 ppm. Increased litter moisture with age seems to be a predisposing factor to the survival and
accumulation of oocysts and facilitate the infestation of poultry (Stanley et al., 2004). It is worth
noting that the immune response developed following a primary infestation may not be sufficient
to protect the chicken at advanced ages. Christophe (2007) chickens of more than 28 days old still
sensitive  to  coccidian  infections  and  severe  intestinal  lesions  could  be  observed  even beyond
42-45 days of age. The incompletion of the immunity against chicken coccidia seems to be a
plausible explanation.

Several hypotheses attempted to explain the beneficial effect of MOS products in avian
coccidiosis control. Indeed, these products have the ability to simultaneously stimulate cellular
immune response (which plays a major role in controlling intestinal parasitism) and local
production of secretory antibodies during natural exposure to Eimeria spp. (Gomez-Verduzco et al.,
2009a).

Nollet et al. (2007) reported that the association of MOS with vaccination increases the
resistance of chickens to coccidia infestation with stimulation of their immune response and
production performances. The inclusion of prebiotics enhances the cellular (lymphocytes proportion)
and  humoral  (IgA  titer  in  the  ileum)  immune  responses  (Li  et al., 2007; Swanson et al., 2002).
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Furthermore, they protect the intestinal mucosa in the case of inflammatory reactions induced by
pathogens or toxins by increasing the villi length and facilitating their regeneration (Gao et al.,
2008). The MOS can compete with sporozoites for binding sites on intestinal epithelial cells and
thereby reduce the adhesion and the subsequent proliferation of parasites (Shoaf et al., 2006).

The bursa of fabricius, spleen, thymus and lymphoid tissue associated to the intestine (cecal
tonsils) are major actors in the immune response against intestinal pathogens (Lillehoj and
Lillehoj, 2000). Parasitic infestation stress causes a decrease in body weight gain and feed
consumption and affects the immune system of birds (Rizvi and Anjum, 2000). Reduced lymphoid
organs  indices  are  typical  in  birds  suffering   from   mixed   coccidial   infections   (E.  tenella,
E. acrervulina, E. maxima and E.  necatrix)  (Anwar  et  al.,  2008). These affected organs show
micro-necrosis and lack of immune cells migration (Olariu-Jurca et al., 1994). Many defense
mechanisms are involved in the protection from coccidian infection. The cellular immune response
supported by the T lymphocytes enhances resistance to coccidiosis (Pakandl et al., 2008) and
cytokines intensify the level of this protection. The increase in Interferon gamma levels (IFN-γ,
transcripted in the spleen and cecal tonsils) is particularly associated with protective immunity
against coccidiosis (Yun et al., 2000; Lillehoj et al., 2004). Antibodies (IgA, IgG and IgM) production
begins soon after natural infection (Lillehoj and Lillehoj, 2000) or vaccination (with E. tenella
antigen) especially in the spleen (Ayaz et al., 2008) with an effectual protection of intestinal mucosa
and a significant diminution in clinical signs severity and mortality rates.

The stimulation of the performances of birds with anticoccidials and/or prebiotics can influence
the immune response due to their action on weight and immune organs indices. Yalcinkaya et al.
(2008) confirmed the impact of MOS on weight of the internal organs (liver and pancreas) as well
as organs of the immune system. A dose of 0.05% MOS significantly increases the weight of the
bursa of fabricius. In chickens receiving anticoccidials or prebiotics in their diets, body weight
improvement  comes  along  with  an  increase  in  weight  of  internal  and lymphoid organs
(Stanley et al., 2004; Kadam et al., 2009).

Increased Heterophis/Lymphocytes ratio is a major indicator of a stress condition (Gross and
Siegel, 1983). According to Duffy et al. (2005), intestinal parasitism is an important stress factor
in poultry and the inflammatory reaction that accompanies intestinal lesions involves the
heterophils participation (Stanley et al., 2004).

Lasalocid sodium and prebiotic supplementation also results in increased percentage of
circulating lymphocytes and decreased H/L ratio, this leads to enhancing cellular immune response
and increasing antibodies production. According to Bolu et al. (2009) and Gomez-Verduzco et al.
(2009a) the prebiotic "Alphamune®" enhances cellular immune response with a significant increase
of leukocytes especially lymphocytes. The immuno-stimulating effect of prebiotics is related to an
amplification of the humoral (antibody titer) and cellular (percentage of lymphocytes) immune
responses (Li et al., 2007; Rugea et al., 2009). In addition to this stimulation of the immunity at the
peripheral level, prebiotics also locally increase the immunoglobulin titer (IgA) in the ileum
(Swanson et al., 2002). Cellular immune response can also be enhanced by ionophores addition
(Munir et al., 2009). Prebiotics and ionophores used to prevent coccidiosis can indirectly stimulate
the immunity in post vaccination of poultry against certain immunosuppressive diseases affecting
the lymphoid organs or against infections predisposing to coccidiosis such as Marek's disease which
affects  the  T  cell  response  (Morimura  et  al.,  1995). Thus, the MOS enhances the immune
response by increasing the antibody titer during vaccination against infectious bursal disease
(Oliviera et al., 2009) and Newcastle disease (Gomez-Verduzco et al., 2009a; Oliviera et al., 2009).
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In contrast, Rizvi and Anjum (2000) reported the absence of a significant effect of various doses
of salinomycin (an anticoccidial ionophore) on indices of lymphoid organs. A very high dose of this
drug (180 ppm) may cause immuno-suppression in poultry with a reduction in total leucocytes and
lymphocytes count. However, this effect seems to be dose dependent. A dose of 90 ppm of this
anticoccidial stimulates the humoral immune response in post vaccination and doses greater than
90 ppm may even give more satisfactory results (Jafari et al., 2010).

CONCLUSION
The prophylactic use of anticoccidial ionophore lasalocid sodium (Avatec®,100 ppm) and/or

prebiotic (Alphamune®,0,5 ppm) as feed additives throughout the rearing period, improves the
health of broiler chickens by stimulating their growth performances (weight gain, feed intake and
feed conversion ratio) and immune responses (weight and indices of immune organs lymphocytes
count). It results also in a better control of coccidiosis (decreased oocyst excretion and severity of
intestinal lesions).

The association of Avatec® and Alphamune® is the best treatment, which demonstrate
interesting synergistic effects and seem to be promising alternatives in the control of coccidian
infections, because of the emergence of drug-resistance among Eimeria strains in addition to the
cost of vaccination.
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