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Introduction:-

Newcastle disease (ND) virus is an avian paramyxovirus that produces pneumoencephalitis in young chickens,
turkeys and other domesticated and wild birds (Asplin, 1949). This disease is characterized by respiratory
symptoms, neurological symptoms, enteritis, haemorrhagic lesions and often with high mortality (Ballouh et al.,
1985), which is generally considered as the most serious poultry disease throughout the world (Herenda and Franco,
1996). The virulent strains of PPMV-1 may cause the mortality up to 100%.in some farms (Chu and Rizk 1972) and
cause dramatic losses in domestic fowls (Ezeokoli et al., 1994) and to the lesser extent in turkeys and pheasants (Ibu
et al., 2009).

The circulating strains of NDV are capable of causing both epizootic and enzootic Newcastle diseases in villages
and in large scale commercial farms, and they account for up to 100% mortality in unprotected birds (Ananth et al.,
2008). The NCD that has now become endemic in village poultry population recurs every year and inflicts heavy
losses (Tadelle and Jobre, 2004). This disease has no cure, but vaccination is the most effective method to control
NCD in poultry for reducing the mortality of chicks and adult birds (Spradbrow, 1995; Al-Garib, 2003; Rahman ,
2004; Zeleki et al., 2005; Paulillio et al., 2009). Live vaccines prepared with lentogenic strains of NDV are more
frequently used for poultry than the vaccines prepared from chemically inactivated strains, mixed with adjuvant
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(Alexander 1997). LaSota is a freeze-dried NDV live vaccine produced on a large scale at a relatively low cost and
is in most common use under Indian conditions. This vaccine is easy to administer on a large scale, and it rapidly
stimulates humoral, cell-mediated and mucosal immunity in poultry (Chandraseker et al., 1989; Perry and Aitken
1973).

Although poultry in confinements have been continuously vaccinated with LaSota to control NDV, pockets of
infection have been reported here and there in vaccinated flocks due to vaccine failure (Roy et al., 2000; Ankele et
al., 2014). This vaccine failure may be due to breakdown in the immunity of birds caused by (a) mycotoxins in the
feed (Shivachandra et al., 2003), (b) cold/heat stress (El-Lethey, 2003), (c) velogenic strain of NCDV causing the
infection (Chaudhry and Chaudhry, 1996), (d) malfunctioning of the bird’s immune system (Li et al., 1999; Sharma
et al., 2000), and (e) cyclophosphamide drugs used to treat some other viral diseases in poultry (Kim et al., 2004).
Breaking the immunity has caused many farmers to lose confidence in the use of vaccines because of doubts about
their efficacy.

Immunostimulation of birds is a right choice to enhance the immunity through increased antibody production,
increased cellular immune responses, and increased macrophage phagocytic ability, which provides high resistance
to the birds against various viral infections (Dugas et al., 1999). The probiotic Lacobacillus acidophyllus has
influenced the adaptive immune responses by activating the innate immune system (Maldonado et al., 2006), and
enhancing the systemic antibody response to some antigens in chickens (Haghighi et al., 2005). Tollba and
Mahmood (2009) have shown that there is a significant increase in counts of erythrocytes (RBC’s), leukocytic
(WBC'’s), lymphocytes, eosinophils and basophils, while heterophil count is low when chicken are fed with
Lactobacilli at normal temperature (23°C). Lillehoj and Chung (1992) had reported elevated lymphocytes count in
the intestinal propria and blood of chicken receiving Lactobacilli probiotic. Experiments confirm that Andrographis
panculata is an immunostimulant to tone up both the innate immunity and acquired immunity in fishes, aquatic
animals, birds, cattle and man (Puri et al., 1993). Dietary supplementation of Sargassum wightii has significantly
increased the RBC count, WBC’s, lymphocytes, basophils, and heterophil count but lowered the eosinophyll count
in chickens and pigeons (Athis Kumar, 2017).

In this study, an attempt was made to enhance the Hl titre, ELISA titre, WBC count and lymphocytes of the laying
hens vaccinated with LaSota vaccine for Newcastle disease by supplementing the feed with different doses of L.
acidophyllus, A. paniculata and S. wightii.

Materials And Methods:-

Experimental Design:-

Three experiments were conducted in the animal house of Sivanthi Adithanar College, Pillayarpuram during January
—June of the year 2018. In each experiment, a total of 75 one-year old Single Comb “Forsgate' strain White Leghorn
layers, belonging to the same hatch and of uniform body size, were randomly grouped into five treatments with 3
four replicates of 5 hens each. In the first experiment, hens in the 1% group were fed only with the conventional feed
(control), and those in the those in the 2™, 3 4™ and 5™ groups were fed with the basal feed as usual and 10%, 10°,
10° and 107 cells of Lactobacillus acidophyllus per litre of water once in a week. In the second experiment, hens in
the 1% group were fed only with the conventional feed (control), and those in the 2", 3", 4™ and 5™ groups were fed
with the normal feed as usual and 0.5g, 1g, 1.5g and 2g of Andrographis paniculata powder per Kg of feed once in a
week. In the third experiment, hens in the 1% group were fed only with the conventional feed, and those in the 2",
3" 4™ and 5™ groups were fed with the normal feed as usual and 0.5g, 1g, 1.5g and 2g of Sargassum wightii powder
per Kg of feed once in a week. For inducing active immunity against Newcastle Disease, the birds were vaccinated
with LaSota vaccine in the ocular route one week prior to the beginning of the experiment. Suitable hygienic
conditions and standard managerial practices were followed throughout the experiment. All the hens were fed with
the experimental feed and dietary supplements for the duration of 60 days.

Collection of Blood:-

Blood samples were taken from the birds on the 50" day of experiment. The wing surface at the elbow joint was
sterilized by wiping with cotton soaked with surgical spirit and blood sample was taken from the jugular vein
through vein puncture using 23 G sterile hypodermic needle of Dispovan Insulin syringe. About 2 ml of blood was
taken in from a fowl, as done by Oladele et al. (2008), on the day of experiment and the samples taken from a pair of
birds were pooled together as one sample (4 ml) for investigation. Of this, 2 ml is stored in labeled Bijou bottles
containing ethylene diamine tetra acetic acid (EDTA) at the concentration of 2mg/ml as anti-coagulant for the study
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of haematological parameters and the remaining 2 ml blood was stored in yet other labeled bottle without any anti-
coagulant for the preparation of serum.

Preparation of Serum:-

2 ml of each blood sample was taken in a test tube and its mouth was closed with a cotton plug. The test tube was
kept undisturbed at 37°C for one hour and then the blood was centrifuged at 2000g for 10 minutes. Serum in the
fluid was carefully poured into a screw-cap tube and stored at -20°C for the further study.

HI titer assay for NDV

To confirm the infections with PPMV-1, sera of all the birds were subjected to HA and HI titer assay according to
the standard methods described by Hanson (1975). The test was carried out by running two fold dilutions of equal
volumes (25 ul) of Phosphate Buffered Saline (PBS) and test serum in U-bottomed micro titer plates. 4
Hemagglutination units (HAU) of the viral antigen of LaSota strain obtained from CIRAD, France was added to
each well and the plates were left at room temperature for a minimum of 30 min. 25 pl of 1% (v/v) chicken RBCs
collected from pathogen-free chickens older than 3 weeks and serologically negative to NCD antibody was added to
each well. After gentle mixing, the plates were allowed to settle for about 40 minutes at room temperature. The HI
titer was read from the highest dilution of serum causing complete inhibition of 4 HAU of antigen. Those wells that
showed sedimentation of RBC as the control wells were considered as inhibition. A titer greater than or equal to 1:8
was taken as positive.

Elisa Test:-

The serum samples were also utilized for estimation of ELISA titre for Newcastle Disease, as per the procedure of
Office International des Epizooties (2000).

Haematological Parameters

Hematological parameters like red blood cells (RBC) count, haemoglobin (Hb) concentration, WBC and differential
count for heterophilis, basophils, eosinophils, monocytes and lymphocytes were determined using standard
techniques described by Rehman et al. (2003).

Immunoglobulin-Y Estimation

On the 50™ day of experiment, one egg was collected from each replicate. Thus, a total of 24 eggs were utilized for
the estimation of IgY level in the yolk, according to the procedure described by Polson (1980).
Statistical analysis

All the data obtained from this experiment were subjected to one-way ANOVA, using SPSS (1997) computer
software. The significant differences among the means values were analyzed with the Duncan multiple range test
(Duncan, 1955).

Results and Discussion:-

Dietary supplementation of Lactobacilli at weekly interval significantly (p>0.05) increased the RBC, WBC,
haemoglobin, basophils, lymphocytes and monocytes and decreased the heterophils and eosinophils in the blood
compared to the blood of control (Table 1). Dietary treatments with Andrographis powder had significantly (p>0.05)
increased the WBC, basophils, heterophils, lymphocytes and monocytes, and decreased the RBC, haemoglobin and
eosinophils in the blood compared to the control (Table 2). Table 3 clearly shows that Sargassum powder
significantly (p>0.05) increased the RBC, WBC, haemoglobin, heterophils, basophils, lymphocytes and monocytes
and decreased the eosinophils in the blood compared to the blood of control. The maximum immunostimulating
effect was observed at 10’ cells of Lactobacilli, 2g Andrographis powder and 2g Sargassum powder per kg of feed,
of which Andrographis had the maximum modulating effect followed by Sargassum and Lactobacilli.

Bone marrow which is the site of haematopoiesis contains all the cytokines required for the proliferation and
differentiation of haemopoetic cells via positive and negative regulation of various cytokines, cytokine receptors and
other regulatory peptides (Bloom, 1938). A combination of more than one cytokine in small concentrations may up
regulate or down regulate the different lineages of haemopoetic precursors to produce characteristic cell types
(Hittler et al., 1992; Fan et al., 2006). Bagby and Heinrich (2000) clearly reviewed that in humans IL-3, IL-9, I1L-11
and GM-CSF are required for the production of erythrocytes from myeloid progenitors, IL-3, GM-CSF, M-CSF and
G-CSF are necessary for the production of neutrophils, IL-3, IL-5 and GM-CSF are inevitable for the production of
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eosinophils, IL-3 and TGF promote the production of basophils, IL-1, IL-6,TNF and GS-CSF are required for the
production of monocytes, and IL-2, IL-7, IL-4, IL-10, IL-12, IL-13, IL-14 and IL-16 required for the formation and
proliferation of lymphocytes from lymphocytes progenitors. Further, IL-1 and TNF act synergistically to stimulate
the myeloid progenitors to produce red blood cells (Kittler et al., 1992). Therefore, Lactobacilli might have up
regulated the expression of IL-1, IL-2, IL-3, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL -16, GM-CSF, TGF and
TNF while down regulated the expression of 1L-5, M-CSF and G-CSF in chicken; Andrographis powder might have
up regulated the expression of IL-1, IL-2, IL-3, IL-10, I1L-12, IL-13, IL-14, IL-15, IL -16, TGF and TNF while down
regulated the expression of IL-5, IL-9, IL-11 and GM-CSF; and Sargassum powder might have up regulated the
expression of IL-1, IL-2, IL-3, IL-5, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL -16, GM-CSF, TGF, TNF, M-CSF
and G-CSF in pigeons. However, it needs further confirmation by RT-PCR with known probes. In the same line of
invention, Choi et al (1999) had already proved that Lactobacilli up regulate the expression of IFN-y, IL-1, I1L-12,
IL10 and IGF- in domestic fowls.

Table 1:-Effects of different dosages of Lactobacillus acidophyllus on the RBC, WBC, Hb and differential cell

count of WBC in chcken vaccinated with LaSota. (n=15).

Blood component | Control 10" Lactobacilli | 10° Lactobacilli | 10° Lactobacilli | 10" Lactobacilli
RBC (x10°/mm°) 2.42+0.17° 2.51+0.21° 2.62+0.17° 2.74+0.26° 2.83+0.23°
WBC (x10¥mm?®) | 25.2242.23% | 26.52+2.27° 28.34+1.84° 31.33+2.28"° 33.4742.17°
Haemoglobin (g%) | 9.22+0.12° 9.26+0.31° 9.43+0.32° 9.53+0.27° 9.68+0.21
Heterophils (%) 19.73+0.32% | 19.22+0.42° 18.83+0.31° 17.110.26° 16.70£0.28°
Basophils (%) 1.72+0.09° 1.78+0.06 " 1.83+0.07° 1.88+0.08 1.96+0.06"
Eosinophils (%) 2.20+0.21° 2.02+0.13°" 1.86+0.23° 1.72+0.21° 1.61+0.11°
Lymphocytes (%) | 66.42+8.32% | 68.33+9.14° 70.37+8.82° 71.68+7.64° 73.39+6.37°
Monocytes (%) 9.80+0.16 9.88+0.11° 10.12+0.20°" 10.41+0.18" 10.51+0.19"

* 3 s the significance p<0.05; " is the significance value p>0.05.

Table 2:-Effects of different dosages of Andrographis paniculata on the RBC, WBC, Hb and differential cell count
of WBC in chicken vaccinated with LaSota. (n=15).

Blood component Control 0.5g powder 1.0 g powder 1.5g powder 2.0g powder
RBC (x10°/mm°) 2.42+0.17° 2.52+0.15° 2.73+0.17° 2.91+0.14° 3.16+0.13°
WBC (x10¥mm®) | 25.22+2.23% | 27.11+2.29" 28.44+1.34° 30.51+2.23° 34.88+2.12°
Haemoglobin (g%) | 9.21+0.12° 9.06+0.22° 8.84+0.12° 8.75+0.20° 8.66+0.19"
Heterophils (%) 19.73+0.31% | 19.78+0.43° 19.84+0.21° 19.89+0.24 19.97+0.22°
Basophils (%) 1.72+0.09° 1.74+0.05° 1.79+0.04° 1.83+0.05° 1.88+0.04°
Eosinophils (%) 2.20+0.21° 2.01+0.16° 1.74+0.21° 1.64£0.20° 1.59+0.12°
Lymphocytes (%) | 66.42+8.32% | 68.76+9.27° 71.87+8.33° 72.68+8.37° 74.49+8.48°
Monocytes (%) 9.80+0.15° 9.84+0.12° 8.90+0.21 8.91+0.19° 8.95+0.19"

* 2 js the significance p<0.05; " is the significance value p>0.05.

Table 3:-Effects of different dosages of Sargassum wightti on the RBC, WBC, Hb and differential cell count of
WABC in chcken vaccinated with LaSota. (n=15).

Blood component Control 0.5g powder 1.0 g powder 1.5g powder 2.0g powder
RBC (x10°/mm®) 2.42+0.17° 3.21+0.19° 3.46+0.12° 3.71+0.36" 3.83+0.34°
WBC (x10%mm®) | 25.2242.23% | 26.52+2.27 28.34+1.84° 31.33+2.28° 33.47+2.17°
Haemoglobin (g%) | 9.22+0.12° 9.46+0.11° 9.63+0.22° 9.93+0.26° 10.24+0.21°
Heterophils (%) 19.73+0.32% | 19.89+0.32° 19.96+0.22° 20.11+0.19° 20.32+0.18°
Basophils (%) 1.72+0.09° 1.80+0.05°" 1.87+0.03° 1.91+0.06° 1.96+0.04"
Eosinophils (%) 2.20+0.21° 2.10+0.332 1.76+0.19° 1.70+0.23° 1.60+0.11°
Lymphocytes (%) | 66.42+8.32% | 68.65+9.27° 71.31+8.98° 72.28+6.71° 73.97+6.29°
Monocytes (%) 9.80+0.15° 9.82+0.13° 8.85+0.21° 8.89+0.17° 8.92+0.18"

* 2 js the significance p<0.05; " is the significance value p>0.05.
Innate immune system has been viewed as a scavenger system that fights against the invading pathogens
immediately after they enter the body either by means of phagocytosis or by lysis of pathogens (Juul-Madsen, 2008).
Phagocytosis is associated with heterophils, basophils and monocytes while lysis is associated with lysozymes and
other molecular cascade systems. Heterophils have phagocytic capability due to oxidative burst (Montali, 1988).
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The activation of heterophils by pathogens or by cytokines induces the expression of various pro-inflammatory
cytokines such as IL-1, IL-6 and IL-8 (Kogut et al., 2005). Monocytes derived macrophages and basophils are
induced to engulf the pathogenic microbes by TLR7/8 proteins which are often stimulated by feed supplements
(Philbin et al., 2005). Expression of defensins has been reported with heterophils and macrophages to destroy
pathogens (Zhao et al., 2001; Sugiarto and Yu, 2004), which is yet other innate protection of the organism. In laying
hens, increase in heterophil- lymphocyte ratio provides much innate immunity to the fowl (Campo et al., 2005). All
the chosen feed supplements have increased the heterophil: lymphocyte ratio in chicken, which indicates that these
feed supplements have enhanced the innate immunity of chicken. Lymphocytes are essential for generating immune
responses and for retaining the memory of previous exposure to an antigen (Burnet, 1971) and they take part in the
innate immunity as well as in the adaptive immunity to fight against the pathogens (Silverstein, 2001). Results of
this study agree with the above said findings and reveal that these feed supplements have modulated the expression
of various cells involving in the innate immunity of chicken.

Table 4:-Effects of different dosages of L. acidophyllus on the HI titre, ELISA titre and IgY values in chicken
vaccinated with LaSota. (n=15).

Blood component | Control 10" Lactobacilli | 10° Lactobacilli | 10° Lactobacilli | 10" Lactobacilli
HI titre (log,) 4.4+0.21° 4.6+0.33° 5.20+0.26° 5.74+0.32° 6.44+0.17"
ELISA (log,) 2.33+0.06° 2.42+0.03" 2.71+0.05° 2.82+0.04° 3.37+0.06"

IgY (mg/g yolk) 14.78+0.04® | 15.73+0.03° 18.24+0.05° 18.630.05° 19.32+0.06°

* 2 js the significance p<0.05; " is the significance value p>0.05.

Table 5:-Effects of different dosages of A. paniculata on the HI titre, ELISA titre and IgY values in chicken
vaccinated with LaSota. (n=15).

Blood component Control 0.5g powder 1.0 g powder 1.59 powder 2.0g powder
HI titre (log,) 4.24+0.30° 4.5+0.23° 5.31+0.24° 5.97+0.33° 6.87+0.26"
ELISA (log,) 2.34+0.05° 2.34+0.04 % 2.88+0.06° 2.98+0.05°" 3.63+0.05"
IgY (mg/g yolk) 14.72+0.06% | 16.23+0.04° 18.64+0.04° 19.29+0.06 2 19.30+0.06 "

* 2 s the significance p<0.05; " is the significance value p>0.05.

Table 6:-Effects of different dosages of S. wightii on the HlI titre, ELISA titre and IgY values in chicken vaccinated

with LaSota. (n=15).

Blood component Control 0.5g powder 1.0 g powder 1.5g powder 2.0g powder
HI titre (log,) 4.24+0.22° 4.4+0.31° 5.26+0.23° 5.81+0.36° 6.74+0.21°
ELISA (log,) 2.33+0.03° 2.30+0.04° 2.76+0.04° 2.86+0.04° 3.44+0.05"
IgY (mg/g yolk) 14.77+0.03* | 15.87+0.05° 18.54+0.03° 19.33+0.04° 19.48+0.05°

* 2 js the significance p<0.05; " is the significance value p>0.05.

The HI test is the most widely used serological method for measuring anti-NDV antibody levels in poultry sera and
is still a standard laboratory method for diagnosis of NDV (Jestin, 1989). In poultry vaccinated with LaSota
vaccine, the HI titre was 4.24 log 2, which was further increased to 4.6 -6.4 log2 by Lactobacilli (Table 4), to 4.5 -
6.87 log2 by Andrographis powder (Table 5), and to 4.4 - 6.74 log2 by Sargassum powder (Table 6). The HI titre
value increased with increasing dosages of these supplements, reaching the peak at the highest dosage used in the
experiment. Allen et al (1974) have evaluated that HI titre value higher than 5.2 log2 can give adequate protection
against NCDV infections. All these feed supplements had raised the HI titre above 5.2 log 2, and hence they are
enough for providing adequate protection to birds against the Newcastle disease. This result is in the same line of
investigation made by Ojiezeh et al. (2013), who highlighted the relevance of vaccination in disease prevention,
control and management of NDV disease. It further confirms that Angrographis powder is the most potent in
stimulating the immune system to produce anti-NCDV antibodies in laying hens.

The mean ELISA titres of poultry fed with Lactobacilli, Andrographis and Sargassum powder were significantly
(p>0.05) different from the control. ELISA titres represent the stimulation of sero conversion of NCDV due to the
modulating effects of these feed supplements. Such seroconversion increased with increasing dosages of the feed
supplements to the usual poultry feed and the highest effect was observed at 10’ cells dosage of Lactobacilli, 2g
Andrographis powder and 2 g Sargassum powder (per Kg of feed). The protection rate did not differ significantly at
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different doses of supplements, but without doubt there was rise in the humoral immunity as reported by De Roose
(2000), Sharif (2007) and Zhang et al 2007).

IgY level in the eggs of control was 14.72mg/g, and it was increased up to 19.32mg/g by L. acidophilus (Table 4),
up to 19.30 mg/g by Andrographis powder (Table 5), and up to 19.48 mg/g by Sargassum powder (Table 6).
Andrographis powder had slightly reduced the IgY level in the egg while Lactobacillus and Sargassum powder
increased the IgY content of eggs, which represents their immune modulating activity as concluded in the by studies
of Kirubakaran (2003) and Narahari et al. (2004), who observed that dietary supplements had induced the eggs to
accumulate higher level of IgY.

Conclusions:-

This study concludes that LaSota vaccine is a safe live vaccine that gives protection to chicken against NCDV, but
the amount of anti-NCDV antibodies produced in most circumstances is inadequate to give complete protection
against Newcastle disease because of vaccine failure. Feed supplements used in this study stimulate humoral
immune response of vaccinated chicken to produce some additional amount of anti-NCDV antibodies for HI titres
above 5.2 log2 giving complete protection against the NCD. In the meantime, they enhance the production of WBC,
lymphocytes and monocytes, which give innate immunity to the chicken to fight against the invasion of NCDV and
some other infections like Avian Influenza (Al) virus. Rise in the level of RBC count and haemoglobin and
reduction in the eosinophils count indicate improvement in the general health of chicken. This study therefore
recommends the use of 10° cells of Lactobacilli or 2 grams of Andrographis powder or 2 grams of Sargassum
powder (per kg feed) once in a week for chicken to improve their overall health and immunity of fowls vaccinated
with LaSota vaccine, which would definitely give complete protection against Newcastle disease.
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