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ABSTRACT 
Un-methylated cytosine-phosphate-guanosine oligodeoxynucleotides (CpG-ODN) has been considered as a 

powerful vaccine adjuvant and recognition of CpG-ODN by chicken leukocytes promotes their ability to fight 

against infections. In our study, efficacy of different routes of CpG-ODN application as an adjuvant on immune 

responses (antibody titer together with leukogram) following vaccination against Newcastle disease (ND) has 

been evaluated in broiler chickens (Ross-308). The results indicated that routes of CpG-ODN administration 

influence immune responses and comparison effectiveness of CpG-OND delivery routes showed that group 

vaccinated by eye-drop application had the highest antibody titer than that of the group injected intramuscularly 

(im) and the difference was significant (p = 0.04) on day 35 of age. Antibody titer of the group treated with 

Clone 30 plus CpG-ODN via eye-drop route was higher than that of the group vaccinated with clone 30 alone 

on days 28 and 35 of age and the difference was significant (p = 0.04). Co-administration of both vaccine and 

CpG improved outcome of leukogram of the chickens on days 21 to 42 of age and among the treated groups, 

WBC of the group received both vaccine and CpG by eye-drop route significantly (p < 0.05) differed from that 

of the group vaccinated with clone 30 alone on days 28 and 35 but not on day 42 of age. Average final body 

weight of the control group did not significantly differ from those of the treated groups at end of the experiment. 

In conclusion, co-administration of ND vaccine plus CpG-ODN via eye-drop route improves immune 

responses.  
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Efficacité des Voies d'Administration ODN-CpG sur les Réponses Humorales contre la Maladie de 

Newcastle chez les Poulets de Chair  

Résumé: Les oligodésoxynucléotides non méthylés de cytosine-phosphate-guanosine (ODN-CpG) ont été 

considérés comme un puissant adjuvant vaccinal et la reconnaissance de l'ODN-CpG par les leucocytes du 

poulet favorise leur capacité à lutter contre les infections. Dans notre étude, l'efficacité des différentes voies 

d'application de l'ODN-CpG en tant qu'adjuvant des réponses immunitaires (évaluation du titre d'anticorps ainsi 

que du leucogramme) à la suite de la vaccination contre la maladie de Newcastle (ND) a été étudiée chez des 

poulets de chair (Ross-308). Les résultats montraient que les voies d'administration de l'ODN-CpG influent sur 

les réponses immunitaires. Le groupe vacciné par l'application de gouttes oculaires avait un titre d’anticorps plus 

élevé que celui traité pat injection intramusculaire (im) et la différence était significative (p = 0,04) au trente-

cinquième jour. Le titre en anticorps du groupe traité par les gouttes oculaires comprenant le clone 30 combiné à 

l'ODN-CpG était supérieur aux jours  28 et 35 à celui du groupe vacciné uniquement avec le clone 30 (p = 0,04). 

La co-administration du vaccin et du CpG a amélioré les résultats du leucogramme des poulets du 21ème au 42ème 

jour. Parmi les groupes traités, le leucogramme du groupe ayant reçu à la fois le vaccin et le CpG par voie 

oculaire montrait des différences significatives (p <0,05) de celui du groupe vacciné uniquement avec le clone 
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INTRODUCTION 

Vaccination is the most practical method of 

prevention of avian infections in poultry industry 

world-wide and vaccines require inclusion of effective 

adjuvants to promote broad protective immune 

responses (Gupta et al., 2014; Mount et al., 2013). 

Previous studies have demonstrated that CpG-ODNs 

are known to stimulate immune responses (Gomis et 

al., 2003) and have an immunoprotective effect against 

avian pathogens (Hartley et al., 2012; Gunawardana et 

al., 2015). Three classes of CpG-ODN with distinct 

immuno-stimulatory activities have been identified 

(Völlmer et al., 2004) and effectiveness of different 

CpG-ODN (Fu et al., 2013) motifs, as adjuvant, have 

also been evaluated (St Paul et al., 2014). Co-

administration of CpG-ODN with commercial live 

vaccines (Zhang et al., 2008) as well as with inactivated 

vaccines (Fu et al., 2013) enhances humoral immune 

responses including immunoglobulin M (IgM), 

immunoglobulin G (IgG) and immunoglobulin A (IgA) 

production (Ameiss et al., 2006; Zhang et al., 2008). 

Regarding to mechanism of action of CpG, it has been 

reprted that CpG-ODN involved in induction of pro-

inflammatory immune response in chicken monocytes 

(Haiqi et al., 2011), triggering Th1 response (Azmi et 

al., 2014) and potenting of humoral as well as cellular 

responses, through Toll-like receptor 9 mediated 

signaling pathway (Scheiermann and Klinman, 2014; 

U-Taynapun et al., 2016; Yu et al., 2017). In 21st 

century, there is still a need to incorporate more 

suitable adjuvants  (Gupta et al., 2014) or 

multiadjuvants (Mount et al., 2013) in the vaccines to 

promote immune responses in order to provide 

optimum protection against important avian diseases 

including ND which is the fourth most problematic 

disease in poultry industry (Dimitrov et al., 2017). 

Various routes of application of CpG-ODN may affect 

its efficacy (Chrząstek et al., 2014) because delivering 

of CpG-ODN to the initiation sites of immune 

responses (Yu et al., 2017) is essential for its 

application as a vaccine adjuvant. Therefore finding of 

a suitable vaccination route for co-administering of 

CpG-ODNs with various poultry vaccines is in much 

interest in poultry industry and this study was 

conducted to evaluate the efficacy of different methods 

of application of class B CpG-ODN on antibody titer 

and leukogram induced by vaccination against ND in 

broilers.  

MATERIAL AND METHODS 

Chickens. All procedures involving chickens were 

carried out with the approval of the Faculty of 

Veterinary Medicine of Urmia University as a DVM 

thesis. One hundered and fifty one-day-old broiler 

chicks (Ross-308 strain) were leg labeled, kept in 

boxes, and fed ad libitum with a diet based on Ross-

308 husbandry catalogue. The chicks were divided into 

6 treatmens (3 replicates per treatment) including group 

A (no vaccine and no CpG-ODN) as a control (V- & 

CpG-), group B (no vaccine but with CpG-ODN by im 

route) as a control for efficacy of CpG-ODN alone (V– 

& CpGim), group C (only vaccine by eye-drop route) as 

a control for efficacy of vaccine alone (Veye-drop & CpG–

), group D (vaccine by eye-drop route plus CpG-ODN 

by im route) (Veye-drop & CpGim), group E (vaccine by 

 

30 aux 28ème et 35ème jours, mais au 42ème jour. Le poids corporel final moyen du groupe témoin ne différait pas 

significativement de celui des groupes traités à la fin de l'expérience. En conclusion, la co-administration du vaccin 

ND et de l'ODN-CpG améliore la réponse immunitaire après vaccination. 

Mots-clés: CpG, titre en anticorps, ND, poulets de chair, voie d'administration du vaccin 
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im route plus CpG-ODN by im route) for evaluation of 

im route (Vim & CpGim), and group F (vaccine plus 

CpG-ODN by eye-drop) for evaluation of eye-drop 

route (Veye-drop & CpGeye-drop). 

Vaccines and vaccination routes. Based on 

maternally derived antibody (MDA) (El-Tayeb et al., 

2013; Miller & Koch, 2013; Jacobs et al., 2014) of 

chicks, live ND clone 30 vaccine (Nobilis ND clone 30, 

Intervet) was used for vaccination of chikens of group 

C, D and F by eye-drop route, and of chickens of group 

E by im administration on day 9 of age and for re-

vaccination on day 21 of age. Chickens of group A and 

B were not vaccinated. 

CpG ODN. The synthetic class B CpG-ODN was 

purchased from Cinna Gen Inc (Cinna Gen, Tehran, 

Iran) according to referred sequence (5′-TCGTCGTTG 

TCGTTTTGTCGTT-3′) as previously reported (Gomis 

et al, 2003; Chrząstek et al., 2014). The CpG-ODN was 

stored at –20 ºC until used and diluted in PBS at 20g/l 

before administered 50µg/chicken as an adjuvant for 

chickens groups B (control for CpG), D, E, and F on 

day 9 and 21 of age.  

Blood sampling. On day 0, three chicks of each 

group were scarified as previously described (Alcorn, 

2008) and their blood was considered as one-day-old 

samples. On day 7, blood samples were taken from 

jugular veins (Alcorn, 2008) of the chicks using 1ml 

syringes and were labeled by number of birds and date. 

On day 14 and weekly interval until 42 days of age, 

blood samples were taken and processed as previously 

discribed (Alcorn, 2008; Collet, 2013). For 

haematological examination, blood samples were 

mixed with ethylenediaminetetraacetic acid (EDTA) 

and used immediately (Collett, 2013). 

Performance. Weight gain and feed-intake as well as 

feed conversion ratio (FCR) were measured in order to 

evaluate effects of vaccine, CpG  and vaccination 

routes on performance of the chickens. 

Haemagglutination inhibition (HI) test. HI test was 

used to evaluate antibody titers of the serum samples 

taken on different age and also to determine range of 

antibody titer among the chickens of each group as 

recommended (Miller and Koch, 2013). 

Leukogram. Whole blood samples were collected 

into tubes containing EDTA as anticoagulant at a 1:10 

dilution. Blood smears were stained with the classic 

Wright's stain. Absolute count of white blood cells 

(WBC) was determined by routine methods as 

previously described (Cample, 1992; Walberg, 2001). 

Statistical analysis. The data for all variables were 

subjected to one-way analysis of variance (ANOVA) as 

a completely randomized design using the SPSS 

software (Version 21; SPSS Inc., Chicago, USA). The 

means for treatments showing significant differences in 

the ANOVA were compared using Post-Hoc Tukey 

and paired-samples t-tests. Differences were considered 

significant at p < 0.05.  

RESULTS 

Performance. The effects of vaccination methods 

together with vaccinal agents including CpG-ODN on 

performance of chickens vaccinated against ND is 

shown in Figure 1. Average weights of unvaccinated 

groups (A and B) were higher than those of the 

vaccinated groups but the differences were not 

significant (p > 0.05) at the end of experiment.  

Antibody response. The result of this study on 

efficacy of CpG-DNA on immune response of chickens 

to ND vaccination is presented in Figure 2. Maternally 

derived antibody of the chicks against ND gradually 

declined in all the groups and it's levels in groups A (V- 

& CpG-) and B (V- & CpGim) was undectable on day 21 

of age. As shown in Figure 2, antibody titer of the 

group vaccinated with Clone 30 plus CpG-ODN via 

eye-drop route was higher than that of the group 

vaccinated with clone 30 alone on days 28 and 35 of 

age and the difference was significant (p = 0.04). 

Concerning routes of CpG-OND delivery, the group 

with eye-drop application also had the highest antibody 

titer than that of the group injected intramuscularly and 

the difference was significant (p = 0.041) on day 35 of 

age. 
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Leukogram. Effects of CpG-ODN on leukogram of 

chickens vaccinated against ND are presented in Figure 

3 and Table 1. WBC counts of all the groups were 

increased gradualy during the experimental period, but 

those of the treated groups were higher than those of 

unvaccinated groups on day 21 until end of the 

experiment. As shown in Figure 3, differences were 

significant (p < 0.01) on 21, 28 and 35 of age but on 

day 42 of age, only those of the groups D, E and F 

significantly (p < 0.05) differed from that of the group 

A. Among the treated groups, WBC of the group F 

(Veye-drop & CpGeye-drop) significantly (p < 0.05) differed 

from those of the groups C and E. As shown in Table 1, 

significant (p < 0.05) difference were also observed 

when heterophils and lymphocytes percentage of the 

groups were compared at the end of the experiment.  

DISCUSSION 

Comparison average weight of the groups (Figur 1) 

showed some differences among them but lack of 

 
Figure 1. Effects of administration routes of CpG-ODN and ND vaccination on weight of the 

chickens. Group A (control), group B (CpG-ODN alone), group C (ND clone 30 alone), group D 

(vaccine by eye-drop route and CpG by im route), group E (im route), group F (eye-drop route). 

Different letters on each column indicate significant (p < 0.05) difference. 
 

 
Figure 2. Newcastle disease HI titers (Log 2) of chickens of the groups. Group A (control), group 

B (CpG-ODN alone), group C (ND clone 30 alone), group D (vaccine by eye-drop route and CpG 

by im route), group E (im route), group F (eye-drop route). Different letters on each sampling date 

express significant (p < 0.05) difference. 
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significance differences at the end of the experiment 

may indicates that negative effects of vaccination 

routes on final average body weight of broiler chickens 

were negligible. Lack of detectable level of antibody in 

serum of chickens group A (environmental control 

group) and group B (control for CpG-ODN) from age 

of 21st day to end of the experiment indicates that there 

was no enviromental contamination during the 

experimental period. Comparison of the unvaccinated 

groups with the vaccinated groups showed that there 

was a difference on day 21 to the end of experiment 

and the significant (p < 0.05) difference was resulted 

from vaccination as indication for desirable vaccination 

with no environmental contamination in the 

unvaccinated groups. Regarding to comparison of 

antibody titers of vaccinated groups, some differences 

among them were observed on day 21 to the end of 

experimental period and the highest level of antibody 

response was in the rangeas previously reported (Miller 

and Koch, 2013). Comparison of the results on day 21 

showed that: 1) the significant difference (p = 0.001) 

between vaccinated and unvaccinated groups was a 

clear indication for lack of environmental 

contamination on 3rd week of experiment; 2) there was 

no significant  difference between group A (V- & CpG-) 

and group B (V-& CpGim), indicating that CpG-ODN 

alone may induce innate responses (Mena et al., 2003) 

but did not induce specific response when measured by 

HI to ND antigen; 3) the difference among treated 

groups were not significant (p > 0.05), indicating that 

routes of vaccination and administration of CpG did not 

affect on immune responses in a short period as 

expected. Comparison of the results on day 28 showed 

that: 1) the difference between group C (Veye-drop & 

CpG-) and group D (Veye-drop & CpGim) was not 

significant (P > 0.05), indicating that administration of 

CpG-ODN with im route had no significant effect at 

least in short period; 2) the significant (p = 0.047) 

difference between group C (Veye-drop & CpG-) and 

group F (Veye-drop & CpGeye-drop) also demonstrated the 

effects of CpG-ODN by eye-drop route in vaccinated 

chickens as shown in Figure 2; 3) the significant (p = 

0.01) difference between group D (Veye-drop & CpGim) 

and group F (Veye-drop & CpGeye-drop) observed during 

this study may refelect the effectiveness of 

administration route of CpG-ODN. Comparison of the 

results on day 35 of age showed that: 1) significant (p < 

0.05) difference between unvaccinated groups (A and 

B) and vaccinated groups (C, D, E and F) confirmed 

that environmental status of the experimental was also 

not contaminated on 5th week; 2) significant differences 

between group F with groups C and D (p = 0.01, p = 

0.04, respectively), indicating the effects of CpG and 

it's route of application the effects. Comparison of the 

results on day 42 of age showed that antibody titers of 

the vaccinated groups were declined and differences 

among the treated groups (C, D, E, and F)  were not 

significant (p > 0.05), while continued lack of 

detectable antibody titer in unvaccinated chicken 

confirmed the safty of environment during the 

experimental period. Overall as shown in Figure 2, the 

results clearly demonstrate that higher and rapid 

stimulation effects of eye-drop route adminstration of 

both vaccine and CpG-ODN on antibody production 

level of vaccination against ND. The immunoenhancing 

effect of CpG-ODN on ND titer observed in our study 

is in agreement with those previously reported 

(Linghua et al., 2007). The results of this study showed 

that ocular method had the highest effect on 

immunoglobulin G (IgG=IgY) responses to clone 30 

vaccine, while it has been reported that oral route 

specifically enhances both the immunoglobulin M 

(IgM) and immunoglobulin A (IgA) responses (Huang 

et al., 2007) and intranasal deleivery of CpG-ODN 

stimulated both T-helper type1 (IgG2) and type 2 (IgA) 

responses (Zhang et al., 2007; Zhang et al., 2008) as 

well as intramuscular co-injection of CpG-ODN with 

ND vaccine induces a stronger immune responses 

(serum IgG titer and lymphocytes proliferation) in 

chickens (Linghua et al., 2007). As shown in Figure 2, 

antibody titer of the group received clone 30 plus CpG-

ODN in eye-drop route was higher than that of the 
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group treated with clone 30 alone may emphesize on 

adjuvant effects of CpG-ODN on serum antigen-

specific antibody titer. Our observationson enhanced 

antibody titer following dual vaccination, is in 

agreement with the results as previously reported 

(Barri, 2004). Some differences between our findings 

and previous reports (Barri, 2004) could be related to 

motif of CpG-ODN, dose of injection (Xie et al., 2003), 

the inclusion of spacers between multiple copies of the 

motif and vaccination dates. Moreover, CpG-ODNs 

increase the immunogenicity of co-administered 

vaccines by various mechanisms including promoting 

the function of antigen-presenting cells (Bode et al., 

2011; Scheiermann and Klinman, 2014) and it’s 

immuno-stimulatory activity appeared to be in dose-

dependent manner as administration of 50 to 75 µg of 

CpG-ODN can accelerate the production of antigen 

specific antibodies of all three isotypes in commercial 

chickens (Chrząstek et al., 2014). Overall, there are 

more encouraging reports on stimulatory effects of 

CpG-ODN on innate immune responses and 

enhancement on antigen-specific humoral responses 

together with promoting resistance of birds to avian 

pathogenic agents, indicating very important 

immunological consequences for vaccine development 

even though with 1000-fold reduction in antigen 

amounts in some cases (Gomis et al., 2003; Huang et 

al., 2007). 

Leukogram. As shown in figure 3, comparison of the 

results on day 14 of age showed a significant (p < 0.05) 

difference between the groups F and E within 5 days PI 

and may indicate that co-administration of ND vaccine 

plus CpG via im route did not strongly affect the WBC 

of the chickens at least on short time. Comparison of 

the results on day 21 of age (12 days PI) showed that: 

1) a significant (p = 0.01) difference between the 

 
Figure 3. White blood cells (WBC) count of chickens in the groups. Group A (control), 

group B (CpG-ODN alone), group C (ND clone 30 alone), group D (vaccine by eye-drop 

route and CpG by im route), group E (im route), group F (eye-drop route). 

Different letters on each column express significant (p < 0.05) difference. 

 
Table 1. Some leukogram parameters of the groups at end of the experiment 

Groups Lympho(%) Hetero(%) H:L ratio Mono(%) Esino(%) Baso(%) 

A (V- & CpG-) 54.6a 33.6a 0.61a 3.6 5.6 2.6a 

B (V- & CpG+) 34.8b 53.8b 1.52b 3.2 4.4 4.2a 

C (Veye-drop & CpG-) 59.2a 31.2a 0.52a 3.2 3.8 2.6a 

D (Veye-drop & CpGim) 33.8b 55.8b 1.66b 3.4 3.6 3.2a 

E (Vim & CpGim) 31.4b 57.0b 1.85b 4.6 4.4 2.2ab 

F (Veye-drop & CpGeye-drop) 25.2b 60.4b 2.42b 3.0 6 5.2ac 

Significance:  P < 0.05 Not significant P < 0.05 

Lympho (lymphocyte), hetero (heterocyte), Mono (monocyte), Esino (esinophil), Baso 

(basophil). Different letter on each column expressed significant (p< 0.05) difference. 
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control groups (A and B)  and the treated groups, 

indicating that vaccination  alone or plus with CpG-

ODN affect WBC counts of the chickens; 2)  lack of a 

significant (p > 0.05) difference among the groups C 

and D together with presence of a significant (p = 0.04) 

difference between the groups F and E, may indicate 

the effectiveness of eye-drop routes. Comparison of the 

results on days 28 and 35 of age showed that: 1) a 

significant (p = 0.01) difference between the control 

groups (A and B)  and the treated groups is still exist as 

it was observed on day 21 of age, indicating the safety 

of the experiment; 2) WBC of the group F (Veye-drop & 

CpGeye-drop) significantly differed from that of the group 

C (Veye-drop & CpG–) on days 28 and 35 of age (p = 0.01 

and p = 0.03, respectively), indicating that higer WBC 

of the group F observed during this study was due to 

CpG-ODN co-administration with ND vaccine; 3) a 

significant (p = 0.01) difference between WBC of the 

groups F and E only on day 28 of age together with 

lack of a significant difference between the groups D 

and E may also confirm the effectiveness of CpG-ODN 

co-administration via eye-drop route. Regarding to 

comparison the results on day 42 of age, significance 

differences between the group A (control group) with 

the groups D, E and F (p = 0.03, p = 0.02 and p = 0.1, 

respectively) together with lack of significant 

differences among the groups A, B and C also 

confimed that co-administration of CpG-ODN 

increased WBC counts of the vaccinated chickens. As 

shown in Table 1, a significant (p < 0.05) difference 

among heterophils and lymphocytes percentage of the 

groups A and C with those of CpG-ODN treated groups 

(B, D, E, F) may indicate that co-administration of 

CpG-ODN plus ND vaccine activated leukocytes of the 

chickens. 

In conclusion, co-administration of ND vaccine plus 

CpG (perticulary via eye-drop route) induced higher 

humoral response as well as influence leukocytes 

activity without affecting performance (body weight) of 

broiler chickens and may contribute toward 

development of more effective vaccines.  

Ethics 

We hereby declare all ethical standards have been 

respected in preparation of the submitted article.  

Conflict of Interest 

The authors declare that they have no conflict of interest. 

Grant Support 

This study was financially supported by Urmia 

University as the DVM thesis.  

References 

Alcorn, M., 2008. How to carry out a field investigation, in: 

Pattison, M., McMullin, P., Bradbury, J.M., Alexander, 

D.J. (Eds.), Poultry Diseases 6th ed. Elsevier, London, 

pp.14-47. 

Ameiss, K.A., El-Attrache, J., Brewer, A., McElroy, A.P., 

Caldwell, D.J., 2006. Influence of orally administered 

CpG-ODNs on the humoral response to bovine serum 

albumin (BSA) in chickens. Vet.Immunol.Immunopathol. 

110(3-4), 257-267. 

Azmi, F., Ahmad Fuaad, A.A.H., Skwarczynski, M., Toth, I., 

2014. Recent progress in adjuvant discovery for peptide-

based subunit vaccines. Hum Vaccin Immunother.  10(3), 

778-796, DOI: 10.4161/hv.27332.  

Barr, A., 2004. Effects of Cytosine-phosphate-Guanosine 

Oligodeoxynucleotides (CpG-ODN) on vaccination and 

immunization of neonatal chickens. MS thesis, Texas 

A&M University, Texas, USA. 

Bode, C., Zhao, G., Steinhagen, F., Kinjo, T., Klinman, 

D.M., 2011. CpG DNA as a vaccine adjuvant. Expert 

Rev.Vaccines 10(4), 499–511. 

Campbell, T.W., 1992. Avian Hematology and Cytology. 1st 

ed. Iowa State University Press, Ames, USA. 

Chrzastek, K., Borowska, D., Kaiser, P., Vervelde, L., 2014. 

Class B CpG ODN stimulation upregulates expression of 

TLR21 and IFN-γ in chicken Harderian gland cells. 

Vet.Immunol.Immunopathol. 160(3-4), 293-299. 

Collett, S.R., 2013. Principal of disease prevention, diagnosis 

and control introduction, In: Swayne, D.E. (Editor-in-

Chief). Diseases of Poultry 13thed. Wiley-Blackwell, 

Oxford, pp. 4-40. 

Dimitrov, K.M., Afonso, C.L., Yu, Q., Miller, P.J., 2017. 

Newcastle disease vaccines—A solved problem or a 

continuous challenge? Vet.Microbiol. 206, 126–136. 



Talebi & Arky-rezaei / Archives of Razi Institute, Vol. 74, No. 4 (2019) 357-364  364 

El-Tayeb, G.A., El-Ttegani, M.Y., Hajer, I.E., Mohammed, 

M.A., 2013. The immuneresponse of maternally immune 

chicks to vaccination with Newcastle disease virus. 

Bull.Anim.Health.Prod.Afr. 61(4), 603-612. 

Fu, J., Liang, J., Kang, H., Lin, J., Yu, Q., Yang, Q., 2013. 

Effects of different CpG oligodeoxynucleotides with 

inactivated avian H5N1 influenza virus on mucosal 

immunity of chickens. Poult.Sci. 92(11), 2866-2875.  

Gomis, S., Babiuk, L., Godson, D.L, Allan, B., Thrush, T., 

Townsend, H., et al., 2003. Protection of chickens against 

Escherichia coli infections by DNA containing CpG 

motifs. Infec.Immun. 71(2), 857-863. 

Gunawardana, T., Foldvari, M., Zachar, T., Popowich, S., 

Chow-Lockerbie, B., Vaneva Ivanova, M., et al., 2015. 

Protection of neonatal broiler chickens following in ovo 

delivery of oligodeoxynucleotides containing CpG motifs 

formulated with carbon nanotubes or liposomes. Avian Dis. 

59(1), 31-37. 

Gupta, S.K., Bajwa, P., Deb, R., Chellappa, M.M., Dey, S., 

2014. Flagellin a toll-like receptor-5 agonist as an adjuvant 

in chicken vaccines. Clin.Vaccine.Immunol.  21(3), 261-270.  

Hartley, C., Salisbury, A.M., Wigley, P., 2012. CpG 

oligdeoxyonucleotides and recombinant interferon-γ in 

combination improve protection in chickens to Salmonella 

enterica serovar Enteritidis challenge as an adjuvant 

component, but have no effect in reducing Salmonella 

carriage in infected chickens. Avian Path. 41(1), 77-82. 

Huang, C.F., Wang, C.C., Wu, T.C., Chu, C.H., Peng, H.J., 

2007. Effect of sublingual administration with a native or 

denatured protein allergen and adjuvant CpG 

oligodeoxynucleotides or cholera toxin on systemic Th2 

immune responses and mucosal immunity in mice. 

Ann.Allerg.Asthma.Immunol. 99(5), 443-452. 

Jacobs, E.B., Owoade, A.A., Oyekunle, M.A., Talebi, A.O., 

Oni, O.O., 2014. Evaluation of maternally-derived 

antibodies against newcastle disease virus in day-old chicks 

in abeokuta, ogun state. J.Agric.Sci.Env. 14(1), 118-123. 

Linghua, Z., Xingshan, T., Frengzhen, Z., 2007. Vaccination 

with Newcastle disease vaccine and CpG 

oligodeoxynucleotides inducesspecific immunity and 

protection against Newcastle disease virus in SPF chicken. 

Vet.Immunol.Immunopathol. 115 (3-4), 216-222. 

Miller, P.J., Koch, G., 2013. Newcastle disease, in: Swayne, 

D.E. (Editor-in-Chief), Diseases of Poultry, 13th edn. 

Wiley-Blackwell, Oxford, pp. 89-107. 

Mena, A., Nichani, A.K., Popowych, Y., Godson, D.L., 

Dent, D., Townsend, H.G., et al., 2003. Innate immune 

responses induced by CpG oligodeoxyribonucleotide 

stimulation of ovine blood mononuclear cells. Immunol. 

110(2), 250–257. 

Mount, A., Koering, S., Silva, A., Drane, D., Maraskovsky, E., 

Morelli, A.B., 2013. Combination of adjuvants: The future of 

vaccine design. Exper. Rev. Vaccines. 12(7), 733-746. 

Scheiermann, J., Klinman, D.K., 2014. Clinical evaluation of 

CpG oligonucleotides as adjuvants for vaccines targeting 

infectious diseases and cancer. Vaccine. 32(48), 6377–

6389. Doi:10.1016/j. 

St Paul, M., Barjesteh, N., Brisbin, J.T., Villaneueva, A.I., 

Read, L.R., Hodgins, D., et al., 2014. Effects of ligands for 

Toll-like receptors 3, 4, and 21 as adjuvants on the 

immunogenicity of an avian influenza vaccine in chickens. 

Viral Immunol. 27(4), 167-173. 

U-Taynapun, K., Chirapongsatonkul, N., Itami, T., Tantikitti, 

C., 2016. CpG ODN mimicking CpG rich region of 

myxosporean Myxobolus supamattayai stimulates innate 

immunity in Asian sea bass (Lates calcarifer) and defense 

against Streptococcus iniae. Fish Shellfish 

Immunol.58(Nov), 116-124.  

Völlmer, J., Weeratnam, R., Payette, P., Jurk, M., Schetter, 

C., Laucht, M., Wader, T., Tluk, S., Liu, M., Davis, H.L., 

Krieg, A.M., 2004. Characterization of three CpG 

oligodeoxynucleotide classes with distinct immunostimulatory 

activities. Eur.J.Immunol. 34(1), 251-262. 

Walberg, J., 2001. White blood cell counting techniques in 

birds. Seminars in Avian and Pet Medicine. 10(2): 72-76. 

Yu, C., An, M., Li, M., Liu, H., 2017. Immunostimulatory 

properties of lipid modified CpG Oligonucleotides. 

Mol.Pharm. 14(8), 2815-2823. doi: 10.1021/acs. 

Xie, H., Raybourne, R.B., Babu, U.S., Lillehoj, H.S., 

Heckert, R.A., 2003. CpG-induced immunomodulation and 

intracellular bacterialkilling in a chicken macrophage cell 

line. Dev.Comp.Immunol. 27 (9), 823–834. 

Zhang, L., Tian, X., Zhou, F., 2007. Intranasal administration 

of CpG oligodeoxynucleotides induces mucosal and 

systemic Type 1 immune responses and adjuvant activity to 

porcine reproductive and respiratory syndrome killed virus 

vaccine in piglets in vivo. Int.Immunopharmacol. 7(13), 

1732–1740. 

Zhang, L., Zhang, M., Li, J., Cao, T., Tian, X., Zhou, F., 

2008. Enhancement of mucosal immune responses by 

intranasal co-delivery of Newcastle disease vaccine plus 

CpG oligodeoxynucleotide in SPF chickens in vivo. 

Res.Vet.Sci. 85(3), 495-502. 


