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INTRODUCTION

The lymphoid organs of chickens are divided into “central” 
and “peripheral”. The primary site for the development of 
lymphocytes is in the central lymphoid organ, i.e., the bursa of 
Fabricius (BF) [1]. The BF is unique peculiar to birds and dor-
sally located on the proctodeal portion of the cloaca. It is a 
single oval sac with a collum enclosing a luminal system 
which forms a slit-like opening through the collum into the 
cloaca [2]. The BF reaches its maximum size at 8-10 weeks of 
age and then gradually undergoes involution after the devel-
opment of sexual maturity, and eventually vanishing. 

The BF is responsible for the development and differentia-
tion of B-lymphocytes. It has been shown that hematopoietic 
stem cells first enter the BF via the bloodstream, and then mi-
grate into the mesenchyme towards the epithelium of the BF 

to form the lymphoid follicle. The development, maturation, 
and differentiation of B-cells in birds depend on the normal 
structure of the BF [3]. In an earlier report, it was demonstrated 
that surgical bursectomy or chemical removal of the BF pro-
foundly disrupts the normal process of B-cell development, 
thereby seriously inhibiting the immune function of the BF [4]. 

Avian coccidiosis is recognized as an important disease in 
the field of poultry husbandry all over the world [5,6]. Infected 
birds display decreased feed intake leading to a reduction in 
weight gain, poor feed conversion, bloody diarrhea, which 
equates to high levels of morbidity and mortality rates [7]. Ei-

meria tenella is one of the most important Eimeria species, as it 
causes intestinal coccidiosis in chickens, imposing enormous 
economic losses.

Nowadays, coccidiosis is controlled mainly by anticoccidial 
drugs supplemented in the feed or water. Diclazuril, a benze-
neacetonitrile broad-spectrum anticoccidial agent for broiler 
chickens, is highly efficacious against both the asexual and 
sexual stages of E. tenella [8,9]. Owing to the widespread use 
of these drugs in the poultry industry, the development of re-
sistant pathogenic strains and drug residues in animal prod-
ucts have become major concerns [10]. Therefore, to explore 
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an immunological strategy in coccidiosis control is extremely 
important [11-15].

The immune response to the parasites is complex, including 
specific and nonspecific immunity. Specific immunity is medi-
ated by antibodies, lymphocytes, and cytokines. Immune re-
sponses mediated by antibodies and cells are both activated 
following infection. In response to challenge infection with Ei-
meria spp., chickens produce 3 classes of antibodies, IgY, IgA, 
and IgM [16]. IgA has 2 forms: serum IgA and secretory IgA 
(SIgA). SIgA is formed in 2 stages: B lymphocytes produce at 
least 2 monomeric IgA molecules, which dimerize covalently 
by the J-chain. IgA dimers (dIgAs) bind to the extracellular 
portion of the polymeric immunoglobulin receptor (pIgR), 
known as the secretory component. The oligomeric SIgA is 
taken up and transported across the epithelial cells and into 
secretions such as tears, saliva, sweat, and gut fluid [17,18]. 
SIgA antibodies are the major effectors of mucosal immunity. 
Secretory immunity is the most desirable barrier defending 
against mucosal infections preventing initial pathogen coloni-
zation by providing SIgA antibodies, which can clear patho-
genic bacteria and viruses at mucosal surfaces and neutralize 
endotoxin within epithelial cells without causing tissue dam-
age [19].

Many research works have been carried out worldwide to 
explore the effect of diclazuril against E. tenella [20-24]. Our 
previous study reported that diclazuril effectively alleviated the 
damage in the cecum induced by E. tenella, which can be pro-
moted by improving the host mucosal immune system in the 
intestinal tract [25]. However, further investigation of how di-
clazuril affects BF immune function, especially in chickens in-
fected by E. tenella is a topic under investigation. The purpose 
of this study was to elucidate the effect of diclazuril on BF 
morphology and SIgA expression in chickens infected with E. 
tenella, thereby provide a theoretical basis for coccidiosis con-
trol in immune strategy and reduce the economic losses in the 
poultry industry.

MATERIALS AND METHODS

Preparation of inoculum
Oocysts of E. tenella were propagated, isolated, sporulated, 

and kept in 2.5% potassium dichromate solution. Sporulated 
oocysts were washed with distilled water and counted using a 
cytometer prior to inoculation.

Experimental drug
Diclazuril (>99%, product no: 20080812) provided by 

Shanghai Veterinary Research Institute, Chinese Academy of 
Agricultural Sciences (Shanghai, China) was administered 
through the diet at a concentration of 1 mg/kg.

Experimental chickens
One-day-old Chinese Yellow Broiler male chickens (n=160) 

were purchased from the hatchery of Huizhong, Luoyang, 
China, and reared for 14 days in coccidiosis-free conditions. 
The chickens were kept on wire-floored batteries, fed a com-
mercial prepared diet without any anticoccidial medication, 
and allowed free access to drinking water. The experiment pro-
tocol conformed to the guidelines of the Institutional Animal 
Care and Use Committee of China (No. Ykz1992.24).

Experimental design
As in our recent report [25], 14-day-old chickens (n=160) 

were randomly assigned to 4 groups of 40 chickens each. The 4 
test groups were as follows: (1) chickens challenged with dis-
tilled water as a sham inoculation and not treated with either E. 

tenella oocysts or diclazuril; this was the normal control group; 
(2) chickens not inoculated with E. tenella oocysts (prepared as 
described above) but were treated with diclazuril; representing 
the diclazuril group; (3) chickens inoculated with 8×104 E. 
tenella sporulated oocysts/chicken but were not treated with di-
clazuril; representing the infected and untreated group; (4) 
chickens inoculated with 8×104 E. tenella sporulated oocysts/
chicken and also administrated a regular diet containing 1 mg/
kg diclazuril continuously from the 96th to 120th hr for 24 hr 
after inoculation; this was the infected and treated group. 

Histology detection
On the 120th hr, the BF samples were fixed in 4% paraform 

solution, paraffin-embedded, and sectioned at 5 μm thickness 
prior to hematoxylin and eosin (H-E) staining or immunohis-
tochemistry for mouse monoclonal antibodies against IgA 
heavy chain of chicken origin (1:200) (Santa Cruz Biotechnol-
ogy, Santa Cruz, California, USA) as described previously [25]. 
Signal was detected using biotinylated goat anti-mouse IgG 
and DAB kit (Wuhan Boster Biological Technology Ltd., Wu-
han, China). 

Transmission electron microscopy observation
For transmission electron microscopy (TEM), the BF tissues 
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were fixed in 2.5% glutaraldehyde in PBS at pH 7.4, subse-
quently postfixed with 1% osmium tetroxide, and washed 
with PBS. They were then dehydrated in a graded acetone se-
ries and saturated in acetone. After embedding in aradite resin, 
60 nm thick sections were processed and stained with uranyl 
acetate and lead citrate, and then examined with an H-7500 
TEM (Hitachi, Tokyo, Japan).

Statistical analysis
Statistical analyses were performed by the Student’s t-test. 

Data were expressed as the mean±SD. P<0.01 was considered 
statistically significant.

RESULTS

Morphological findings 
Morphological changes in the BF are shown in Fig. 1. In the 

normal control group and diclazuril group, the morphology 
of BF tissues was normal, and the plicae of BF were complete 
as shown by H-E staining. Well ordered lymphoid follicles 
clearly separated into cortical and medullary zones by connec-
tive tissues, and there were affluent lymphocytes in the medul-
la. In addition, the interspace between follicles was small (Fig. 
1A-D). When chickens were infected by E. tenella, the structure 
of BF was destroyed. The breaks occurred in the plical epitheli-
um of BF, and lymphoid follicles were disorganized and spar-
sated. On top of that, the limit between the medulla and the 
cortex was vagued as well as a reduction in the number of 
lymphocytes in the medulla (Fig. 1E, F). With the treatment of 
diclazuril, the plical epithelium of BF became thin, but no 
breaks; lymphoid follicles organized in order and tight; the 
limit between the medulla and cortex was also comparatively 
distinct (Fig. 1G, H). 

Fig. 1. Morphological changes in BF tissue analyzed by HE. The normal control group (A, 100×  and B, 400× ); the diclazuril group (C, 100×  
and D, 400× ); the infected and untreated group (E, 100×  and F, 400× ); and the infected and treated group (G, 100×  and H, 400× ). 

A B C D

E F G H
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Ultrastructure changes
Fig. 2 shows the ultrastructural changes in BF cells. In the 

normal control group, the circumscriptions among ordered 
cells were clear. The BF cells have an ovoid or sometimes irreg-
ular nucleus with nucleoli occupying the central position. In a 
less dense cytoplasm, we observed vesicles with a variably elec-
tron dense granular content (Fig. 2A) with no obvious changes 
in the diclazuril group (Fig. 2B). Compared with the normal 
control group, the BF cells decreased in volume and became 
irregularly arranged, along with associated morphological 
changes such as reduced amounts of chromatin, which was 
condensed and compressed against the nuclear envelope and 
aggregated into large dark, compact masses. This intercellular 
space also was obviously enlarged (Fig. 2C). With the admin-
istration of diclazuril, the injury to the cells lessened and par-

tially injured cell-membranes become visible compared with 
the infected and untreated group (Fig. 2D). 

SIgA expression in the BF
As can be seen in Fig. 3, SIgA positive cells were mainly pres-

ent in the epithelium mucosae and the lymphoid follicular 
cortex, and relatively scarce in the lymphoid follicular medulla 
in the BF. SIgA was only present in a few cells of the follicular 
cortex in the normal control group (Fig. 3A, B) and diclazuril 
group (Fig. 3C, D). For chickens in the infected and untreated 
group, compared to the normal control group, the positive 
cells that secrete SIgA were increased significantly by 350.4% 
(P<0.01) (Fig. 4), not only in the epithelium mucosae but 
were also found in the cortex and medulla of lymphoid folli-
cles (Fig. 3E, F). Relatively fewer positive SIgA cells can be seen 

A B

C D

Fig. 2. TEM observation of BF. The circumscriptions among ordered cells were clear. The BF cells have an ovoid or sometimes irregular nu-
cleus with nucleoli occupying a central position in the normal control group (A). There are no any obvious changes in the diclazuril group (B). 
Compared with the normal control group, the BF cells became smaller in volume and even irregularly arranged in the infected and untreated 
group (C). With the administration of diclazuril, the injury of cells was lessened and partially injured cell-membranes became visible in the in-
fected and treated group (D). Nu, nucleus; NM, nuclear membrane; Ch, chromosome; IS, intercellular space.
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in the epithelium and the cortex with regard to the infected 
and treated group (Fig. 3G, H), in which the level of SIgA ex-
pression was significantly decreased by 46.7% (P<0.01) com-

pared with the infected and untreated group (Fig. 4). 

DISCUSSION

The bursa, an epithelial and lymphoid organ, which is 
found only in birds, plays a protective role in defending avians 
from pathogenic microorganism infections. The bursa devel-
ops as a dorsal diverticulum of the proctadael region of the 
cloaca. The luminal (interior) surface of the bursa is plicated 
with as many as 15 primary and 7 secondary plicae or folds. 
These plicae have hundreds of bursal follicles containing folli-
cle-associated epithelial cells, lymphocytes, macrophages, and 
plasma cells. Lymphoid stem cells migrate from the fetal liver 
to the bursa during ontogeny. In the bursa, these stem cells ac-
quire the characteristics of mature, immunocompetent B cells, 
then to produce specific antibodies to complete a specific im-
mune response. 

To give a better interpretation of the effect of diclazuril on 

Fig. 3. SIgA expression analysis by immunohistochemistry. In the normal control group (A, 100×  and B, 400× ) and the diclazuril group (C, 
100×  and D, 400× ), only a few SIgA positive cells were distributed in the lymphoid follicular cortex. In the infected and untreated group, 
SIgA positive cells were present in the epithelium mucosae and the cortex and medulla of lymphoid follicles (E, 100×  and F, 400× ). Rela-
tively fewer positive SIgA cells were seen in the epithelium and the cortex in the infected and treated group (G, 100×  and H, 400× ). Arrows 
indicate the SIgA positive cells.
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Fig. 4. SIgA relative expression in BF. aP<0.01: compared to the 
normal control group, the positive cells that secrete SIgA were in-
creased significantly by 350.4% in the infected and untreated 
group. bP<0.01: With the treatment of diclazuril, SIgA expression 
was significantly decreased by 46.7% compared with the infected 
and untreated group.
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the BF morphology and ultrastructure in chickens infected 
with E. tenella, the morphology and ultrastructure of the BF 
were observed. We found that E. tenella infection induced ob-
vious damage to the structure of BF. What we observed was the 
plical epithelium of BF becomes thin and broken. Lymphoid 
follicles were disorganized and sparsated. The cortico-medul-
lary layer became vague. For the changes of ultrastructure, the 
cells were concentrated, cracked, and karyopyknotic, and chro-
matin margination and instercellular space were enlarged. This 
might be due to E. tenella infection, which could cause serious 
disorders of the digestive function.

The BF, as the prolongation of the digestive tract was easily af-
fected by protozoan parasites and produced pathological 
changes [26,27]. E. tenella infection could also lead to decreased 
resistance and lower anti-oxidant ability in the host. Therefore, 
pathological changes of BF also probably attributed to lipid per-
oxidative damage caused by E. tenella infection [28], just as the 
report that the anti-oxidant ability was decreased in caprine coc-
cidiosis [29]. Diclazuril can improve the pathological changes 
of BF and anti-oxidant ability of the chickens by inhibiting the 
growth and reproduction of E. tenella [20,21]. As a result, the in-
jury to the BF was alleviated.

SIgA, a vital factor involved in the intestinal mucosal immu-
nity, plays a key role in protecting the host against a variety of 
pathogenic infections, such as bacteria, viruses, and parasites. So 
far, many papers have reported SIgA playing a key role in inhib-
iting human intestinal parasitic infections [30-32]. Bourguin et 
al. [33] applied cholera toxin to enhance the intestinal secretory 
IgA level to defend against Toxoplasma gondii. Del L Yácono et al. 
[34] also found that SIgA provides immune protection against 
Toxoplasma in mucosal tissues. SIgA is produced by plasma cells 
and then secreted to the surface of mucous membrane, such as 
the intestinal tract and the respiratory tract [18,35]. Birds usually 
respond to E. tenella infection by cellular immunity and endog-
enous antibody production [36,37]. The BF is a unique primary 
lymphoid organ in birds and is responsible for differentiation 
and maturation of B-cells [38]. When the BF is infected by anti-
gens, B-cells differentiate into plasma cells and secrete antibod-
ies to protect the host [39]. In our study, the secretion of SIgA in 
BF was significantly increased by 350.4% (P<0.01) after E. 

tenella infection compared with the normal control group, 
which only has several positive cells. These findings demon-
strated that the BF immune function was triggered by the infec-
tion of E. tenella in the parasitized site in cecal tissues, and this 
stimulated the B-cell differentiation into plasma cells and se-

creted the SIgA antibody against E. tenella infection. Diclazuril is 
prone to decrease the number of coccidians and alleviate the 
pathogenic infections on the host; therefore, the level of SIgA 
expression was significantly decreased by 46.7% (P<0.01) com-
pared with the infected and untreated group. 

Furthermore, an interesting phenomenon was found in this 
study which was the spatial distribution of SIgA expression in 
the BF tissue with the treatment. SIgA positive cells were mainly 
located in the cortical region of the follicles in the normal con-
trol group, but they were predominantly distributed along the 
epithelium of plica after E. tenella infection. When the infected 
chickens were treated by diclazuril, the immunoreactive cells 
were mostly detected between the epithelium of plica and corti-
cal region of the follicles. Most of B-lymphocytes are in the cor-
tex of the follicles for 20 days old chicks [40]. Moreover, the 
function of B-lymphocytes is activated with the antigen invasion 
[41]. Subsequently, B-lymphocytes differentiate into plasma 
cells and migrate to the secondary lymphoid organs and tissues 
[42]. Therefore, we speculate that E. tenella infection not only 
promoted the maturation of B-cells in BF but also induced their 
migration. At the same time, diclazuril administration partially 
reversed the distribution of B-cells, and the SIgA expression was 
observed between the epithelium of plica and cortical region of 
the follicles in the infected and treated group. There may be 
other mechanisms of action, which require further research.

In conclusion, the results of the present study have demon-
strated that E. tenella infection in chickens induced obvious 
damages in BF morphological structure and stimulated the SIgA 
expression in the BF. The diclazuril treatment effectively alleviat-
ed the adverse effects and provided an immune strategy to con-
trol coccidiosis by improving the potential immune functions 
in chickens. 

ACKNOWLEDGMENTS

This research was sponsored by the China National Natural 
Science Foundation (grant nos. 31472238 and 31101855) and 
by the Henan University of Science and Technology Foundation 
for leaders of Discipline and Technique in Science (20140706).

CONFLICT OF INTEREST

We have no conflict of interest related to this study.



 Zhou et al.: Diclazuril effects on BF in E. tenella-infected chickens  681

REFERENCES

1. Islam MN, Khan MZI, Jahan MR, Fujinaga R, Yanai A, Kokubu K, 
Shinoda K. Histomorphological study on prenatal development 
of the lymphoid organs of native chickens of Bangladesh. Pak 
Vet J 2012; 32: 175-178.

2. Abbate F, Pfarrer C, Jones CJ, Ciriaco E, Germanà G, Leiser R. 
Age-dependent changes in the pigeon bursa of Fabricius vascula-
ture: a comparative study using light microscopy and scanning 
electron microscopy of vessel casts. J Anat 2007; 211: 387-398.

3. Madej JP, Chrzazstek K, Piasecki T, Wieliczko A. New insight 
into the structure, development, functions and popular disor-
ders of bursa Fabricii. Anat Histol Embryol 2013; 42: 321-331.

4. Whitesides JF, Krista LM, Mora EC, Klesius PH, Gray BW, Spano 
JS, Drane JW. Effect of surgical and chemical in ovo bursectomy 
on lymphocyte density scores and histological evaluations of 
primary and secondary lymphoid organs in hypertensive and 
hypotensive turkeys. Poult Sci 1991; 70: 1362-1372.

5. Haritova AM, Stanilova SA. Enhanced expression of IL-10 in 
contrast to IL-12B mRNA in poultry with experimental coccidio-
sis. Exp Parasitol 2012; 132: 378-382.

6. Shirley MW, Lillehoj HS. The long view: a selective review of 40 
years of coccidiosis research. Avian Pathol 2012; 41: 111-121.

7. Wallach M. Role of antibody in immunity and control of chick-
en coccidiosis. Trends Parasitol 2010; 26: 382-387.

8. Maes L, Coussement W, Vanparijs O, Marsboom R. In vivo ac-
tion of the anticoccidial diclazuril (Clinacox) on the develop-
mental stages of Eimeria tenella: a histological study. J Parasitol 
1988; 74: 931-938.

9. Verheyen A1, Maes L, Coussement W, Vanparijs O, Lauwers F, 
Vlaminckx E, Borgers M, Marsboom R. In vivo action of the an-
ticoccidial diclazuril (Clinacox) on the developmental stages of 
Eimeria tenella: an ultrastructural evaluation. J Parasitol 1998; 74: 
939-949.

10. Abbas RZ, Iqbal Z, Blake D, Khan MN, Saleemi MK. Anticoccid-
ial drug resistance in fowl coccidia: the state of play revisited. 
World Poultry Sci J 2011; 67: 337-350.

11. Guzmana VB, Silva DA, Kawazoe U, Mineo JR. A comparison 
between IgG antibodies against Eimeria acervulina, E. maxima, 
and E. tenella and oocyst shedding in broiler-breeders vaccinated 
with live anticoccidial vaccines. Vaccine 2003; 21: 4225-4233.

12. Awais MM, Akhtar M, Muhammad F, ul Haq A, Anwar MI. Im-
munotherapeutic effects of some sugar cane (Saccharum officina-
rum L.) extracts against coccidiosis in industrial broiler chickens. 
Exp Parasitol 2011; 128: 104-110.

13. Jang SI, Lillehoj HS, Lee SH, Lee KW, Lillehoj EP, Bertrand F, Du-
puis L, Deville S. Mucosal immunity against Eimeria acervulina 
infection in broiler chickens following oral immunization with 
profilin in Montanide™ adjuvants. Exp Parasitol 2011; 129: 36-
41.

14. Akhtar M, Hai A, Awais MM, Iqbal Z, Muhammad F, ul Haq A, 
Anwar MI. Immunostimulatory and protective effects of Aloe 

vera against coccidiosis in industrial broiler chickens. Vet Parasi-
tol 2012; 186: 170-177.

15. Wang Q, Chen L, Li J, Zheng J, Cai N, Gong P, Li S, Li H, Zhang X. 
A novel recombinant BCG vaccine encoding Eimeria tenella 
rhomboid and chicken IL-2 induces protective immunity against 
coccidiosis. Korean J Parasitol 2014; 52: 251-256.

16. Dalloul RA, Lillehoj HS. Recent advances in immunomodula-
tion and vaccination strategies against coccidiosis. Avian Dis 
2005; 49: 1-8.

17. Corthésy B. Recombinant immunoglobulin A: powerful tools 
for fundamental and applied research. Trends Biotechnol 2002; 
20: 65-71.

18. Bellussi L, Cambi J, Passali D. Functional maturation of nasal 
mucosa: role of secretory immunoglobulin A (SIgA). Multidis-
cip Respir Med 2013; 8: 46. 

19. Brandtzaeg P. Induction of secretory immunity and memory at 
mucosal surfaces. Vaccine 2007; 25: 5467-5484.

20. Zhou B, Wang H, Xue F, Wang X, Fei C, Wang M, Zhang T, Yao X, 
He P. Effects of diclazuril on apoptosis and mitochondrial trans-
membrane potential in second-generation merozoites of Eimeria 
tenella. Vet Parasitol 2010; 168: 217-222.

21. Zhou BH, Wang HW, Wang XY, Zhang LF, Zhang KY, Xue FQ. Ei-
meria tenella: effects of diclazuril treatment on microneme genes 
expression in second-generation merozoites and pathological 
changes of caeca in parasitized chickens. Exp Parasitol 2010; 
125: 264-270.

22. Zhou BH, Shen XJ, Wang HW, Li T, Xue FQ. Receptor for activat-
ed C kinase ortholog of second-generation merozoite in Eimeria 
tenella: clone, characterization, and diclazuril-induced mRNA 
expression. Parasitol Res 2012; 111: 1447-1455.

23. Zhou BH, Wang HW, Zhao ZS, Liu M, Yan WC, Zhao J, Zhang Z, 
Xue FQ. A novel serine/threonine protein phosphatase type 5 
from second-generation merozoite of Eimeria tenella is associat-
ed with diclazuril-induced apoptosis. Parasitol Res 2013; 112: 
1771-1780.

24. Diaferia M, Veronesi F, Morganti G, Nisoli L, Fioretti DP. Efficacy 
of toltrazuril 5% suspension (Baycox®, Bayer) and diclazuril (Ve-
coxan®, Janssen-Cilag) in the control of Eimeria spp. in lambs. 
Parasitol Res 2013; 112: 163-168.

25. Tian EJ, Zhou BH, Wang XY, Zhao J, Deng W, Wang HW. Effect 
of diclazuril on intestinal morphology and SIgA expression in 
chicken infected with Eimeria tenella. Parasitol Res 2014; 113: 
4057-4064.

26. Singh A, Weissenböck H, Hess M. Histomonas meleagridis: immu-
nohistochemical localization of parasitic cells in formalin-fixed, 
paraffin-embedded tissue sections of experimentally infected 
turkeys demonstrates the wide spread of the parasite in its host. 
Exp Parasitol 2008; 118: 505-513.

27. Amin A, Liebhart D, Weissenböck H, Hess M. Experimental in-
fection of turkeys and chickens with a clonal strain of Tetratricho-
monas gallinarum induces a latent infection in the absence of 
clinical signs and lesions. J Comp Pathol 2011; 144: 55-62.

28. Georgieva NV, Koinarski V, Gadjeva V. Antioxidant status during 



682  Korean J Parasitol Vol. 53, No. 6: 675-682, December 2015

the course of Eimeria tenella infection in broiler chickens. Vet J 
2006; 172: 488-492.

29. Rakhshandehroo E, Razavi SM, Nazifi S, Farzaneh M, Mobarraei 
N. Dynamics of the enzymatic antioxidants during experimental 
caprine coccidiosis. Parasitol Res 2013; 112: 1437-1441.

30. Farthing MJ. Immune response-mediated pathology in human 
intestinal parasitic infection. Parasite Immunol 2003; 25: 247-
257.

31. Téllez A, Palm D, Weiland M, Alemán J, Winiecka-Krusnell J, 
Linder E, Svärd S. Secretory antibodies against Giardia intestinalis 
in lactating Nicaraguan women. Parasite Immunol 2005; 27: 
163-169.

32. Carrero JC, Cervantes-Rebolledo C, Aguilar-Díaz H, Díaz-Gallar-
do MY, Laclette JP, Morales-Montor J. The role of the secretory 
immune response in the infection by Entamoeba histolytica. Para-
site Immunol 2007; 29: 331-338.

33. Bourguin I, Chardes T, Mevelec MN, Woodman JP, Bout D. Am-
plification of the secretory IgA response to Toxoplasma gondii us-
ing cholera toxin. FEMS Microbiol Lett 1991; 65: 265-271.

34. Del L Yácono M, Farran I, Becher ML, Sander V, Sánchez VR, 
Martín V, Veramendi J, Clemente M. A chloroplast-derived Toxo-
plasma gondii GRA4 antigen used as an oral vaccine protects 
against toxoplasmosis in mice. Plant Biotechnol J 2012; 10: 
1136-1144. 

35. Godínez-Victoria M, Drago-Serrano ME, Reyna-Garfias H, Vilo-
ria M, Lara-Padilla E, Resendiz-Albor AA, Sánchez-Torres LE, 

Cruz-Hernández TR, Campos-Rodriguez R. Effects on secretory 
IgA levels in small intestine of mice that underwent moderate 
exercise training followed by a bout of strenuous swimming ex-
ercise. Brain Behav Immun 2012; 26: 1300-1309.

36. Ilić T, Knežević M, Aleksié-kovačević S, Nešić V, Dimitrijević S. 
Immunohischemcal investigation of the bursa of Fabricius in 
chickens experimentally infected by Eimeria tenella. Acta Vet Beo-
grad 2004; 54: 411-417.

37. Constantinoiu CC, Molloy JB, Jorgensen WK, Coleman GT. An-
tibody response against endogenous stages of an attenuated 
strain of Eimeria tenella. Vet Parasitol 2008; 154: 193-204.

38. Cui W, Cui H, Peng X, Fang J, Zuo Z, Liu X, Wu B. Dietary vana-
dium induces lymphocyte apoptosis in the bursa of Fabricius of 
broilers. Biol Trace Elem Res 2012; 146: 59-67.

39. Wieland WH, Orzáez D, Lammers A, Parmentier HK, Verstegen 
MW, Schots A. A functional polymeric immunoglobulin recep-
tor in chicken (Gallus gallus) indicates ancient role of secretory 
IgA in mucosal immunity. Biochem J 2004; 380: 669-676.

40. Dolfi A, Bianchi F, Lupetti M, Michelucci S. The significance of 
intestinal flow in the maturing of B lymphocytes and the chick-
en antibody response. J Anat 1989; 166: 233-242.

41. Gallego M, Del Cacho E, Felices C, Varas A, Bascuas JA. Distribu-
tion of bursal secretory dendritic cells in the chicken. Anat Rec 
1996; 246: 372-376.

42. Ian T. The avian antibody response. Semin Avian Exot Pet 2002; 
11: 2-14.


