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Despite a widespread introduction of immunoprophylaxis, the national scientific literature doesn’t frequently deal with the 

data containing a detailed description of the morphological state of the immune system’s central and peripheral organs, as 

well as their immunomorphological rearrangement after the use of vaccines and the effects of immunostimulants. It is also 

worth noting that such organ of the peripheral immune system as a vermiform appendix was mainly ignored by the domestic 

scientists. We did not find a detailed description of the morphological changes of the rabbits’ vermiform appendix that occur 

after the introduction of immunobiological drugs. We conducted the histological studies of the vermiform appendix of rabbits 

after performing an antigenic stress using the vaccine against streptococcal and staphylococcal infections of animals along 

with the preventive agent “Pneumo-Pro” separately and combined with Selefer, a selenium-containing immunostimulant. The 

structural changes in the lymphoid apparatus, as well as in the structural elements of the mucous membrane and 

submucosal basis were noticed after the use of immunobiological drugs. In particular, an expressed hyperplasia of lymphoid 

elements develops. The infiltration of plasma by submucosal cells was noted too. An increase in the number of exocrine cysts 

was also observed. The amount of mucus increases on the surface of the mucous membrane. Development of hyperemia 

and stasis was noted in blood vessels. 
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Introduction 
The vermiform appendix is a lymphoepithelial organ that performs a protective function and relates to the peripheral part of 

the immune system. The development, proliferation and differentiation of immunocompetent cells occurs inside this 

important formation, first and foremost, of B-cell subpopulations (Dasso et al., 2000; Gutyj et al., 2017; Khariv et al., 2018; 

Kysera et al., 2018). Vermiform appendix is sometimes called the tonsils of the abdominal cavity due to the high concentration 

of lymphoid cells in it. The mucous membrane, as well as the submucosa of the vermiform appendix, are infiltrated by 

lymphocytes, which form lymph nodes and interstitial clusters. The muscle membrane consists of the inner circular layer and 

the outer longitudinal one. The latter is a solid one. It is covered with a serous membrane outside that forms an own 

mesentery of the vermiform appendix. 

The vermiform appendix is a part of the lymphoid formations that accompany the intestine and among mammals is 

considered to be the most likely analogue of the birds’ bursal sac. The lymphoid tissue of the vermiform appendix usually 

occupies the tunicas/mucosa of the appendix's wall, but often extends to the entire tunicamucosa. The gentle stroma of the 

lymphoid tissue is formed by a mesenchial reticular tissue, however, intestinal epithelium is involved in the formation of 

stroma too (Bakhmet, 2008; Bibik and Berest, 2011). 

A layer of nodulus lymphaticus and interfollicular lymphoid tissue are located in the loops of the gentle stroma. Each of the 

appendix’s nodes is made up of three divisions: 1) the upper one, adjacent to the crypts; 2) the middle one; 3) the basal one, 

directed to the tunicamuscularis that sometimes penetrates the serous membrane of the appendix. A light reproduction 

center is located in the basal division. The middle division contains small lymphocytes which are located in a light center in the 

form of a hat. The upper division contains small lymphocytes that migrate to the epithelium of the crypts (Vorob'eva, 2017). 

Since the vermiform appendix is considered analogous to the primary lymphoid organ for B-lymphocytes, then it has a 

feature that distinguishes it from the primary T-body, i.e., thymus. Antigens do not penetrate the thymus, while in the 
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appendix there is a massive portion of the microbial antigen that is absorbed by the lymphoid tissue macrophages, first 

interfollicular and after the intrafollicular ones. The similarity with thymus is either in the complete absence or in a very small 

number of plasma cells located in the appendix’s lymphoid tissue (Kooij et al., 2016). A partuicularly large number of 

intrafollicular cells is found in lymphoid follicles of the rabbit’s appendix. (Ljubovceva, 2009). 

Approximately 30% of all immunocompetent intestinal cells is concentrated in the tunicamucosa of appendix. About 25% of 

tunicamucosa consists of immunologically active tissue. Lymphoid nodules of the appendix (noduli lymphoidei app) are 

located diffusely (in tunica mucosa, tunica s/mucosa) (Galeeva, 2012; Kostilenko and Grin', 2012). 

Nodulus lymphaticus lymphocytes of the appendix are located under the mucosal layer interacting with the epithelial cells. 

These lymphoid clusters are called MALT – mucosa-associated lymphoid tissue. 

Reproductive centers are located in the lymphoid nodules of the vermiform appendix. Here the reproduction of lymphocytes 

occurs, which are of great demand in the places of a constant antigenic penetration. Depending on the localization of the 

lymphoid tissue associated with the mucosal layer, a term GALT (gut-associated lymphoid tissue) is used, indicating the 

lymphoid formations of the mucous membranes associated with the intestine. 

The clusters of lymphoid tissue associated with the mucosal layer are involved in specific immunity and participate in the 

activation of B-lymphocytes that differentiate into plasma cells. These plasma cells synthesize specific antibodies that belong 

to IgA, IgM and IgG. Mature plasma cells appear on the 15th day after birth and preserve throughout the whole life. Cells that 

secrete IgM are dominant and are placed mainly in the central divisions of the lymphoid nodules. There is a slightly smaller 

number of plasma cells that secrete IgA and IgG. They are located along the periphery of the lymphoid nodes, as well as 

between the crypts (Kuz'mina, 2014). 

The composition of the lymphoid nodules of the vermiform appendix is represented by the cells of the lymphoid series of 

various maturity degree. The dome of the appendix nodules contains large, medium and small lymphocytes, as well as 

macrophages. Young and mature lymphocytes densely populate the crown of the lymphoid nodule. 

Appendix’s lymphoid nodes, along with the cells of the lymphoid series, contain a large number of macrophages with the 

particles of dead cells and bacteria inside. There are no mature plasma cells in the dome. Lymphoid nodules are covered with 

a specialized epithelium, capable of capturing an antigenic material. In the cell matrix there are structures resembling 

microtubules and microfibrils penetrating deep into the apical part of the cytoplasm. By their ultrastructural organization, 

these cells are similar to the so-called tufted cells found in the small intestine epithelium, as well as to the specialized M-cells 

of the epithelium of the lymphoid (Peyer) plaques that take part in the transport of antigen from the small intestine’s lumen 

to the immunocompetent cells. B-lymphocytes in the dome are at different stages of maturity and differentiation (Murphy et 

al., 2011). 

The peculiarities of functioning of the lymphoid tissue associated with the intestine are that intact lymphocytes penetrate into 

the circulatory system, then pass into the appendix, where the process of priming develops. This means that under the 

influence of a special cytokine environment B-lymphocytes differentiate into cells, intended for the synthesis of sIgA. Such 

lymphocytes penetrate the mesenteric lymph nodes through the afferent lymphatic ducts and reach the spleen through the 

blood current where the differentiation of B-lymphocytes is carried out. Then they penetrate the organs containing 

tunicamucosa, for example, in tunica mucosa intestinum tenue and crasum, where they multiply intensively. This process is 

known as homing (Gorfu et al., 2009). 

Lymphoid tissue of the vermiform appendix is a kind of barrier zone during the penetration of foreign agents through 

tunicamucosa. A function of recognition is typical for the lymphoid clusters of the appendix, which manifests itself in the 

interaction of the antigens with the immune system cells and a subsequent transferring of information to the thymus and 

bone marrow. 

Newly formed lymphocytes and antibodies are not only used in their place of birth, but are also spread through the vascular 

bed, reaching the chest duct, lymph nodes and spleen. T-lymphocytes located in the breeding center of nodules can be 

distinguished from B-lymphocytes, since the latter have several nucleoli. The ratio of T- and B-lymphocytes varies from 1:8 to 

1:28. The majority of lymphocytes have immunoglobulins on their surface, indicating their belonging to the B-cells. There is 

about 70% of such lymphocytes in the lymphoid tissue of the rabbit’s appendix. Up to 52% of lymphocytes are involved in a 

socket formation, being stimulated by the complement. Appendix is an important organ for the formation of B-zones of the 

immune system organs in ontogenesis and is involved in immune responses (Kooij et al., 2016; Gutyj et al., 2016; Khariv et al., 

2016). 

A proof of the existence of immune activity of the appendix’s lymphoid tissue may be a fact that in response to the 

introduction of antigens into the rabbits’ organ lumen or its wall, an increase in the socket-forming characteristics of the 

organ’s lymphocytes is observed. The antigen introduced during the experiments collapsed in the reproduction centers and in 

the dome of the lymphoid nodes by the macrophages located there. At the same time, immunization of rabbits leads to the 

growth of young and differentiated B-lymphocytes in the appendix’s lymphoid tissue. In terms of microbial stimulation, the 

lymphoid nodes of the appendix are acting as peripheral organs of the immune system (Junqueira and Carneiro, 2005). 

Since T- and B-lymphocytes, lysozyme and some other substances are located in the appendix, a protective function is carried 

out. (Velazquez et al., 2005). Entering the appendix, T- and B-lymphocytes differentiate into their subpopulations and having 

accumulated, form lymphoid follicles (Dasso et al., 2000; Hanson and Lanning, 2008). 

The participation of the appendix in the immune system is also proved by the following fact. The positive reaction of the 

appendix’s lymphocytes to the alkaline phosphatase and the negative reaction to the acid phosphatase allowed to make a 

conclusion on their predominant belonging to the B-dependent part of the immune system. (Smirnova et al., 2009; Petrenko, 

2013). 

The vermiform appendix is a densely innervated immunocompetent organ and has multifunctional properties like antigen-
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independent differentiation of lymphocytes, which provides a natural resistance of an organism, immunity, immunological 

memory, immunological tolerance and reaction to specific pathological processes, as well as organism’s secretory and 

hormonal functions. The appendix is involved in ripening of B-lymphocytes (Bahmet, 2008; Bibik and Berest, 2011). Also, the 

vermiform appendix is responsible for the endocrine function, since it synthesizes a number of enzymes that affect the 

digestive processes, as well as the activity of other organs of the abdominal cavity, synthesizing certain hormones (Gusejnov 

and Gusejnova, 2012). 

It should be emphasized that the vermiform appendix hasn’t enjoyed much attention of domestic scientists over the last 

years. Therefore, we set the goal to determine the structural and functional features of the vermiform appendix at the tissue 

and cellular levels in rabbits after the introduction of immunobiological drugs. 

 

Materials and methods 
The research was conducted at the Department of Normal and Pathological Morphology and Forensic Veterinary Medicine of 

the Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies Lviv. 16 rabbits of two months of age 

were selected for the experiment according to the principle of analogues. 4 groups were formed (1 control and 3 

experimental). Pnevmo-Pro, a prophylactic drug, was introduced to the animals of the first experimental group (Storchak and 

Kisera, 2015). Animals of the second experimental group were introduced a prophylactic drug "Pneumo-Pro" with the addition 

of an immunostimulator Selefer (Storchak and Kisera, 2015). Animals of the third experimental group were given an 

inactivated vaccine against streptococcal and staphylococcal infections (Ushkalov and Golovko, 2004). A physiological solution 

was injected to the control group of animals. Immunobiological preparations were introduced intramuscularly, twice at the 

intervals of 14 days at a dose of 0.5 ml for the first introduction and 1 ml for the second one. The animals were slaughtered 

on the 45th day. 

The cutdown was performed using the Shor method (Goralskyi, 2005). For histological studies, pieces of the appendix were 

taken immediately after the animals’ slaughter and fixed in a 10-12% cooling solution of neutral formalin followed by paraffin 

embedding according to the scheme offered by J. Kumar and L. Rudbeck (Kumar and Rudbeck, 2011). In order to detect the 

morphology of cells and tissues, Karachi hematoxylin and eosin staining, as well as methyl green and pyronin G staining by 

Brachet was used (Merkulov, 1996). 

 

Results and discussion 
According to the results of histological studies, it was found that the mucous membrane of the vermiform appendix of the 

control group of animals is covered by the well-noticeable shallow crypts, which extend in the direction of the submucosal 

basis. Lumen of some crypts is moderately wide, and narrowed in the others. Crypts do not contain foreign contents, are 

lined with a single-layer prismatic epithelium, which consists of columnar epithelium cells. Exocrinocytes, M-cells and 

enteroendocrinocytes are also available. Paneth cells, which contain acidophilic granules in the cytoplasm, are quite common 

at the bottom of the intestinal crypts. Undifferentiated (cambial) epithelial cells and endocrine cells are also located in this 

area (Figure 1). 

 

 
Figure 1. Mucous membrane (1) and submucosal basis (2) of the vermiform appendix. Lymphoid nodules (3) are densely filled 

with cellular elements.  Hematoxylin-eosin × 100. 

 

The own plate of the mucous membrane passes into the submucosal basis without a sharp boundary. Numerous volumetric 

clusters of lymphoid tissue in the form of secondary lymphoid nodes are located in the plate and in the submucosal basis. 

They have large light reactive centers formed by proliferating lymphoblasts. Lymphoid follicles almost completely fill the 

intervals between the crypts and occupy a significant amount of the submucosal basis (Figure 2). 
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Figure 2. Lymphoid knot (1) of the vermiform appendix, which is in contact with the lumen of the intestine (2). A significant 

number of cellular elements in the lymphoid nodule is observed. Hematoxylin-eosin × 200. 

 

An overwhelming majority of the secondary lymphoid follicles is cone-shaped. Crypts are located above the top of many 

follicles. Some secondary lymphoid nodes with a dome-shaped top touch the appendix's lumen. In the section indicated 

below, the lymphoid follicles are mainly covered with M-cells (Figure 3). 

 

 
Figure 3. Lymphoid node (1) of the vermiform appendix that is in contact with the lumen of the intestine (2). A significant 

number of cellular elements in the lymphoid nodule is observed. Methyl green and pyronin G by Brachet × 200. 

 

Cellular composition of the accumulated submucosal lymphoid nodules is heterogeneous. Proliferating B-lymphoblasts that 

form the reactive center are located in a very middle. There is a moderate amount of B-lymphocytes around the periphery. 

Interfollicular zones are predominantly filled with T-lymphocytes. Also, macrophages are available in the parenchyma of the 

accumulated submucosal lymphoid nodes. Interdigitating cells are sometimes observed. The vessels of the mucous 

membrane and submucosal basis are moderately expanded. The loose connective tissue contains fibroblasts, collagen, elastic 

and reticular fibers, as well as single lymphocytes and plasma cells. The number of lymphoid cells is slightly higher in the 

stroma, especially near the lymphatic follicles. The muscular membrane of the vermiform appendix includes two layers: the 

inner one is circular and the outer one is longitudinal. Appendix is covered with a serous membrane outside, formed by the 

loose connective tissue with a mesothelium, a single-layered flat epithelium, located above it. 

Histological study of the vermiform appendix of the rabbits from the 1st experimental group (conducted on the 45th day after 

the introduction of the prophylactic drug "Pneumo-Pro") revealed that the mucous membrane is covered by the well-marked 

shallow crypts that extend in the direction of the submucosal basis. Lumens of some crypts are moderately wide, while the 

others are narrowed. The majority of crypts does not contain extraneous content, but few of them are filled with excessive 

amounts of mucus and desquamated cells (mainly enterocytes and exocrinocytes). 

Both the own plate and submucosal basis contain numerous volumetric clusters of lymphoid tissue, which create 

accumulated submucosal lymphoid nodules, whose center is formed by the proliferating lymphoblasts (Figure 4). B-

lymphocytes, macrophages and interdigitating cells are located on the lymphoblasts’ periphery. Quite often, mitoses of 

lymphoid elements are visualized. Occasionally, lymphocytes undergo necrotic changes resulting in small gaps between the 

lymphoid cells (Figure 5). 
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Figure 4. Infiltration of loose connective tissue of the mucous membrane (1) and submucosal basis (2) of the appendix by 

plasma cells (3). Increase in the amount of mucus (4) on the surface of the mucous membrane. Methyl green and pyronin G by 

Brachet × 400. 

 

The peripheral part of the lymphoid nodules and the interfollicular zone contain a significant quantity of T-lymphocytes. An 

overwhelming majority of the secondary lymphoid follicles is cone-shaped. Crypts are located above the top part of many 

follicles. Some secondary lymphoid nodes with a dome-shaped top come in contact with the appendix's lumen. 

 

 
Figure 5. Increase in the number of exocrine cells in crypts (1) of the vermiform appendix. Desquamation of epithelial cells (2) 

into the crypts’ lumen (3).Infiltration of the plate of the mucous membrane by lymphocytes (4). Hematoxylin-eosin × 200. 

 

The vessels of the mucous membrane and submucosal basis are enlarged, filled with red blood cells and sometimes contain 

lymphocytes. Occasionally, gluing of red blood cells is recorded (Figure 6). Moderate perivascular edema is also observed. 

Individual vessels are full of lymphocytes. There are single lymphocytes, neutrophilic granulocytes and macrophages in the 

stroma, especially near the lymphatic follicles (Figure 7). 
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Figure 6. Expansion of the vessels (1) of the vermiform appendix’s mucous membrane. Lymphocytes (2) and hemolysed 

erythrocytes are in the vascular lumen. Hematoxylin-eosin × 400. 

 

 
Figure 7. Expansion and overflow of appendix’s wall vessels (2) by lymphocytes (1) Hematoxylin-eosin × 200. 

 

The muscular membrane of the vermiform appendix includes two layers: the inner one is circular and the outer one is 

longitudinal one. The vessels of the intermuscular connective tissue are slightly enlarged, filled with erythrocytes and contain 

lymphocytes. The vermiform appendix is covered with a serous membrane outside, formed by the loose connective tissue 

with a mesothelium, a single-layered flat epithelium, located above it. 

Histological study of the vermiform appendix of the rabbits from the 2nd experimental group (after the introduction of the 

prophylactic drug "Pneumo-Pro" with the immunomodulator Selefer) revealed a moderate expansion of individual crypts and 

an increase in the number of exocrine cells and mucus inside them. Most crypts are shallow, extending toward the 

submucosal basis (Figure 8). The lumen of some crypts is somewhat narrowed, th crypts do not contain extraneous content. 

 

 
Figure 8. Moderate increase in the number of exocrinocytes (1) on the surface of the mucous membrane of the vermiform 

appendix. Polymorphic cell infiltration (2) of the plate of mucous membrane and submucosal basis is observed. Hematoxylin-

eosin × 400. 

 

Except of a single-layer columnar epithelium, the epithelial layer is saturated by exocrinocytes, M-cells and 
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enteroendocrinocytes. Paneth cells, which contain acidophilic granules in the cytoplasm, are sometimes observed at the 

bottom of the intestinal crypts. The undifferentiated (cambial) epithelial cells and endocrine cells are also located in this area. 

The vessels of the mucous membrane plate and submucosal basis are enlarged, overfilled with red blood cells and contain 

single lymphocytes. Loose connective tissue in the indicated area is moderately infiltrated by plasma cells, single lymphocytes 

and neutrophilic granulocytes (Figures 9 and 10). 

 

 
Figure 9. The lymphoid node (1) of the vermiform appendix densely filled with cellular elements. Moderately dilated vessels 

(2) of the mucous membrane. Insignificant polymorphic cell infiltration (3) of the mucous membrane plate and submucosal 

basis. Crypts with wide lumen (4). Hematoxylin-eosin × 200. 
 

 
Figure 10. The lymphoid node (1) of the vermiform appendix densely filled with cellular elements. Moderate infiltration of the 

loose connective tissue of the mucous membrane and submucosal basis by plasma cells (2). Methyl green and pyronin G by 

Brachet × 400. 
 
There are numerous volumetric clusters of lymphoid tissue both in the plate and submucosal basis in the form of submucosal 

lymphoid nodes, whose center is formed by proliferating lymphoblasts that create reactive centers. Interdigitating cells and 

macrophages are also visualized, some of which destroy necrotized lymphocytes. The quantity of T-lymphocytes increases in 

the peripheral and interfollicular zones. Some secondary lymphoid nodes with a dome-shaped top come in contact with the 

lumen of the vermiform appendix. The dome of such areas is covered mostly by M-cells (Figure 11). 

The vessels of the mucous membrane of the submucosal basis are moderately dilated and somewhat filled with erythrocytes. 

Stroma is infiltrated by lymphocytes and neutrophilic granulocytes, especially near lymphatic follicles. The number of 

macrophages is somewhat increased. 
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Figure 11. The lymphoid knot (1) densely filled with cellular elements, which is in contact with the lumen (2) of the vermiform 

appendix. Moderate infiltration of the loose connective tissue of the mucous membrane and submucosal basis by plasma 

cells (3). Methyl green and pyronin G by Brachet × 200. 

 

The muscular membrane of the vermiform appendix comprises two layers: the inner one is circular and the outer one is 

longitudinal. The vessels of the intermuscular connective tissue are enlarged, overflowed with red blood cells. Perivascular 

edema also occurs. The vermiform appendix is covered with a serous membrane outside, formed by the loose connective 

tissue with a mesothelium, a single-layered flat epithelium, located above it. 

Histological study of the vermiform appendix of the rabbits from the 3rd experimental group (conducted on the 45th day after 

the introduction of the inactivated vaccine against streptococcal and staphylococcal infections) revealed that its mucous 

membrane is covered with well-marked, shallow crypts extending in the direction of the submucosal basis. Lumen of some 

crypts is moderately wide and narrowed in the others. The increase in the number of exocrine and mucus is also observed 

(Figure 12). Some crypts also contain necrotized enterocytes and exocrinocytes. 

 

 
Figure 12. Increase in the number of exocrinocytes (1) on the surface of the vermiform appendix’s mucous membrane (2). 

Infiltration of the mucous membrane plate by lymphocytes (3). Hematoxylin-eosin × 1000. 

 

Congested submucosal lymphoid nodules of conical shape and loosely located lymphoid elements are situated both in the 

plate and submucosal basis. The number of lymphoblasts in the center of the congested lymphoid nodes is not substantial. 

Necrotic lymphocytes occur quite often. As a result, depletion of the lymphoid nodule cellular elements of the vermiform 

appendix is observed. Macrophages are visualized around necrotic lymphocytes (Figure 13). Also, the number of T-

lymphocytes decreases in the interfollicular areas. 

 

 
Figure 13. Decreased quantity of cellular elements (1) in the appendix lymphoid knot. Lymphocytes undergoing necrotic 

changes (2). Methyl green and pyronin G by Brachet × 1000. 

 

The vessels of the mucous membrane and submucosal basis are expanded and filled with erythrocytes and lymphocytes. The 

quantity of lymphocytes increases dramatically in the stroma, especially near the lymphatic follicles. Infiltration by 

neutrophilic granulocytes is also observed (Figure 14). 
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Figure 14. Infiltration of the vermiform appendix’s mucous membrane plate by plasma cells (1). Methyl green and pyronin G by 

Brachet × 1000. 

 

The muscular membrane of the vermiform appendix includes two layers: the inner one is circular and the outer one is 

longitudinal. Vessels of intermuscular connective tissue are enlarged, sometimes perivascular edema develops. The 

vermiform appendix is covered with a serous membrane outside, formed by the loose connective tissue with a mesothelium, 

a single-layered flat epithelium, located above it. 

 

Conclusions 
Histological studies of the rabbits’ vermiform appendix performed after the parenteral introduction of immunoprophylactic 

drugs revealed significant structural changes in the lymphoid apparatus: 

1) there is a significant amount of lymphoblasts in the center of submucosal lymphoid nodes; mitosis of lymphocytes is often 

visualized; 

2) large, medium and small lymphocytes as well as macrophages locate in the dome of submucosal lymphoid nodes; 

3) there are numerous volumetric clusters of lymphoid tissue that form submucosal clusters of lymphoid nodes in the plate 

and submucosal basis of the appendix; 

4) the peripheral part of the lymphoid nodes and the interfollicular area contain a significant number of T-lymphocytes; the 

vast majority of secondary lymphoid follicles are cone-shaped; 

5) appendix crypts contain a large number of exocrinocysts. 
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