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Summary. The present study demonstrated the 
localization of the T-cell subsets (CD4+ and CD8+) and 
immunoglobulin (1g)-containing cells (IgA, IgM, and 
IgG) in the nasal mucosa and its accessory structures. 
These lymphoid structures may be compared with nasal- 
associated lymphoid tissue (NALT) of rats and mice. In 
the chicken NALT, T-cell subsets were more widely 
distributed than Ig-containing cells, especially in large 
lymphoid accumulations restricted to the respiratory 
mucosa in the nasal cavity and the nasolacrimal duct. 
These lymphoid accumulations in the mucosa of the 
nasal cavity and nasolacrimal duct consisted of widely 
distributed CD8+ cells and deeply aggregated CD4+ 
cells adjacent to large germinal centers. In these 
lymphoid accumulations, IgG-containing cells were 
more frequently observed than IgM- and IgA-containing 
cells. T-cell subsets, predominantly CD8+ cells were 
more widely distributed in the duct epithelium of the 
lateral nasal glands than Ig-containing cells. Moreover, 
numerous CD8+ cells and a few Ig-containing cells were 
found in the chicken salivary glands, especially around 
the orifice of their ducts into the oral cavity. Therefore, it 
seems likely that the chicken NALT plays an important 
part in the upper respiratory tract, with a close 
relationship to the paraocular immune system. 
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Introduction 

The nasal mucosa lining the upper respiratory tract is 
the first site of contact with inhaled aeroantigens. 
According to Spit et al. (1989), it seems justified to 
consider the nasal lymphoid tissue as a general part of 
the mucosa-associated lymphoid tissue (MALT) system, 

Offprint requests to: Dr. Koji Ohshima, Laboratory of Functional 
Anatomy, Faculty of Agriculture, Shinshu University, Ina, Nagano-ken, 
399-4598 Japan. Fax: 81-265-72-5259. e-mail: ohshima@ 
gipmc.shinshu-u.ac.jp 

and to denote it as nasal-associated lymphoid tissue 
(NALT) in analogy with the gut-  and bronchus- 
associated lymphoid tissue (GALT and BALT, 
respectively). However, the nature of local immune 
responses, and the role of NALT in these responses have 
rarely been studied, due to the absence of a suitable 
model (Kuper et al., 1992). 

Recently, the structure and development of NALT in 
the rat (Hameleers et al., 1989; Spit et al., 1989; Kuper 
et al., 1990; van Poppel et al., 1993) and mouse (van der 
Ven and Sminia, 1993; Heritage et al., 1997) have been 
investigated by immunohistochemical or electron 
microscopic methods. Consequently, since it has been 
demonstrated that GALT, BALT and NALT differ in 
TIB-cell ratios (Kuper et al., 1990, 1992; Heritage et al., 
1997), their function may differ in the defense 
mechanism of the mucosal sites; Peyer's patches (PP) 
may be the central tissue in the induction of secretory 
immunoglobulin (Ig) synthesis, while BALT and NALT 
appear to be more involved in cellular responses. 
Moreover, Kuper et al. (1992) reported that even within 
the respiratory tract there are some differences in the 
state of activation and in the number of B-cells between 
BALT and NALT of conventionally housed, untreated 
rats. They suggested that the more activated appearance 
and earlier development in NALT than BALT were 
probably due to its strategic position with respect to 
incoming air containing aeroantigens. Ichikawa et al. 
(1991) suggested that immunocompetent cells 
distributed in normal nasal mucosa of mice might locally 
develop or mobilize from systemic circulation according 
to antigenic stimuli. 

In contrast to mammals, most avian species 
including chickens entirely lack lymph nodes, but have a 
system of lymphoid nodules normally associated with 
lymph vessels (King and McLelland, 1975). 
Accumulation of lymphoid tissue has been demonstrated 
in the oculo-nasal region in many avian species (Bang 
and Bang, 1968; Hodges, 1974; Aitken and Survasche, 
1977; Rose, 1981). Plasma cells and lymphoid foci were 
common in paranasal tissues of chickens, but rare in 
those of other birds (Aitken and Survashe, 1977). 
Invasive lymphocyte populations consistently found in 
















