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For many years, nutritional support has been recognized as
an important factor in recovery from critical illness. In-

sights into the severe catabolism and immune suppression
accompanying severe illness have paralleled the accumula-

tion of knowledge of the physiological and biochemical as-
pects of the metabolic response to injury (1-7). This hyper-
metabolic state, observed in critically ill patients,
progressively exhausts body protein and fat stores, and this
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MINI-REVIEW

MK Hanna, KA Kudsk. Nutritional and pharmacological en-
hancement of gut-associated lymphoid tissue. Can J Gastroen-
terol 2000;14(Suppl D):145D-151D. There has been an
explosion of research in the field of nutrition over the past quarter
century. Clinical studies have demonstrated the effectiveness of
providing nutrition by the enteral route in reducing septic morbid-
ity in critically ill patients. These improved outcomes have been
substantiated by animal models that show that enteral nutrition
decreases gut permeability while maintaining the gut-associated
lymphoid tissue (GALT) in mucosal immunity. Evidence points
to the important immunological role of the gut in the mainte-
nance of mucosal immunity at both intestinal and extraintestinal
sites. The preservation of this mucosal immunity by enteral nutri-
tion is consistent with the lower morbidity seen in severely injured
patients who receive nutrition via the gastrointestinal tract. For
patients who are unable to be fed by the enteral route and who re-
quire parenteral nutrition, several supplements show promise in
enhancing the mucosal immune system defenses. The nutritional
and pharmacological tactics that may enhance the GALT and
thereby maintain mucosal immunity are examined.
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Stimulation nutritionnelle et pharmacologique
du système lymphoïde du tube digestif
RÉSUMÉ : Dans le domaine de la nutrition, on a assisté à un foisonne-
ment de projets de recherche au cours des 25 dernières années. Des études
cliniques ont montré l’efficacité de la nutrition entérale à réduire la morbi-
dité septique chez les grands malades. Ces résultats favorables, ont été con-
firmés par des modèles animaux qui révèlent que la nutrition entérale
réduit la perméabilité intestinale, tout en maintenant l’immunité mu-
queuse du système lymphoïde du tube digestif. Les résultats soulignent l’im-
portance du rôle immunologique de l’intestin dans le maintien de
l’immunité muqueuse, tant intestinale qu’extra-intestinale. La préserva-
tion de cette immunité muqueuse par la nutrition entérale concorde avec
une baisse de la morbidité observée chez les grands malades qui reçoivent
leur alimentation par le tractus gastro-intestinal. Pour les patients qui sont
incapables de se nourrir par la bouche et qui ont besoin de nutrition paren-
térale, plusieurs suppléments se révèlent prometteurs en ce sens qu’ils re-
haussent les défenses du système immunitaire muqueux. On examine ici les
tactiques nutritionnelles et pharmacologiques qui peuvent stimuler le sys-
tème lymphoïde du tube digestif et maintenir ainsi l’immunité muqueuse.

 



progressive, gradual malnutrition results in increased infec-
tion rates (8) and interference with wound healing (9).
Critical illness and critical injury impair normal oral intake
so that specialized nutritional support is necessary to provide
the essential nutrients, vitamins and minerals, in addition to
providing adequate calories and protein to meet energy and
nitrogen requirements. Over the past 30 years, clinical and
laboratory research has confirmed the ability of parenteral
and enteral nutrition to provide these nutrients, but it has
also demonstrated that there is a benefit gained when nutri-
ents are delivered via the gastrointestinal tract that are not
gained with parenteral nutrition. In addition, certain phar-
maconutrients also appear to be effective in this regard. This
article reviews the clinical and laboratory data that have
demonstrated the advantages of enteral nutrition and the ef-
fect of adding specialty pharmaconutrients such as gluta-
mine and neuropeptides to the therapeutic regimen.

BACKGROUND
In 1968, Dudrick et al (10) published landmark work that
provided a clinical solution for nutritional support to pa-
tients with a nonfunctioning gastrointestinal tract by dem-
onstrating the ability to provide adequate nutrition through
the parenteral route. In patients who experience total loss of
gut functioning, this therapy is life-saving. In severely mal-
nourished patients (11), perioperative nutrition decreases
the number of both infectious and noninfectious complica-
tions. However, several prospective, randomized clinical
studies of severely injured patients have demonstrated an in-
crease in the the number of infections of moist mucosal sur-
faces – pneumonia and/or intra-abdominal abscess – in
patients fed parenterally compared with patients fed enter-
ally in the early postinjury period (12-15). These findings
have been confirmed in several laboratory models. Between
1981 and 1983, Kudsk et al (16,17) demonstrated significant
differences in mortality rate when malnourished or well-
nourished rats were fed identical nutrient solutions parenter-
ally or via gastrostomy for 12 days before an intraperitoneal
injection of a hemoglobin-Escherichia coli suspension. Mor-
tality rate at 48 h following the onset of peritonitis (17)
dropped from 80% in parenterally fed animals to 40% in ani-
mals fed via the gastrointestinal tract. Clinical studies verify
the efficacy of enteral nutrition in patients with burns (18)
and in patients undergoing general surgical procedures, in
addition to trauma patients (19-21). The present article re-
views the apparent role of the gut in these defenses.

THE GASTROINTESTINAL BARRIER
The gut remains in constant contact with potential patho-
gens and toxic substances. While allowing absorption of nu-
trients across the mucosal surface, the gut is able to maintain
an effective barrier against these hazardous agents. Bacterial
translocation, the passage of intraluminal bacteria across the
gastrointestinal mucosal barrier to mesenteric lymph nodes
or other organs, appears to occur secondary to the over-
growth of pathogenic bacteria, host immunosuppression or
physical impairment of the gut mucosa (22), although the

importance of this phenomenon in humans remains contro-
versial (23). Experimentally, malnutrition alone does not
disrupt the mucosal barrier; however, the addition of an in-
flammatory site to pre-existing malnutrition dramatically in-
creases bacterial translocation (24). Surprisingly, bacterial
translocation occurs in approximately two-thirds of animals
receiving parenteral nutrition alone. Bacterial translocation
is reduced when the parenteral formula is provided via the
gastrointestinal tract and almost completely eliminated
when a complex enteral diet is administered (25). Experi-
mentally, conditions that increase bacterial translocation
also increase gut mucosal permeability to macromolecules
(26). Although some clinical conditions, such as severe
shock, result in increased bacterial translocation and gut mu-
cosal permeability to macromolecules, a clear link to ex-
traintestinal infectious complications such as pneumonia,
remains elusive, and recent attention has been turned to the
possible role of gut-associated lymphoid tissue (GALT) in
the etiology of these infectious complications.

GALT AND MUCOSAL IMMUNITY
The mucosa is in constant contact with the external envi-
ronment, and the mucosal surface requires protection
against invasive infection. Nonimmunological protective
mechanisms include intact tight junctions between adjacent
epithelial cells, lactoferrin, defensins, rapid cell turnover, in-
testinal motility, gastric acid production, pancreatic enzyme
secretion, mucin and an indigenous microbial flora that
keeps bacterial overgrowth in check. Immunological protec-
tive mechanisms exist in the form of GALT, which consists
of three main areas of lymphoid tissue: the Peyer’s patches,
lamina propria and intraepithelial lymphocytes. Interspersed
among GALT cells are macrophages, dendritic cells, the en-
teric nervous system and other immune cells. The Peyer’s
patches consist of approximately 150 organized aggregates of
lymphoid tissue within the small bowel and constitute the
surveillance system for GALT. As antigen is taken up by the
specialized M cells that overlie the Peyer’s patches, these an-
tigens are processed by dendritic cells and other antigen-
processing cells to stimulate circulating naive B and T cells
that continually traffic through the Peyer’s patches by way of
adhesion molecules on the high endothelial venule. After
committing to antigen specificity, these B and T cells mi-
grate to mesenteric lymph nodes, proliferate, and eventually
gain access to the vascular system by way of the thoracic duct
(27). These sensitized cells migrate to the lamina propria im-
mediately beneath the mucosal epithelial surfaces through-
out the body where B cells mature into plasma cells and T
cells produce the cytokines that regulate immunoglobulin A
(IgA) production and other intestinal functions (28). IgA
production is a balance between two types of T helper (Th)
cell populations. Interferon gamma (IFN-�) and tumour ne-
crosis factor-beta (TNF-�) (or lymphotoxin) are cytokines
that inhibit IgA production and are formed by Th1 type
cells. Interleukin (IL)-4, IL-5, IL-6 and IL-10 stimulate IgA
production and are produced by Th2 type cells (29). The in-
traepithelial lymphocytes are a diverse population of cells
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consisting of mass cells, natural killer cells and cytotoxic T
cells that reside within the mucosal epithelium. While their
specific function remains unclear, they appear to influence
mucosal permeability and be important in tolerance (30).

Sensitized B and T cells that are released from the tho-
racic duct into the vascular system also migrate to extraintes-
tinal mucosal sites such as the respiratory tract, mammary
gland, genitourinary tract and salivary glands. The entire
system of these lymphoid cells at different mucosal sites is
termed the mucosal-associated lymphoid tissue (MALT)
and is relevant in that antigens processed within the gastro-
intestinal tract can provide protection against antigens at
other mucosal sites. Although some animal species appear to
have nasal-associated lymphoid tissue that can also serve as a
surveillance organ for mucosal antigens, the presence and
importance of such organs have not been confirmed in hu-
mans.

GALT comprises approximately 50% of the immune sys-
tem within the body and is responsible for over 70% of the
immunoglobulin production by the body (31) in the form of
IgA. IgA is immediately transported to the epithelial surface
after it is produced by the plasma cells in association with a
secretory component expressed on the basal membrane of
the overlying mucosal cell. The secretory component pro-
vides protection against proteolysis by bacteria (32). Within
the lumen, IgA binds to intraluminal bacteria, preventing
their attachment to the mucosal epithelium (31) and a criti-
cal initial step in invasive infection. GALT provides the
main immunological protection for mucosal surfaces of the
body with one of its primary functions being to prevent inva-
sive infection and to assist in preserving normal colonization
patterns.

THE TYPE AND ROUTE OF NUTRITIONAL
SUPPORT AFFECT GALT CELL POPULATIONS

With the obvious importance of GALT in maintaining im-
munological protection, attention focuses on the changes in
GALT that occur in association with different forms of nu-
trition. In animal models, GALT is extremely sensitive to

the type and route of nutritional support, which affects the
size and character of GALT, as well as its ability to function
as a defensive force in mucosal immunity.
Cell changes within GALT: Parenteral nutrition and the
lack of enteral delivery of nutrients significantly affect
GALT cell populations within the Peyer’s patches, lamina
propria and intraepithelial space in mice (33). Lymphocyte
recovery remains normal in mice receiving mouse chow or
any one of several complex enteral diets containing various
proportions of fat, protein and carbohydrate. Parenteral feed-
ing, however, diminishes GALT cell populations by approxi-
mately 40% (Figure 1). Surprisingly, the administration of
intragastric (IG) total parenteral nutrition (TPN) solution,
as a control for parenteral nutrition and to mimic an elemen-
tal diet, also leads to GALT cell atrophy. These decreases in
GALT lymphocytes occur in B cell and T cell populations
with a significant reduction in the CD4/CD8 ratio within the
lamina propria. GALT is an extremely dynamic organ with
significant decreases occuring in all cell populations within
two days of the institution of parenteral nutrition (34). Cell
populations reach their lowest levels by the third day. Recov-
ery is also rapid and total cell yields, and T and B cell yields re-
turn to normal in the Peyer’s patches and lamina propria
within two days of reinstituting chow feeding, with the even-
tual recovery of the CD4/CD8 ratio after four days of chow re-
feeding.
Functional consequences of GALT cell changes: The re-
sults of GALT cell population changes with dietary manipu-
lation carry functional consequences for the mucosal
immunity. IgA levels within the intestinal and respiratory
tract rapidly decline after the institution of parenteral nutri-
tion, in parallel with GALT cell changes (Figure 2) (33). The
effect of these IgA decreases can be demonstrated using a
mouse-adapted influenza virus, the A/PR8 (H1N1) virus.
Defenses against the H1N1 virus is IgA mediated, and immu-
nity can be established shortly after primary intranasal immu-
nization. Within two weeks, rechallenge with the virus
results in rapid clearance of the virus from the upper respira-
tory tract (35). After establishing immunity in a group of
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Figure 1) Percentage of recovery of total cells in gut-associated lymphoid
tissue after receiving mouse chow, intravenous total parenteral nutrition
(IV-TPN), intragastric TPN (IG-TPN) or a complex enteral diet
(CED). IEL Intraepithelial lymphocytes

Figure 2) Percentage decrease of intestinal and respiratory immuno-
globulin A (IgA) levels with intravenous total parenteral nutrition
(TPN)

 



mice and confirming effective immunization with serum IgG
levels, mice randomly selected to receive mouse chow or
complex enteral diets demonstrated intact IgA-mediated res-
piratory defenses to a rechallenge with the virus. Approxi-
mately 50% of mice receiving parenteral nutrition lost this
defense and continued to have positive upper respiratory
tract viral cultures 40 h after rechallenge. Surprisingly, mice
randomly assigned to IG-TPN maintained normal mucosal
immunity and cleared the virus effectively despite GALT
cell changes.

A defect with IG-TPN was suspected due to GALT atro-
phy, but it required a virulent bacterial model to demon-
strate impaired immunity in this group. Pseudomonas

aeruginosa is frequently cultured from patients in intensive
care units, and pneumonia with this organism carries a mor-
tality rate as high as 50% (36,37). Abraham et al (38) suc-
cessfully immunized mice against P aeruginosa pneumonia by
intranasal inoculation of pseudomonas polysaccharide anti-
gen in liposomes. This intranasal immunization stimulated
specific antipseudomonal IgA responses and resulted in a re-
duction in mortality rate to a subsequent intratracheal chal-
lenge of Pseudomonas species. We confirmed this work,
showing that prior immunization with Pseudomonas antigen
in liposomes reduced mortality from 90% in nonimmune
animals following an intratracheal challenge of 1.2�108

P aeruginosa organisms to 10% with immunity. Diet also af-
fected this immunity. Following immunization, mice that
were randomly assigned to mouse chow or a complex enteral
diet survived a subsequent challenge with a mortality rate of
10% to 20%. Parenteral nutrition completely robbed ani-
mals of their immunity, resulting in mortality rates equal to
those of unimmunized animals (Figure 3). IG-TPN main-
tained some, but not all immunity, with a survival rate mid-
way between that of animals fed mouse chow and that of
animals fed parenteral nutrition (39). Enteral feeding signifi-
cantly influences extraintestinal mucosal defenses compared
with parenteral nutrition, but the type of enteral diet influ-
ences the effectiveness of this mucosal defense.

Cytokine changes influenced by route and type of nutri-
tion: TPN-associated IgA depression can be explained by cy-
tokine changes occurring within GALT. As mentioned
previously, IgA production is mediated by cytokines released
from T cells within GALT (40). These cytokines are grouped
based on their ability to downregulate (Th1 cytokines: IFN-�
and TNF-�) or upregulate (Th2 cytokines: IL-4, IL-5, IL-6
and IL-10) IgA production (41). Parenteral nutrition signifi-
cantly depressed both IL-4 and IL-10 cytokine levels in ho-
mogenates of small intestinal gut samples compared with
normal levels in chow animals fed a complex enteral diet.
IG-TPN depressed only the IL-4 levels, not the IL-10 levels.
IL-5, IL-6 and IFN-� levels remained unchanged by dietary
manipulation, resulting in two important IgA-stimulating
cytokines, IL-4 and IL-10, being unbalanced with parenteral
nutrition. The depression of the Th2 cytokines, IL-4 and IL-
10, correlated significantly with IgA levels and the impaired
mucosal immunity with parenteral nutrition.
Summary: The lack of complex enteral feeding causes rapid
cellular changes in GALT that are reversible with the reinsti-
tution of enteral feeding. Changes in intestinal cytokine lev-
els were correlated with decreases in IgA levels within the
intestine. A functional effect of this decline was a depression
in both respiratory and intestinal IgA levels, resulting in an
impairment of IgA-mediated immunity against both viruses
and bacteria. Administration of feeding via the gut – even an
inadequate diet – provides some mucosal immunity, but com-
plete protection is provided when the gut is stimulated by
complex diets that maximally stimulate GALT cell popula-
tions, IgA production and normal mucosal barriers.

ADJUNCTS OF PARENTERAL NUTRITION
INFLUENCE MUCOSAL IMMUNITY

Many clinical conditions such as short bowel syndrome, fis-
tulas, and lack of enteral access preclude the ability to pro-
vide adequate nutrition via the gastrointestinal tract and
require parenteral nutrition. The clinical and laboratory evi-
dence of impaired immunity with parenteral nutrition war-
rant the search for supplements capable of preserving GALT
mass, and respiratory and intestinal tract defenses against in-
fection. We have examined the GALT immunostimulatory
effects of glutamine, which is the preferred substrate for en-
terocytes and proliferating lymphocytes (42,43), and studied
enteric nervous system products such as neuropeptides.
Glutamine: Glutamine is the most prevalent amino acid in
the blood and cell cytosol, and is an essential precursor for the
synthesis of nucleic acids in all cells (44). It is an important
fuel source for enterocytes as well as numerous immunologi-
cal cells including lymphocytes, macrophages and neutro-
phils (42,43,45-47). Clinically, glutamine production
rapidly increases during times of stress and sepsis in associa-
tion with decreased cellular and serum levels so that it is con-
sidered an essential amino acid under these conditions (48).
Clinical supplementation of parenteral nutrition with gluta-
mine reduces bacteremia and normalizes gastrointestinal
colonization patterns in bone marrow transplant patients,
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Figure 3) Mortality rates due to Pseudomonas bacteria in previously
immunized mice after receiving mouse chow, complex enteral diet
(CED), intragastric total parenteral nutrition (IG-TPN) or intravenous
TPN (IV-TPN) compared with those in unimmune mice given lipo-
somes only

 



implying that glutamine helps to maintain host defenses
(49). Experimentally, glutamine attenuates atrophy of the
small intestine and colonic mucosa associated with par-
enteral nutrition (50) while decreasing intestinal permeabil-
ity (51) and bacterial translocation (52) under similar
conditions.

Parenteral solution supplemented with 2% glutamine or
the dipeptide, glycyl-L-glutamine, for five days preserves
GALT cell mass within the Peyer’s patches, the lamina pro-
pria and intraepithelial space, and maintains the normal
lamina propria CD4/CD8 ratio and intestinal IgA levels
(53,54). Using the functional infectious challenge, gluta-
mine supplementation also significantly improves IgA-
mediated defenses against the H1N1 virus (53,54) and sig-
nificantly improves mortality to pseudomonas pneumonia
when compared with unsupplemented parenteral nutrition
(30). Although glutamine significantly improves all parame-
ters of mucosal function – both histological and functional –
improvement fails to reach the level of chow-fed animals,
implying incomplete maintenance of IgA-mediated mucosal
immunity (Figure 4).
Neuropeptides from the enteric nervous system: The en-
teric nervous system (ENS) pervades the gastrointestinal
tract with approximately 2 m of nervous tissue/mm3 of intes-
tine (30). The ENS has been postulated to regulate gut motil-
ity, endocrine and exocrine functions of the gastrointestinal
tract, and microcirculatory changes in the bowel (55,56) in
addition to influencing the immune system (57,58). These
neurons release neuropeptides such as gastrin-releasing pep-
tide (GRP), cholecystokinin, neurotensin and gastrin. Ear-
lier investigators noted that bombesin, a tetradecapeptide
isolated from the skin of amphibians, and an analogue of
GRP in humans, stimulated intestinal IgA levels and reduced
bacterial translocation. Bombesin stimulates the release of all
gut neuropeptides, except secretin, while inducing the re-
lease of gastric, pancreatic and intestinal secretions (59).

Bombesin supplementation prevents all deleterious ef-
fects of parenteral nutrition in the murine model. Bombesin
supplementation of parenteral nutrition averted all GALT
cell mass changes, and loss of IgA-mediated antiviral and an-
tibacterial defenses induced by intravenous TPN alone. It
prevented the reduction in T and B cells throughout the
GALT, but preserved respiratory and intestinal IgA levels.
Both T cell number and CD4/CD8 ratio were maintained in
the lamina propria and intraepithelial space. This neuropep-
tide also reverses the changes induced with five days of par-
enteral nutrition. The addition of bombesin to parenteral
nutrition returned both GALT cell atrophy, and respiratory
and intestinal IgA levels to normal within three days (60).
Established immunity to the H1N1 virus (61) and P aerugi-

nosa (unpublished data) was comparable with that of chow-
fed animals.

GRP receptors have been found on circulating lympho-
cytes as well as in the upper respiratory tract of humans. Ad-
ministration of bombesin to humans stimulates a
protein-rich secretion by the nasal mucosa. It is unclear
whether it is bombesin or other neuropeptides released in re-

sponse to bombesin administration that upregulate the
mucosal immunity.
Summary: Glutamine and the neuropeptide bombesin pre-
vent the deleterious effects of parenteral nutrition on GALT
and mucosal immunity. Their ability to manipulate mucosal
immunity suggests that it is the lack of enteral stimulation
rather than any toxic effect of the parenteral solution that cre-
ates the deleterious effects on mucosal immunity noted in ani-
mal models and clinical circumstances. The potential for a
nutritional supplement capable of maintaining antiviral and
antibacterial defenses in patients who are unable to take en-
teral solution may provide protection against bacterial inva-
sion without the use of antibiotics and is an exciting prospect.

CONCLUSIONS
Mucosal immunity is affected by the route and type of nutri-
ents provided. This relationship has been clinically substan-
tiated by the reduction in infectious complications in
critically ill and critically injured patients who received a
complex enteral diet. This relationship has been studied ex-
perimentally, and a correlation has been established be-
tween enteral delivery of nutrients and the maintenance of
GALT cell populations, secretory IgA levels, antiviral and
antibacterial mucosal immunity and IgA-mediating cyto-
kine levels. Specific nutrients such as glutamine and neuro-
peptides provide similar advantages when supplemented
with parenteral nutrition. Clinical benefits may originate
from the specific nutrients provided and by direct stimula-
tion of the ENS, which releases neuropeptides capable of ex-
erting immunological effects. The potential clinical
applications are immense.
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Figure 4) Survival rates of mice previously immunized with Pseudomo-
nas bacteria, after receiving mouse chow, standard intravenous total
parenteral nutrition (TPN) or TPN supplemented with glutamine
(TPN-glutamine) compared with those of unimmunized animals (lipo-
somes only)
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