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ABSTRACT. Intestinal absorption of ovalbumin (OVA), a
dietary macromolecule, was studied in malnourished and
normally nourished suckling mice after experimentally in-
duced infection with rotavirus. All mice developed diarrhea
within 24 to 48 h postinoculation. The malnourished ani-
mals exhibited more severe symptoms and an increased
number of rotavirus-containing enterocytes in intestinal
sections as compared to well-nourished mice when exam-
ined 3 d postinoculation, at the peak of diarrhea. Histo-
pathologic examination revealed villus atrophy and pro-
nounced vacuolization of villus enterocytes in association
with malnutrition and rotavirus infection. The combination
of malnutrition and viral infection resulted in more severe
mucosal damage, including disruption of microvillus bor-
ders. After a single oral dose of 100 ug OVA at 3 d
postinoculation, the concentration of OVA in serum, gas-
tric content, intestinal lavage fluid, and intestinal tissue
homogenates was measured at different time intervals. The
concentrations of OVA in intestinal tissue were signifi-
cantly higher in malnourished animals, whereas lower val-
ues were found in rotavirus-infected animals. In all mice,
OVA was rapidly absorbed and could be consistently de-
tected in the serum within 5 min. OVA levels peaked at 45
to 60 min and then gradually declined. In malnourished
infected animals, the uptake of OVA was rapid and resulted
in significantly higher serum levels when compared to well
nourished or uninfected controls, respectively. The peak
uptake of OVA per g body wt was about 4.5 times more in
malnourished infected compared to well-nourished infected
mice and 2.5 times higher in normally nourished infected
animals when compared to uninfected controls. These re-
sults indicate that rotavirus infection in association with
malnutrition may cause a significant rise in gut permeabil-
ity to environmental macromolecules. (Pediatr Res 27:153-
160, 1990)

Abbreviations

OVA, ovalbumin

pi, postinoculation

IDso, 50% infectious dose

IFA, immunofluorescence assay
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The combination of malnutrition and diarrheal disease is the
single most important cause of death in children less than 5 y of
age (1). Rotaviruses are the most common etiologic agents of
viral enteritis in infants and young children with significant
morbidity as well as mortality, particularly in less developed
countries where malnutrition is highly prevalent (2, 3). Epide-
miologic data have shown that acute enteric infections aggravate
and potentiate nutritional deficiencies, whereas malnutrition
increases the attack rate and the severity of diarrhea with pro-
longed duration of symptoms (4, 5). However, little is known
about the interaction between environmental macromolecules
and the intestinal epithelium during enteric infections in the
malnourished host.

Rotavirus exclusively infects the terminally differentiated vil-
lus enterocytes in the small intestine (6, 7). The mucosal damage
in human infants includes villus atrophy and necrosis of villus
epithelial cells followed by a replacement with immature cells
with altered absorptive capacities (2, 6). Severe malnutrition is
known to cause small intestinal atrophy (8, 9) and altered intes-
tinal mucosal defense (10, 11). Based on these observations, it
has been suggested that the intestine during malnutrition and
infection may become more permeable to macromolecules with
increased passage of environmental antigenic materials into sys-
temic circulation, resulting in potentially adverse effects (12, 13).

The purpose for this study was to examine the effect of
malnutrition and rotavirus infection on intestinal barrier func-
tion. This was assessed by measuring concentration of OVA in
serum after oral OVA administration as an indication of intes-
tinal permeability. In addition, morphologic studies of the small
intestine were performed to determine if structural differences
existed to explain any alteration of intestinal transport noted.
The rotavirus infection in the suckling mouse model, due to its
similarity to the disease in human infants (14), provides an
excellent system in which to examine these mechanisms. Our
results indicate that in mice both rotavirus infection and, in
particular, malnutrition cause an increased uptake of macro-
molecules.

MATERIALS AND METHODS

Animals. BALB/c mice were purchased from rotavirus-free
colonies from Charles River Breeding Laboratories, Inc., Portage,
ML All animals were shipped in isolator cages and transferred to
microisolator cages on arrival at Children’s Hospital. The ani-
mals were raised on QA-free food (Mouse Breeder Diet, Teklad
Harlan Sprague Dawley, Inc. Co., Winfield, IA). Infant mice
were allowed to suckle throughout the period of experimentation.
After inoculation, rotavirus-infected animals were kept in sepa-
rate facilities from uninfected control animals.

Induction and assessment of malnutrition. Acute protein-cal-
orie malnutrition was achieved by expanding the litter size to
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three times the normal size, thereby substantially reducing total
nutrient intake. This system originally developed in rats (15) has
previously been used in our laboratory in related studies of
infection and malnutrition (16). The newborn mice were distrib-
uted within 12 to 24 h after birth to adoptive mothers so that
litters were expanded to 18 to 20 pups for experimental mal-
nourished groups and to seven to nine pups for normal controls.
Body wt of the suckling mice and wt and lengths of small intestine
were recorded at 9 d of age. Quantitative measurement of serum
albumin by the Bromcresol Green Albumin Reagent test (Wor-
thington Diagnostics Systems, Inc., Freehold, NJ) was carried
out on pooled sera from groups of two to four malnourished and
normally nourished mice. Whole blood was also collected for
measurement of hematocrit.

Virus. Mouse rotavirus strain epizootic diarrhea of infant mice
5099, kindly supplied by Dr. R. Wyatt of the National Institutes
of Health, Bethesda, MD, was passed 14 times in suckling mice.
The virus-rich intestinal homogenate was clarified by low-speed
centrifugation and used as an inoculum. IDs, end-point of the
virus pool was calculated according to the Reed-Muench method
(17). Groups of 10 litters of suckling mice were fed with serial
dilutions of virus in a constant volume of 5 uL. The IDs, was
calculated as the dose of virus that produced moderate diarrhea
in 50% of the animals of a litter 72 h after virus inoculation. The
titer of the preparation used in these experiments was 2 X 107
ID50/ mL.

Antigen. OVA, grade V (Sigma Chemical Co., St. Louis, MO)
was dissolved at a concentration of 10 mg/mL in sterile PBS.

Experimental protocol. Groups of malnourished and well
nourished animals were fed 7 uL of a 1073 dilution of the
rotavirus preparation (1.4 X 10? IDs) at 6 d of age using a
micropipetter with a small disposable tip. Sufficient time and
suckling was allowed for the infant mouse to swallow the liquid.
The infected animals were inspected daily for fecal staining and
assessed for diarrhea after gentle palpation of the abdomen. Then
3 d pi at the peak of diarrhea, the animals were given a single
dose of 10 ug (100 ug) of OVA orally by a micropipetter or
intragastrically by a feeding needle. Groups of five to 12 animals
were killed at different time intervals from 5 min to 12 h after
OVA administration. Additional mice were used for viral antigen
detection by immunofluorescence assay, histopathology, and
ultrastructural studies. Controls were age-matched uninfected
malnourished and well-nourished animals.

Specimen collection and processing. Blood samples were col-
lected by intracardiac puncture. Serum was stored at —20°.
Intestinal segments from proximal duodenum to distal ileum
were removed, weighed, and flushed three times with 2 mL of
sterile PBS per g tissue. The weighed segments of intestine were
then homogenized in PBS in a tissue grinder (Thomas Scientific,
Swedesboro, NJ). The stomach was homogenized in a similar
manner. The homogenates and intestinal washings were clarified
by low-speed centrifugation and stored at —20°C until tested for
OVA antigen by ELISA.

In other experiments, segments from duodenum, jejunum,
and ileum were collected immediately after blood collection. The
tissues were embedded in OCT compound (Tissue-Tek, Miles
Inc., Elkhart, IN) and frozen in isopentane/liquid nitrogen and
stored at —70°C until use. Five-u thick sections were cut manually
using a Cyrocut Microtome (American Optical Corp., Buffalo,
NY) then placed on gelatin-coated slides and air dried. The slides
were stored at —20°C until used for immunofluorescent staining.
Adjacent sections of the small intestine were fixed in 3% glutar-
aldehyde (EMS, Fort Washington, PA), processed and stained
with uranyl acetate and lead citrate for ultrastructural studies by
electron microscopy. Additional sections of duodenum, jejunum,
and ileum were fixed in buffered 10% formalin solution (Lyne
Laboratories, Stroughton, MA), embedded in paraffin and
stained with hematoxylin and eosin for histopathology.

ELISA. OVA concentration in several samples of serum,
intestinal lavage fluid, and gastric and intestinal tissue homoge-
nates was determined by a sandwich-type ELISA (18). Rabbit
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anti-OVA antiserum (IgG fraction) was coated to poly-vinyl
microtitration plates (Dynatech Lab, Inc., Chantilly, VA) and
peroxidase-conjugated rabbit anti-OVA antiserum (IgG fraction)
was used for detection (both Cooper Biomedical, Malvern, PA).
The absorbance values of test samples were obtained by diluting
a standard solution containing 100 ng of OVA dissolved in
normal mouse serum. Results were expressed as multiples of the
standard solutions. Test samples from corresponding groups of
animals uninfected and infected were run on the same microtiter
plate.

Selected fecal samples from all four animal groups were col-
lected in 0.5 mL PBS, and a commercially available ELISA using
a MAD (Kallestad Laboratories, Austin, TX) was used for detec-
tion of rotavirus.

IFA. Cryostat tissue sections were fixed in cold acetone for 10
min. After rehydration in PBS, the sections were incubated with
hyperimmune guinea pig anti-murine rotavirus serum for 30
min (19). After washing three times in PBS, the slides were
incubated with fluorescein-conjugated goat anti-guinea pig IgG
(Accurate Chemical and Scientific Co., Westbury, NJ). The slides
were then washed, air-dried, counterstained with Evans blue
(Sigma Diagnostics, St. Louis, MO) and covered with a coverslip
and PBS-glycerol. The specificity of the IFA was controlled by
appropriate blocking experiments using gnotobiotic pig-antiro-
tavirus serum (kindly provided by Dr. L. Saif, Ohio State Uni-
versity, Wooster, OH) incubated on the slide before staining with
IFA reagents. The slides were examined using a BH-2 Olympus
fluorescent microscope.

Statistical analysis. OVA concentrations in test samples were
calculated as the arithmetic mean = SEM for each time point
and each experimental group and assessed for significance of
differences by paired ¢ test. To test the main effect of time and
independent group differences, two-way ANOVA multivariate
analysis was used.

RESULTS

Effect of litter expansion on nutrition and viral infection. When
suckling mice, 12 to 16 h old, were distributed and maintained
in litters of 17 to 20 pups with a single mother, they were severely
protein-calorie malnourished by 9 d of age. As shown in Table
1, mice in the expanded litters achieved only 60% of the wt
compared to those in a normal litter. The mean intestinal wt
were significantly less (p < 0.001) in malnourished compared to
normally nourished controls. The mean length of small intestine
also differed significantly, with a mean of 13.4 cm in malnour-
ished mice (15 animals) as compared with 17.4 cm in control
mice (20 animals) (p < 0.001). Serum albumin levels were
reduced 24% in mice from expanded litters. There were no
significant differences in hematocrit values among experimental
groups and controls.

All rotavirus infected animals exhibited diarrhea 24 to 48 h
after inoculation. Malnourished mice had more severe symptoms
with an increased number of watery yellow stools and more
pronounced fecal staining than controls. Similar to the findings
in uninfected animals, the body wt and intestinal wt were signif-
icantly lower in infected malnourished mice compared to nor-
mally nourished infected mice. The representative data of wt
recorded at 3 d pi (at the peak of diarrhea) are presented in Table
I. Random sampling of stools from infected mice were all
positive for rotavirus antigen by ELISA, whereas fecal specimens
from uninfected animals remained negative.

In infected animals villus enterocytes in all parts of the intes-
tinal tract were positive for rotavirus antigen. The highest number
of virus-positive cells were found in the ileum. Virus antigen was
present in the cytoplasm of epithelial cells on the upper two-
thirds of intestinal villi with no evidence of infection in the lower
third or in the crypts. In malnourished animals the staining for
rotavirus antigen was more intense and abundant as compared
to normally nourished animals (Fig. | 4 and B). Intestinal
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Table 1. Effect of nutritional status and rotavirus infection on body and small intestinal wt, serum albumin, and hematocrit*

Uninfected Rotavirus infected
Measured parameter Malnourished () Control (n) Malnourished (#) Control (n)
Body wt (g) 3.67 + 0.60 (75)t 5.78 £ 1.25 (68) 3.44 +0.96 (71)f 5.37 = 0.85 (74)
Intestinal wt (g) 0.18 £ 0.04 (66)1 0.25 + 0.08 (68)§ 0.18 £ 0.05 (58)F 0.30 = 0.06 (74)
Albumin (g/100 mL) 1.68 £ 0.03 (7)t 2.20 +0.25 (15) ND|| ND
Hematocrit (%) 39 + 1.10 (6) 38.7 £ 0.88 (8) 41.2 £2.3(6) 39.7+ 0.8 (8)

* Values are mean = S.D.

+p <0.001 compared to uninfected normally nourished controls.

1 p <0.001 compared to rotavirus infected normally nourished controls.
§ p < 0.001 compared to rotavirus infected controls.

|| Not done.

Fig. 1. Frozen sections of ileum, stained with guinea pig antirotavirus serum followed by fluorescein-conjugated anti-guinea pig IgG, from a 9-
d-old malnourished (4) and a control (B) mouse 3 d after oral inoculation with mouse rotavirus.
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sections from uninfected animals were negative for rotavirus the small bowel. Hematoxylin and eosin stained sections of small
antigen. intestine from controls demonstrated a picture of tall and slender

Intestinal morphology was evaluated in relation to malnutri- villi with a normal villus to crypt ratio of 5:1 (20) (Fig. 24). In
tion and rotavirus infection. Pathologic changes, when present, comparison, intestinal sections from malnourished mice revealed
did not appear to have a predilection for a particular segment of a mucosal pattern of variable atrophy, with stunted villi with

Fig. 2. Hematoxylin and eosin stained sections (x400) of jejunum from 9-d-old mice: uninfected control (4); uninfected malnourished (B);
rotavirus infected control (C); and rotavirus infected malnourished (D).
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diminished villus to crypt ratio of 2:1 between villi of normal ht
(Fig. 2B). Rotavirus infection resulted in marked vacuolization
of enterocytes on the tips of the villi giving them a honey-combed
appearance (Fig. 2C). Mitotic figures were prominent in the
crypts. In addition to rotavirus-induced morphologic changes,

Fig. 3. Electron micrographs of lead citrate and uranyl acetate stained
jejunal sections of microvillus border from a malnourished (4) and
control (B) mouse 3 d after oral inoculation with mouse rotavirus (X90
000).
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intestine from malnourished infected animals showed a pro-
nounced diffuse mucosal atrophy with villi greatly reduced in ht
(villus to crypt ratio of 2:1) and in numbers (Fig. 2D). The brush
border was only present focally and was generally not identified,
whereas in all other experimental groups the microvillus border
was intact. These findings were confirmed by electron micros-
copy studies that revealed sparseness, shortening, irregular im-
plantation, and branching of microvilli in the malnourished
infected mice (Fig. 34) as compared to a normal brush border
(Fig. 3B) in the other animal groups. In rotavirus infected
animals the vacuoles described at the light microscopy level
occurred in the cytoplasmic matrix and seemed to be “empty.”
In malnourished infected animals, rotavirus particles were iden-
tified in scant quantities; however, no virus particles were de-
tected in well-nourished infected controls.

Effect of nutrition and infection on uptake of OVA. OVA
concentrations were determined in serum samples collected at
intervals after intragastric feeding of 100 ug of OVA to groups
of rotavirus infected and uninfected normally nourished pups.
Rotavirus infected animals attained significantly higher serum
concentrations compared to uninfected mice at each sampling
interval (data not shown). However, the intragastric feeding
procedure was not adaptable to malnourished animals and was
abandoned in favor of oral administration, the more natural
route of exposure to dietary antigens. After oral administration,
OVA concentrations in serum, gastric content, intestinal lavage
fluid, and intestinal tissue homogenates were followed for 12 h.
To examine the temporal kinetics of OVA uptake more clearly
during the first 3 h, OVA levels were determined at frequent
intervals during this time period, and thereafter with longer
intervals.

The concentration of OVA in the gastric content rose to a
pronounced peak at 5 min in all animal groups and thereafter
declined gradually. In intestinal lavage fluid, OVA levels peaked
at 45 to 60 min and were consistently higher in malnourished
animals than well nourished controls throughout the observation
period. The intestinal tissue concentrations of OVA per g intes-
tine wt were significantly higher in malnourished animals as
compared to controls (Table 2). Rotavirus infection resulted in
lower intestinal concentrations of OVA both in well-nourished
and protein-deficient animals.

Serum concentrations of OVA in the four experimental animal
groups during the 12-h observation period are illustrated in
Figures 4 and 5. The feeding of OVA by the oral route to well-
nourished animals resulted in generally lower serum levels than
the administration of antigen by the intragastric route to the
same groups of mice. However, the serum OVA levels were still
found to be consistently higher in rotavirus infected animals,
both in normally nourished and malnourished mice. The high
concentration of OVA in the sera at 5 min was attained rapidly
in infected groups of animals. It should be pointed out that
malnutrition alone also resulted in significantly increased uptake
and serum concentrations of OVA compared to well-nourished
uninfected (Fig. 4) and rotavirus infected (Fig. 5) controls. Inter-
estingly, nutrient-deficient animals displayed a more prolonged
height and slower decline of OVA concentration in sera.

Table 2. Intestinal tissue concentration of OVA (ug/mlL) per g intestinal wt (mean + SEM) in rotavirus-infected and uninfected
mice in relation to nutritional status

OVA concentration in uninfected mice

OVA concentration in rotavirus infected mice

Nutritional
status 5 min 60 min 180 min S min 60 min 180 min
Malnourished 60.9 £ 5.2* 2128 £ 11.7¢ 35.6 £ 11.5% 17.3£54 162.7x54 186 7.5
Control 13.0 £ 3.9 66.5 = 14.1§ 2.1 0.6 126 2.9 234+59 1.6 £0.2
p <0.001 p <0.001 p<0.001 NS p <0.001 p<0.005
*p<0.001.
T <0.005.

1 p < 0.01 compared to malnourished rotavirus-infected animals.

§ p < 0.001 compared to rotavirus-infected controls. p values in Table 2 represent comparison between malnourished animals and controls.



158

3
E 50 Malnourished
o Contro!
c
—~ 40} T Mean+ SEM
c
2
S
M~
£ 30+
Y
©
-
o
O 20
<
>
(o]
g 10
3
=
[
n
5 15 30 45 60 90 180 240 360 480 720

Minutes

Fig. 4. Concentration of OVA (ng/mL) in serum of uninfected mal-
nourished and control mice at different time intervals after oral admin-
istration of 100 ug OVA.
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Fig. 5. Concentration of OVA (ng/mL) in serum of rotavirus (RV)
infected malnourished and control mice at different time intervals after
oral administration of 100 ug OVA.

When the amount of OVA transported at the peak level at 45
to 60 min was expressed per g body wt (data not shown) to
control for the difference in size between malnourished and well
nourished animals, the former showed approximately 2.5 times
the uptake as the latter group. In rotavirus-infected animals, the
uptake per g body wt was increased 4.5 times in malnourished
mice compared to controls.

Because of large individual variations in OVA concentrations
between animals, two-way analysis of variance was used. Com-
parison of multiple means of effect of time and group between
malnourished and well-nourished animals showed that the
change of serum OVA concentration with the time (F < 6.39 p
< 0.01) and especially with the group (F < 7.26, p < 0.0001) was
significantly different.

DISCUSSION

Our data suggest that both malnutrition and acute infection
with rotavirus result in increased intestinal absorption of dietary
macromolecules. The effects were most pronounced in malnour-
ished infected animals. Significantly, however, malnutrition
alone also resulted in higher serum and intestinal tissue levels of
OVA, suggesting that under conditions of protein-calorie defi-
ciency, the intestine may become more permeable to the absorp-
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tion of dietary and other environmental antigens. Similar data
from other animal models and observations in children corrob-
orate these findings. It has been shown that young rats exposed
to prolonged protein deficiency (21-23), as well as newborn
rabbits exposed to short-term starvation (24), exhibit enhanced
intestinal absorption of bovine serum albumin. Recently, Hey-
man et al. (25) reported increased uptake of horseradish peroxi-
dase in jejunal biopsies from children during malnutrition, which
was reversed after 3 mo of nutritional rehabilitation. The mech-
anisms underlying these alterations in intestinal barrier function
are not well understood. It is known that malnutrition produces
atrophy of small intestinal mucosa in experimental animals (21,
26), including the murine model as shown in this study, as well
as in humans (8, 25). The role of mucosal damage in the uptake
of antigens has been investigated in a number of experimental
models. Studies with surgical trauma (27), prolonged feeding of
disaccharidases (28), or deconjugated bile salts (29) and chronic-
severe malnutrition (25) have suggested several mechanisms,
including alterations in epithelial barriers, tight junctions, and
endocyticlysomal processes that could account for an enhance-
ment in intestinal transport of macromolecules. As for malnu-
trition, it has been demonstrated that protein-deficient rats ex-
hibit an increase in pinocytic activity and a deterioration of
apical junctions with movement of protein molecules directly
between cells (21). In support of these observations, we found a
marked augmentation of OVA concentrations in intestinal tissue
of malnourished animals, which clearly indicates that more
antigen is transported across the gut epithelium and is accumu-
lated in the intestinal tissue during malnutrition. Other influen-
tial factors that might operate in the protein-deficient host to
increase the antigen uptake include local secretory antibody
deficiency in the gut, reduced gastric acidity and pancreatic
enzyme activity, and delay in postnatal maturation of the small
intestinal epithelium (9).

Earlier studies by Gruskay and Cooke (30), carried out over
35 y ago, provided evidence of an increased uptake of egg
albumin in infants recovering from gastrointestinal infection
with diarrhea, compared to control children. In other previous
investigations it has been found that children with diarrhea have
a higher occurrence of mucosal antibodies against bacterial an-
tigens (31), an increase of jejunal mucosal cells containing IgA
(32), and higher levels of fecal o~ 1-antitrypsin (33). Recent studies
in humans have provided more direct evidence that intact mol-
ecules cross an infected gut mucosa to a greater extent than a
normal intestine (34). Lately, attempts have been made in animal
models to document whether specific enteropathogens have dif-
ferent effects on the gut mucosal transport of antigens. Secretory
diarrhea, induced with cholera toxin in ligated loops of rabbit
jejunum has not been found to be associated with increased
intact protein absorption (35). In contrast, transmissibie gas-
troenteritis virus in piglets (36), which is accompanied by mu-
cosal damage, has been shown to cause a marked augmentation
in intestinal uptake of macromolecules. Our studies with rota-
virus, a strict enteric pathogen that selectively infects and repli-
cates in the mature villi enterocytes, leading to extrusion of cells
and mucosal damage, support these observations. At the peak of
rotavirus diarrhea, an increased absorption of OVA was dem-
onstrated in infected animals compared to controls. Similarly,
Heyman et al. (37), who measured transport of horseradish
peroxidase in vitro in segments of mouse jejunum during and
immediately after rotavirus infection, found a 5-fold rise in
protein absorption during the diarrheal period (d 2 and 3 pi).
The peak of rotavirus diarrhea also coincides with a peak in
thymidine kinase activity (38), a marker of crypt cell prolifera-
tion, which in turn is correlated to changes in tight junction of
crypt cells (39), suggesting that the leakiness of the epithelium
might be increased during this stage of disease.

The enhancement of antigen uptake during acute viral infec-
tion has also been documented in the respiratory tract. In related
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studies in our laboratory, it was found that the uptake of intra-
nasally administered OVA was significantly increased during
infection with respiratory syncytial virus (40). The mechanisms
underlying these alterations in mucosal barrier function are not
known. Several possible explanations may exist including the
development of mucosal damage during acute viral infection,
the induction of specific absorptive mechanisms such as receptor-
mediated pinocytosis, and alterations in antigen processing as a
result of the infectious process. Recently, the importance of
another factor, the mucosal microflora, was demonstrated in a
study of intestinal absorption of macromolecules during rotavi-
rus infection in conventional and germ-free mice (37).

Finally, the most striking effect on the absorption of OVA in
mouse intestine was provided by the combination of malnutri-
tion and rotavirus infection. The uptake of OVA was found to
be increased 4.5 times in association with malnutrition and
infection, whereas malnourished uninfected animals exhibited
twice the uptake of normally nourished controls. In addition,
the combination of rotavirus infection and protein deficiency
appeared to intensify the mucosal atrophy and disruption of
microvilli. These data suggest a synergistic effect of nutritional
depletion and infection on intestinal transport mechanisms, as
well as on the extent of mucosal damage. One possible explana-
tion for the increased virulence of enteric pathogens in malnu-
trition might be a loss of intestinal barrier function with direct
penetration of intestinal organisms and toxins into systemic
circulation. In fact, Worthington and Syrotuck (41) have reported
breakdown of junctional complexes and presence of intercellular
tracer materials (adenovirus particles) in the epithelium and
lamina propria of intestinal mucosa of protein-deficient rats but
not in controls.

Evidence is accumulating that clearly suggests that macromo-
lecular absorption may result in pathophysiologic changes in
man (12). Diseases believed to be associated with alterations in
intestinal mucosal barrier function include inflammatory bowel
disease, gastrointestinal allergy, celiac disease, toxigenic diar-
rheas, and autoimmune diseases (12). The increased uptake of
macromolecules may underlie the broadbased immunologic al-
terations to food antigens observed during enteric viral infection
and malnutrition (13, 42). In fact, it has been demonstrated that
dietary proteins administered in the airway during viral infection
resulted in a significantly altered immune response (40). Viral
enteritis in early infancy might be one of the causes of sensiti-
zation to food antigens leading to allergic manifestations (42).
This raises the important question of feeding during diarrhea
because adverse nutritional effects must be avoided but, on the
other hand, resumption of feeding in the early phase of diarrhea
has been shown to be beneficial in shortening the duration of
diarrhea and promoting a rapid wt gain. The increased uptake
of food antigens in protein-calorie malnutrition may have an
important effect on the immune system and therefore play a role
in the immunopathology of malnutrition. At present, it is not
known if an increased passage of antigenic material into the
systemic circulation during malnutrition and viral enteritis in-
volves harmful stimulation of the immunologic system. A greater
understanding of the nature of allergens, the antigen handling in
the gut, and the response of IgE antibody to macromolecule
transport in the small intestines is necessary before the pathogen-
esis of gastrointestinal allergy and other related diseases can be
clearly understood.
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