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ABSTRACT. The aim of this study was to determine if 
recovery of intestinal function in infant rabbits subjected 
to protein-calorie malnutrition was delayed as a result of 
inflammatory injury induced by an experimental bacterial 
enteritis. Rabbits were malnourished by expanding litter 
size at 7 days of age and infecting undernourished animals 
and dietary controls with Yersinia enterocolitica at either 
17 or 21 days of age. Intestinal morphology and function 
were evaluated in infected and noninfected animals from 
both dietary groups at 27 days of age. Undernutrition alone 
significantly reduced animal weight, small intestinal 
weight, segmental jejunal and ileal mucosal weight, villus 
height, crypt depth, disaccharidase activities, mucosal pro- 
tein and DNA contents, but increased ileal short-circuited 
glucose-stimulated Na+ absorption compared to controls. 
The jejunum of undernourished rabbits at 6 days postin- 
fection exhibited an intestinal injury, as evidenced by a 
mild inflammatory infiltrate and further reductions in villus 
height, mucosal weight, lactase activity, protein and DNA 
content, not seen in infected dietary controls. Jejunal re- 
covery was complete by 10 days postinfection. In the ileum 
of infected animals of both dietary groups at 6 days post- 
infection, a severe inflammatory response, decreased villus 
height, elongated crypts, and depressed stimulation of Na+ 
absorption by glucose was observed. By 10 days after 
infection, while recovery was nearly complete in dietary 
controls, intestinal damage persisted in the undernourished 
rabbits, as evidenced by absent glucose-stimulated Na+ 
absorption, continued severe inflammation and microab- 
scess formation. We conclude that intestinal injury is more 
severe and chronic in the undernourished, compared to 
dietary control infant rabbits subjected to an acute bacterial 
enteritis. (Pediatr Res 23:408-413, 1988) 
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The combination of malnutrition and diarrheal disease is the 
leading cause of death in children under the age of 5 yr (I). Most 
of these children suffer from primary protein-calorie malnutri- 
tion which is aggravated by severe diarrhea. Clinical studies have 
shown that acute enteric infections aggravate and potentiate 
nutrient deficiencies. In turn, the inability of the nutrient-de- 
prived host to respond appropriately to an infectious insult leads 
to prolonged diarrheal illness (2). Little is known about the nature 
of the interactions between enteric infections and the intestinal 
epithelium in the chronically malnourished host. The aim herein 
was to examine the recovery of intestinal function after an acute 
infectious enteritis in an infant animal model of protein-calorie 
malnutrition. Our results indicate that intestinal damage is more 
severe and recovery delayed in the malnourished infant than in 
dietary controls after an experimental inflammatory insult. 

METHODS 

Does and litters of New Zealand White rabbits were quaran- 
tined at 4 days after birth and observed over 3 days for signs of 
infection. Protein-calorie malnutrition was induced in the exper- 
imental group by combining two litters at 7 days of age to 
increase litter size to 1 1- 13 pups. To insure maternal health and 
to prevent access to solid food, does were alternated at 24-h 
intervals. Does caged with the pups had access to water only. 
Controls were derived by combining two litters and then reducing 
litter size to six to seven animals. As with the experimental group, 
does were switched daily but access to rabbit food was permitted 
throughout the study. Animals were weighed on alternate days. 
On either day 17 or 21 after an 18-h fast, animals from both 
dietary groups were infected with Yersinia enterocolitica strain 
MCH 700s (serotype 0:3), originally isolated from a human 
patient with diarrhea (3). Animals were infected by orogastric 
intubation with 1 O9 organisms suspended in 1 ml of 10% NaHCO 
solution (4). Preliminary studies established that this dose repro- 
ducibly induced infection in animals of both dietary groups. 
Noninfected controls from both dietary groups also underwent 
an 18-h fast. Weight gain, clinical status, and presence of diarrhea 
were assessed daily. On day 27, noninfected animals and animals 
infected 6 and 10 days previously were killed by cervical dislo- 
cation and blood was collected for measurement of total protein 
and albumin. 

The small intestine from the ligament of Treitz to the most 
proximal attachment of the mesoappendix was removed; un- 
stretched segments were measured with a fixed measuring device 
and cut as outlined. The 15-cm segment of ileum ending at the 
mesoappendix was removed, flushed with cold isotonic saline, 
and used for ion transport studies. Two additional 12-cm seg- 
ments were removed; a proximal segment beginning at the 
ligament of Trietz and a distal segment just proximal to the 
segment used for transport studies. These later segments were 
flushed and weighed. A 2-cm segment was removed for micro- 
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scopic studies and from the remaining 10 cm, the mucosa was 
scraped, weighed, homogenized in 2.5 mM EDTA (100 mg/ml) 
at pH 7.4 and frozen for later estimation of mucosal enzyme 
activities, protein, and DNA content. Swabs obtained from the 
jejunum, ileum, and cecum of both noninfected and infected 
animals were plated onto Salmonella-Shigella media. 

Tissue for light microscopy was fixed in 4% phosphate-buff- 
ered formalin, dehydrated, embedded in paraffin wax, sectioned, 
and stained with hemotoxylin and eosin. Coded sections were 
examined by one observer without prior identification of the 
section. Villus height and crypt depth were measured in 10-12 
properly oriented crypt-villus units per segment using a calibrated 
micrometer. 

Homogenates were assayed for sucrase and lactase activities 
by the method of Dahlquist (5), and protein content by the 
method of Lowry et al. DNA content was measured by the 
method of Hinegardner (7) using thymus DNA (Sigma Chemical, 
St. Louis, MO) as a standard. 

For ion transport studies, the mucosa of the distal segment 
was stripped of its overlying muscle and serosa and four adjacent 
segments were mounted in short-circuited Ussing chambers, 
exposing a 0.4 cm2 surface area to 10 ml of oxygenated Kreb's- 
bicarbonate buffer at 37" C and pH 7.4 + 0.1 (8). Glucose (10 
mM) was added to the serosal side and mannitol (IOmM) to the 
mucosal side. Ten pCi22Na (Amersham, Willowdale, Ontario, 
Canada) was added to either the mucosal or serosal side of each 
tissue segment. The spontaneous PD was determined and the 
tissue clamped at zero voltage by continuously introducing an 
appropriate Isc with an automatic voltage clamp (DVC 1000, 
World Precision Instruments, New Haven, CT), except for 20 s 
every 5 min when open potential difference was measured. G 
was calculated from PD and Isc according to Ohm's law (9). 
After a 15-min equilibration period, samples for ion fluxes were 
obtained from the mucosal and serosal chambers at 5-min inter- 
vals for 15 min. Immediately after completion of the basal period, 
glucose and mannitol (final concentration 30 mM glucose and 
10 mM mannitol) were added to both sides of the tissue and 
after 15 min of equilibration, flux measurements were repeated. 
Tissue pairs were discarded if conductances varied by more than 
30%. Steady state unidirectional Jf;i:, J,N,", and J?; sodium fluxes 
pEq . ~ m - ~ .  h-') were calculated in paired tissues in the absence 
of an electrochemical gradient across the tissue by measuring 
three consecutive 5-min fluxes and one overall 15-min flux 
during each of the two periods. Data are expressed as mean f 
SEM and statistical comparisons were made using Student's t 
test. Mortality data were analyzed by the x2 method. 

RESULTS 

duration of the study (Fig. 1). Weights of the noninfected animals 
and the animals to be infected in the respective dietary groups 
did not differ prior to infection at 17 or 2 1 days (data not shown). 
After infection, there was no significant difference in weight gain 
between infected and noninfected animals on either the control 
diet or the restricted nutrient intake (Fig. 1). At the time of study, 
mean body weights of both infected and noninfected undernour- 
ished animals were significantly less than those of noninfected 
dietary controls (Table 1). 

All animals infected with Y. enterocolitica developed diarrhea. 
In the majority, this consisted of a mild diarrheal illness lasting 
1-2 days which occurred between 4 and 6 days postinfection. 
However, one infected animal in the control diet group and six 
in the undernourished group developed severe persistent diar- 
rhea, subsequent dehydration, and died between 6 and 8 days 
postinfection. The difference in mortality was not significant and 
data from these animals are not included in the analyses. Does, 
although housed with infected pups, remained clinically well 
throughout the study. All infected animals from both dietary 
groups had positive ileocecal cultures for Y. enterocolitica at the 
time of study. In both dietary groups, jejunal cultures were 
positive in a similar number of animals at 6 days (control, four 
of seven animals; undernourished, five of seven) and 10 days 
(control, two of nine; undernourished, five of nine) postinfection. 
No enteric pathogens were cultured from noninfected animals 
in either dietary group. Serum protein and albumin concentra- 
tions were similar for all animals in both dietary groups. 

Intestinal response to diet and infection. Morphology (Fig. 2). 

Yersinia 
infection 

9 11 14 16 17 18 21 23 25 27 

AGE IN DAYS 

Clinical. Initial mean body weights for the two dietary groups Fig. 1. Mean cumulative weight gains of rabbits in g. Animals under- 
did not differ on day 7 when litters were combined (Table I). By nourished (0) from age 7 days gained less than controls (@) at all time 
9 days of age, 2 days after initiating the restricted diet, the mean periods from 9 days (*p < 0.01, **p < 0.001). Rabbits infected with Y. 
cumulative weight gain of the undernourished rabbits was signif- enterocolitica at 17 days (----) are compared with noninfected rabbits 
icantly less than the controls; this difference persisted for the (-) in the same dietary group. 

Table 1. Mean bodv and total small intestinal wt* 
Control diet Undernourished diet 

NIC 6D 1 OD NIU 6D 1 OD 

Body (g) 
Day 7 137+ 5 133 + 4 130 & 6 127 + 7 125 + 7 138 + 10 
Day 27 519 +- 16 492 + 12 520 + 17 289 + 20t 239 & 16t 313 + 10t 

Intestinal wt (g) 8.4 + 0.7 8.9 + 0.8 8.7 + 0.5 4.9 + 0.41- 6.1 + 0.6t 6.4 + 0.5t.$ 
n 7 7 9 ~n 7 9 

* Values are mean + SEM of NIC (noninfected controls), NIU (noninfected undernourished) animals 6D (6 days) and 10D (10 days) postinfection, 
where n is the number of animals. 

t p < 0.0 1 compared to NIC. 
$ p < 0.05 compared to NIU. 
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Fig. 2. Jejunal and ileal mucosal structure ( f i )  in dietary controls and 
undernourished animals for noninfected (NI)  and animals 6 days (60) 
and 10 days (IOD) after infection with Y. enterocolitica. Values are mean 
f SEM, *p < 0.05, **p < 0.01, ***p < 0.001 comparing infected to 
respective NI dietary group. 

In animals with a normal dietary intake, infection did not alter 
jejunal villus-crypt dimensions or cause mucosal inflammation. 
In the ileum, infection led to a significant decrease in villus 
height and an increase in crypt depth by 6 days. This was 
associated with an inflammatory infiltrate in the lamina propria 
consisting of neutrophils, lymphocytes, and macrophages. By 10 
days postinfection, mucosal architecture had recovered and in- 
flammation had resolved. 

Malnutrition alone significantly decreased @ < 0.05) jejunal 
and ileal villus height and crypt depth compared to noninfected 
dietary controls (Fig. 2) with no evidence of mucosal inflamma- 
tion or damage. In contrast to the lack of jejunal morphological 
alterations caused by infection in dietary controls, infection in 
the undernourished group altered mucosal structure in the je- 
junum at 6 days. Compared to noninfected animals, villus height 
was depressed, crypt depth increased, and an inflammatory 
infiltrate of neutrophils, lymphocytes, and macrophages was 
present in the lamina propria surrounding crypts. These changes 
resolved by 10 days postinfection. The ileum of infected under- 
nourished animals demonstrated more persistent abnormalities. 
At 6 days postinfection, villus height was decreased and crypt 
depth increased. This was associated with an inflammatory re- 
sponse in the lamina propria adjacent to crypts. Whereas villus 
height had recovered at 10 days postinfection, crypt depth re- 
mained significantly increased and the inflammatory response 
was more extensive. The inflammatory infiltrate extended to 
involve both villi and crypts and microabscesses containing 
bacteria were apparent. 

Intestinal and Mucosal Wet Weight, Protein, and DNA Con- 
tent. In dietary controls, infection caused only minor changes in 
segmental weights (Fig. 3) compared to noninfected rabbits on 
the control diet. Total wet weight of the jejunal segment was 
decreased and ileal mucosal wet weight increased 6 days postin- 
fection with recovery by 10 days. Total small intestinal weight 
(Table 1) along with segmental mucosal protein and DNA con- 
tents (Fig. 4) did not differ from values of noninfected dietary 
controls. 

Malnutrition alone caused a significant @ < 0.01) decrease in 
total small intestinal weight (Table I), and total wet weight, 
mucosal wet weight (Fig. 3), protein and DNA contents (Fig. 4) 
in segments of jejunum and ileum compared to noninfected 
dietary controls. In the jejunum of infected malnourished ani- 
mals, total wet weight, mucosal wet weight, protein and DNA 
contents were further depressed at 6 days, recovering by 10 days 

Jejunum Ileum 
TOTAL WET WEIGHT 

MUCOSAL WET WEIGHT 

loo/ 

CONTROL DlET UNDERNOURISHED CONTROL DlET UNDERNOURISHED 

Fig. 3. Jejunal and ileal segmental wet and mucosal weights (mg. 
cm-I) in dietary controls and undernourished animals. Legends and 
notation as in Figure 2. 

Jejunum Ileum 

MUCOSAL PROTEIN 
1 2 r  

MUCOSAL DNA 
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Fig. 4. Jejunal and ileal mucosal protein and DNA content (mg. 
cm-I) in dietary controls and undernourished animals. Legends and 
notations as in Figure 2. 

compared to noninfected malnourished animals (Figs. 3 and 4). 
In contrast, ileal total and mucosal wet weights (Fig. 3) increased 
with time, reaching significance by 10 days postinfection. This 
resulted in an increase in total small intestinal weight at 10 days 
postinfection (Table 1) and was associated with a significant 
increase in ileal mucosal protein at 10 days and ileal mucosal 
DNA at 6 and 10 days postinfection (Fig. 4) compared to the 
noninfected nutrient deprived group. 

Mucosal Enzyme Activity (Fig. 5). In animals on a normal 
diet, infection significantly decreased sucrase activity in the je- 
junum and ileum at 6 days. There was recovery of activity in the 
jejunum by 10 days but not in the ileum. Lactase activity was 
not effected by infection. Malnutrition by itself led to a significant 
@ < 0.05) depression of sucrase and lactase activities in both 
regions of the small intestine. Infection contributed to a further 
reduction in jejunal lactase at 6 days but did not alter jejunal 
sucrase or ileal sucrase and lactase. 

Ileal Sodium Transport and Electrical Activity (Table 2). In 
animals receiving a normal dietary intake, PD, Isc, or net Na' 
fluxes under basal conditions in the ileum were not altered at 
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either 6 or 10 days postinfection whereas unidirectional fluxes 
(Jz ,  J g )  and G were significantly decreased (p < 0.05) compared 
to noninfected dietary controls (Table 2A). The addition of 30 
mM glucose in noninfected controls, as expected, stimulated net 
Na' absorption due to an increase in the J:: flux. PD and Isc 
were also increased. The response to glucose was blunted 6 days 
after infection. The presence of glucose failed to produce a 
significant increment in net Na' absorption or in the J z  flux. 
PD and Isc did increase but the increment was significantly less 
(p < 0.05) than that seen in controls. By 10 days postinfection, 
glucose-stimulated Na+ transport had recovered and the presence 
of glucose increased PD, Isc, J z  and Jf:,",. 

In noninfected undernourished animals, under basal condi- 
tions, unidirectional Na' fluxes were significantly (p < 0.05) 
greater in the ileum compared to dietary controls while net fluxes, 
PD, Isc, and G did not differ (Table 2A and B). The addition of 
glucose significantly increased J g  and J:,", above basal levels in 
noninfected undernourished animals while J E  was unaffected. 
However, the increment in Na' absorption and J g  produced by 
the addition of glucose was significantly greater in undernour- 
ished animals than controls (Jf:,"t + 5.2 + 0.8 versus + 2.5 & 0.5 

J e j u n u m  Ileum 

SUCR ASE 

LACTASE 
3 r  - m 3 r 

CONTROL DIET UNDERNOURISHED CONTROL DIET UNDERNOURISHED 

Fig. 5. Jejunal and ileal mucosal sucrase and lactase activities (U. 
cm-l) in dietary controls and undernourished animals. Legends and 
notations as in Figure 2. 

pEq.cm-2. h-', p < 0.02; J:: + 5.4 & 0.6 versus + 3.7 + 0.4, p 
< 0.05). The presence of glucose also stimulated PD, Isc, and G 
in the undernourished group. 

Uiidernourished animals studied 6 and 10 days postinfection 
demonstrated no alterations in ileal net Na' transport under 
basal conditions when compared to the noninfected undernour- 
ished group (Table 2B). However, PD and Isc were increased (p 
< 0.05) and unidirectional fluxes and G were decreased (p < 
0.01) in the basal periods after infection. Glucose failed to 
stimulate ileal Na' absorption 6 days after infection in under- 
nourished animals, just as it failed in infected animals on a 
normal diet. This defect persisted in the undernourished group 
at 10 days postinfection. Glucose still failed to stimulate Nac 
absorption in infected undernourished rabbits whereas the re- 
sponse to glucose had fully recovered in the control dietary group. 
In the malnourished animals at 6 days postinfection, glucose 
increased unidirectional Na fluxes, and G but not PD, Isc, and 
Ji;',. At 10 days not only did PD, Isc, and J% fail to respond to 
the addition of glucose, but unidirectional fluxes failed to respond 
as well. 

DISCUSSION 

The immature intestine of the developing infant is susceptible 
to damage inflicted by an acute infectious enteritis. Animals 
receiving a normal dietary intake and infected with Y. enteroco- 
litica developed a diarrheal illness lasting 1 to 2 days and had 
positive intestinal cultures. At the height of the illness, 6 days 
postinfection, abnormalities in the jejunum consisted of de- 
pressed wet weight and sucrase activity. Inflammation was not 
present and recovery had occurred by 10 days. In the ileum, the 
alterations were more dramatic. Six days after infection there 
was evidence of ileal mucosal inflammation, partial villus atro- 
phy, and crypt hyperplasia. This was associated with functional 
derangements that included depressed sucrase activity, decreased 
unidirectional NaC fluxes, depressed G, and blunted glucose- 
stimulated Na transport. By 10 days the majority of the abnor- 
malities had recovered and the inflammation had resolved in 
these animals. Infection in dietary controls inflicted a more 
extensive injury on the ileum than the jejunum, findings that are 

Table 2. Sodiumfluxes and electrical activities in short-circuited ileal e~itheliurn* 
Jms Jsm Jnet Isc PD G 

A. Control diet 
NIC 

Basal 14.5 t 0.8 13.9 t 0.8 +0.7 + 0.5 2.8 + 0.3 -1.8 + 0.4 42.9 + 1.8 
Glucose 18.2 t 1.0t 15.0 k 0.8 +3.2 + 0.6$ 5.7 + 0.23 -3.4 & 0.1$ 47.1 + 2.5 

6D 
Basal 10.7 + 0.8 11.7 + 0.9 -1.0 + 0.7 1.9 + 0.3 -1.7 + 0.3 31.1 -t- 0.3 
Glucose 11.7 + 0.6 12.2 + 0.2 -0.5 k 0.4 3.3 + 0.3t -2.7 + 0.3t 32.1 + 0.4 

1 OD 
Basal 9.5 + 0.5 10.0 + 0.6 -0.5 + 0.4 2.5 k 0.1 -2.4 + 0.2 27.9 k 1.5 
Glucose 11.0 _t 0.4t 10.0 + 0.5 + 1 .0 + 0.31: 3.6 k 0.15 -3.5 + 0.11: 26.8 _t 0.5 

B. Undernourished diet 
NIU 

Basal 17.7 + 0.9 18.2 + 0.8 -0.4 + 0.3 2.8 * 0.2 -1.7 + 0.1 45.4 + 0.4 
Glucose 23.1 + 1.4t 18.3 t 0.8 +4.8 & 0.85 5.2 + 0.23 -2.6 t 0.15 54.8 + 2.8$ 

6D 
Basal 13.4 + 1.0 13.6 + 0.7 -0.1 + 0.6 4.4 t 0.4 -3.0 + 0.2 39.3 + 0.2 
Glucose 17.2 + 1.11- 16.6 + 1.17 +0.6 + 0.3 4.8 + 0.2 -3.0 + 0.2 51.1 + 1.9$ 

10D 
Basal 11.5 k 0.7 12.1 _t 0.6 -0.6 + 0.4 3.5 -1- 0.2 -2.6 + 0.1 36.5 t 1.2 
Glucose 13.8 + 0.9 13.9 + 0.8 -0.1 + 0.6 4.1 + 0.3 -2.6 + 0.2 42.0 t 2.2t 

* Values are mean + SEM of NIC (noninfected controls), NIU (noninfected undernourished) animals 6D (6 days) and 10D (10 days) postinfection. 
J and Isc are in pEq. cm-'. h-I, PD is in mV, and G is in mS.cm-'. 

t p < 0.05 comparing values in the basal period to the glucose period. 
$ p < 0.0 1 comparing values in the basal period to the glucose period. 
3 p < 0.00 1 comparing values in the basal period to the glucose period. 
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in keeping with previous observations of Y. enterocolitica infec- 
tion in older animals (4, 10). 

Litter expansion significantly reduced weight gain in under- 
nourished animals after 2 days and resulted in a final body 
weight that was only 55% of controls. This corresponds with a 
clinical state of severe malnutrition or marasmus, defined as 
body weight equal or less than 60% of expected for age without 
edema or hypoalbuminemia (1 1). Although noninfected under- 
nourished animals remained clinically healthy and enteric path- 
ogen free, we noted alterations in intestinal structure and func- 
tion compared to noninfected dietary controls. Intestinal weight, 
mucosal wet weight, protein content, DNA content, villus height, 
crypt depth and disaccharidase activities were decreased in je- 
junum and ileum. These findings are in keeping with a reduction 
in epithelial cell number previously noted in malnourished infant 
rats (12, 13) and rabbits (14). The impairment of intestinal 
growth appears to be the result of depressed enterocyte prolifer- 
ation and delayed epithelial migration (13, 15). Other laborato- 
ries have shown that disaccharidase specific activities are pre- 
served and sometimes increased in suckling animals subjected to 
protein-calorie malnutrition (13, 16, 17). Inasmuch as specific 
activity is calculated per unit protein, the loss of mucosal protein 
may appear to preserve or elevate disaccharidase specific activity 
(18). When results are expressed per total intestine or per unit 
length of intestine as done herein, the loss of disaccharidase 
activity caused by mucosal hypoplasia becomes evident (1 3, 16). 
Malnutrition alone altered ileal transport function. Unidirec 
tional Na' fluxes were increased, suggesting a more porous 
epithelium and glucose-stimulated Naf absorption was enhanced 
compared to dietary controls. Similar findings were observed in 
the jejunum of undernourished piglets (19). Recent studies in 
adult rats subjected to semistarvation, indicate that this nutri- 
tional adaptation may be due to increased sodium and glucose 
uptake by brush border membrane vesicles (20). The mecha- 
nisms triggering the alterations in mucosal structure and function 
observed in the intestine of malnourished animals are unknown. 
Possibilities include effects resulting directly from nutrient dep- 
rivation or indirectly from hormonal responses induced by mal- 
nutrition. The alterations in intestinal transport observed in 
undernourished animals cannot be explained by immaturity 
alone. Whereas the intestine of 10- to 14-day-old rabbits dem- 
onstrates a similar low resistance ion flux, glucose-stimulated 
sodium absorption is deficient (10) compared to the enhanced 
transport noted in malnourished rabbits and piglets (19). 

Infection with Y. enterocolitica inflicted further impact on the 
intestine of malnourished animals. In the jejunum 6 days post- 
infection, we observed evidence of brush border damage and 
mucosal inflammation. Villus height, total segmental weight, 
mucosal weight, protein content, DNA content, and lactase 
activity were further depressed and crypt depth increased com- 
pared to the noninfected nutrient-deprived animals. The inflam- 
matory response observed in the jejunum of infected undernour- 
ished animals was not seen in the jejunum of infected dietary 
controls. These abnormalities had resolved by 10 days postinfec- 
tion indicating that the undernourished animals were capable of 
initiating a repair process. 

In the ileum, the additional insult of infection in malnourished 
animals resulted in mucosal inflammation, a further decrease in 
villus height, and an increase in crypt depth. Also Na' transport 
was altered. Unidirectional fluxes were decreased in the basal 
period and instead of enhanced glucose-stimulated Na' trans- 
port, as seen in the noninfected malnourished group, glucose 
failed to stimulate Naf absorption, a finding similar to that of 
infected dietary controls. The preservation of total segmental 
weight, mucosal weight and protein, and the increase in mucosal 
DNA in the ileum, despite evidence of epithelial injury, may be 
explained by the increased number of inflammatory cells. Ab- 
normalities were still present 10 days after infection. Mucosal 
inflammation was more extensive with microabscess formation 

and evidence of epithelial dysfunction persisted. Although villus 
height recovered, crypts remained hyperplastic, and ileal weight, 
mucosal weight, protein, and DNA content were now signifi- 
cantly increased, findings in keeping with the marked inflam- 
matory infiltrate. Unidirectional fluxes, PD, I, and G under basal 
conditions remained depressed and glucose failed to stimulate 
Na' transport. The persistence of ileal abnormalities at 10 days 
in the malnourished animals contrasts with almost complete 
recovery in infected animals receiving a normal dietary intake. 

The prolongation of inflammation and mucosal abnormalities 
in the ileum could possibly be explained by an increased severity 
of the initial injury or by an inability to clear the infecting 
organisms in the undernourished animals. Both of these expla- 
nations are unlikely, inasmuch as morphological and functional 
parameters were similar at 6 days. At 10 days, infected animals 
from both dietary groups remained colonized with Y. enteroco- 
litica. Additional explanations include an inability of the im- 
mune system to limit tissue invasion or a delayed mucosal repair 
process. Both depressed immune function and decreased small 
intestinal epithelial proliferation are recognized complications of 
severe protein-calorie malnutrition (1 3, 1 5, 19, 2 1). The results 
herein indicate that after a bacterial enteritis, recovery of intes- 
tinal structure and function is delayed in the malnourished host. 
In infected undernourished animals, the injury sustained by the 
jejunum was more severe and that sustained by the ileum was 
both more severe and prolonged when compared to infected 
animals on a normal diet. 
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