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Summary

Objective: To determine the effect of 3000 ppm dietary zinc
oxide (ZnO) on bacterial counts in the mesenteric lymph nodes
and systemic circulation.

Methods: Eighteen piglets were fed a commercial starter diet
with (ZnO treatment) or without (controls) supplementation of
3000 ppm zinc oxide. After a 6-day adaptation to the diets, the
pigs were intramuscularly injected with lipopolysaccharide (LPS)
(derived from E. coli 026:B6) at 150 ug per kg bodyweight. The
pigs were monitored throughout the experimental period.
Twenty-four hours after LPS injection, pigs were euthanized and
samples were collected.

Results: Bacteria could be cultured from ileal mesenteric lymph
nodes in fewer ZnO-treated (three of nine) than control (eight of
nine) piglets (P<.05). In ZnO-treated pigs, there tended to be
fewer colony forming units (CFU) of bacteria per g of tissue from
the ileal mesenteric lymph nodes than in the pigs fed the control
diet (P<.1). Treatment had no effect on the species of bacteria
cultured.Treatment had no effect on bacteremia.

Implications: Supplementing starter diets with 3000 ppm ZnO
reduced the level of bacterial translocation from the small intes-
tine to the ileal mesenteric lymph node. However, the mecha-
nism whereby this effect was achieved could not be determined.
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is emerging as a more common disease problem in high-

health swine herds. Health technologies such as segregated
early weaning will not eliminate E. coli disease and it remains a
significant cause of mortality in the nursing and early grower phases of
production (Winkelman. AD Leman Swine Conf Proc. 1995; 22:59—
60). Escherichia coli toxemia disrupts the intestinal mucosal bar-
rier, 2 potentially increasing the opportunity for bacteria to translocate
from the intestines to the blood and internal organs, causing

A cute postweaning mortality due to toxigenic Escherichia coli
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septicemia.

Dietary supplementation with 3000 ppm zinc oxide (ZnO) has been
reported to reduce the prevalence of postweaning diarrhea and mor-
tality attributed to toxigenic £. coli infection in piglets, although the
mechanisms involved are not fully understood. Concentrations of 3000
ppm dietary zinc, while very high, are reported to have no toxic effect
in pigs.! The objective of this study was to determine whether high
concentrations of dietary zinc would protect against septicemia due to
toxigenic £. coli.

Materials and methods

Animals

Eighteen piglets (Camborough x Canabrid), weaned at 21 days of age
without access to creep feed, were obtained from the University of
Alberta swine unit. Pigs were housed in pairs in metabolism crates,
with the room temperature controlled between 28—30°C. The piglets
were fed a commercial starter diet ad libitum, formulated to provide
149 ppm zinc (as fed). Half of the piglets (n = 9) were randomly
allocated into a ZnO-treated group. The diet of the ZnO-treated group
was supplemented with 3000 ppm ZnO. The other nine pigs served as
controls. The pigs were visually monitored throughout the experimen-
tal period at hourly intervals to ensure that animal welfare was not
unduly compromised.

After adapting to the diets for 6 days, pigs were intramuscularly (IM)
injected with lipopolysaccharide (LPS from E. coli 026:B6, Sigma, St.
Louis, Missouri) at 150 mg per kg bodyweight. The LPS was dissolved
in saline to a concentration of 1.5 mg per mL.

Sampling

All samples were collected 24 hours after the injection. The pigs were
anesthetized under halothane in a biological containment hood, and
blood was obtained aseptically by cardiac puncture. The abdominal
area was disinfected and a laparotomy performed. The ileal mesenteric
lymph nodes and those corresponding to the large intestines were
removed and samples of liver and spleen were obtained. All specimens
were put in sterile containers and immediately transported to the
laboratory.

For lymph node, liver, and spleen samples, 1 g of tissue was placed
into a 50-mL sterile centrifuge tube containing 4 mL of sterile PBS and
homogenized for 10 seconds. We pipetted 0.2 mL of homogenized
sample onto each of five blood agar plates (BAPs) and spread for
confluent growth. Also, 1 mL of the sample was pipetted into tryptic
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soya broth (TSB). Three BAPs and the TSB
were incubated aerobically at 35°C in an O,
incubator for 24 hours. Two BAPs were incu-
bated anaerobically at 35°C for 48 hours.

For mesenteric lymph nodes, a 1:10 dilution
was also performed by transferring 1 mL of
homogenized sample into 9 mL of PBS for five
dilutions. One tenth mL of each dilution was
pipetted onto four BAPs and spread for
confluent growth. Two BAPs from each dilu-
tion were incubated aerobically at 35°C for
24 hours and the other two anaerobically for
48 hours. Colony counts were performed on
aerobic plates at 24 and 48 hours and
anaerobic plates at 48 hours.

Legend:

For blood samples, 0.2 mL of blood was
pipetted onto five BAPs and spread for
confluent growth, and 1 mL into TSB.
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Influence of dietary zinc on the incidence of enteric bacterial translocation
and numbers of bacteria translocating in pigs

Statistical analysis

Treatment effects on the number of pigs in
which bacteria could be cultured from

Numbers of pigs (n=18) with translocated bacteria
in mesenteric lymph nodes, liver,and spleen

samples were analyzed by the Fisher’s exact

test, and numbers of colony-forming units MLN-S  MLN-L Liver Spleen
(CFUs) compared by t-test (Number Treatment C ZnO C ZnO C ZnO C ZnO
Cruncher Statistical System, Kaysville, Utah). Aerobes:
R I E. coli 5 2 9 9 1 0 0 0
esuits Enterococcus spp. 2 1 2 3 1 0 1 0
Bacteria were cultured from ileal lymph Diphtheroids 1 0 0 1 0 0 0 O
nodes of fewer (P<.05) of the pigs fed Pseudomonas spp. 6o 0 2 0 0 0 0 O
supplemental ZnO (three of nine) than Viridans grp T 0 o0 1 0 0 1 1
control pigs (eight of nine) (Figure 1). The Streptococcus
numbers of bacteria in the ileal lymph nodes Staphylococcus o 0 0 1 0 0 O
tended to be lower in ZnO-treated pigs (15+7 Streptococcus 60 0 0 0 1 0 0
CFU per g of tissue; range: 6-29) than in con- Anaerobes:
trol pigs (387+194 CFU per g of tissue, range: Bacteroides spp. o 0 o 1 0 1 0 O
5-1500) (P<.1). There was no treatment Clostridium spp. o0 0 1 0 1 0 0
effect on the numbers of bacteria in mesen- Gram-positive bacilli 0 0 0 1 0 0 0 0

teric lymph nodes corresponding to the large

intestine, or to the spleen and liver. No bacte-
ria were cultured from the blood.

MLN-S Mesenteric lymph node corresponding to small intestine
MLN-L Mesenteric lymph node corresponding to large intestine

@ pigs fed a commercial starter diet

The bacteria cultured from the lymph nodes A

pigs fed the commercial starter diet supplemented with 3000 ppm ZnO

associated with the small and large intestines

were primarily E. coli and Enterococcus spp.

(Table 1). No anaerobes were isolated from the ileal lymph nodes, but
Bacteroides spp. and Clostridium spp. were isolated from the lymph
nodes of the large intestine from one pig and anaerobic Gram-positive
bacilli from another pig.

Discussion

The present study demonstrated that supplementing the nursery diet
with 3000 ppm ZnO reduced bacterial translocation from the small

intestine to the corresponding lymph nodes in weaned pigs. However,
the mechanism involved in achieving this effect was not determined. It
has been postulated that intestinal villus atrophy, such as occurs at
weaning, may lead to increased intestinal permeability and systemic
infection secondary to bacterial translocation. Therefore, it is possible
that the effect of zinc was mediated by an improvement in the struc-
tural and/or immunologic integrity of the mucosal barrier. Alterna-
tively, since bacterial translocation is also promoted by a disruption of
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the enteric microflora populations, it is possible that the effect of zinc
was mediated by changes in microfloral populations (Melin, et al. Proc
14th IPVS Cong, 1996; 465).

The lack of an observable treatment effect on the percentage of pigs
from which bacteria was cultured from the mesenteric lymph nodes
associated with the large intestine is consistent with the observation of
Steffen and Berg,* who observed a direct relationship between the
numbers of E. coli, Proteus mirabilis, and Klebsiella pneumoniae in
the cecum and the numbers of these strains translocating to the
mesenteric lymph node complex. Steffen and Berg suggested that the
population size could be a factor promoting bacterial translocation. As
the bacterial population is much larger in the large intestine than in
the small intestine, it is possible that the large population of bacteria
might have overwhelmed the effect of ZnO in the large intestine in the
present study. More research is required to investigate these
mechanisms.

Zinc has a primary effect on tissues with a high turnover rate, as in
those of the gastrointestinal tract and immune system. Zinc is needed
in these tissues for DNA and protein synthesis. Zinc stabilizes the
membrane structure and may modify membrane functions,” protects
membranes from the effects of infectious agents,> and may act at the
tight junction to prevent the increase of intestinal permeability associ-
ated with malnutrition or tumor necrosis factor a.%7 Zinc may also
stimulate immune defenses while minimizing the adverse effect of im-
mune cell activation by bacterial translocation on the epithelial layer.®
In weaned pigs, the feeding of high concentrations of zinc oxide (3000
ppm) has been shown to have efficacy in controlling £. coli diarrhea'
and for increasing their daily voluntary feed intake and weight.” The
growth response to dietary zinc concentrations that are 20 times
higher than the normal requirement implies that the function of zinc is
more than a simple nutritional need.

Implications

e Supplementing the starter diet with 3000 ppm zinc oxide for pigs
during the first week after weaning may reduce the numbers of
bacteria reaching the ileal mesenteric lymph nodes.

 The model used in this study did not result in septicemia. Further
work is required to understand how ZnO reduces losses due to
postweaning E. coli infection.
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