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Enterohemorrhagic Escherichia coli O157:H7 (EHEC) is a significant human pathogen that resides in
healthy cattle. It is thought that a reduction in the prevalence and numbers of EHEC in cattle will reduce the
load of EHEC entering the food chain. To this end, an intervention strategy involving the addition of chitosan
microparticles (CM) to feed in order to reduce the carriage of this pathogen in cattle was evaluated. Exper-
iments with individual Holstein calves and a crossover study found that the addition of CM to feed decreased
E. coli O157:H7 shedding. In the crossover study, CM resulted in statistically significant reductions in the
numbers recovered from rectal swab samples (P < 0.05) and the duration of shedding (P < 0.05). The effects
of feeding CM to calves differed, indicating that the optimal levels of CM may differ between animals or that
other factors are involved in the interaction between CM and E. coli O157:H7. In vitro studies demonstrated
that E. coli O157:H7 binds to CM, suggesting that the reduction in shedding may result at least in part from
the binding of positively charged CM to negatively charged E. coli cells. Additional studies are needed to
determine the impact of CM feeding on animal production, but the results from this study indicate that
supplementing feed with CM reduces the shedding of E. coli O157:H7 in cattle.

Escherichia coli O157:H7 remains a significant cause of food
recalls and human illness despite the implementation of gov-
ernment regulations and process interventions to reduce trans-
mission by contaminated foods. Ground beef remains a pri-
mary vehicle of food-borne dissemination, but a variety of
foods have been involved in outbreaks (21). Cattle are consid-
ered a primary source in outbreaks involving nonbeef foods
which become contaminated by environmental or waterborne
E. coli O157:H7. The low infectious dose of this pathogen (12,
28) requires new or additional intervention strategies to fur-
ther reduce its prevalence and numbers entering the food
chain.

Practices to prevent or reduce E. coli O157:H7 contamina-
tion of beef carcasses are primarily applied at the processing
level, with the most common treatments being hide washes,
trimming of contaminated carcass parts, steam vacuuming, hot
water and acid washes, and steam treatment (1, 2, 4, 5). De-
spite the implementation of these practices, there continue to
be significant numbers of recalls and beef-linked illness caused
by this pathogen. The prevalence of cattle shedding E. coli
O157:H7 prior to processing ranges from 2% to 42%, which
correlates with the frequency of carcass contamination (7).
One of the challenges to the development of preharvest inter-
ventions is the transmission of E. coli O157:H7 between ani-
mals and by environmental sources, like contaminated water
(8, 27). Competitive exclusion and vaccination have been eval-
uated as preharvest interventions, and both have been re-

ported to reduce but not eliminate E. coli O157:H7 from cattle
(3, 9, 16, 19).

Chitosan has been used to make microparticles (i.e., chi-
tosan microparticles [CM]) and used as an agent of drug and
vaccine delivery to the lower intestinal tract (24, 29, 30). As
part of a study testing an intervention strategy, control animals
receiving CM alone had a pronounced decrease in the shed-
ding of E. coli O157:H7 in cattle. Based upon these observa-
tions, follow-up experiments with individual calves and a cross-
over study found statistically significant reductions in E. coli
O157:H7 numbers in rectal swab samples as well as in the
duration of shedding. The physical binding of E. coli O157:H7
to CM in vitro may explain in part the mechanism of decreased
shedding in cattle.

MATERIALS AND METHODS

Bacterial strains and inoculum preparation. E. coli O157:H7 strain Food
Research Institute-Kaspar culture collection number 47 (FRIK47; original strain
designation, EDL933W) was used for cattle inoculations. The strain was cultured
overnight (18 h) in Trypticase soy broth (Difco, Detroit, MI) at 37°C with shaking
(150 rpm) and diluted 1:1,000 in sterile tap water. The diluted cell suspension,
approximately 106 CFU/ml, was used to inoculate calves by the addition of 1.0 ml
to the drinking water of each animal (27). In experiments assessing CM binding,
E. coli O157:H7 strains FRIK2803 (FRIK47 containing pEYFP) and FRIK2802
(E. coli K-12 containing pEYFP) were used. pEYFP (Clontech) encodes en-
hanced yellow fluorescent protein (YFP) under the control of the lac promoter
(18).

CM preparation. CM were prepared as described previously (30), with minor
modifications. A 1% (wt/vol) chitosan solution was prepared from chitin (crab
shells; Sigma Chemical Co., St. Louis, MO) in 2% acetic acid and 1% Tween 80.
To facilitate cross-linking, the chitosan solution was stirred and sonicated with
the addition of 2 ml of sodium sulfate (10% [wt/vol]). Mixing and sonication were
continued for 20 min. The CM were collected by centrifugation (3,000 � g) for
20 min, washed three times with sterile water, and freeze-dried.

Maintenance and inoculation of cattle. Eight Holstein calves (steers) were
screened for O157 shedding, and three (calves 5, 15, and 75) were found to be
persistent shedders and used in an initial chitosan feeding study. For the cross-
over study, weaned Holstein bull calves were purchased from a local farmer and
transported to the Livestock Laboratory at the University of Wisconsin—Mad-

* Corresponding author. Mailing address: Department of Bacteriol-
ogy, University of Wisconsin, 1550 Linden Drive, Madison, WI 53706.
Phone: (608) 263-6936. Fax: (608) 262-9865. E-mail: cwkaspar@wisc
.edu.

† Present address: Genome Center of Wisconsin, University of Wis-
consin, 425 Henry Mall, Madison, WI 53706.

� Published ahead of print on 18 February 2011.

2611



ison. Calves were treated with BoviShield (Pfizer Animal Health, Exton, PA),
tilmicosin phosphate (Micotil 300; Elanco Animal Health, Indianapolis, IN),
and/or florfenicol (Nuflor; Schering-Plough Animal Health, Kenilworth, NJ) as
needed. Inoculation of the calves did not occur for 24 days following the last
injection to allow for clearance of the drugs and to allow the cattle to acclimate
to the feed and environment. At the end of the study, cattle were humanely
euthanized. The Animal Care and Use Committee of the University of Wiscon-
sin—Madison approved the animal housing and procedures used in this study.

Calves were housed in individual pens within a climate-controlled containment
facility (65°F with 50% relative humidity). The pens had grated floors to mini-
mize manure accumulation and facilitate cleaning. Metal gates separated the
pens but allowed some contact between calves in adjacent pens. The pens and
central walkway were cleaned daily, and feed and water were provided outside
the pens with access through headgates in order to minimize fecal contamination
and direct human-calf contact. Water containers were rinsed daily to remove
residual feed and filled with fresh tap water. Water was provided ad libitum
except during the 12 h preceding inoculation. Calves were fed an alfalfa-grain
blend that consisted of whole corn (36%), whole oats (18%), oat groats (18%),
whole roasted soybeans (14%), alfalfa meal pellets (7.8%), liquid molasses (4%),
calcium carbonate (1%), Bovatec premix (0.7%; Hoffman-LaRoche, Inc., Nutley,
NJ), salt and trace minerals (0.3%), and vitamins A and D (0.2%). At least three
fecal samples were collected from calves prior to inoculation and tested for E.
coli O157:H7 to ensure that calves were not shedding this organism. After
overnight withdrawal of water, water containers were inoculated with strain
FRIK47 at a dose of 106 CFU.

Sample collection. Shedding was monitored by testing feces and the rectal-anal
junction. Fecal samples (ca. 10 g) were obtained by digital rectal retrieval or from
a freshly passed fecal pat and placed in a sterile receptacle. A sample of the
rectal-anal mucosa was collected with a sterile swab as previously described (6,
23). Feed and water samples were collected in sterile containers (Whirlpack bags
or specimen cups). Samples were transported to the laboratory and tested within
2 h of collection to minimize bacterial growth.

Detection and enumeration of E. coli O157:H7 bacteria. The presence or
absence of E. coli O157:H7 in 10 g of feces and swabs of the rectal-anal junction
was determined as previously described (11). Fecal samples were resuspended in
(1:10-diluted) modified EC (mEC) broth (Difco), and swabs were suspended in
3 ml of mEC broth. Samples were serially diluted in 0.1% (wt/vol) peptone and
spread plated on duplicate plates of MacConkey sorbitol agar (Difco) supple-
mented with cefixime (50 �g/liter; Lederle Labs, Pearl River, NY) and potassium
tellurite (2.5 mg/liter; Sigma) (CT-SMAC) (31) to determine the number of E.
coli O157:H7 bacteria. Plates were incubated at 42°C for 18 to 24 h, and typical
O157 colonies (i.e., sorbitol-negative colonies) that were O157 agglutination
positive were enumerated. The minimum detection limit of the direct plating
procedure was approximately 100 CFU/g of feces and 30 CFU/swab. Enrichment
combined with immunomagnetic separation (IMS) was used for presence or
absence determinations on samples that did not yield E. coli O157 by direct
plating. Samples were enriched in mEC broth supplemented with novobiocin (20
�g/ml; Sigma) for 18 to 24 h at 37°C with shaking, and E. coli O157:H7 was
detected by using immunomagnetic anti-O157 beads as described by the manu-
facturer (Dynal, Carlsbad, CA). The beads were streaked on CT-SMAC plates
and incubated at 42°C for 18 to 24 h. Sorbitol-negative colonies were confirmed
for the O157 antigen by latex agglutination (Remel, Lenexa, KS).

Crossover study and statistical analysis. A randomized, controlled, crossover
study was conducted to evaluate the influence of CM-supplemented feed on E.
coli O157:H7 shedding in dairy cattle. The measured parameters for each group
were compared for two-tailed P values by an unpaired t test. Seven Holstein
calves were randomly assigned to receive feed with or without CM. When cattle
were treated with CM, 8 g of CM were mixed with 8 lb of feed administered daily
for 6 days, starting 2 or 3 days postinfection. Cattle began receiving CM-supple-
mented or nonsupplemented feed when FRIK47 was detected on two consecu-
tive days in fecal and/or swab samples. Calves were considered free of FRIK47
when both fecal and rectal swab samples tested negative for at least three
consecutive days. Once the calves had cleared FRIK47 following the first inoc-
ulation, the animals were switched (crossed over) to feed either with or without
CM depending upon which feed group they were in for the first inoculation.
Shedding of FRIK47 was monitored in daily fecal and rectal swab samples. The
duration of shedding was the number of days of a positive fecal or rectal swab
sample until three consecutive fecal and rectal swab samples tested negative for
FRIK47 by the IMS method. In addition, the numbers of FRIK47 strains in fecal
and rectal swab samples were determined during shedding.

In vitro CM binding assay. Twenty microliters of chitosan microparticles (0.1%
[wt/vol]) in phosphate-buffered saline (PBS) and poly-L-lysine (0.1% [wt/vol];
Sigma) was transferred to the wells of a glass slide (hydrophobic Teflon wells,

6-mm diameter; Electron Microscopy Sciences, Hatfield, PA) and air dried.
FRIK2802 (E. coli K-12 carrying pEYFP) and FRIK2803 (FRIK47 carrying
pEYFP) were grown to exponential growth phase and induced with IPTG (iso-
propyl-�-D-thiogalactopyranoside; 100 �M) for 3 h prior to harvest. The har-
vested cells were washed with PBS, and about 4 � 106 cells were added to wells
coated with CM, poly-L-lysine, and PBS and incubated in a humid chamber to
prevent drying and nonspecific binding of bacteria to the glass slide. Slides were
washed 3 times with PBS to remove unbound cells and air dried. For microscopic
observation, a drop of antifade reagent (ProLong Gold, Invitrogen) was added to
each well and a coverslip (22 by 60 mm; Gold Seal) was placed over the wells.
The YFP-expressing cells were observed and enumerated by fluorescence mi-
croscopy (BH2 microscope; Olympus, Japan).

RESULTS

CM decreased shedding of E. coli O157:H7 in cattle. Prior to
the start of experiments, the steers were visibly healthy and
tested negative for E. coli O157:H7 by IMS. Because variation
in the shedding of E. coli O157:H7 in cattle is typical (13, 17)
and some cattle do not persistently shed E. coli O157:H7 (26,
27), we screened and selected three calves (calves 5, 15, and
75) that were found to be persistent shedders. These calves
were orally inoculated with 106 CFU of FRIK47, and shedding
was confirmed at 2 days postinoculation. Calf number 5 was
then provided feed (�8 lb [3,632 g]) supplemented with 8 g of
CM. The calf was fed the CM-supplemented feed for 8 days.
The remaining two calves (15 and 75) served as positive con-
trols and were provided feed without CM. Fecal and swab
samples were collected and analyzed daily until FRIK47 had
cleared from the animal (three consecutive negative IMS tests
for fecal and rectal swab samples). The positive-control ani-
mals, calves 15 and 75, shed FRIK47 for 32 and 14 days,
respectively (inoculation 1; Fig. 1), while calf 5 shed FRIK47
for 2 days (data not shown). Necropsy samples of the reticu-
lum, rumen, jejunum, cecum, colon, rectum, and gallbladder
also tested negative by IMS, indicating that FRIK47 bacteria
were absent or significantly reduced in number in calf 5.

After the clearance of FRIK47 following inoculation 1 (11
consecutive IMS-negative samples [Fig. 1]), calves 15 and 75
were inoculated with strain FRIK47 (inoculation 2). Calf 15
was fed CM-supplemented feed for 6 days starting the day
before inoculation. As shown in Fig. 1A, fecal and swab sam-
ples from calf 15 tested positive by enrichment on the day
following inoculation but tested negative for the next 9 days
(Fig. 1A). To ensure that the observed decrease in O157 shed-
ding was not a result of immunity or other responses resulting
from inoculation with the same O157 strain, the calf was inoc-
ulated again (inoculation 3) and provided feed without CM.
Calf 15 shed FRIK47 for 23 days after inoculation 3, demon-
strating that the animal was still capable of persistent shedding
(Fig. 1A). The numbers of FRIK47 bacteria detected in fecal
and swab samples following inoculation 3 ranged from 101 to
3.6 � 105 CFU. In comparison, the numbers in fecal and swab
samples following inoculation 1 ranged from 101 to 6.0 � 105

CFU. These results demonstrated that multiple inoculations
with FRIK47 had little or no impact on shedding.

Results with calf 75 were similar to those obtained from calf
15. Following inoculation 1, calf 75 shed for 14 days at 101 to
2.2 � 105 CFU per gram or swab when fed unsupplemented
feed (Fig. 1B). When calf 75 was provided CM-supplemented
feed for 7 days starting the day before inoculation, FRIK47 was
isolated from samples on the 2 days after inoculation, and then
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the samples tested negative for the next 8 days. After inocula-
tion 3, calf 75 shed FRIK47 for 12 days at numbers from 101 to
7.5 � 104 CFU per gram or swab, similar to the results follow-
ing inoculation 1. Data from these calves suggested that CM
reduced shedding of E. coli O157:H7 and provided support for
conducting a study with additional cattle.

Crossover study. A crossover study using eight cattle inoc-
ulated with FRIK47 to evaluate if CM feeding had a significant
impact on E. coli O157:H7 shedding in cattle was conducted.
The use of a randomized and controlled crossover study al-
lowed each calf to act as its own control and therefore has the
advantage of eliminating individual differences from treatment
effects that are inherent to shedding studies with this organism
in cattle (11, 27).

Eight Holstein calves were housed in individual pens in a
common room at the Livestock Laboratory at the University of
Wisconsin—Madison. The calves were inoculated with approx-
imately 106 CFU of FRIK47 and were randomly grouped to
receive feed with or without CM. Cattle began receiving CM-
supplemented or nonsupplemented feed after detection of
FRIK47 on two consecutive days following inoculation. Ani-
mal 16 did not shed FRIK47, indicating that this calf was
recalcitrant to FRIK47 colonization. Thus, seven animals were
used in the crossover study to evaluate CM feeding. The du-
ration of shedding was the number of days from the start to the
end of shedding. The end of shedding was defined as three
consecutive days of test-negative samples by IMS. Once the
calves had cleared FRIK47 following inoculation 1, they were
reinoculated (inoculation 2) and switched to the other feed
group (control feed [no CM] or feed with CM).

As shown in Table 1, calves shed FRIK47 following inocu-
lation, but the durations of shedding differed. There was a
statistically significant reduction in the duration of shedding, as
determined by fecal samples (P � 0.005) and swab samples of
the rectal-anal junction (P � 0.05), for calves fed the CM-
supplemented feed. The total number of days of fecal shedding
of FRIK47 decreased for all 7 animals when fed CM, from a
mean of 13.80 � 2.0 days for calves fed the control feed to
3.85 � 4.2 days for calves fed the CM-supplemented feed. The
mean numbers of days of positive rectal swab samples were
12.7 � 2.7 days for calves fed the control feed and 6.4 � 6.5
days for calves fed the CM-supplemented feed. These results
demonstrated that CM feeding significantly reduced shedding
of FRIK47 in calves, although the influence of CM feeding
varied between animals. For example, CM feeding had a pro-
nounced effect in calves 13, 14 (fecal samples only), 15, 17, and
18 but had little or no effect in calf 12 and a subtle effect in calf
22. In calf 14, there was no reduction in the duration of shed-
ding as determined by rectal swabs, but all fecal samples tested
negative, and this may provide insight into the possible mech-
anism of action. The variability in results with CM feeding on

FIG. 1. Shedding of E. coli O157:H7 (FRIK47) by two Holstein
calves and the impact of feed supplemented with chitosan micropar-
ticles (CM). Two calves, animal 15 (A) and animal 75 (B), were test
negative for E. coli O157:H7 on three consecutive sample days prior to
inoculation. CM were fed to the cows for 6 days starting 1 day before
inoculation. The numbers of E. coli O157:H7 bacteria were deter-
mined by direct plating. Samples negative by direct plating were tested
by immunomagnetic separation (IMS) specific for E. coli O157. Num-
bers of FRIK47 bacteria in feces (red squares) and swabs of the
rectal-anal junction (blue triangles) are plotted. The dashed lines in-
dicate the minimum detection levels of direct plating for fecal (red)
and rectal swab (blue) samples. Symbols on the x axis indicate a
positive IMS test on the respective days. Arrows indicate inoculation
with FRIK47. C designates a day that CM were added to feed.

TABLE 1. Crossover study evaluating the effect of CM feeding on
the shedding of E. coli O157:H7 in inoculated calvesa

Calf

Duration of shedding (days)b

Without CM feeding With CM feeding

Fecal
samples

Swab
samples

Fecal
samples

Swab
samples

12 15 13 11 14
13 12 12 1 0
14 15 15 0 15
15 13 14 5 8
17 11 13 0 0
18 14 15 2 0
22 17 7 8 8
Mean � SEc 13.8 � 2.0 12.7 � 2.7 3.85 � 4.2 6.4 � 6.5

a Cattle were inoculated with FRIK47 and shedding was confirmed. Fecal and
swab samples were examined for the presence of FRIK47 by direct plating and
IMS. CM were fed to the treatment group for 6 days after shedding was estab-
lished.

b The duration of shedding was the number of days of shedding (positive fecal
or swab sample) from the first positive sample until FRIK47 was not detected in
either fecal or swab samples for three consecutive days.

c Data are the mean values for duration of shedding (days) � standard errors
(SE) of the means.
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E. coli O157:H7 shedding is probably a consequence of animal
factors.

The numbers of FRIK47 bacteria shed during the 6 days of
CM feeding was determined by direct plating on CT-SMAC
(Fig. 2). There was a statistically significant reduction in the
numbers of FRIK47 bacteria in feces of calves 13, 14, 17, and
18 (P � 0.05) (Fig. 2A). In these animals, the numbers were at
or below the detection level of the direct plating method (100
CFU/g), but the samples also tested negative by IMS (�1
CFU/g or swab). As a group, the numbers of FRIK47 bacteria
in fecal samples were not significantly lower in CM-fed ani-

mals. However, there was a significant (P � 0.05) decrease in
the numbers of FRIK47 bacteria recovered from swab samples
of CM-fed calves when analyzed as a group. For individual
calves, significant reductions were observed for calves 13, 14,
17, 18, and 22 (Fig. 2B). There was no effect of CM on fecal
and swab samples from calves 12 and 15 (Fig. 2A and B).

Calves fed a CM-supplemented diet did not exhibit weight
loss, decreased feed consumption, abnormal behaviors, or di-
arrhea. An examination of the intestinal tract and organs of
calves during necropsy found no signs of pathology, although
additional studies are needed to evaluate growth efficiency or
other possible adverse effects from CM feeding. For example,
CM may disrupt the normal E. coli populations and other flora
that may require that CM feeding be restricted to a few days
before harvest.

E. coli O157:H7 binding to CM. To begin to understand the
mechanism of CM-mediated reduction in E. coli O157:H7
shedding, the binding of E. coli O157:H7 to CM was tested. To
facilitate cell counting, FRIK47 was transformed with pEYFP,
which encodes enhanced YFP under the control of the lac
promoter. Exponentially growing cells were induced with
IPTG and transferred to the surface of a CM-coated glass
slide. After unbound bacteria were removed by washing, the
CM-coated slide was examined by using a fluorescence micro-
scope, and the total numbers of bound cells were calculated.
As shown in Fig. 3, FRIK2803 (FRIK47 containing pEYFP)
bound to the CM-coated slide, while few cells attached to the
untreated control slide. The attachment efficiency of the CM-
coated slide was about 10 times better than that of the slides
coated with poly-L-lysine, which were used as a positive control
(10). These results suggest that CM may bind to E. coli
O157:H7 in the lumen of cattle and interfere with colonization,
including that at the rectal-anal junction. Similar numbers of E.
coli K-12 (H48) bacteria also attached to CM-coated slides,
indicating that CM do not specifically bind to E. coli O157:H7.
The interaction between CM and E. coli is under investigation
and may provide insights to maximize the effect of CM feeding
on E. coli O157:H7 shedding.

FIG. 2. Results from a crossover study examining the effect of CM
addition to feed on shedding of E. coli O157:H7 (FRIK47) in cattle.
Calves were inoculated with 106 CFU of FRIK47, and shedding was
monitored by direct plating and IMS of fecal (A) and swab (B) sam-
ples. CM were added to the feed of half of the animals for 6 days, and
the numbers of FRIK47 bacteria in the fecal and swab samples were
enumerated. Once shedding had stopped, calves were switched to
CM-supplemented feed or the control feed depending upon which
group they were assigned to after inoculation 1. The shedding of
FRIK47 was monitored daily. Each symbol represents a different sam-
ple day (CM-supplemented feed, circles; control feed, triangles). Hor-
izontal bars correspond to the median E. coli O157:H7 CFU/g of feces
or swab for an individual animal. Symbols on the x axis represent
samples that were test negative by IMS. Asterisks (**) above the
column corresponding to a particular animal denote statistically sig-
nificant differences (P � 0.05) as determined by a t test.

FIG. 3. Binding of E. coli O157:H7 to CM. FRIK47 bacteria car-
rying pEYFP grown in the presence of IPTG were harvested and
incubated on uncoated glass slides (negative control), slides coated
with CM, or slides coated with poly-L-lysine (positive control). Total
numbers of bacteria in 6-mm wells were counted by fluorescence mi-
croscopy. Results are from three independent experiments. The error
bars represent the standard deviations.
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DISCUSSION

Current intervention and control practices fail to completely
eliminate E. coli O157:H7 from its bovine host and the food
supply (19, 21); therefore, new or additional interventions are
needed. Results from this study demonstrated that supple-
menting feed with CM reduced significantly the duration of
shedding of E. coli O157:H7 in inoculated cattle. The reduc-
tion may be a result of CM binding to E. coli and interfering
with colonization or acting as a “scrubbing agent.”

The variation in shedding of E. coli O157:H7 in cattle is
typical (13, 17), and some cattle never become persistent shed-
ders even when inoculated or housed with cohorts that are
shedding (26, 27). This animal-to-animal variation in shedding
of this organism was a primary reason for the use of a crossover
study to minimize individual differences from treatment ef-
fects. Employing this study design requires that multiple oral
inoculations do not induce immunity or change the numbers
and duration of shedding of this organism. As shown in Fig. 1,
both the duration of shedding and the numbers of FRIK47
bacteria in fecal and swab samples following the first and third
inoculations were similar and demonstrated that multiple oral
inoculations of FRIK47 had no impact on shedding. Consistent
with our observations, previous studies have found that oral
inoculation and colonization with E. coli O157:H7 does not
trigger a significant immune system response (15, 25).

A significant reduction in the duration of FRIK47 shedding
in inoculated calves was observed by examining both rectal
swab and fecal samples when cattle were fed CM-supple-
mented feed. Additionally, CM feeding significantly reduced
the numbers of FRIK47 bacteria in rectal swab samples, while
the numbers of FRIK47 detected in fecal samples (as a group)
were not statistically reduced, although they were lower for
four calves. One possible explanation is that E. coli O157:H7
colonizes sites that are inaccessible to CM, like the gallbladder
(11), and is periodically released into the lumen. It is also
possible that at an optimal level of CM in feed, an effect would
have been observed for calves that did not exhibit a significant
reduction in fecal shedding (i.e., calves 12, 15, and 22). To
support this possibility, calf 22 was still shedding at the end of
the crossover study and was fed 16 g CM per day for 2 days
(i.e., twice the normal amount added to feed), and both fecal
and swab samples tested negative within 3 days of feeding
(data not shown). This observation suggests that additional
studies to optimize the quantity of CM added to feed are
warranted.

Chitosan is derived from chitin and is a linear polymer com-
posed of �-1,4-linked N-acetyl-D-glucosamine and D-glucos-
amine that is positively charged (24, 29, 30). In vitro binding of
FRIK47 to CM may explain how CM feeding reduces shedding
in cattle. The binding of CM to E. coli is not surprising, since
it is thought that positively charged chitosan molecules bind to
negatively charged bacteria. Flagella (H7) have been shown to
participate in the attachment and tropism to rectal epithelium
cells in vitro (14). However, it is unlikely that H7 flagella are
specifically involved in binding to CM, because an E. coli K-12
strain with H48 flagella bound to CM at numbers similar to
those obtained with E. coli O157:H7. It is possible that flagella
participate in binding to CM in a nonspecific manner, but it is
plausible that other surface molecules, probably glycoproteins

and pili (22) of both commensal and pathogenic E. coli, con-
tribute to interactions with CM. Although CM were used in
these studies, chitosan has antimicrobial activity against a va-
riety of bacteria, yeasts, and molds (20, 24, 29, 30). Preliminary
studies of the antibacterial activity of soluble chitosan (in di-
lute acetic acid) found that chitosan was bacteriostatic to E.
coli O157:H7 (data not shown) and bactericidal to E. coli K-12.
It is possible that CM influences E. coli O157:H7 shedding by
a combination of binding activity and antimicrobial activity of
soluble chitosan.

This study identified a possible new intervention strategy to
reduce E. coli O157:H7 shedding in cattle. Future studies will
determine the optimal level of CM in cattle feed and investi-
gate the mechanism of action of CM on the reduction of E. coli
O157:H7 shedding in cattle. Additionally, the possible impact
of CM feeding on the shedding of other Gram-negative patho-
gens like Salmonella spp. will also be investigated.
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