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SUMMARY

The effect of feeding a novel dietary antigen on the gastrointestinal tract
function of specific pathogen free cats was determined using breath
hydrogen xylose (BH2X) test and bacteriological culture of duodenal
aspirates collected during endoscopy. These functions were monitored
after each feeding cycle for detection of absorptive ability of
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gastrointestinal tract as well as the effect of novel dietary antigen on
change of intestinal flora. Breath hydrogen xylose test results were not
suggestive of consistent mal-absorption in the treatment group due to
introducing ovalbumin into their diet. After the start of ovalbumin
feeding, the aerobic bacterial count significantly increased in all cats
(P<0.05). A remarkable change in quality of bacteria was also evidenced
in duodenal aspirates collected from all cats after introducing ovalbumin
into the cats” diet. Anaerobic bacterial quality and quantity changes were
not significant (P>0.05). In conclusion, the results of this study
demonstrates that aerobic bacteria change significantly in quality and
quantity in the small intestine of cats after introducing a novel antigen
into their diet. Such changes might have an effect on the gut associated
lymphoid tissue response which could be involved in the pathogenesis of
enteropathies in cats.

Key words: Feline IBD, Aerobic and Anaerobic bacterial counts,
duodenal aspirates, SIBO, Breath hydrogen xylose test.

INTRODUCTION

Following the introduction of a novel antigen into the diet of
mice, their capacity to regulate responses to unrelated, mucosaly-
presented soluble protein antigens is transiently altered (Stokes et al.,
1983). Failure to control such changes and lack of development of
tolerance may be an important factor in the immunological changes,
which may lead to establishment of inflammatory bowel disease (IBD).
This disease is a multifactorial disorder, the exact cause of which
remains undetermined. Breakdown of mucosal integrity and subsequent
impact on barrier function of the gut of IBD patients is implicated in the
pathogenesis of the disease.

It has been previously shown that the repeated feeding of
ovalbumin to cats may in some individuals cause low-grade disruption
of mucosal integrity accompanied by histological evidence of
inflammation in the small intestinal lamina propria (Waly ef al., 2001);
this may also be associated with alterations in the immune response to
commensal microflora (Ibbotson ef al., 1992; Duchmann et al., 1995 &
1996). Histological evidence of inflammation such as villous stunting
results in malabsorption (Corazza et al., 1987) which may reflect on
tests designed to indicate mal-absorption such as breath hydrogen xylose
tests (BH,X). Although BH,X test can reflect gut function, it can also be
influenced by the bacterial overgrowth (Kerlin ef al., 1984). Breath HX
test has been used to assess the functional relevance of mild
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abnormalities in small bowel biopsy specimens (Matz and Guilford,
2003).

Small intestinal bacterial overgrowth (SIBO) is a recognized
syndrome in humans (Bouhnik, 2001) and dogs (German et al., 2003)
characterized by an increase in number and variety of bacteria in small
intestinal fluid that is associated in gastrointestinal abnormalities
menifested by diarthoea. It has been reported that SIBO is not a
recognized clinical syndrome in cats with chronic non-obstructive
gastrointestinal tract disease (Johnston, 1999). The naturally high
number of small intestinal bacteria has been an obstacle to setting
criteria for diagnosis of SIBO in cats. Wide quantitative and qualitative
variation in the duodenal flora of healthy cats is reported (Sparkes ef al.,
1998). However, these reported studies have not questioned the effect of
a novel dietary protein antigen on bacterial flora and intestinal
absorptive function.

The aim of the study was to examine whether oral administration
of a novel dietary antigen to cats leads to changes in gut function,
absorption and changes in bacterial flora of the small intestine.

MATERIALS and METHODS

Animals

Six clinically healthy SPF-derived, barrier-maintained, cats were
used for the study and were housed at the feline research facility, Feline
Centre, Department of Clinical Veterinary Sciences, University of
Bristol, Langford, UK. They were all domestic shorthair, neutered male
adult cats aged between 12-14 months. The cats were fed on a
commercial canned chicken and rabbit-based diet (KiteKat, Waltham).
Their full previous dietary history was known and they had never been
fed eggs or any related components.

Experimental design

The cats were divided into two groups, a control (n=3) and
treatment (n=3) group.

Treatment group cats were fed with 7.5gm ovalbumin (grade II,
Sigma) mixed with canned food per day (dosage selected on basis of the
results of preliminary experiments). The mixing of canned food with
ovalbumin was done in a preparation room and each cat was fed from a
different bowl in the anteroom. The three control cats were fed canned
food with no added ovalbumin. Ovalbumin feeding was performed for
five consecutive days; duodenal aspirates were taken on day 6, and
breath hydrogen test was performed on day 7. The cats received canned
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food only for the following 10 days (rest period) and then received
ovalbumin mixed with food on day 11 for another 5 days. This regime
was repeated four times (Fig.1).
Endoscopy

Samples of duodenal aspirates were collected by endoscopy
using a flexible gastroscope with 6 mm diameter insertion tube and 2
mm biopsy channel (Olympus gastrointestinal fibrescope GIF N30,
Keymed). Food was withheld from cats overnight prior to endoscopy.
Endoscopy was performed under general anaesthesia.
Histopathology

Duodenal biopsies were collected to monitor changes occurring
in the duodenum before and after feeding of ovalbumin and for
monitoring control cats. Formalin-fixed biopsies were cut and stained by
haematoxylin and eosin (H&E) for assessment of intestinal histology
throughout the experiment.
Breath Hydrogen-Xylose Test

As above, Breath Hydrogen test is used to assess intestinal
damage leading to malabsorption by the small intestine (Muir ef.al.,
1991 and 1996; Papasouliotis ef al., 1998) but can also be influenced by
SIBO. After an overnight fast, exhaled breath samples were collected
using the method described previously (Papasouliotis ef al., 1998), with
the cats confined in Perspex chamber. Breath hydrogen excretion was
measured before and every 15 minutes for 4 hours after the
administration of D-Xylose. D-xylose was given through a nasogastric
tube at 1 g/kg.B.W. diluted to 1g/ml in water (Papasouliotis et al., 1998).
Measurement of Hydrogen concentration in breath samples and
calculation of hydrogen excretion in ml/hr were performed as described
previously (Papasouliotis e al., 1998). In brief, for each of the cats, the
total breath hydrogen excretion was calculated by adding together the
hydrogen concentration at each time point during the four hour
monitoring period. The mean and standard deviation (SD) for breath
hydrogen excretion was then computed. The test was considered
abnormal if the breath hydrogen increase over the baseline level (at time
0 minutes) equalled or exceeded twice the SD for normal cats and that
the increase in hydrogen excretion was sustained for at least three
consecutive time points (45 min.)
Bacteriology of duodenal aspirates

A sample of small intestinal fluid (100 ul) was collected from the
duodenum during endoscopy by inserting an aspiration tube through the
endoscope. The sample was then placed in a sterile vacutainer; the air in
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the vacutainer was removed using a syringe to protect oxygen sensitive
bacteria. After sampling, dilutions of the specimen were put into an
anaerobic cabinet and inoculated onto agar plates within 10 minutes of
sampling. Media used were blood agar, MacConkey agar and fastidious
anaerobe agar (FAA) with and without gentamycin.

Series of dilutions of the specimen ranged from 1/10-1/10000 in
sterile saline were prepared for quantitation of aerobic and anaerobic
bacteria. Plates for anaerobes were inoculated and incubated in the
anaerobic cabinet while plates for aerobes were inoculated in room air
and incubated in 5% carbon dioxide atmosphere.

A drop of each dilution (10 pl) was spread on plates using a
sterile loop. After appropriate incubation, colonies on the plates were
counted and species identified using standard techniques.

Statistics

A standard T-test was used to detect differences between groups
before and after introducing ovalbumin into the diet of cats using the
Excel software (Microsoft Office Excel 2003, Microsoft Incorportation,
USA). The significance level was set at 0.05.

RESULTS

Histopathology

Biopsies collected from control group cats showed no deviation
from the normal structure throughout the experiment (Fig. 2). Biopsies
from treatment group cats had no significant histopathological changes
before introducing ovalbumin into their diet. After the second feed, there
was mild inflammatory change of biopsies from two cats showing
increased villous width and increase infiltration of the lamina propria
with neutrophils and macrophages. Cat 3 showed similar changes with a
degree of villous stunting after the third and fourth feed.
Breath H; Xylose Test

Breath hydrogen excretion over a 3-hour period after a xylose
meal was recorded for each cat at four time points during this
experiment. Baseline results, measured before the start of feeding
ovalbumin, showed that one control cat and two treatment cats had an
increased H, excretion. After the second feed, one control and one
treatment cat showed an increase of Hj excretion (cats 2 and 6). After
the third feed, two cats (cats 5 and 6) from the treatment group showed
increased H; excretion. After the fourth feed, cat 2 of the control group
and cat 6 of the treatment group also showed increased H; excretion
(Table 1).
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Table 1: BH,X Test Results

Baseline Feed 1 Feed 2 Feed 3 Feed 4
Cat 1 - ND - B 2
Cat 2 + ND + - -
Cat3 - ND - - -
Cat 4 - ND = - -
Cats + ND - - "
Cat6 + ND - + - +

ND, not done, +, positive, -, negative BH,X test result. Cats 1, 2 and 3 represent the control
group; cats 4, 5 and 6 represent the treatment group.
Bactericlogy

Samples were collected twice from treatment group cats before
introducing ovalbumin into their diets and once from the control group.
These time points were considered as a first and second baseline points.
The results were pooled for cats in each group.

The range of aerobic bacteria isolated increased after ovalbumin
was introduced into the diet of cats. Neisseria/Branhamella spp.,
Diphtheroid-like bacillus, Streprococci type 1 and 2, Unidentified Gram
negative bacilli and faecal Streptococci were identified after the first
feed as well as other aerobes isolated after baseline points one and two.
Pasteureulla sp., alpha-haemolytic Streptococci, Pseudomonas sp.,
Gram negative rods, Coliform bacilli type 1 and 2 were isolated after the
second feed whereas Indole-negative oxidase-positive Gram-negative
rods, Gram positive rods were isolated after the fourth feed (Table 2).

The species of anaerobes isolated after each time point was less
variable. Clostridium spp., were isolated from the two groups before the
start of the experiment. Following the first feed Clostridium perfringens,
Clostridium sp., and Bacteroides sp. were isolated from the control
group. After the second feed, Pleomorphic Gram negative bacilli and
unidentified Gram negative coccobacilli were the anaerobes isolated
from the control group which had not been isolated previously whereas
Clostridium perfringens was isolated after the third feed from the same
group. After the fourth feed, there were no new anaerobes isolated from
the control group.

For the treatment group, Weeksella sp., unidentified Gram-
negative bacilli types 1 and 2, Clostridium sp., and Gram positive bacilli
were isolated before feeding ovalbumin started. After the first feed,
Clostridium perfringens was isolated; following the third feed,
Bacteroides, Clostridium perfringens, anaerobic Gram-negative rods
types 1, 2 and 3, Pleomorphic Gram-positive rods were isolated. After
the fourth feed, no new anaerobes were isolated.
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The results of aerobic bacterial counts are summarized in
figure 2. Aerobic bacterial counts ranged from 1-120 X 103 CFU/ml
before the introduction of ovalbumin into the diet of cats (Fig. 3).
Aerobic bacterial counts for the control group increased after the second
feed and the difference was significant (P=0.001). After the first feed
one cat showed a dramatic increase in the number of aerobic bacteria.
The number of aerobic bacteria increased after the first feed for the
treatment group (P=0.04) and then varied after the second, third and
fourth feeds with slight inconsistent increase or decrease. Aerobic
bacterial counts were approximately twice as high as the anaerobic
bacterial counts from all cats (P=0.013).

Anaerobic bacterial counts did not show a consistent pattern
throughout the study (Fig. 4). Cat 2 of the control group showed an
increase of anaerobic count after the second and fourth feed but this was
not statistically significant (P=0.38). Cat 6 of the treatment group also
showed an increase of anaerobic count after the fourth feed.

The total bacterial count was recorded and was the sum of total
aerobic and total anaerobic bacterial count for each cat in the
experiment. The results were more representative of the aerobic bacterial
count as the high number of aerobic bacteria overshadowed those of the
anaerobic bacteria (Fig. 5). The total bacterial count increased only after
the second feed for the control group except for cat 2 which showed a
sharp rise after the first feed. Following the second feed, total bacterial
count increased for all cats of both the control and treatment groups but
the increase was not statistically significant (P>0.05).

Feed OVA Feed OVA Feed OVA Feed OVA
i 1 1 .
! ‘ { l
| 8 b ' .
I | P 2 = 1 1]
D15 | | D620 | | D3135 | | D46-50 ‘ ji
I I :
E L
| | Ok
Day 6| Day 21 mi 36 Day 51
"l 2 | |
| I i
. l - v
i i i biopsies
Gut biops: gut biopsy gut biopsy gut )
D:od;nl;i);spiﬂte Duodenal aspirate Duodenal aspirate Duodenal aspirate

Fig. 1: Experimental protocol.

Test cats were fed ovalbumin (OVA) for five consecutive days, control
cats were maintained on chicken based diet; the feeding regime was repeated
four times with rest interval of ten days where all cats were fed a chicken based
diet with no OVA. Breath hydrogen test was formed the day after endoscopy.
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Fig. 2: Haematoxylin and Eosin-stained sections of duodenal biopsies
from study group cats.

Sections of duodenal biopsies from control cats (a & b) showing
normal architectural and cellular structure; and from OVA- fed cats (¢)
showing slightly thickened villus and mild increase in cellular
infiltration of the laminal propria of both villous and crypt areas.
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Aercobic Bacterial Counts from Duodenal Aspirates of Experimental
Cats
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Fig. 3: Aerobic bacterial count of duodenal aspirates collected from
control and treatment groups.

Treatment group (cats 4, 5 and 6) was fed 7.5 gm of ovalbumin mixed with their diet

for 5 days of a four-feeding cycle regimen. Control group (cats 1, 2 and 3) did not

receive any ovalbumin with their diet throughout the experiment. Baseline 1 and 2

represent the pre-feeding time points for the treatment group.

Anaerobic Bacterial Count from Duodenal Aspirates of Experimental
Cats
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Fig. 4: Anaerobic bacterial count of duodenal aspirates collected from
control and treatment groups.

Treatment group (cats 4, 5 and 6) was fed 7.5 gm of ovalbumin mixed with their diet

for 5 days of a four-feeding cycle regimen. Control group (cats 1, 2 and 3) did not

receive any ovalbumin with their diet throughout the experiment. Baseline 1 and 2

represent the pre-feeding time points for the treatment group.
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Total Bacterial Count from Duodenal Aspirates of Experimental

Cats
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Fig. 5: Total bacterial count of duodenal aspirates collected from control

and treatment groups.
This represents the sum of the total aerobic and anaerobic count for each
cat throughout the experiment.

DISCUSSION

Numerous studies have been performed to characterize the
pathogenesis of inflammatory bowel conditions in various species. The
role of bacteria, in particular the possibility that commensal organisms
are a target for an aberrant intestinal immune response is yet to be
investigated in the cat. Recent data have suggested an association
between intestinal inflammation, loss of mucosal integrity and the loss
of tolerance to commensal flora (Duchmann et al., 1995). Therefore, this
study has attempted to investigate the effect of the introduction of
ovalbumin into the diet of cats, upon intestinal flora and intestinal
absorptive function and hence, an association to gut inflammation. The
experiment was designed to compare the response between a group of
cats fed ovalbumin as a novel dietary antigen, and a group of control
cats. The small number of cats per group is a limitation that could not be
avoided in these experiments due to high cost of maintaining cats. All
cats were sampled before the start of feeding to obtain baseline values so
that each cat acted as its own control to compensate for the low cat
numbers per group.
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Changes suggestive of an inflammatory process was detected in
biopsies from treatment group cats after the second feed in the form of
villous stunting, neutrophil and macrophage infiltration of the lamina
propria of duodenal biopsies. One cat showed these changes after the
third and fourth feeds. Control cats were described as normal throughout
the experiment, which implies that the mild inflammatory changes
observed in the treatment group were a result of introducing a novel
dietary antigen into the diet of cats

Breath hydrogen xylose test was used to evaluate absorptive
function of the small intestine as an indication of any abnormality that
may result or accompany the introduction of a novel dietary antigen.
Xylose is a naturally absorbable carbohydrate; if it has not been
absorbed following ingestion then hydrogen excretion increases in
affected cats (Papasouliotis ef al., 1998). Of the control group, two cats
had abnormal BH,X test results before the start of the experiment and
after the third feed. Only cat 6 (control) had abnormal results following
the second and fourth feeds. This result may be accidental since these
cats never received ovalbumin during the experiment and never showed
other signs of gastrointestinal disorder. One of the treatment group cats
showed increased H, excretion before the start of the experiment, two
after the second, and one after the third and fourth feeds. Such
inconsistencies have been previously reported by Papasouliotis and
coworkers, when only two cats out of ten had abnormal BH>X test
values suggestive of malabsorption (1998). These are common problems
encountered with feline research due to individual variations.

The bacterial count of duodenal aspirates included that of aerobes
and anaerobes. The aerobic bacterial count started low (baseline 1 and 2)
and then significantly increased in duodenal aspirates from all cats with
the introduction of ovalbumin into the diet of treatment group. The
quality of aerobes also changed with the experiment as more bacterial
species were isolated after the first feed than before the start of feeding
from both groups of cats (Table 2). Cats are fastidious groomers; they
groom themselves and others in the same social group as part of their
normal behavior. This could explain why the increase of bacterial count
was not restricted to treatment group that received ovalbumin. Intestinal
bacteria passed in faeces is found in all cats, which also explains the
presence of Streptococcus faecalis in duodenal aspirates and also
explains the increase in bacterial counts in all cats after the start of
feeding and not during the baseline time points. The anaerobic bacterial
count was lower than aerobic bacterial count and there was not a clear
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pattern to the increase in numbers. The quality of anaerobic bacterial
species was less varied than that of aerobes.

Overall, the increase in the number of aerobic bacteria despite its
significance does not qualify as SIBO. In human, SIBO which may
result from intestinal stasis is common in malabsorption syndrome
(Ghoshal er al., 2006). However, it is still not well-defined in veterinary
practice (Johnston, 1999) and has proven difficult to diagnose in dogs
and bacterial counts were found to vary on repeated sampling (Willard et
al., 1994). Veterinary clinicians commonly refer to SIBO in dogs as
antibiotic-responsive diarrhoea (ARD). German and others studied a
group of dogs with enteropathies and ARD and found that there was no
significant difference between the two groups in terms of intestinal
bacterial numbers and concluded that the value of quantitative duodenal
bacteriology for SIBO in the investigation of canine gastrointestinal
disorders is questionable (2003). On the other hand, it has been
suggested that SIBO may be associated with mild mucosal damage
undetected on histological examination of intestinal biopsies (Rutgers et
al., 1996). "

From the above, it could be suggested that introducing
ovalbumin to the diet of cats resulted in a mild mucosal damage which
led to the significant increase in the aerobic bacterial count and quality
in the small intestine of treatment group. The feline grooming habits,
may have been the cause of the increase in aerobic bacterial count in the
control group especially that this increase was more consistent after the
second feed rather than the first as with the treatment group.

It could be therefore concluded that dietary change can lead to
mild mucosal damage or inflammation which in turn may affect the
intestinal bacterial flora in cats. Such changes have an effect on the gut
associated lymphoid tissue response as demonstrated by the mild
infiltrative changes in duodenal biopsies from fed cats and could be
therefore, involved in the pathogenesis of enteropathies in felines.

Further work should be carried-out on the mucosal immune
response to such increases in aerobic counts and types in the small
intestine. This could be important in elucidating the pathogenesis of
idiopathic gastrointestinal inflammation and hypersensitivity and will
help in understanding how such conditions should be approached.
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