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Abstract

Objectives The aim of the study was to describe faecal consistency, prevalence and risk factors for diarrhoea and
constipation in a rescue cat population.

Methods Faecal samples in litter trays from a stratified random sample of cats in pens at 25 UK rehoming centres
were scored for consistency in two discrete time periods, summer and winter. A six-point scale was used, with
diarrhoea <3, severe diarrhoea <2 and constipation as 6. The effect on faecal consistency of age, number of cats
per pen and season was investigated using multivariable hierarchical logistic regression with centre and pen as
random effects. Intraclass correlation coefficients were used to estimate the effect of pen and centre.

Results Overall, 11.9% (95% confidence interval [Cl]:10.4-13.7) of cats had diarrhoea, 2.4% (95% CI 1.6-3.7)
had severe diarrhoea and 5.6% (95% CI 4.2-7.5) were constipated. The prevalence of diarrhoea (median 11.0%,
interquartile range [IQR] 5.0-14.5%) and constipation (median 4.2%, IQR 1.8-5.9) varied at the centre level.
Diarrhoea was associated with being a kitten (odds ratio [OR] 2.54, 95% CI 1.45-4.46; P = 0.001) and being in a
multi-cat pen (OR 1.24, 95% CI 1.04-1.48; P = 0.02) but not with season (OR 0.99, 95% CI 0.55-1.77; P = 0.96).
Severe diarrhoea was associated with senior cats (OR 4.66, 95% Cl| 1.25-17.44; P = 0.02). Constipation was
associated with increasing age (OR 1.01; 95% CI 1.00-1.01; P = 0.02) and winter (OR 0.43, 95% CI| 0.21-0.89;
P = 0.02). Both diarrhoea and constipation showed moderate correlation with pens within a centre.

Conclusions and relevance From IQRs, we suggest acceptable levels for diarrhoea and constipation of 11% and
4%, respectively, targets of 5% and 2%, and intervention at 15% and 6%. Increasing age was associated with
decreased risk of diarrhoea and increased risk of constipation. However, severe diarrhoea was associated with
being a senior cat. Season (winter) was a risk factor for constipation; multi-cat pens were a risk factor for diarrhoea.
Describing the prevalence and risk factors for diarrhoea and constipation in cats will assist their management in
this population. Understanding and managing constipation may be more important than interventions to reduce
severe diarrhoea.
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Introduction

Faecal consistency is an important indicator of gut
health. Scoring systems have been developed for humans
and animals,'- but there are few published quantitative
data on the distribution of faecal consistency scores in

Rescue and re-homing shelters offer the opportunity
to present population-based data on feline health. To
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any population. Feline diarrhoea and constipation are
cited as common clinical problems,” but their preva-
lence in the general cat population is unknown.
Surveillance data from referred populations indicates
that diarrhoea accounts for 1.8% (95% confidence inter-
val [CI] 1.6-2.0%),1° 3.2% (95% CI 2.6-3.8)"* and 2.6%
(95% CI 2.1-3.1)12 of the reasons for veterinary consulta-
tions. There are no data describing the frequency of
constipation.1012
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date, this has focused on seroprevalence studies,!314 the
detection of infectious agents'>'8 and feline behav-
iour.'20 Here we report representative data on the distri-
bution of faecal scores in cat populations in 25 rehoming
centres or shelters in the UK, and the influence of age,
season, and multi-cat pens on faecal consistency.

Materials and methods

Study population and design

The study population and design have been described in
detail elsewhere, for investigation of the prevalence and
genotypic diversity of rotavirus in UK cats.!® Briefly, the
population comprised cats held in the 25 UK rehoming
or adoption centres run by the UK’s largest feline wel-
fare charity, Cats Protection. These centres are widely
distributed geographically (Figure 1), and vary in size
and construction, accommodating between 12 and 202
cat accommodation units (pens).!®

Two cross-sectional studies were undertaken, in win-
ter (3 February to 30 March) and summer (29 May to 17
August) 2012, to account for seasonal breeding and the
consequent changes in demography. Centres were strati-
fied by size (small, medium and large) and randomly
allocated to the two collection periods (Figure 1).'8 This
gave 12 centres for study in the winter and 13 for study
in the summer.

The unit of sampling was the pen. Cats were housed
individually unless they presented at the centre as a
compatible pair, or as a related group (eg, a litter of kit-
tens with queen). In a few centres, long-stay cats were
kept together in a group of more than two. All pens con-
taining at least one kitten and a random sample of those
housing one or more adult cats were selected. Kittens
were defined as cats aged <6 months. The sample size
was calculated to allow one case of any faecal score to be
detected at or above a prevalence of 2%, with 95% confi-
dence and 1.3-1.9% precision.

Recording sheets were used to transcribe exposure
data from a number of sources, including the centre
admission records, pen data recording sheets, veterinary
records, Cats Protection database (‘PAWS’: an out-
sourced software programme [Claws, https://www.
advancednfp.com/downloads/product-brochures/
claws-product-brochure.aspx] with Cats Protection
internal data) and from observation of pen content.

Sample collection and processing

Faecal samples were collected from litter trays and,
where necessary, the pen floor by two operators between
6.30 am and 12.00 pm (noon) on the first day of the study
visit; where faeces were not present, cats were monitored
for the duration of the visit. In dual occupancy or multi-
cat pens (if cats were not directly observed to defaecate),
when the number of faecal deposits was equal to the
number of cats in the pen, deposits were randomly
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Figure 1 Distribution of Cats Protection adoption centres
across the UK, indicating in which season faecal collection
was performed. NCAC = National Cat Adoption Centre

assigned to each cat. This was based on the premise that
most healthy cats usually defaecate no more than once
overnight. Kitten stools were differentiated from adult
ones based on diameter/size. In multiple occupancy
pens, when the number of faecal deposits exceeded the
number of cats, each deposit was sampled and, where
necessary, recorded as ‘pooled sample from more than
one cat’. In single-cat pens with multiple deposits, all
deposits were sampled and recorded as “pooled sample
from an individual’. Faecal consistency was graded 1
(watery) to 6 (hard, dry) using the Cats Protection Faecal
Scoring System (Figure 2), a modified version of the
Bristol Stool Scale (Meyers Scale).!

Statistical analysis

Prevalence of individual faecal scores was estimated
using the svy commands in STATA (StataCorp) to adjust
for stratification by season and clustering by centre and
pen. Sampling weights were adjusted for those cats that
did not defaecate on the day of collection.

Two definitions of diarrhoea were used: a faecal score
of <3 (diarrhoea) and a faecal score of <2 (severe diar-
rhoea). Constipation was defined as a faecal score of 6.

Using the melogit commands in STATA, hierarchical
uni- and multivariable logistic regressions were used to
examine associations between diarrhoea or constipation
and centre, pen, age and season. Odds ratios (OR) and
95% CI were calculated. Intraclass correlation coefficients
were estimated using the estaticc command. Age was
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GRADE APPEARANCE DESCRIPTORS Table 1 Overall distribution of faecal scores
Faecal score Frequency  Percent 95% ClI
1 Liquid, watery faeces 1 8 0.5 0.2-1.0
2 &8 2.0 1.3-2.9
3 160 9.5 8.3-10.8
4 344 20.4 17.7-23.4
Mostly unformed stools; 5 1046 62.0 58.8-65.2
2 . (6] 95 5.6 4.2-7.5
" | watery faeces with lumps
‘ Total 1686 100.0
1 Cl = confidence interval
: Approximately 50%
3 formed stools in softer 8.4-1.9) in winter (P <0.01). The proportion of senior cats
stools was 7.7% overall (127/1657; 95% CI 6.0-9.7); 10.6% in
winter (68/644; 95% CI 8.1-13.6) and 5.8% (59/1013; 95%
i CI 3.9-8.6) in summer.
Mostly formed stools with
4 a very small amount of Faecal scores
softer stool The distribution of faecal scores is shown in Table 1. The
majority of samples were faecal score 5.
All firm, well-formed Prevalence of diarrhoea
5 When adjusted for stratification by season and centre,
stools . . .
and clustering by pen, the estimated prevalence of diar-
rhoea <3 in the overall cat population was 11.9% (95%
CI10.4-13.7) and that of diarrhoea <2 was 2.4% (95% CI
Small, very hard faecal 1.6-3.7). When individual centres were considered, the
6 llet prevalence of diarrhoea <3 varied from 0-22.6%
petle (Table 2). The median was 11.0% (interquartile range
[IQR] 5.0-14.5%). There was a statistical difference in the

Figure 2 Cats Protection Faecal Scoring System. Copyright
Cats Protection. Used with permission

modelled as a continuous and as two binary variables: kit-
tens and senior cats. These were offered to separate multi-
variable models. Kittens were cats <6 months old and
senior cats were =11 years (132 months), as suggested by
the American Association of Feline Practitioners—
American Animal Hospital Association guidelines.?!

Ethical approval

This study was approved by the University of Liverpool
Veterinary Research Ethics Committee (VREC20) and
the Cats Protection ethical review committee.

Results

Population

In total, 1727 faecal samples were collected and scores
were available for 97.6% (1686/1727) of them. Overall,
33.5% of the population were kittens (565/1686; 95% CI
28.2-39.2). The proportion of kittens was much greater in
the summer than in winter months; 47.6% in summer
(485/1019; 95% CI1 42.2-53.1) and 12.0% (80/667; 95% CI

prevalence of diarrhoea <3 between centres (P = 0.03).

Risk factors for diarrhoea
Diarrhoea <3 was associated with age and number of cats
per pen in univariable analysis. The odds of diarrhoea
=<3 decreased with age, with an OR of 0.99 (95% CI 0.99-
1.0; P = 0.04) for every month increase in age. This rela-
tionship was non-linear and the effect was more evident
when the binary variable ‘kitten” was used to compare
cats aged <6 months with the rest of the population. The
OR was 3.5 (95% CI 2.1-5.7; P <0.001). There was no
association between diarrhoea <3 and being a senior cat
(OR 1.3, 95% CI 0.58-2.89; P = 0.53). The more cats per
pen the greater the odds of having diarrhoea <3. The OR
was 1.42 (95% CI 1.20-1.68; P <0.001) for each additional
cat. There was no association between the summer sea-
son and diarrhoea <3 when compared with winter (OR
1.6, 95% CI 0.96-2.6; P = 0.07). When adjusted for con-
founding, diarrhoea <3 was associated with being a kit-
ten and the number of cats per pen, but not with season,
being a senior cat or age modelled as a continuous vari-
able (Table 3).

In contrast, diarrhoea <2 was not associated with age
(OR 1.0, 95% CI 0.99-1.01; P = 0.61), being a kitten (OR
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Table 2 Prevalence of diarrhoea at individual rescue centres

Data are presented in order of ascending prevalence

Cl = confidence interval; NE = not estimated

Table 3 Risk factors for diarrhoea <3 identified by
multivariable analysis

Table 4 Risk factors for diarrhoea <2 identified by
multivariable analysis

OR = odds ratio; Cl = confidence interval

1.8, 95% CI 0.69-4.49; P = 0.24), number of cats per pen
(OR 1.24, 95% CI 0.92-1.67; P = 0.16) or season (OR 1.2,
95% CI 0.3-3.8; P = 0.87). However, it was associated
with being a ‘senior’ cat (OR 3.95, 95% CI 1.15-13.65;
P = 0.03). When adjusted for confounding, senior cats
remained significant (Table 4).

OR = odds ratio; Cl = confidence interval

The effects of clustering of populations by centre and
by pen within centre (Centre and Centre >pen in Tables
3 and 4) on the occurrence of diarrhoea was investigated
using the residual intraclass correlation coefficients
(ICC) obtained after developing the multilevel models
for diarrhoea <3 and diarrhoea <2 (Table 5).
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Table 5 Residual intraclass correlation coefficients (ICC)

Cl = confidence interval

Table 6 Prevalence of constipation in different centres

Data are presented in ascending order of prevalence
Cl = confidence interval; NE = not estimated

There was moderate correlation between diarrhoea
and cats in the same pen within a centre (51.5% and
64.6% for diarrhoea <3 and diarrhoea <2, respectively)
but poor correlation with being in the same centre (0.1%
and 15.3%, respectively).

Prevalence of constipation

The prevalence of constipation was 5.6% (95% CI 4.2—-
7.5). The prevalence in individual centres varied from
0-19.7% (P <0.001) (Table 6). The median prevalence
was 4.2% (IQR 1.8-5.9).

Risk factors for constipation

In univariable analysis, constipation was associated with
age and season but not with the number of cats per pen.
The odds increased with age (OR 1.01, 95% CI 1.00-1.01;
P = 0.005) for every monthly increase in age. Kittens
were at a reduced risk of constipation (OR 0.24; 95% CI
0.11-0.55; P = 0.001).

The mean age of constipated cats was 63.1 months
(95% CI 53.1-73.0) compared with 40 months (95% CI
35.4-46.34) for cats with a faecal score <6 (P <0.001).
Based on these data, a binary variable was created using
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the average of 50 months of age as a cut-off; the odds of
older cats being constipated was 2.12 (95% CI 1.11-4.05;
P = 0.02). However, senior cats (>11 years), showed no
increase in odds of being constipated (OR 1.14, 95% CI
0.40-3.29; P = 0.81) when compared with the rest of the
population.

Summer months were associated with a reduced risk of
constipation (OR 0.36, 95% CI 0.17-0.78; P = 0.01). There
was no association between constipation and the number
of cats per pen (OR 0.86, 95% CI 0.67-1.12; P = 0.26).

When adjusted for confounding, both season and age
remained in the multivariable model. This was seen con-
sistently when age was represented as a continuous vari-
able, as kittens <6 months (OR 0.26, 95% CI 0.11-0.64;
P = 0.003) or cats >50 months (OR 1.86; 95% CI 1.0-3.47;
P = 0.05). The data for age, season and cats per pen are
shown in Table 7.

The residual ICC indicated that constipation was
moderately correlated with being in the same pen within
a centre (ICC 0.515, 95% CI 0.276-0.748) but poorly cor-
related with being in the same centre (ICC 0.028, 95% CI
0.003-0.204).

Discussion
It is often stated that diarrhoea is common in cats housed
in animal shelters,?? but there are few representative data
on the distribution of feline faecal scores in rescue catter-
ies. In this cross-sectional study of 1727 cats in 25 rescue
catteries in the UK, the overall prevalence of diarrhoea
was 11.9% (95% CI 10.2-13.7). Severe diarrhoea, classed
as <grade 2, was only observed in 2.4% (95% CI 1.6-3.7)
of cats. This is considerably less than the overall estimates
of 28.6% (95% CI 22.9-34.6) and 53.6% (95% CI 47.0-60.1)
reported by Bybee et al.2> These authors used a seven-
point faecal score, where 1/7 described hard dry faeces
and 7/7 watery diarrhoea. However, diarrthoea was
defined as score =4, which, by descriptors, incorporated
an equivalent to our ‘normal” score of 4/6 (Figure 2 and
Table 1). Conversely, the prevalence from our study was
more than that recorded in a study of Campylobacter spe-
cies in a rescue cattery, where only one of the 58 cats sam-
pled (1.7%, 95% CI 0.09-8.20) was reported to have
diarrhoea, and no faecal scoring system was used.!”
Surprisingly, the prevalence of constipation (5.6%,
95% CI 4.2-7.5) was more than double that of severe
diarrhoea (2.4%, 95% CI 1.6-3.7), suggesting that, in
numerical terms, constipation may be a greater problem
in this population than severe diarrhoea. Constipation is
defined as infrequent or difficult evacuation of dry, hard
faeces. In this study, voiding dry, hard-grade faeces
was used as a measure of constipation; neither frequency
nor ease of defaecation was recorded. In humans, faecal
consistency is correlated with gut transit time and con-
stipation,!?* and it seems reasonable to assume that this
is also the case in cats.

Table 7 Risk factors for constipation identified by
multivariable analysis

Variable OR 95% ClI P value
Fixed effects

Age 1.01 1.00-1.01 0.02

Season (summer 0.43 0.21-0.89 0.02

Vs winter)

Cats per pen 0.94 0.75-1.18 0.59
Random effects

Centre 0.19 0.02-1.63

Centre >pen 8.3l 1.13-9.67

OR = odds ratio; Cl = confidence interval

Three potential risk factors for diarrhoea and consti-
pation were examined: age, number of cats per pen and
season. The influence of the individual centre and indi-
vidual pens within a centre was also examined using
ICCs. The use of hierarchical logistic regression models
is a valuable way of identifying the variance associated
with each hierarchical level 27

Being a kitten (OR 2.54, 95% CI 1.45-4.46; P = 0.001)
and living in a multi-cat pen (OR 1.24, 95% CI 1.04-1.48;
P = 0.02) were associated with diarrhoea. There was also
amoderate correlation with being in the same pen within
a centre (ICC 0.515, 95% CI 0.372-0.655). Faecal consist-
ency may be influenced by dietary components, infec-
tious and non-infectious diseases, dehydration, stress
and environment. The increased risk of diarrhoea in
multi-cat pens in this study suggests either that trans-
missible agents may have contributed to diarrhoea or
that some other effect, for example stress from higher
stocking densities, influenced faecal consistency.
Unacquainted cats were not penned together. This effect
was independent of age and so applied to adult cats, as
well as kittens. The only infectious agent investigated in
this study was rotavirus, and this was not associated
with diarrhoea.’® However, the samples are stored at
-80°C and are available for collaborative analysis.

Diarrhoea is a common clinical sign in the young of
all species and the association with being a kitten was
not surprising. To our knowledge, the OR of 2.54 esti-
mated here is the first quantitative estimate of the
increased risk of diarrhoea in kittens. More surprising
was that severe diarrhoea (diarrhoea <2) was associated
with being a senior cat. Observation of a bimodal age
distribution of severe diarrhoea gave us reason to inves-
tigate this. Senior cats have been classified as those >11
years of age.?! When this definition was used, these cats
were at increased risk of having severe diarrhoea (OR
4.66; 95% CI 1.25-17.44; P = 0.02). There was no effect of
number of cats per pen or season. The reason for this
association with senior cats is unclear; it may represent
increased susceptibility to gastrointestinal infection, or a
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chronic, non-infectious gastrointestinal disease, which
may have influenced relinquishment to the shelter,
increased time to rehoming or return of the cat to the
centre. Interestingly, the ICC of 0.646 (95% CI 0.415-
0.824) indicated a moderate correlation between severe
diarrhoea and clustering of the population at the pen
level (ie, cats being in the same pen within a centre), not
with clustering at the centre level (ie, cats being in the
same centre) (ICC 0.153; 95% CI 0.043-0.421).

The ICCs suggested that if diarrhoea is attributed to
an infectious agent, the management routines and
hygiene standards within the centres are effective in con-
fining infection to individual pens rather than promot-
ing spread throughout the centre. The partitioning of the
residual variance to ‘pen within a centre” rather than the
centre itself provides the evidence for this. This was also
suggested as a reason for the scarcity of transmission
events in a longitudinal study of calicivirus in a smaller
UK shelter cat population.?

Constipation was associated with age, but in contrast
to diarrhoea the risk increased with increasing age. The
odds increased by 1.01 for every monthly increase in age.
This effect of age has also been reported in humans.?
The absence of an association with the number of cats
per pen argues against an infectious component of con-
stipation, or a stocking density effect. However, there
was an association with season. Interestingly, the risk of
constipation decreased in the summer months when
dehydration might be expected to be more common (OR
0.43; 95% CI 0.21-0.89). Increased physical activity has
been associated with a decreased risk of constipation in
humans,®3! and it is possible that the design of cat
accommodation in these centres, indoor heated areas
and outdoor exercise areas means that cats are more
active in the summer months. It is also possible that the
location of drinking bowls and litter trays in the outdoor
compartments of the cat pens discourages cats from
drinking or defaecating during the colder months. Like
rats,®? goats® and cattle,? cats may also prefer warm
water.

To our knowledge, this is the first report of the preva-
lence of constipation in cat shelters. This needs further
investigation to identify additional risk factors. It is pos-
sible that these cats were exhibiting faecal retention due
to stress associated with a recent move into the shelter.
This effect of stress has been reported in elderly
humans.®% Surprisingly few of the studies that have
investigated stress in cats introduced to a shelter have
investigated defaecatory behaviour.1937-%

In addition to their role in identifying risk factors,
population-based surveys have been used in bench-
marking and setting health targets. In this study, the
prevalence of diarrhoea and constipation in different
centres showed wide variation, from 0-22.6% and from
0-19.7%, respectively. While the presence of zero

prevalence in some centres demonstrates that this is
achievable, lower, median and upper quartile values
may provide more realistic benchmarks or targets. This
study suggests that target levels for diarrhoea could be
set at 5%, with 11% as acceptable, and 15% as a level
requiring intervention or investigation; for constipation,
target levels of 2% (optimal) and 4% (acceptable), with
intervention above 6%. However, while the use of tar-
gets and benchmarking in health is common,**2 their
value is controversial.#>-4 Contention relates to the selec-
tion of targets,* methods of measurement,*” uncertainty
around target interpretation,*®° and the ‘gaming’ and
‘effort substitution’” human behaviours that they
invoke.#% Although this study provides representative
cross-sectional prevalences of diarrhoea and constipa-
tion in individual centres housing this population, the
ICC indicates that centres accounted for very little of the
variance within the data. This suggests that using meas-
ures of diarrhoea or constipation as indicators of perfor-
mance of individual centres or targeting interventions at
the centre level rather than the pen or cat level may have
little impact.

Conclusions

This study identifies constipation as a more prevalent
problem than severe diarrhoea in rescue catteries. It sets
normal prevalence targets for constipation and diar-
rhoea and suggests levels at which interventions should
occur. Quantitative estimates of the effect of age, number
of cats per pen and season, and the influence of hierar-
chical clustering by centre and pens within centres are
provided. The evidence suggests that current hygiene
protocols and centre management appear to prevent
pen-to-pen spread of infectious agents. Understanding
the risk factors for diarrhoea and constipation in shelter
cat populations will further facilitate improvements in
feeding and management.
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