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The morbidity and the spectrum
of applied drugs in shelter cats
in the Czech Republic
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Vladimir Vecerek! and Lenka Tomeckova?

!Department of Animal Protection and Welfare and Veterinary Public Health, University of Veterinary
Sciences Brno, Brno, Czechia, ?Department of Public Veterinary Medicine and Animal Welfare, The
University of Veterinary Medicine and Pharmacy in KoSice, Kosice, Slovakia

Maintaining appropriate living conditions and good health of the animals
should be one of the main priorities of cat shelters. The aim of this study was
to assess the morbidity of shelter cats on the basis of analysis of the shelter
health records in terms of the nature and quantity of medicaments and other
supportive products administered in two no-kill shelters in the Czech Republic.
The subject of the study were the health records of 1,884 cats, which were
admitted to the selected shelters from 1.1.2013 to 31.12.2021 and their stay in
the shelter was terminated in the monitored period. More than half of all cats
whose records were analyzed had at least one health record made during their
stay in the shelter. The overall length of stay of cats in the shelter (regardless
of the outcome) in which one or more health records were found was
significantly longer compared to the length of stay of cats without any health
records. The highest number of health records was found in kittens <6 months
old. Antibiotics, antiparasitics, and complementary/protective substances were
the most used among all administered drugs. Broad-spectrum antibiotics
have been administered to cats most often. In terms of classification of
antibiotics according to the active substance, the most used antibiotics were
penicillins, tetracyclines, and fluoroquinolones. Antibiotics were mostly used
to treat diseases related to the upper and lower respiratory tract and their
symptoms and gastrointestinal problems. The findings of the study contribute
to understanding health problems and approaches to treating the shelter cats.
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Introduction

Shelters represent facilities with a high concentration and dynamics of animals,
which, from an epidemiological point of view, is a predisposing factor to the development
of health disorders (1). Similarly, from an ethological point of view, the increased
concentration of animals is a detriment to the development of good living conditions in
species normally living primarily solitary lives. For many cats, the shelter environment is
very stressful (2) due to the exposure to the new stimuli and the overall lack of control
over the environment (3). Stress significantly increases animal morbidity, weakens the
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immune system (4) and is associated with the development of
gastrointestinal diseases (5). Stress also affects the development
of idiopathic cystitis (6) and dermatological problems (7). A
link was also found between inactivity and the development
of diabetes and obesity (8, 9); stress in cats often manifests in
the form of inactivity (7). A deterioration in at least one of the
monitored health indicators over the stay at a shelter was found
in as many as 41.6% of cats (10).

The level of morbidity in a shelter is related to two groups
of factors. Firstly, aspects that can be regulated to a certain
extent as they are related to the environment of the shelter
(type of housing for cats, its division and equipment) and the
application of disease control measures (preventive sanitary
strategies leading to the effective removal of pathogens from
the environment, placing admitted individuals in quarantine,
isolation of individuals with symptoms of the disease, level
of veterinary care provided). Maintaining appropriate living
conditions of the population should be one of the main priorities
of shelters, as good animal health is a factor that increases
adoption potential (11-13) and shorten length of stay in the
shelter. The quality of the veterinary care provided in the shelter
is related to the capacity of the shelter, the type of shelter, its
financial capabilities, the presence of qualified staff, equipment
and other factors; its level may therefore vary significantly
among facilities (14). A need to decide whether and under what
circumstances to provide an animal with costly care or whether
euthanasia is more viable, especially considering other animals
in need, is in practice a common issue.

The second group of factors related to morbidity includes
factors that can be influenced by the facility only to a
small extent because these are related to the history and
condition of the individuals admitted. As we reported in
our recent study (10), a deterioration in health concerned
as many as 54.5% of cats admitted to the shelter. Marston
and Bennett (15) reported half of all animals admitted to the
shelter in Australia showed symptoms of upper respiratory
tract infection, 30% of cats admitted were not in optimal
body condition and 10.9% of cats had older or newer
injuries present.

The task of the shelter veterinarian is to choose the
most effective treatment for the animals, taking into
account the risk of endangering the entire population of
the shelter animals in the event of the introduction of
the disease. The choice of a particular medicinal product
should also be preceded by consideration of possible
side effects, costs (16) and the least stressful route of
administration. If antibiotics are used, the possibility of
the development of antibiotic resistance should also be taken
into account (17).

The aim of this study was to assess the morbidity of shelter
cats on the basis of analysis of the shelter health records in terms
of the nature and quantity of medicaments and other supportive
products administered in no-kill shelters in the Czech Republic.
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Materials and methods

Study site

For the purposes of the study, cooperation was established
with two private no-Kkill shelters with group housing of cats in
the Czech Republic. Facilities were selected on the basis of the
method of keeping records - in the Czech Republic, facilities
providing care to stray and abandoned animals do not incur a
legal obligation to keep records regarding the health condition
of animals and administered medicinal products, therefore,
a considerable number of establishments do not keep such
records. The facilities were also selected taking into account
the similarities in management and the way the animals are
housed. The capacity of shelters was 100 (Shelter A) and 25
animals (Shelter B) in the monitored period. In both shelters, the
animals were housed in a group (in Shelter B, cats were housed
in a single group of animals, in Shelter A, there were several
groups of cats). Both shelters are set up in a residential area,
Shelter A is operated in a private house (206 m?), Shelter B in
a private apartment (38 m?). In both facilities, in addition to
the interior, the animals also have access to a roofed outdoor
enclosure with dimensions of 24 m? (Shelter A) and 15 m?
(Shelter B). The total floor area per animal is 2.3 m? in Shelter
A and 2.1 m? in Shelter B. Upon admission to the shelters, the
cats are placed separately (possibly also in a pair or group if they
come from the same environment) in quarantine boxes. The
duration of quarantine depends on the health status and history
of each cat, however, it does not last <5 days in any individual.
While in quarantine, the animals are inspected by a veterinarian
and the basic veterinary procedures are performed (vaccination,
internal and external parasite treatment if necessary). Admitted
animals are also microchipped and, when their health and age
permit, neutered. Neither shelter has its own veterinary facility,
therefore, the animals are transported to a contracted veterinary
clinic for veterinary treatment. In both shelters, animals are
tested upon admission for the presence of antibodies against
feline immunodeficiency virus (FIV) and feline leukemia virus
(FeLV). In Shelter A, the animal care is provided by one caregiver
and three volunteers, and in Shelter B by one permanent
caregiver and one additional volunteer. In both shelters, the
animals are fed ad libitum with dry, granulated food of super-
premium quality supplemented with wet, canned food of various
brands. In both shelters, the animals share bowls for food and
water; they are placed evenly throughout the individual rooms
of the shelters so that each animal can access them. The rooms
used for housing cats are equipped with a number of enrichment
elements in the form of toys, cat trees and elevated places with
spots for hiding. In Shelter A, there are 32 cat toilets of open
and closed type, Shelter B has eight cat toilets of closed type at
its disposal (in both shelters there is one toilet per ~three cats).
Toilets are cleaned daily or as needed. The flooring of the shelters
is cleaned on a daily basis using common disinfectants.
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TABLE 1 Number and LOS of cats admitted to the shelter according to
their sex, age and outcome.

Number of LOS in days

cats (%) (median)
Sex p = 0.4339* p = 0.0504%
Females 955 (50.7)* 39.5%
Males 929 (49.3)* 37.0°
Age p = 0.0000" p=07113%
<6 months 1,120 (59.5) 392
6 < x < 12 months 236 (12.5)¢ 37%
1<x < 8 years 481 (25.5)° 38°
>8 years 47 (2.5)4 342
Outcome p = 0.0000% p = 0.0000%
Adopted 1,540 (81.7)* 42%¢
Death (unassisted or euthanasia) 266 (14.1)° 23.5°
Returned to owner 42 (2.2)° 7¢
Returned to capture site 31 (1.6)° 164
Relocated 2(0.1)¢ 20.50<de
Lost 3(0.2)¢ 63bcd

abedepercentages and medians within a column and the same variable with different
superscript letters differ significantly (p < 0.05).

#Chi-square test.

&Kruskal-Wallis ANOVA (Mann-Whitney U test for sex).

Health records

The subject of the study were the health records of 1,884
cats, which were admitted to the selected shelters from 1.1.2013
to 31.12.2021 and their stay in the shelter was terminated in
the monitored period. The records provided by the shelters
included basic information on the sex and age of the animals
(if the age of an animal was unknown, the approximate age
was determined by the shelter caregiver on admission), the date
of admission to the shelter, the date of end of the stay at the
shelter, the outcome (adoption, unassisted death, euthanasia,
return to the owner, return to the capture site, transfer to
another facility, displacement of the animal), records related to
the treatment (name of the medicinal product, administration
count, reason for administration) and the observed symptoms of
the deteriorated health of the cats. The records did not include
information on surgical procedures and treatment given to cats
at veterinary clinics in case of their hospitalization. In order
to assess the impact of the length of stay (LOS) of cats in the
shelter on the number of medical records, the LOS of each cat
was calculated in days (LOS represented the difference between
the cat’s intake date and the date when its stay in the shelter
was terminated). With regard to the analysis of age as a possible
factor affecting the morbidity of cats, animals were classified into
4 categories by age (kittens: <6 months, young cats: 6 < x < 12
months, adult cats: 1< x < 8 years, old cats: >8 years).
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TABLE 2 Number of cats given a medicaments and other supportive
products.

Number of administrations of Number of cats
medicaments and other

supportive products

1 314 29.2°
2 256 23.8
3 135 12,6
4 83 7.74
5 69 6.4
6 74 6.94
7 44 4.1¢
8 30 2.8
9 15 1.4
10 11 1.0f
>10 44 4.1¢
Total 1,075 100.0

abedefChi-square test - percentages within a column with different superscript letters
differ significantly (p < 0.05).

TABLE 3 Comparison of the number of cats without records and with
health records across four age categories.

Age Number of cats Number of cats with
category without health one or more health
records records
n % n %

<6 months 343 47.18%Y 777 67.16%%
6<x<12 124 17.06% 112 9.68°
months

1< x < 8 years 246 33.840% 235 20.31°%
>8 years 14 1.93%¥ 33 2.854%
Total 727 100.00 1,157 100.00

abedChi-square test - percentages in the same column with different superscript letters
differ (p < 0.05).

*YChi-square test - percentages in the same row with different superscript letters differ (p
<0.05).

For the purpose of the analysis of the type of antibiotics
administered, they were categorized according to their effect
into broad-spectrum, medium to broad-spectrum and narrow-
spectrum. The categorization of antibiotics within this paper
is based on their classification according to the extent
of effect on bacterial flora specified in the Summary of
Product Characteristics (SPC), which is available for each
authorized veterinary or human medicinal product (18).
In addition, antibiotics were also categorized according to
their chemical structure into amphenicols, cephalosporins,
fluoroquinolones, lincosamides, macrolides, nitroimidazoles,
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penicillins, aminoglycosides, potentiated sulfonamides and
tetracyclines (19).

Analyses of the number of administrations of antiparasitic
products included only administrations beyond routine
deworming after admission to the shelter (this administration
was made for the purpose of eliminating internal parasites).
The shelters did not perform a coprological examination of
feces upon admission of each animal, a medicament against
endoparasites was preventively administered to all admitted
animals. Similar to the administration of products against
endoparasites, routine vaccinations and administrations of
drugs to perform euthanasia were not included in the analysis of
the nature and quantity of medicaments and other supportive
products. Cats that underwent only vaccination, deworming
and neutering, and for which no other health record was found
were considered healthy and in the reporting of the results were
designated as animals with no health records.

Statistical analysis

The data were analyzed using the statistical software Unistat
6.5 for Excel (Unistat Ltd., UK). The normality of the data
was verified by the Shapiro-Wilk test (irregular distribution was
found). The Chi-square test was used to analyze differences in
the number of animals in categories of basic variables (sex, age,
method of termination of stay in the shelter). This test was also
used for other analyses, which involved comparing the number
of animals in the created categories, or the number of health
records and medications. The Mann-Whitney U test was used
to verify the impact of sex on the LOS of cats in the shelter
and also to monitor differences in LOS in the shelter until
adoption in cats without health records and with one or more
health records within individual age categories. In the case of
LOS analyses for variables with multiple categories, the Kruskal-
Wallis ANOVA was used. Subsequently, when the effect of the
variable was significant, a non-parametric Tukey-type test was
used as a post-hoc test for pairwise comparisons. The correlation
between the overall LOS or LOS in the shelter until adoption
and the number of health records was verified by Spearman’s
correlation coefficient. The value of p < 0.05 was considered
statistically significant.

Results

Morbidity of the monitored shelter cat
population

A total of 1,884 cats were admitted to the selected shelters
and also ended their stay during the monitored period. The
mean LOS of cats in the shelter was 69.4 days, the median
39 days, the minimum 0 days, and the maximum 1,348 days.
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TABLE 4 Comparison of the LOS of different age categories of cats for
which no health records were made and cats for which one or more
health records were made.

Age category Number of cats Number of cats
without health with one or more
records health records
LOS until adoption LOS until adoption
(median) (median)
<6 months 264 530w
6 < x < 12 months 283X 54bwx
1< x < 8years 30 675
>8 years 37.5%W% 674X

b Mann- Whitney U test - percentages in the same row with different superscript letters
differ (p < 0.05).

WXKruskal- Wallis ANOVA - LOS until adoption in the same column with different
superscript letters differ (p < 0.05).

Table | summarizes the statistical differences in LOS and the
number of cats admitted to the shelter according to their sex,
age and outcome.

Out of 1,884 cats, no health record was found in 727
cats (38.6%). In a significantly (p < 0.01) higher number of
cats (1,157, 61.4%), one or more health records were found.
The overall LOS of cats in the shelter (regardless of their
outcome) in which one or more health records were found
was significantly (p < 0.01) longer (median 51 days) compared
to the LOS of cats without any health records (median 26
days). The LOS of adopted cats in which no health record
was found was significantly (p < 0.01) shorter (median 28
days) compared to the LOS of adopted cats with one or more
health records (median 54 days). The overall LOS of cats in
the shelter significantly correlated (rs = 0.3894, p < 0.01) with
the number of health records, the significant correlation (rs =
0.4092, p < 0.01) was found also between the number of health
records and the LOS of adopted cats.

A total of 4,389 health records were made in the monitored
cat population. Among these, 3,722 records (84.8%) concerned
the administration of a medicaments and other supportive
products, 663 records (15.2%) described a specific condition
or indicator of a deteriorated health (e.g., the presence of
diarrhea). The difference in number between cats that were given
a medicaments or other supportive products at least once (1075)
and the number of cats not given any such product (82) was
significant (p < 0.01). Table 2 summarizes the numbers of cats
that received a medicaments or other supportive products one or
more times. The maximum number of administrations recorded
per animal was 23, the mean number of administrations per cat
was 3.2.

The results of the comparison of the number of cats without
records and cats with health records across four age categories
are shown in Table 3. A significant difference in the number of
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TABLE 5 Impact of age on the number of all health records found and on the number of administrations of medicaments and other supportive

products.
Age category Number of all health
records
n %

<6 months 3,163 72.07*
6 < x < 12 months 337 7.68¢
1< x < 8 years 806 18.36°
>8 years 83 1.89¢
Total 4,389 100.00

Number of health records related to the
administration of medicaments and
other supportive products

n %
2,705 72.68*
283 7.60°
674 18.11°
60 1614
3,722 100.00

a’b’c'dChi-square test - percentages in the same column with different superscripts differ (p < 0.05).

cats without health records and those with health records was
found only in the youngest and oldest age category.

Table 4 shows the results of the comparison of the LOS of
different age categories of cats with regard to the number of
health records found. In cats over 8 years of age, the LOS until
adoption did not differ between animals for which no health
record was found and animals with one or more health records.
In all other age categories, a significant difference in LOS until
adoption was found (p < 0.05).

When comparing the LOS until adoption in animals of
different ages without health records, a significant difference
was found only between the category of the youngest cats
(<6 months) and adult cats (1< x < 8 years). In animals with
one or more records, the result was similar (the youngest cats
remained in the shelter significantly shorter than adult animals).

Among the monitored age categories of cats, the highest
number of health records was found in cats younger than
6 months, similarly, the number of administrations of the
medicaments and other supportive products was the highest in
this category of cats (Table 5).

Spectrum of medicaments and other
supportive products administered to the
monitored cat population in the shelter

During the monitored period, a total of 112 different
products with a therapeutic or supportive effect containing a
total of 127 active or supportive substances were administered
to the monitored population of cats in the shelter. Based on the
mechanism of action and the active substance, the products were
categorized into 22 groups (Table 6).

Antibiotics were the most commonly used among all
administered medicaments. Of the 1,157 cats in which at
least one health record was found, an antibiotic, an antibiotic
in combination with corticosteroids or an antibiotic with
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corticosteroids and other active substances were administered
at least once to 1,023 animals (96.9%) (Table 7). The highest
number of antibiotic administrations in one animal was 17, the
mean number of administrations per cat was 2.6.

As opposed to other purposes, antibiotics were used to a
statistically greater extent (p < 0.01, 52.2%) to treat diseases of
the upper and lower respiratory tract and their symptoms (eye
discharge, conjunctivitis, nasal discharge, breathing difficulties,
visibility of the third eyelid, presence of pathological sounds
related to breathing - cough, sneezing). 28.4% of antibiotics
were administered for the treatment of gastrointestinal problems
(mostly diarrhea, vomiting and loss of appetite), in 7.9%
of cases antibiotic therapy was administered to treat and
suppress non-specific symptoms (apathy, fever, pain). 11.6%
of antibiotics were administered for the prevention and
treatment of secondary bacterial infections in postoperative
care, treatment of wounds and inflammation, as well as for
associated bacterial infections in multisystemic viral diseases
(typically panleukopenia).

In terms of the spectrum of activity, antibiotics were
(Table 8).
antibiotics have been administered to cats most often.

divided into three -categories Broad-spectrum
In terms of classification of antibiotics according to the
active substance (Figure 1), the most used antibiotics were
penicillins (amoxicillin in combination with clavulanic acid
[838 administrations], benzylpenicillin [17 administrations]
and ampicillin [6 administrations]), tetracyclines (doxycycline
[568 administrations]) and fluoroquinolones (enrofloxacin [182
administrations], pradofloxacin [95 administrations], ofloxacin
marbofloxacin

[50 administrations], [38 administrations],

moxifloxacin ~ [2  administrations] and  ciprofloxacin
[1 administration]).

Following antibiotics, the second most often administered
were those with antiparasitic effect (284
7.63%). This the

number of antiparasitic products administered to cats in

medicaments

administrations, number represents

addition to the preventative treatment against internal

frontiersin.org


https://doi.org/10.3389/fvets.2022.1025197
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Vojtkovska et al.

TABLE 6 Number of administrations of medicaments and other
supportive products used to treat the monitored cat population
during the stay in the shelter.

Category of products (number of Number of
products included) administrations

of the product

n %

Antibiotics (42) 2,552 68.57°
Antibiotics in combination with corticosteroids (6) 67 1.80°
Antibiotics in combination with corticosteroids and 70 1.88f
other active substances (3)
Corticosteroids (6) 31 0.838
Antiparasitics (9) 284 7.63°
Antifungals (4) 53 1.42f
Antivirals (1) 5 0.13M
Non-steroidal anti-inflammatory drugs (NSAIDs) 101 2.71¢
@
NSAID in combination with other active substances 1 0.03!
1
Analgesics and spasmolytics (2) 8 0.21"
Complementary and protective substances (8) 194 521
Choleretics (1) 169 4,544
Antiemetics (2) 102 2.74¢
Antidiarrheals (2) 7 0.19M
Laxatives (1) 1 0.03!
Diuretics (1) 5 0.13h
Vasodilators (2) 7 0.19M
Anticoagulants (1) 1 0.03
Antihypertensives' (2) 2 0.05M
Anticonvulsants and anxiolytics (2) 2 0.05M
Selected products for immunomodulation? (6) 55 1.48f
Special treatment® (3) 5 0.13h
Total (112) 3,722 100.00

a1 Chi-square test - percentages in the same column with different superscript letters
differ (p < 0.05).

IEye beta-blockers (1; 0.03%); angiotensin-converting enzyme inhibitors (1; 0.03%).
2Immunoglobulins (15; 0.40%); immunostimulants (19; 0.51%); interferons (18; 0.48%);
antihistamines (3; 0.08%).

3Treatment of incontinence (1; 0.03%); treatment of hyperthyroidism (1; 0.03%);
treatment of neurological problems (3; 0.08%).

parasites upon arrival at the shelter. Products to treat
roundworms, flatworms and coccidia were administered
to the cats 122 times (the active substances of these
products were fenbendazole [87 administrations], toltrazuril
[32 administrations] and emodepside in combination with
toltrazuril [3 administrations]), ivermectin-based products
to treat ear mites were administered 114 times. Therapeutic
products containing fipronil for flea and lice elimination
were administered 47 times. A medicament affecting both

internal and external parasites (combination of fipronil,

Frontiersin Veterinary Science

06

10.3389/fvets.2022.1025197

metoprene, eprinomectin and prazinquantel) was administered
only once. In terms of statistical significance, the number
of administrations of products for endoparasite elimination
(flatworms/roundworms and coccidia) was significantly lower
(p < 0.05) than the number of administrations of products used
for ectoparasite elimination (ear mites, fleas and lice) (122 and
161, respectively).

Complementary and  protective  substances  were
194 (5.21%) of

probiotics (administered four times) and products based

administered times and comprised
on vitamins and minerals (administered 190 times). In all
cases, these products were administered to compensate for
malnutrition, gastrointestinal problems or general weakness.
Choleretics (administered 169 times, 4.54%, active substance
methylphenoxypropionic acid) were administered to animals for
the treatment of liver failure, loss of appetite, diarrhea, vomiting
and as an adjuvant in the treatment of panleukopenia. For the
treatment and prevention of vomiting, as part of antiemetic
agents (administered 102 times, 2.74%), active substances
(90

monohydrate

maropitant administrations)
hydrochloride (12
used. Non-steroidal anti-inflammatory drugs (administered

and metoclopramide

administrations) were
101 times, 2.71%, active substances: tolfenamic acid [53
administrations], meloxicam [37 administrations], carprofen
[5 administrations] diclofenac [5 administrations]) were most
commonly used for the treatment of fever, postoperative pain
and inflammation of the musculoskeletal system.

Discussion

Assessment of the health records of cats
in shelters

The lack of data on morbidity of shelter cats in scientific
literature is surprising, as such information is crucial for
understanding the health issues and principles of animal
treatment in shelters. Previously published studies have focused
mainly on the mortality of cats in shelters and the risk factors
associated with it (20-23).

The results of our study show that more than half of all
cats whose records were analyzed had at least one health record
made during their stay in the shelter. More than half of the cats,
therefore, suffered from deteriorated health during their stay in
the shelter that had to be treated by administering a medicament
with a therapeutic or supportive effect.

The analysis of the impact of age on the number of cats’
health records showed that within the age categories, the number
of cats without health records and with health records differed
significantly only in kittens younger than 6 months and cats
older than 8 years. In both of these age categories, the number
of cats with records was statistically significantly higher than
the number of cats that were considered healthy (i.e., no health
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record was found). The highest number of health records was
found in the youngest age category of cats, the same result
was found in the number of health records related to the
administration of medicaments and other supportive products.
Age affects the risk of developing health issues, older cats and
kittens are the most vulnerable category in terms of frequency
and severity of diseases (24). The high morbidity of kittens is
related to their immune system not being fully developed (25)
and the overall poor health upon admission to the shelter, which
according to Levy et al. (26) concerns feral cats to a greater
extent than those who had received human care. In kittens, the
highest mortality rate was also found in a study that monitored
factors increasing the risk of mortality in shelters in the Czech
Republic (22).

In 70.8% of cats, the medicaments and other supportive
products were administered repeatedly. It is likely that the
percentage of cats receiving treatment depends to a large extent
on the approach of the particular facility. Some shelters choose
the option of euthanasia in cases where another facility would
apply treatment, even in spite of uncertainty of success (14). The
treatment options are limited by available funds and staff, they
also depend on the time, experience and knowledge of the shelter
caregivers and veterinarians. The availability of particular drugs,
equipment as well as the tradition of providing veterinary care at
the level of the facility, region, or country complement the list of
factors that affect the approach to treatment.

The number and type of medicinal products administered
depends to a large extent on the condition of the individuals
admitted to the shelter - e.g., severely injured animals will need
a higher level of care combined with higher consumption of
analgesics. The shelters that provided the cats’ health records
for the purpose of this study had not limited admissions only to
a specific group of animals; animals from varying sources with
different health histories were admitted to these facilities. Both
facilities employed a no-kill policy. Neither shelter, however,
used tools (evaluation scales, protocols) to evaluate the progress
or regression of the applied treatment or any welfare protocol.
The use of assessment tools may facilitate decisions concerning
the continuation of treatment or euthanasia of animals.

In addition to the treatment of newly admitted animals,
the number of therapeutic interventions also depends on the
level of health of animals already housed in the shelter. The
cat population in the shelter changes dynamically, admitted
individuals differ in terms of their immunity and disease
status, and the shelter environment creates pressure on
animals and is stressful for them. One of the consequences
of stress is suppression of the immune system function and
the development of infection or its reactivation (27). Stress
increases the risk of reactivation of the feline herpesvirus
(28, 29), the risk of feline coronavirus (FCoV) shedding (30)
and the development of infectious peritonitis (31), which is
characterized by high animal mortality. Stress-induced increase
in glucocorticoid levels is thought to be responsible for
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suppressing cell-mediated immunity, leading to increased FCoV
replication (31). The claim that the shelter environment may
have a negative effect on animals in the form of deterioration
of health was also supported by our earlier study, in which we
focused on the monitoring of health indicators of shelter cats’
welfare over time. During the stay in the shelter, 41.6% of cats
deteriorated in health (10).

In our study, the LOS of cats in the shelter correlated with
the number of health records found. Cats for which no record
was found stayed in the shelter until adoption for a significantly
shorter time compared to animals for which health records
were found. This finding is not surprising, the health condition
is a factor influencing the adoption potential of animals. The
phenomenon of preference of animals without health problems
was also reported in studies aimed at the analysis of factors
increasing the probability of adoption in dogs (13, 32). When
comparing the LOS between adopted cats with health records
and adopted healthy animals, age did not play a role only in
cats over 8 years of age. It can, therefore, be concluded that the
LOS until adoption of old cats was not affected by their health
condition. Those willing to adopt an older animal probably
expect the possible occurrence of health problems or accept
these problems and decide to provide the animals with a home
despite them. In our study, cats over 8 years of age stayed in
the shelter until adoption for the longest time among all age
categories. The fact that older cats are not as attractive from
the point of view of adoption as younger individuals is also
corroborated by the results of other studies (33, 34). Many
potential adopters are likely aware of the risk of deterioration
of health and the associated increase in financial costs for its
treatment, but the advantage of adoption of young animals also
lies in other aspects, e.g., young animals look more attractive
and possess a high degree of adaptability and playful behavior.
These factors have been described as important for potential new
owners in the study by Sinn (35).

Spectrum of administered medicaments
and other supportive products

The results of this study showed that among drugs
administered to shelter cats, antibiotics were used most often
(68.57%). Similarly, Buckland et al. (36), who monitored the
use of antibiotics in veterinary practice in the United Kingdom,
reported that 21% of the total number of treated animals (594
812 cats) were administered antibiotics. Buckland et al. (36)
found that 42% of dogs and cats were administered antibiotics
repeatedly, which is also consistent with our findings (repeated
administration was recorded in 62.07% of animals).

The basis for the success of antimicrobial therapy is
the appropriate selection of antimicrobials with the desired
spectrum of activity. A precise diagnosis is a necessary
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prerequisite (37). However, in a shelter environment it is often
not possible to take samples for cultivation and sensitivity
testing for each case. Collection of a sample, sending it to a
laboratory for diagnostic purposes and obtaining the required
information take at least 2 to 3 days. Laboratory testing can
increase the cost for the entire treatment and shelters may not be
willing to bear these additional costs (38). Shelter veterinarians,
therefore, often use antibiotics empirically (1). Excessive use
of antibiotics is a problem not only in human but also in
veterinary medicine (39). Intensive medical care associated
with the application of drugs increases the risk of nosocomial
infections. In the animal population, there is an increase in the
number of geriatric and immunosuppressed individuals which
are susceptible to infections with multidrug-resistant pathogens,
which may also pose a risk to the caregivers of such animals
(40). The transfer of antimicrobial-resistant isolates has been
already confirmed (41, 42). A higher risk of propagation can be
expected in facilities with a higher concentration of cats, whether
in households or in cat shelters. The use of antibiotics should
be limited to situations where their administration is actually
needed (17). A number of factors should be taken into account
when selecting the appropriate antibiotic. If there is any doubt
about the identification of the bacteria or if it is necessary to
start treatment immediately, a broad-spectrum antibiotic should
be used. However, once the information on the antimicrobial
susceptibility is available, antimicrobial therapy should be
changed to the use of a narrow-spectrum substance which
specifically targets the bacteria (43). The selection should be
based on knowledge of bacterial structures, pharmacodynamics
and pharmacokinetics (38). Antibiotic therapy may potentially
alter the intestinal, skin or respiratory microflora of treated
animals. Documented consequences of antibiotic treatment
include excessive proliferation of intestinal bacteria, e.g.,
Clostridium difficile (44).

In our study, penicillins and tetracyclines were among the
most commonly used antibiotics (penicillins constituted 33.74%
of all antibiotics administered, teracyclines 22.26%). The third
largest group of antibiotics administered were fluoroquinolones
(14.42%). De Briyne et al. (45), who monitored the use
of antibiotics in veterinary practices in European countries
(Belgium, France, Germany, Spain, the United Kingdom and
Sweden) report that penicillins (37%), tetracyclines (14%),
third- and fourth-generation cephalosporins (14%) as well as
fluoroquinolones (13%) were the most frequently prescribed
in cats. Among the listed groups of antibiotics, the frequent
use of third-generation cephalosporins is mentioned in several
studies (36, 46, 47). Hardefeldt et al. (48) reported that
25% of all antimicrobials applied in cats consisted of third-
generation cephalosporins - cefovecin. The high rate of use
of third-generation cephalosporins may be due to its simple
subcutaneous administration and a long dosing interval in
particular products (e.g., 14 days for Convenia with the active
substance cefovecin). In addition, the preference of this product
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may be related to the fact that oral application is not successful
in cats, thus administration by injection is preferred (49).
Cephalosporins, however, comprised only a minority (5.96%) of
antibiotics administered to cats in the shelters we monitored.

The analysis of the cats’ health records showed that
with the intent of high effectiveness of treatment, antibiotics
were used alone or in combination with corticosteroids
or other active substances, according to the diagnosis. In
order to increase the possible effectiveness, a combination
of antibiotics was also utilized. Schmitt et al. (39) who
monitored the use of antibiotics in veterinary practices
in Switzerland, reported that aminopenicillins with other
antibiotics (fluoroquinolones, first generation cephalosporins,
tetracyclines, amphenicols, or third generation cephalosporins)
were generally administered mostly for treatment of acute
upper respiratory tract disease, lower urinary tract disease,
and abscesses. However, in shelters we monitored, penicillins
were mainly applied individually (33.74%), i.e., without other
supporting antibiotics. The exception was the combination of
penicillins with aminoglycosides (1.49%).

From the point of view of the spectrum of action of
the antibiotics used in cats, the use of antibiotics with a
broad spectrum of action is prevalent (81.66%) in our study.
The preference in use of broad-spectrum antibiotics in cats
was also reported by Mateus et al. (50). However, they draw
attention to the fact outlined above - the preference of broad-
spectrum antibiotics is risky from the point of view of the
development of antimicrobial resistance. In our study, narrow-
spectrum antibiotics were used only in 2.63% of cases. A higher
frequency of use of narrow-spectrum antibiotics (18%) was
reported by Hardefeldt et al. (48). These antibiotics have an
effect on a limited spectrum of bacterial flora, and only on gram-
positive, gram-negative or otherwise specifically selected genera
of bacteria. Such targeted treatment has its advantages only in
the case when the disease agent has been clearly identified.

Amoxicillin in combination with clavulonic acid was
the most frequently applied broad-spectrum antibiotic. This
substance is a first choice for empirical therapy in a number
of indications. Empirical therapy is necessary when the patient’s
clinical condition calls for immediate intervention. Absence of a
microbiological examination to identify the causative agent and
the establishment of its sensitivity may lead to the ineffectiveness
of the prescribed antibiotic treatment. Thus, broad-spectrum
antibiotics should not be prescribed unless the veterinarian
is certain of the risk or presence of a bacterial infection.
Preventive administration of antibiotics can lead to the presence
or worsening of non-specific clinical symptoms such as loss
of appetite, diarrhea and vomiting. As a result, the primary
cause of the disease can be covered up. Improperly administered
antibiotics can also cause unwanted drug interactions and, in
addition, promote the selection of resistant bacteria (51).

Apart from penicillins and tetracyclines, fluoroquinolones
were also commonly used antibiotics in the shelters we
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TABLE 7 Number of cats given an antibiotic, an antibiotic in
combination with corticosteroids or an antibiotic with corticosteroids
and other active substances.

Number of antibiotic Number of cats

administrations
n %

1 388 37.93°
2 274 26.78°
3 133 13.00°
4 74 7.23d
5 56 5.47¢
>5 98 9.584
Total 1,023 100.00

27¢Chi-square test - percentages in the same column with different superscript letters
differ (p < 0.05).

monitored. Urinary tract infections and soft tissue infections
are main indications for their use. However, the application of
enrofloxacin in cats poses a risk for the development of retinal
degeneration. A smaller risk is presented by pradofloxacin,
followed by marbofloxacin and orbifloxacin. The presence of
renal disease may increase retinal degeneration. For this reason,
fluoroquinolones should be only used in treatment of severe or
recurrent infection diseases. Indications should be supported by
previous results of culture and susceptibility tests (52).

In our study, more than half of all antibiotic administrations
were recorded due to respiratory tract infection treatment,
which is one of the most common problems in shelter cats (53).
Respiratory diseases are a common cause of morbidity in cats
as their management is complicated by a high concentration of
animals and immunosuppression due to stress (54). However, in
addition to the bacterial agents (Chlamydophila felis, Bordetella
bronchiseptica, and Mycoplasma felis), symptoms are also
associated with the infection of feline herpesvirus (FHV) and
feline calicivirus (FCV) [e.g., (55)]. According to Pedersen
et al. (56), about 4% of cats excrete FHV when admitted
to the shelter, in the case of FCV it is about 11% of cats.
After the 1st week spent in the shelter environment, the
infections are reactivated; the excretion of FHV increased to
52%, FCV was excreted by 15% of cats (56). In the case of
FCV, vaccination provides a good protection against its acute
oral and respiratory form, but in most cases does not prevent
the infection and excretion of the virus. Moreover, none of
the vaccines protects against all field strains of FCV (57).
Similar to FCV, vaccination against FHV provides protection
against the development of clinical symptoms and reduces virus
excretion within 1 week after administration (58) but does
not provide animals with complete protection. Nevertheless,
vaccination of shelter cats against both FHV and FCV is
recommended (59). Both shelters monitored in our study
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TABLE 8 Distribution of antibiotics used according to the spectrum of
activity.

The spectrum of Number of
activity of antibiotics administrations

n %
Broad-spectrum 2,084 81.66%
Medium to broad-spectrum 401 15.71°
Narrow-spectrum 67 2.63¢
Total 2,552 100.0

b Chi-square test - percentages in the same column with different superscript letters
differ (p < 0.05).

routinely vaccinated animals against calicivirus, herpesvirus,
and panleukopenia upon admission to the shelter if they had
reached the required age.

For the treatment of upper respiratory tract infections,
antibiotics should be used primarily for the treatment of
infections caused by Mycoplasma Felis, Chlamydophila felis and
Bordetella bronchiseptica, where the first choice of antibiotic
is doxycycline. Antibiotic therapy can also be used wherever
bacterial pathogens are evidently present, e.g., in cases of
chronic rhinitis and sinusitis. In these cases, amoxicillin in
combination with clavulanic acid is a suitable choice (1).
However, fluoroquinolones (enrofloxacin) (46) or ampicillin
(60) can also be used to treat respiratory diseases.

Another reason for the application of antibiotics was the
prevention and treatment of secondary bacterial infections
as part of postoperative care, wound care and inflammation.
Antibiotic therapy has also been introduced in the case of
development of bacterial infection associated with multisystemic
diseases of viral nature and in the case of non-specific symptoms.
According to De Briyne et al. (45), the most common indications
for the use of antibiotics in cats are skin diseases (42%),
respiratory diseases (24%), urinary tract infections (16%) and
periodontal diseases (14%). The use of antibiotics for skin
disease treatment is generally high and has been reported by
various authors (39, 61, 62). Cefovecin belonging to third
generation cephalosporins is often used to treat skin trauma and
abscesses (47). However, the results of our study did not show
the high level of administration of antibiotics for skin diseases in
the monitored shelters.

Gastrointestinal problems were a significant group of health
problems for which antibiotic therapy was chosen in the
monitored shelters (28.4%). These may indicate a problem
localized directly in the digestive tract, but gastrointestinal
symptoms may accompany a multitude of other pathological
changes that are manifested by many symptoms. In our study,
diarrhea, vomiting and loss of appetite were among the most
commonly occurring. It is important to mention that bacteria
are rarely the cause of gastroenteritis in cats. For that reason,
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antibiotic treatment is undesirable in most cases. The occurrence
of acute diarrhea is often self-limiting and in case of absence
of serious symptoms, it usually resolves without veterinary
intervention. However, antibiotics are often prescribed to dogs
or cats in the presence of acute diarrhea (63).

Diarrhea and vomiting are typical symptoms of, for example,
Carnivore protoparvovirus 1 infection, which causes feline
panleukopenia. Although the pathogen is of viral origin, in this
case the administration of antibiotics is indispensable because
the sepsis associated with the translocation of bacteria in the
gastrointestinal tract and immunosuppression are the primary
cause of death. A suitable choice of therapy is amoxicillin
with clavulanic acid in combination with marbofloxacin (64).
According to the available literature on the treatment of
gastrointestinal diseases, it is generally appropriate to use,
among others, amoxicillin with clavulanic acid, furthermore
also doxycycline (65). The use of amoxicillin with clavulonic
acid in the treatment of acute diarrhea was discussed by
Werner et al. (66) in dogs. The results of their study showed
that the effect of these antibiotics on the treatment of acute
diarrhea has no benefit and increases the risk of Escherichia coli
resistance. Stavroulaki et al. (65) reported negative effect on the
microbiome of cats when using amoxicillin/clavulanic acid or
doxycycline. These antibiotics also slowed the development of
the microbiome in growing cats. Werner et al. (66) confirmed
that the only reason to use antibiotics in cases of acute
diarrhea is the risk of sepsis, which is in accordance with
international recommendations (67). Veterinarians should be
aware of the risks that antibiotic treatment can bring in cases
of gastroenteritis and should apply them only according to the
conclusions of the clinical and laboratory examination itself (the
signs of sepsis: left shift, toxic changes in neutrophils) (68, 69).

Aside from pathogens of viral, bacterial and parasitic
origin, stress is a significant contributor to the development of
gastrointestinal problems. One of the consequences of stress
is the disruption of the intestinal barrier, which causes an
increase in its permeability and a local inflammatory response
(70). However, diarrhea resulting from inflammatory processes
may also occur due to a change in diet after admission to
the shelter. German et al. (71) reported diarrhea in 11.9%
of shelter cats, Andersen et al. (72) found the occurrence of
diarrhea in up to half of all cats in the shelter. In our study,
gastrointestinal problems were addressed by the administration
of other types of products (mainly choleretics, antiemetics,
antidiarrheals and additives and protective agents) in addition
to antibiotics. Complementary and protective substances in the
form of probiotics and products based on vitamins and minerals
were administered to the animals in order to improve immunity
and alleviate gastrointestinal symptoms. The use of probiotics
may reduce the occurrence of diarrhea in shelter cats (73).

After antibiotics, the second most numerous group (7.63%)
of administered medicinal products were antiparasitics.
Products for the elimination of endoparasites were administered
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routinely to animals upon admission to the shelter, but in
some cases repeated administration was necessary during
the stay. Preventive administration of anti-endoparasites is
likely to be related to the finding that anti-ectoparasites were
administered in more cases compared to anti-endoparasites
(4.33 and 3.28%, respectively). Among endoparasites, the
occurrence of helminths and coccidia was addressed using
products containing fenbendazole, toltrazuril and emodepside
in combination with toltrazuril. Tull et al. (74) monitored the
occurrence of endoparasites in a cat shelter in Estonia and found
that 47.6% of cats were infected. In their study, cats were mostly
infected by Toxocara cati (36.6%), one of the most common
zoonotic intestinal parasites. Other parasites found in cats
included coccidia (Cystoisospora spp.; 12.4%) and tapeworms
(Taeniidae gen. sp.; 4.1%). An Italian study by Sauda et al. (75)
found a parasite prevalence of 22%; up to 19.7% of shelter cats
were infected with parasites with zoonotic potential. Sauda
et al. (75) found a higher prevalence of protozoal infections
compared to helminth infections. The parasites found were
Giardia duodenalis (10.6%), Toxocara cati (9%), Cystoisospora
felis (3%), Cystoisospora revolta (2.3%), Cryptosporidium spp.
(1.6%), Aonchotheca putorii (0.75%), Tritrichomonas fetus
(0.75%) and Strongyloides sp. (0.75%). The data on occurrence
of individual species of parasites were not available in the health
records monitored in our study.

In the monitored shelters, ectoparasite as Otodectes cynotis
was treated using a product with ivermectin (3.06%), and fleas
and lice using fipronil (1.26%). Otodectes cynotis is highly
contagious and poses a risk in an environment with a high
concentration of cats. The parasite may also occur in animals
with unchanged appearance of the ear canal (76), therefore it is
desirable to perform a swab from the ear canal with subsequent
examination under a microscope. Genchi et al. (77) reported
a prevalence of Otodectes cynotis of 9.8% in cats originating
from feral cat colonies, shelters and private households. A
higher incidence rate (19.3%) was found in free-roaming cats
in Oklahoma, USA (78). The cats’ age of under 12 months and
access to an outside environment were factors increasing the
risk of parasite infestation. Young cats are thought to exhibit
playful behavior and are likely to come into contact with other
cats, which predisposes them to infection (77). In the absence
of antiparasitic treatment, in addition to the local effect on the
ear canal, there is a risk of parasite spreading to another body
parts (79). Fleas are also prominent among cat ectoparasites
(80). The parasite induces allergic reactions and may transmit
bartonellosis or Dipylidium caninum. In the free-roaming cat
population, the incidence of Ctenocephalides felis can go as high
as 71.6% (78).

Quarantine of newly admitted individuals is important not
only in an effort to minimize the transmission of bacterial and
viral agents in the population, but also to rule out or eventually
eliminate internal and external parasites. This is consistent with
the findings of Tull et al. (74), who reported a lower intensity of
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infection in quarantined cats (held 1-14 days in the shelter) in
comparison to cats after quarantine that were kept individually
or in group housing.

Due to the need to protect animals against the introduction
of parasites into the population, shelters usually proceed to
administer antiparasitics without examination, which was also
the case of the shelters monitored in our study. At this time,
resistance to feline endoparasites is not a problem, but there have
been reports of insufficient effectiveness of anti-ectoparasitic
products. Such cases are primarily characterized by a shorter
period of effectiveness (81).

Conclusion

Although a relatively high number of animals was found
with morbidity-related records (61.4%), mortality in the
monitored shelters was relatively low (14.1%). The low number
of euthanized animals as well as unassisted deaths may be partly
hinting at the effectiveness of therapeutic procedures and to the
low admission rates of animals in life-threatening conditions or
at the capacity to manage them. Although reducing mortality is
desirable to the greatest possible extent and is a common goal of
shelters, efforts should also be made to prevent, cure or at least
mitigate the negative effects of deteriorated animal health. Good
health of animals is one of the key aspects of welfare. Particular
attention should be paid to the youngest age category of animals
for which the number of health records found was the highest.
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Furthermore, the health of cats is a factor that affects the LOS
in the shelter until adoption. However, the presence or absence
of health problems does not seem to play a role in the case of
old cats (in our study, cats over 8 years of age) and the reasons
for this finding should be further investigated. Regardless of
this result, shelters should generally strive to reduce the LOS by
maintaining animals in the best possible condition.

Antibiotics were found to be the most commonly used
drugs in the treatment of shelter cats in our study. This finding
reflects the nature of the most common problems occurring
in the shelter cat population (respiratory tract infections and
gastrointestinal problems). Antibiotics should be used in a
targeted manner and only when necessary, otherwise there is
an increased risk of resistance. Measures to limit the use of
antibiotics should be set up in shelters. A possible approach
is the proper training of veterinary staff and the supervision
of the provided veterinary care. Raising overall awareness of
antibiotic overuse could contribute to a change in thinking about
these substances.

Antiparasitic agents constituted another significant category
of products probably due to the fact that the shelters admitted
animals of various origin, including stray cats. According to the
previous studies, the rate of infestation with parasites is elevated
in stray cats.

This study has two main limitations. The first limitation
concerns the number of shelters from which data were obtained
for analysis. Based on the national legislation of the Czech
Republic, shelters are not obliged to keep the health records on
shelter animals, therefore many facilities do not have a system
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for archiving such data. This fact contributed to the selection
of those facilities that systematically store this type of data.
The second limitation is the fact that analyzed records did not
include information on surgical procedures and treatment given
to cats at veterinary clinics in case of their hospitalization. None
of selected shelters has equipment that would allow animals
to be hospitalized (in general, it is not common in Czech
shelters to have such equipment within the shelter), thus if
needed, the animals were transported to a private veterinary
clinic for treatment. Data regarding products with a therapeutic
or supportive effect that were administered to the animals during
hospitalization were not recorded in the shelter’s data storage
system, thus they could not be obtained. We may also assume
that the results of the study might be influenced by the specific
conditions in the selected shelters (management, environment,
staff, funding etc.).

Preventing the introduction and spread of diseases is
extremely important in order to maintain animal health and
welfare and setting up appropriate procedures is one of the
most challenging tasks that shelters have to face. From the
point of view of the material equipment constituting the shelter
environment, the facilities should find a compromise between
the need for frequent sanitation and the behavioral needs
of animals, which include opportunities for comfortable rest,
hiding, observation from elevated places, etc. From the point
of view of the effectiveness of sanitation, it is necessary to take
into account the adequacy of the chosen disinfectant and its
mechanism of action. Shelters should also aim to eliminate
stress in animals as it is related to health disruptions. Since
respiratory diseases and gastrointestinal problems are a frequent
consequence of overcrowding, shelters should reevaluate the
possibilities of making changes regarding management and the
number of admitted individuals.

Data availability statement
The original contributions presented in the study are

included in the article/supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

Ethical review and approval was not required for the animal
study because no experimental procedures were performed.

References

1. Dean R, Roberts M, Stavisky J. BSAVA Manual of Canine and Feline
Shelter Medicine. Principles of Health and Welfare in a Multi-animal
Environment. Gloucester: British Small Animal Veterinary Association
(2018). 374p.

Frontiersin Veterinary Science

10.3389/fvets.2022.1025197

The cats were housed and provided with care by the shelter
personnel in accordance with the current animal welfare and
veterinary legislation.

Author contributions

Conceptualization and methodology: VVo, EV, and
MK. Data curation: VVo and EV. Supervision: EV and
VVe. Writing—original draft: VVo, MK, and LT. Writing—
review and editing: EV, VVe, MK, and LT. All authors
contributed to the article and approved the submitted version.

Funding

This study was supported by ITA VETUNI (Project
No. 2022ITA21).

Acknowledgments

We would like to thank the staff of both shelters for
allowing the execution of the study and their assistance in the
data collection.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

2. Grant RA, Warrior JR. Clicker training increases exploratory behavior
and time spent at the front of the enclosure in shelter cats; Implications
for welfare and adoption rates. Appl Anim Behav Sci. (2019) 211:77-
83. doi: 10.1016/j.applanim.2018.12.002

frontiersin.org


https://doi.org/10.3389/fvets.2022.1025197
https://doi.org/10.1016/j.applanim.2018.12.002
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Vojtkovska et al.

3. Amat M, Camps T, Manteca X. Stress in owned cats: behavioral
changes and welfare implications. ] Feline Med Surg. (2016) 18:577-
86. doi: 10.1177/1098612X15590867

4. Tanaka A, Wagner DC, Kass PH, Hurley KF. Associations among weight loss,
stress, and upper respiratory tract infection in shelter cats. ] Am Vet Med Assoc.
(2012) 240:570-6. doi: 10.2460/javma.240.5.570

5. Stella JL, Lord LK, Buffington CT. Sickness behaviors in response to unusual
external events in healthy cats and cats with feline interstitial cystitis. ] Am Vet
Med. (2011) 238:66-73. doi: 10.2460/javma.238.1.67

6. Buffington CA. Idiopathic cystitis in domestic cats — beyond the lower urinary
tract. J Vet Intern Med. (2011) 25:784-96. doi: 10.1111/j.1939-1676.2011.0732.x

7. Koblenzer CS. Itching and the atopic skin. J Allergy Clin Immunol. (1999)
104:5109-13. doi: 10.1016/S0091-6749(99)70052-7

8. Scarlett JM, Donoghue S, Saidla J, Wills J. Overweight cats: prevalence and risk
factors. Int ] Obes Relat Metab Disord. (1994) 18:522-8.

9. Slingerland LI, Fazilova VV, Plantinga EA, Kooistra HS, Beynen AC. Indoor
confinement and physical inactivity rather than the proportion of dry food are
risk factors in the development of feline type 2 diabetes mellitus. Vet J. (2009)
179:247-53. doi: 10.1016/j.tvjl.2007.08.035

10. Vojtkovska V, Vosldrova E, Veterek V. Changes in health
indicators of welfare in group-housed shelter cats. Front Vet Sci. (2021)
8:701346. doi: 10.3389/fvets.2021.701346

11. Weng Y, Hart L. Impact of the economic recession on companion animal
relinquishment, adoption, and euthanasia: a Chicago animal shelter’s experience. J
Appl Anim Welf Sci. (2012) 15:80-90. doi: 10.1080/10888705.2012.624908

12. Peng SJL, Lee LYT, Fei ACY. Shelter animal management
and trends in Taiwan. ] Appl Anim Welf Sci. (2012) 15:346-
57. doi: 10.1080/10888705.2012.709143

13. Vitulova S, Voslarova E, Vecerek V, Bedanova I, Volfova M. The health of
shelter dogs and its impact on their adoption. Berl Munch Tierarztl Wochenschr.
(2019) 132:325-33.

14. Horecka K, Neal S. Critical problems for research in animal sheltering, a
conceptual analysis. Front Vet Sci. (2022) 9:804154. doi: 10.3389/fvets.2022.804154

15. Marston LC, Bennett PC. Admissions of cats to animal welfare
shelters in Melbourne, Australia. | Appl Anim Welfare Sci. (2009) 12:189-
213. doi: 10.1080/10888700902955948

16. Maxwell S. Rational prescribing: the principles of drug selection. Clin Med.
(2009) 9:481. doi: 10.7861/clinmedicine.9-5-481

17. Passantino A. Ethical aspects for veterinary medicinal products regarding
antimicrobial drug use in Italy. Int ] Antimicrob Agents. (2007) 29:240-
4. doi: 10.1016/j.ijantimicag.2006.09.023

18. USKVBL. Currently registered VLP (2022). Available online at: https://www.
uskvbl.cz/en/registration-a- schvalovani/registration- vlp/seznam- vlp/aktualne-
registrovane-vlp (accessed June 30, 2022).

19. Adefegha A. Antibiotics and drug pharmacology. Acta Sci Pharm Sci. (2019)
3:43-9. doi: 10.31080/ASPS.2019.03.0424

20. Murray JK, Skillings E, Gruffydd-Jones TJ, A. study of risk factors for cat
mortality in adoption centers of a UK cat charity. ] Feline Med Surg. (2008)
10:338-45. doi: 10.1016/j.jfms.2008.01.005

21. Alberthsen C, Rand ]S, Bennett PC, Paterson M, Lawrie M, Morton |
M. Cat admissions to RSPCA shelters in Queensland, Australia: description
of cats and risk factors for euthanasia after entry. Aust Vet J. (2013) 91:35-
42. doi: 10.1111/avj.12013

22. Vecerek V, Kubesovd K, Vosldirova E, Beddnovd 1. Rates
of death and euthanasia for cats in no-kill shelters in the Czech
Republic. Acta Vet Brno. (2017) 86:109-15. doi: 10.2754/avb2017860
10109

23. Berliner EA, Scarlett, JM, Cowan, AC, Mohammed H. A prospective
study of growth Rate, disease incidence, and mortality in kittens less than 9
weeks of age in shelter and foster care. ] Appl Anim Welf Sci. (2022) 3:1-
16. doi: 10.1080/10888705.2021.2021409

24. Miller L, Zawistowski S. Shelter Medicine for Veterinarians and Staff.
Hoboken: John Wiley & Sons (2012). 717p.

25. Schultz RD, Thiel B, Mukhtar E, Sharp P, Larson LJ. Age and long-
term protection immunity in dogs and cats. ] Comp Pathol. (2010) 141:5102—
8. doi: 10.1016/j.jcpa.2009.10.009

26. Levy JK, Gale DW, Gale LA. Evaluation of the effect of a long-term trap-
neuter-return and adoption program on a free-roaming cat population. ] Am Vet
Med. (2003) 222:42-6. doi: 10.2460/javma.2003.222.42

Frontiersin Veterinary Science

10.3389/fvets.2022.1025197

27. Griffin J. Stress and immunity: a unifying concept. Vet Immunol
Immunopathol. (1989) 20:263-312. doi: 10.1016/0165-2427(89)90005-6

28. Bannasch MJ, Foley JE. Epidemiological evaluation of multiple respiratory
pathogens in cats in animal shelters. ] Feline Med Surg. (2005) 7:109-
19. doi: 10.1016/j.jfms.2004.07.004

29. Gaskell R, Dawson S, Radford A, Thiry E. Feline herpesvirus. Vet Res. (2007)
38:337-54. doi: 10.1051/vetres:2006063

30. Pedersen NC, Allen CE, Lyons LA. Pathogenesis of feline enteric coronavirus
infection. J Feline Med Surg. (2008) 10:529-41. doi: 10.1016/}.jfms.2008.02.006

31. Vennema H, Poland A, Foley ], Pedersen NC. Feline infectious peritonitis
viruses arise by mutation from endemic feline enteric coronaviruses. Virology.
(1998) 243:150-7. doi: 10.1006/viro.1998.9045

32. Diverio S, Boccini B, Menchetti L, Bennett PC. The Italian perception of the
ideal companion dog. J Vet Behav. (2016) 12:27-35. doi: 10.1016/j.jveb.2016.02.004

33. Kubesova K, Voslarova E, Vecerek V, Vucinic M. Investigating some of the
factors that influence the selection of shelter cats by adopters in the Czech Republic.
Anthrozoos. (2017) 30:623-33. doi: 10.1080/08927936.2017.1370230

34. Vojtkovskd V, Voslarova E, Veterek V. Comparison of results
data for shelter dogs and cats in the Czech Republic. Animals. (2019)
9:595. doi: 10.3390/ani9090595

35. Sinn L. Factors influencing the selection of cats by adopters. J Vet Behav.
(2016) 14:5-9. doi: 10.1016/j.jveb.2016.06.001

36. Buckland EL, O’Neill D, Summers ], Mateus A, Church D, Redmond
L, et al. Characterization of antimicrobial use in cats and dogs attending UK
primary care companion animal veterinary practices. Vet Rec. (2016) 179:489-
489. doi: 10.1136/vr.103830

37. Regula G, Torriani K, Gassner B, Stucki F Miintener CR. Prescription
patterns of antimicrobials in veterinary practices in Switzerland. J Antimicrob
Chemother. (2009) 63:805-11. doi: 10.1093/jac/dkp009

38. Schwarz S, Kehrenberg C, Walsh TR. Use of antimicrobial agents in
veterinary medicine and food animal production. Int ] Antimicrob Agents. (2001)
17:431-7. doi: 10.1016/50924-8579(01)00297-7

39. Schmitt K, Lehner C, Schuller S, Schiipbach-Regula G, Mevissen M, Peter R,
et al. Antimicrobial use for selected diseases in cats in Switzerland. BMC Vet Res.
(2019) 15:1-11. doi: 10.1186/s12917-019-1821-0

40. Gronthal T, Moodley A, Nykidsenoja S, Junnil J, Guardabassi
L, Thomson K, et al. Large outbreak caused by methicillin resistant
staphylococcus pseudintermedius ST71 in a Finnish veterinary teaching
hospital - from outbreak control to outbreak prevention. PLoS One. (2014)
9:¢110084. doi: 10.1371/journal.pone.0110084

41. Johnson JR, Owens K, Gajewski A, Clabots C. Escherichia coli colonization
patterns among human household members and pets, with attention to acute
urinary tract infection. J Infect Dis. (2008) 197:218-24. doi: 10.1086/524844

42. Zhang XE Doi Y, Huang X, Li HY, Zhong LL, Zeng K], et al. Possible
transmission of mcr-1-harboring Escherichia coli between companion animals and
human. Emerg Infect Dis. (2016) 22:1679-81. doi: 10.3201/eid2209.160464

43. Ungemach FR. Use of antibiotics in veterinary medicine - consequences and
prudent use. Tierarztl Prax Ausg G Grosstiere Nutztiere. (1999) 27:335-40.

44. Ichinohe T, Pang IK, Kumamoto Y. Microbiota regulates immune defense
against respiratory tract influenza A virus infection. Proc Natl Acad Sci U S A.
(2011) 108:5354-9. doi: 10.1073/pnas.101937810

45. De Briyne N, Atkinson J, Pokludova L, Borriello SP. Antibiotics
used most commonly to treat animals in Europe. Vet Rec. (2014)
175:325. doi: 10.1136/vr.102462

46. Murphy CP, Reid-Smith R], Boerlin P, Weese JS, Prescott JF, Janecko N, et al.
Out-patient antimicrobial drug use in dogs and cats for new disease events from
community companion animal practices in Ontario. Can Vet J. (2012) 53:291-8.

47. Singleton DA, Sanchez-Vizcaino F Dawson S, Jones PH, Noble PJM,
Pinchbeck GL, et al. Patterns of antimicrobial agent prescription in a sentinel
population of canine and feline veterinary practices in the United Kingdom. Vet
J. (2017) 224:18-24. doi: 10.1016/j.tvjl.2017.03.010

48. Hardefeldt LY, Selinger ], Stevenson MA, Gilkerson JR, Crabb H, Billman-
Jacobe H, et al. Population wide assessment of antimicrobial use in dogs and cats
using a novel data source — a cohort study using pet insurance data. Vet Microbiol.
(2018) 225:34-9. doi: 10.1016/j.vetmic.2018.09.010

49. Burke S, Black V, Sdnchez-Vizcaino E Radford A, Hibbert A, Tasker S.
Use of cefovecin in a UK population of cats attending first-opinion practices
as recorded in electronic health records. J Feline Med Surg. (2017) 19:687-
92. doi: 10.1177/1098612X16656706

frontiersin.org


https://doi.org/10.3389/fvets.2022.1025197
https://doi.org/10.1177/1098612X15590867
https://doi.org/10.2460/javma.240.5.570
https://doi.org/10.2460/javma.238.1.67
https://doi.org/10.1111/j.1939-1676.2011.0732.x
https://doi.org/10.1016/S0091-6749(99)70052-7
https://doi.org/10.1016/j.tvjl.2007.08.035
https://doi.org/10.3389/fvets.2021.701346
https://doi.org/10.1080/10888705.2012.624908
https://doi.org/10.1080/10888705.2012.709143
https://doi.org/10.3389/fvets.2022.804154
https://doi.org/10.1080/10888700902955948
https://doi.org/10.7861/clinmedicine.9-5-481
https://doi.org/10.1016/j.ijantimicag.2006.09.023
https://www.uskvbl.cz/en/registration-a-schvalovani/registration-vlp/seznam-vlp/aktualne-registrovane-vlp
https://www.uskvbl.cz/en/registration-a-schvalovani/registration-vlp/seznam-vlp/aktualne-registrovane-vlp
https://www.uskvbl.cz/en/registration-a-schvalovani/registration-vlp/seznam-vlp/aktualne-registrovane-vlp
https://doi.org/10.31080/ASPS.2019.03.0424
https://doi.org/10.1016/j.jfms.2008.01.005
https://doi.org/10.1111/avj.12013
https://doi.org/10.2754/avb201786010109
https://doi.org/10.1080/10888705.2021.2021409
https://doi.org/10.1016/j.jcpa.2009.10.009
https://doi.org/10.2460/javma.2003.222.42
https://doi.org/10.1016/0165-2427(89)90005-6
https://doi.org/10.1016/j.jfms.2004.07.004
https://doi.org/10.1051/vetres:2006063
https://doi.org/10.1016/j.jfms.2008.02.006
https://doi.org/10.1006/viro.1998.9045
https://doi.org/10.1016/j.jveb.2016.02.004
https://doi.org/10.1080/08927936.2017.1370230
https://doi.org/10.3390/ani9090595
https://doi.org/10.1016/j.jveb.2016.06.001
https://doi.org/10.1136/vr.103830
https://doi.org/10.1093/jac/dkp009
https://doi.org/10.1016/S0924-8579(01)00297-7
https://doi.org/10.1186/s12917-019-1821-0
https://doi.org/10.1371/journal.pone.0110084
https://doi.org/10.1086/524844
https://doi.org/10.3201/eid2209.160464
https://doi.org/10.1073/pnas.101937810
https://doi.org/10.1136/vr.102462
https://doi.org/10.1016/j.tvjl.2017.03.010
https://doi.org/10.1016/j.vetmic.2018.09.010
https://doi.org/10.1177/1098612X16656706
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Vojtkovska et al.

50. Mateus A, Brodbelt DC, Barber N, Stirk KDC. Antimicrobial use in dogs
and cats in first opinion veterinary practices in the UK. J Small Anim Pract. (2011)
52:515-21. doi: 10.1111/j.1748-5827.2011.01098.x

51. Niederman MS. Principles of appropriate antibiotic use. Int | Antimicrob
Agents. (2005) 26:170-5. doi: 10.1016/50924-8579(05)80324-3

52. Wiebe V, Hamilton P. Fluoroquinolone-induced retinal degeneration in
cats. ] Am Vet Med Assoc. (2002) 221:1568-71. doi: 10.2460/javma.2002.221.1568
PMID: 12479325

53. Gourkow N, Lawson JH, Hamon SC, Phillips CJC. Descriptive epidemiology
of upper respiratory disease and associated risk factors in cats in an animal shelter
in coastal western Canada. Can Vet J. (2013) 54:132-8.

54. Cohn LA. Feline respiratory disease complex. Vet Clin North Am Small Anim
Pract. (2011) 41:1273-89. doi: 10.1016/j.cvsm.2011.07.006

55. Hartmann AD, Hawley J, Werckenthin C, Lappin MR, Hartmann K.
Detection of bacterial and viral organisms from the conjunctiva of cats with
conjunctivitis and upper respiratory tract disease. J Feline Med Surg. (2010)
12:775-82. doi: 10.1016/j.jfms.2010.06.001

56. Pedersen NC, Sato R, Foley JE, Poland AM. Common virus infections in
cats, before and after being placed in shelters, with emphasis on feline enteric
coronavirus. ] Feline Med Surg. (2004) 6:83-8. doi: 10.1016/j.jfms.2003.08.008

57. Southerden P, Gorrel C. Treatment of a case of refractory feline chronic
gingivostomatitis with feline recombinant interferon omega. J Small Anim Pract.
(2007) 48:104-6. doi: 10.1111/j.1748-5827.2006.00166.x

58. Jas D, Aeberle C, Lacombe V, Guiot AL, Poulet H. Onset of immunity
in kittens after vaccination with a non-adjuvanted vaccine against feline
panleucopenia, feline calicivirus and feline herpesvirus. Vet J. (2009) 182:86—
93. doi: 10.1016/j.tvj1.2008.05.025

59. Day M]J, Horzinek MC, Schultz RD, Squires RA, WSAVA. Guidelines
for the vaccination of dogs and cats. J Small Anim Pract. (2016) 57:E1-
E45. doi: 10.1111/jsap.2_12431

60. Lappin MR, Blondeau J, Booth D, Breitschwerdt E, Guardabassi L, Lloyd
D, et al. Antimicrobial use guidelines for treatment of respiratory tract disease
in dogs and cats: antimicrobial guidelines working group of the international
society for companion animal infectious diseases. ] Vet Intern Med. (2017) 31:279-
94. doi: 10.1111/jvim.14627

61. Radford AD, Noble PJ, Coyne KP, Gaskell RM, Jones PH, Bryan JGE, et al.
Antibacterial prescribing patterns in small animal veterinary practice identified
via SAVSNET: the small animal veterinary surveillance network. Vet Rec. (2011)
169:310-310. doi: 10.1136/vr.d5062

62. Sarrazin S, Vandael F Cleven V, Graef E, Rooster H, Dewulf J. The
impact of antimicrobial use guidelines on prescription habits in fourteen
Flemish small animal practices. Viaams Diergeneeskd Tijdschr. (2017) 86:173—-
82. doi: 10.21825/vdt.v86i3.16287

63. Jones PH, Dawson S, Gaskell RM, Coyne KP, Tierney A, Setzkorn C,
et al. Surveillance of diarrhea in small animal practice through the small
animal veterinary surveillance network (SAVSNET). Vet . (2014) 201:412-
8. doi: 10.1016/j.tvjl.2014.05.044

64. Barrs VR. Feline panleucopenia: a re-emergent disease. Vet Cli North Am
Small Anim Pract. (2019) 49:651-70. doi: 10.1016/j.cvsm.2019.02.006

65. Stavroulaki EM, Suchodolski JS, Pilla R, Fosgate GT, Sung CH, Lidbury
JA, et al. Short- and long-term effects of amoxicillin/clavulanic acid or
doxycycline on the gastrointestinal microbiome of growing cats. PLoS ONE. (2021)
16:€0253031. doi: 10.1371/journal.pone.0253031

Frontiersin Veterinary Science

14

10.3389/fvets.2022.1025197

66. Werner M, Suchodolski JS, Straubinger RK, Wolf G, Steiner JM, Lidbury JA,
et al. Effect of amoxicillin-clavulanic acid on clinical scores, intestinal microbiome,
and amoxicillin-resistant Escherichia coli in dogs with uncomplicated acute
diarrhea. J Vet Intern Med. (2020) 34:1166-76. doi: 10.1111/jvim.15775

67. Marks SL, Rankin SC, Byrne BA, Weese JS. Enteropathogenic bacteria in dogs
and cats: diagnosis, epidemiology, treatment, and control. J Vet Intern Med. (2011)
25:1195-208. doi: 10.1111/j.1939-1676.2011.00821.x

68. Schulz B, Hupfauer S, Ammer H, Sauter-Louis C, Hartmann K. Suspected
side effects of doxycycline use in dogs — a retrospective study of 386 cases. Vet
Record. (2011) 169:229-229. doi: 10.1136/vr.d4344

69. Whittemore J, Stokes J, Price J, Suchodolski J. Effects of a synbiotic
on the fecal microbiome and metabolomic profiles of healthy research cats
administered clindamycin: a randomized, controlled trial. Gut Microbes. (2019)
10:521-39. doi: 10.1080/19490976.2018.1560754

70. Lambert GP. Stress-induced gastrointestinal barrier dysfunction and its
inflammatory effects. J Anim Sci. (2009) 87:101-8. doi: 10.2527/jas.2008-1339

71. German AC, Cunliffe NA, Morgan KL. Faecal consistency and
risk factors for diarrhoea and constipation in cats in UK rehoming
shelters. J Feline Med Surg. (2017) 19:57-65. doi: 10.1177/1098612X156
10370

72. Andersen LA, Levy JK, McManus CM, McGorray SP, Leutenegger CM,
Piccione J, et al. Prevalence of enteropathogens in cats with and without diarrhea in
four different management models for unowned cats in the southeast United States.
Vet J. (2018) 236:49-55. doi: 10.1016/j.tvjl.2018.04.008

73. Bybee SN, Scorza AV, Lappin MR. Effect of the probiotic Enterococcus
faecium SF68 on the presence of diarrhea in cats and dogs housed in an animal
shelter. J Vet Intern Med. (2011) 25:856-60. doi: 10.1111/j.1939-1676.2011.0738.x

74. Tull A, Moks E, Saarma U. Endoparasite prevalence and infection
risk factors among cats in an animal shelter in Estonia. Foil Parasit. (2021)
68:010. doi: 10.14411/{p.2021.010

75. Sauda F, Malandrucco L, De Liberato C, Perrucci S. Gastrointestinal
parasites in shelter cats of central Italy. Vet Parasitol Reg Stud. (2019)
18:100321. doi: 10.1016/j.vprsr.2019.100321

76. Akucewich LH, Philman K, Clark A, Gillespie J, Kunkle G, Nicklin
CE et al. Prevalence of ectoparasites in a population of feral cats from
north central Florida during the summer. Vet Parasitol. (2002) 109:129-
39. doi: 10.1016/S0304-4017(02)00205-4

77. Genchi M, Vismarra A, Zanet S, Morelli S, Galuppi R, Cringoli G, et al.
Prevalence and risk factors associated with cat parasites in Italy: a multicenter
study. Parasites Vectors. (2021) 14:1-11. doi: 10.1186/s13071-021-04981-2

78. Thomas JE, Staubus L, Goolsby JL, Reichard MV. Ectoparasites of free-
roaming domestic cats in the central United States. Vet Parasitol. (2016) 228:17-
22. doi: 10.1016/j.vetpar.2016.07.034

79. Fanelli A, Doménech G, Alonso F Martinez-Carrasco F, Tizzani P,
Martinez-Carrasco C. Otodectes cynotis in urban and peri-urban semi-arid areas:
a widespread parasite in the cat population. J Parasit Dis. (2020) 44:81-5.
doi: 10.1007/512639-020-01215-77

80. Rust MK. The biology and ecology of cat fleas and advancements in their pest
management: a review. Insects. (2017) 8:118. doi: 10.3390/insects8040118

81. Rodriguez-Vivas RI, Ojeda-Chi MM, Trinidad-Martinez I, De Le6n AP. First
documentation of ivermectin resistance in Rhipicephalus sanguineus sensu lato
(Acari: Ixodidae). Vet Parasitol. (2017) 233:9-13. doi: 10.1016/j.vetpar.2016.11.015

frontiersin.org


https://doi.org/10.3389/fvets.2022.1025197
https://doi.org/10.1111/j.1748-5827.2011.01098.x
https://doi.org/10.1016/s0924-8579(05)80324-3
https://doi.org/10.2460/javma.2002.221.1568
https://doi.org/10.1016/j.cvsm.2011.07.006
https://doi.org/10.1016/j.jfms.2010.06.001
https://doi.org/10.1016/j.jfms.2003.08.008
https://doi.org/10.1111/j.1748-5827.2006.00166.x
https://doi.org/10.1016/j.tvjl.2008.05.025
https://doi.org/10.1111/jsap.2_12431
https://doi.org/10.1111/jvim.14627
https://doi.org/10.1136/vr.d5062
https://doi.org/10.21825/vdt.v86i3.16287
https://doi.org/10.1016/j.tvjl.2014.05.044
https://doi.org/10.1016/j.cvsm.2019.02.006
https://doi.org/10.1371/journal.pone.0253031
https://doi.org/10.1111/jvim.15775
https://doi.org/10.1111/j.1939-1676.2011.00821.x
https://doi.org/10.1136/vr.d4344
https://doi.org/10.1080/19490976.2018.1560754
https://doi.org/10.2527/jas.2008-1339
https://doi.org/10.1177/1098612X15610370
https://doi.org/10.1016/j.tvjl.2018.04.008
https://doi.org/10.1111/j.1939-1676.2011.0738.x
https://doi.org/10.14411/fp.2021.010
https://doi.org/10.1016/j.vprsr.2019.100321
https://doi.org/10.1016/S0304-4017(02)00205-4
https://doi.org/10.1186/s13071-021-04981-2
https://doi.org/10.1016/j.vetpar.2016.07.034
https://doi.org/10.1007/s12639-020-01215-77
https://doi.org/10.3390/insects8040118
https://doi.org/10.1016/j.vetpar.2016.11.015
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	The morbidity and the spectrum of applied drugs in shelter cats in the Czech Republic
	Introduction
	Materials and methods
	Study site
	Health records
	Statistical analysis

	Results
	Morbidity of the monitored shelter cat population
	Spectrum of medicaments and other supportive products administered to the monitored cat population in the shelter

	Discussion
	Assessment of the health records of cats in shelters
	Spectrum of administered medicaments and other supportive products

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


