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Abstract

Parasitic infections caused by helminth, protozoa, and ectoparasites pose a threat to animal and
human health due to clinical changes and transmission of potentially zoonotic agents. This study's
objective was to assess parasitic diseases in dogs admitted to the Selcuk University Veterinary Faculty
Animal Hospital (SUVFAH) between 2015 and 2021. Fecal, blood, and skin samples sent to the
laboratory of the Department of Parasitology, Faculty of Veterinary Medicine were examined. The
majority of samples (n = 846) were collected from domestic dogs, and only 49 were from shelter dogs.
During the study period, 33.74% (302/895) of the dogs tested positive for at least one parasite,
including single (29.83%), double (4.63%), triple (0.14%) and quadruple (0.14%) internal parasite
infections. This study revealed that the prevalences of protozoan and rickettsial parasites, including
Isospora spp., Giardia duodenalis, Sarcocystis spp., Entamoeba histolytica, and Ehrlichia canis in dogs
from Konya province, were 7.01%, 26.79%, 1.26%, 0.7%, and 5.26%, respectively. On the other hand,
the prevalences of helminthic parasites Toxascaris spp., Trichuris spp., Anyclostoma spp., Uncinaria
spp., Dipylidium caninum, Taenia spp. and Mesocestoides spp. were 0.14%, 0.42%, 0.42%, 0.42%,
0.42%,0.42% and 0.14%, respectively. As ectoparasitic infestations, 11.66% Demodex canis infestation
and 0.61% myiasis cases were encountered. Although most of the dogs in the study were owned, the
rate of internal and external parasite infection/infestation was high. In this case, pet owners have a
great responsibility to prevent parasitic infections in pets, which are the source of many parasitic
agents with zoonotic properties.
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Konya ilindeki Evcil Kopeklerde Tespit Edilen Parazitlerin Prevalansi: Retrospektif Bir Calisma

0Oz

Helmint, protozoa ve ektoparazitlerin neden oldugu paraziter enfeksiyonlar, klinik degisiklikler ve
potansiyel zoonotik ajanlarin bulasmasi nedeniyle hayvan ve insan sagligi icin tehdit olusturmaktadir.
Bu calismanin amaci, 2015-2021 yillari arasinda Selguk Universitesi Veteriner Fakiiltesi Hayvan
Hastanesine (SUVFAH) basvuran kopeklerdeki paraziter hastaliklari degerlendirmektir. Selguk
Universitesi Veteriner Fakiiltesi Parazitoloji Ana Bilim Dali Laboratuvarina 2015-2021 yillar arasinda
gonderilen digki, kan ve deri drnekleri incelenmistir. Orneklerin cogunlugu (n = 846) evcil képeklerden
ve sadece 49'u barinak koépeklerinden toplanmistir. Calisma stiresi boyunca, képeklerin %33.74'U
(302/895) tekli (%29.83), ikili (%4.63), tgli (%0.14) ve doértli (%0.14) i¢ parazit enfeksiyonlari dahil
olmak lzere en az bir parazit icin pozitif test edilmistir. Bu ¢alisma Konya ili kopeklerinde, Isospora
spp., Giardia duodenalis, Sarcocystis spp., Entamoeba histolitica ve Ehrlichia canis gibi protozoon ve
riketsiyal parazitlerin prevalanslarinin sirasiyla %7.01, %26.79, %1.26, %0.7 ve %5.26 oldugunu ortaya
koymustur. Diger yandan helmintik parazitlerden Toxascaris spp., Trichuris spp., Anyclostoma spp.,
Uncinaria spp., Dipylidium caninum, Taenia spp. ve Mesocestoides spp. prevalansi da sirasiyla %0.14,
%0.42, %0.42, %0.42, %0.42 ve %0.14 olarak tespit edilmistir. Ektoparaziter enfestasyonlar olarak da
%11.66 Demodex canis enfestasyonu ve %0.61 miyaz vakasina rastlanmistir. Calismadaki képeklerin
cogu sahipli olmasina ragmen, i¢ ve dis parazit enfeksiyonu/enfestasyonu orani yiksektir. Bu durumda
zoonoz 6zellik gosteren birgok paraziter etkenin kaynagi olan evcil hayvanlarda paraziter hastaliklarin
onlenmesi icin evcil hayvan sahiplerine blylk sorumluluk diismektedir.

Anahtar Kelimeler: Ektoparazit, helmint, kopek, protozoa, zoonozlar
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INTRODUCTION

Domestic dogs (Canis familiaris) are the most popular pets
among the carnivores (1). Due to their positive effects on
adults’ and children's social, physical, and psychological he-
alth, dogs are kept for many beneficial purposes. Additio-
nally, they are utilized for security, rehabilitative programs,
sports, hunting, life-saving, and money production through
breeding and sale. There are many factors that can affect a
dog's life, and parasitic diseases are one of the most impor-
tant. The prevalence of internal and external parasites in do-
mestic dogs can vary depending on various factors such as
geographical location, climate, living conditions, and preven-
tive measures taken by dog owners. The parasites commonly
affecting domestic dogs in many parts of the world include
ticks, fleas, intestinal worms (such as hookworms, ro-
undworms, whipworms, and tapeworms), and heartworms.
Gastrointestinal parasites are one of the main obstacles to
canine health and well-being. They cause direct and indirect
losses (2). The majority of intestinal parasites that cause
morbidity and mortality in dogs are zoonotic, such as Ancy-
lostoma spp., Toxocara canis, Toxascaris leonina, Capillaria
spp., Uncinaria spp., Trichuris vulpis, Taenia/Echinococcus,

Mesocestoides spp., and Sarcocystis spp. (3). Because of
their natural life cycle and the ability of cysts/eggs to remain
viable and infective for long periods after being shed in soil,
gastrointestinal protozoa and helminths are typically the
most prevalent parasites, resulting in environmental conta-
mination and the spread of parasite infections among animal
populations and humans (4,5). Dogs and humans share the
same environment, which allows gastrointestinal parasites
to contaminate human food, drink, and skin. This can lead to
diseases with life-threatening consequences (6). Dogs can
become infected with gastrointestinal parasites via intraute-
rine and galactogen transmission (e.g., Toxocara canis, Ancy-
lostoma caninum,) or later in life by consuming the infecti-
ous stages of protozoa or helminths (6). Whether helminths
or protozoa, these parasites typically result in reduced per-
formance, growth retardation, increased susceptibility to ot-
her infectious diseases, and, in rare instances, severe clinical
symptoms (7). The most severe infections and morbidity ra-
tes occur in newborns and puppies, where intestinal parasi-
tes can be lethal, especially when paired with other infecti-
ous disorders such as parvoviral enteritis (8, 9). Furthermore,
some canine intestinal parasites, such as Taenia spp. and
Sarcocystis spp., can spread to farm animals, causing major
economic losses (10). However, understanding the epidemi-
ology of canine parasites is necessary to limit the risk of hu-
man infections, particularly for pregnant women, children,
and immunocompromised individuals (11).

External parasites of dogs include ectoparasites such as
ticks, fleas, lice, and mites. They frequently dwell as blood-
sucking parasites on the skin, causing pruritis and hypersen-
sitivity reactions, and may serve as vectors for a variety of
infections of veterinary or public health concern (12). In Tir-
kiye, dogs are frequently let to roam freely and stray on main
city roadways, scavenge for food scraps near garbage
dumps. These procedures expose dogs to a wide range of pa-
rasitic diseases including external parasites (12).

Rickettsial infections are caused by bacteria from the
order Rickettsiales, as well as the genera Neorickettsia, Ori-
entia, Anaplasma, Neoehrlichia, Rickettsia, and Ehrlichia are
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seen in dogs (13). In Tlrkiye, ehrlichiosis is one of the most
frequent tick-borne diseases of dogs. Clinical infections in
dogs are prevalent, but the disease is rarely observed in ot-
her hosts (ticks and cats) (14, 15). Canine monocytic ehrlic-
hiosis (CME) is the name of the disease that is primarily lin-
ked to E. canis infections that are severe in dogs. According
to Mylonakis et al. (2019), CME may be one of the leading
causes of life-threatening pancytopenia in dogs in E. canis-
endemic regions as well as Tiirkiye and South East Asia (16).
This viewpoint is supported by the occurrence of R. sangui-
neus across Turkiye (17).

The purpose of this study was to ascertain the preva-
lence of ectoparasites, hemoparasites, and gastrointestinal
parasites in dogs, together with aremark on zoonotic agents,
in the province of Konya, Tiirkiye.

MATERIAL AND METHODS

Feces, blood, and skin samples sent to the Selcuk University
Veterinary Faculty Parasitology Department Laboratory,
Konya between 2015 and 2021 were included in the present
study. Konya is the largest province in the country by area
and has a variety of geographical and climatic features that
could influence parasite prevalence. To determine gastroin-
testinal helminth fauna in owned and shelter dogs, fecal
samples were collected from 713 dogs and analyzed using
Native, Fulleborn flotation, and Benedek sedimentation
methods (18). All fecal samples were first macroscopically
screened for the presence of nematodes and proglottids of
cestodes. 0.9% isotonic saline solution was used for the Na-
tive fecal examination method, saturated salt water for the
flotation method, and distilled water for the Benedek sedi-
mentation method. According to the literature, oocysts,
cysts, and eggs were identified based on morphological cha-
racteristics (18-20). Skin samples and maggot larvae of 163
dogs were collected in sterile petri dishes and sent to the la-
boratory for analysis. The debris is then placed on a micros-
cope slide, coverslipped, and inspected with a 10 x micros-
cope objective. The material was put on a slide, then 10%
potassium hydroxide was added in five drops. After placing
a cover slip over the sample, it was examined under a mic-
roscope to check for the presence of mites, larvae, or ova
(21). Under a stereozoom microscope, maggot larvae were
visible, however the genus of the larvae could not be identi-
fied. Blood samples were taken from 19 dogs. Thin blood
smears were made from EDTA-anticoagulated blood, dried
in the open air, fixed in absolute methanol for 3-5 minutes,
stained with 10% Giemsa solution for 45 minutes to an hour,
washed with tap water, and dried. The smears were checked
for blood protozoans using a light microscope (100X), and
pathogens were investigated by scanning 100 microscopic fi-
elds.

RESULTS

As a result of the study ecto- and endoparasites were detec-
ted in 302 (33.74%) of 895 dogs. During the study period,
33.74% (302/895) of the dogs tested positive for at least one
parasite, including a single (29.83%), double (4.63%), triple
(0.14%), and quadruple (0.14%) internal parasite infections.
This study revealed that the prevalences of protozoan and
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rickettsial parasites, including Isospora spp., Giardia duode-
nalis, Sarcocystis spp., Entamoeba histolytica, and Ehrlichia
canis in dogs from Konya province, were 7.01%, 26.79%,
1.26%, 0.7%, and 5.26%, respectively. On the other hand, the
prevalences of helminthic parasites Toxascaris spp., Trichuris
spp., Anyclostoma spp., Uncinaria spp., Dipylidium caninum,
Taenia spp. and Mesocestoides spp. were 0.14%, 0.42%,
0.42%, 0.42%, 0.42%, 0.42% and 0.14%, respectively. As ec-
toparasitic infestations, 11.66% Demodex canis infestation
and 0.61% myiasis cases were encountered. The parasites
detected in the study are shown in Table 1 and Table 2 and
the total parasite prevalences are shown in Table 3.

Table 1. Single parasitic infection rates in dogs between 2015-2021

. . Preva-
Helminths (n:713)  Positive lence(%)
Nematod
Toxocara spp. 30 4.21
Toxascaris spp. 1 0.14
Cestod
Dipylidium caninum 3 0.42
Taenia /Echinococcus spp. 0.42
TOTAL 713 37 5.19
Protozoans (n:713)

Giardia spp. 164 23
Isospora spp. 29 4.07
Sarcocystis spp. 0.84
Entamoeba spp. 0.42
Chilomastix spp. 0.14
TOTAL 713 203 28.47
Blood (n:19)

protozoans

Ehrlichia spp. 1 5.26
TOTAL 19 1 5.26
Ectoparasites (n:163)

Demodex spp. 19 11.66
Sarcoptes spp. 3 1.84
Otodectes cynotis 2 1.23
Trichodectes canis 1 0.61
Anal myiasis/Dipteran larvae 1 0.61
TOTAL 163 26 15.95

Table 2. Mix parasitic infection rates in dogs between 2015-2021

Parasites n:713 Posi- Preva-
tive lence(%)
Toxocara spp.+ Isospora spp. 4 0.56
Toxocara spp.+ Giardia spp. 9 1.26
Isospora spp. + Giardia spp. 13 1.82
Sarcocystis spp.+ Giardia spp. 1 0.14
Anyclostama spp.+ Uncinaria spp. 1 0.14
Giardia spp.+ Entamoeba spp. 1 0.14
Giardia spp. + Anyclostoma spp. 1 0.14
Isospora spp.+ Sarcocyctis spp. 2 0.28
Isospora spp.+ Mesocestoides spp. 1 0.14
Total dual infection 713 33 4.63
Isospora spp.+ Entamoeba spp. + 1 0.14
Giardia spp.
Total triple infection 713 1 0.14
Trichuris spp. + Toxocara spp. + 1 0.14
Ancylostoma spp. + Giardia spp.
Total quadruple infection 713 1 0.14
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Table 3. Total parasite prevalences

Helminths Prevalence(%)
Nematod

Toxocara spp. 6.17
Toxascaris spp. 0.14
Trichuris spp 0.14
Anyclostoma spp. 0.42
Uncinaria spp. 0.14
Cestod

Dipylidium caninum 0.42
Taenia /Echinococcus spp. 0.42
Mesocestoides spp. 0.14
Protozoans

Giardia spp. 26.79
Isospora spp. 7.01
Sarcocystis spp. 1.26
Entamoeba spp. 0.7
Chilomastix spp. 0.14
Blood protozoans

Ehrlichia spp. 5.26
Ectoparasites

Demodex spp. 11.66
Sarcoptes spp. 1.84
Otodectes cynotis 1.23
Trichodectes canis 0.61
Anal myiasis 0.61

DISCUSSION AND CONCLUSION

Dogs, which play an important role in human life, are associ-
ated with many zoonotic microorganisms of parasitic origin.
Among these, helminths and gastrointestinal protozoa are
the most important enteropathogens causing death in dogs
(22). The aim of our study was to determine the prevalence
of canine gastrointestinal parasites, hemoparasites and ec-
toparasites with a focus on zoonotic agents in a large dog
population from different districts of Konya. Such studies
were necessary due to the lack of large and recent data on
the subject. In order to minimize the incidence of parasitic
diseases, especially their transmission to humans, the fac-
tors influencing their epidemiology should be well unders-
tood. Factors such as geographical region, climate, interme-
diate or final host population, pre-patent or patent period of
infection, diagnostic method, and drug use are reflected in
the study results and cause differences (22).

Among the protozoa, infections with Cryptosporidium
spp., Giardia spp., Sarcocystis spp., and Isospora spp. are
commonly encountered in dogs (23). In this study, different
protozoan species (Isospora spp., Giardia spp., Sarcocsyt
spp. and Entamoeba spp., Ehrlichia spp. and Chilomastix
spp.) were found in 203 (28.47%) of a total of 713 dogs. The
majority of parasites detected in this investigation were pro-
tozoa. The prevalence of G. duodenalis (26.79%) was higher
than the other parasites found in the dogs in this study.
However, molecular assays and parasite genotyping are ne-
cessary to identify the species and assemblages involved, as
well as to assess their zoonotic potential (24). Giardia is a
common protozoa affecting a wide range of animals, inclu-
ding humans with global significance. They are the most
frequent gastrointestinal pathogens for dogs and cats in de-
veloped areas, infecting around one billion people
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worldwide (25). A review by Ballweber and colleagues notes
that the reported prevalence of Giardia in feces varies from
study to study, and that this variation is partly related to ge-
ography, detection method, age of the animal, whether the
animal was symptomatic or not, and where the animal was
housed (26).

Canine coccidiosis is a disease generally caused by pro-
tozoa of the Isospora species. The disease causes colitis or
enteritis in dogs and has a high mortality rate. The presence
of Isospora spp. in dogs was found to range from 5.5% to
26.45% in Turkiye (27-30). The prevalence of Isospora spe-

cies was determined to be 7.01% in this study. In a study
conducted in Konya province by Uslu et al. (30), the infection
rate (26.45%) was found to be higher than in previous stu-
dies. This situation is thought to be related to the age of the
dogs (2-6 month old puppies) sampled in the study. Canine
coccidiosis usually causes clinical signs in young puppies, and
infection rates decrease in later periods or the infection
progresses asymptomatically (7). The rate of Isospora spp.
detected in our study is the findings of a very wide age range
of dogs.

Sarcosporidiosis is a protozoan infection that rarely ca-
uses diarrhoea in the final host dogs. Since sarcosporidiosis
is particularly severe in intermediate host ruminants and ca-
uses economic losses, most of the studies are focused on ru-
minants in Turkiye (31, 32). The frequency of Sarcocystis spp.
in dogs varied between 0.8 and 81.6% in the few studies con-
ducted in dogs in Tirkiye (23,27,30,33). In this study, Sar-
cocystis spp. sporocysts were found in 1.26% of the fecal
samples examined and the prevalence value obtained was
found to be compatible with the results of other studies.

Entamoebiasis (amibiasis), which is common in tropical
and subtropical regions and is mostly caused by Entamoeba
histolitica, which infects humans, is rare in some wild and
domestic animals, including cats and dogs. Canine amibiasis
has been reported to be of human origin, and it has been
suggested that transmission is the result of ingestion of pa-
rasite cysts with contaminated water and food, or that
Musca domestica may act as a mechanical vector (34). In a
study conducted by Denizhan and Karakus (23) in Tarkiye,
Entamoeba histolytica was found at a rate of 11.48%. In this
study, Entamoeba spp. prevalence was found to be 0.7%.
This rate was found to be lower than in the study conducted
in Turkiye. This may be due to the fact that there were fewer
stray dogs in contact with human remains in our study and
most of our material consisted of owned dogs.

The most prevalent canine gastrointestinal (Gl) hel-
minths are Toxocara sp., Toxascaris sp., Echinococcus spp.,
Taenia spp., Ancylostoma spp., Dipylidium spp., Uncinaria
spp., Capillaria spp., and Trichuris spp. (35). Toxocara spp.,
Echinococcus spp., and Ancylostoma spp. are particularly sig-
nificant in both underdeveloped and emerging countries due
to the limited use of antiparasitic medications, low socioeco-
nomic conditions, and a lack of education (36). The ge-
nera/species distribution of helminths detected in dogs in
Tirkiye is mainly based on necropsy or fecal examination of
street/owned dogs; the most common species reported are
T. canis, T. leonina, hookworms, Taenia spp., and D. cani-
num. In studies on the prevalence of intestinal helminths in
dogs in Tirkiye, it was found that the prevalence of parasites
ranged from 19.4% to 86.96% (30,37-43).
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Toxocara canis is a soil-associated nematode that is
known as the most frequent intestinal parasite in dogs and
wild canids (44). Furthermore, it has been linked to visceral
and ocular larval migrans in humans. T. canis prevalence has
been estimated to be between 4.2% and 51% in Turkiye (41,
45). In the current study, T. canis was found in 6.17% of fecal
samples. In a study conducted in Konya province by Uslu et
al., (30), the infection rate (33.06 %) was found to be higher
than in previous studies. It was thought that the reason for
this situation was the young age (2-6 months old puppies) of
the dogs and the fact that they were stray dogs. Due to
transplacental and transmammary transmission, puppies
are more susceptible to infection. Additionally, immunity to
certain parasites is typically gained with age, most likely as a

result of one or more infections (46). The dogs in our study
ranged widely in age from puppy to adult.

In the current study, the prevalence rates of Toxascaris
spp. (0.14%), Trichuris spp. (0.14%), Anyclostoma spp.
(0.42%), Uncinaria spp. (0.14%), and cestodes such as D. ca-
ninum (0.42%), Taenia spp. (0.42%), and Mesocestoides spp.
(0.14%) were very low, which is consistent with the results
of some other studies but contradicts others. However, it
should be noted that the diagnostic technique used in our
study (centrifugal flotation) is more specific for nematodes
than for cestodes, which may explain the relatively low pre-
valence of cestodes in our study (47). In addition, the majo-
rity of the dogs studied were on a strict diet with no access
to raw meat or carcasses, reducing the likelihood of taeniid
tapeworm contamination (48).

Taenia spp. prevalence in dogs is reported to be
between 6.1% and 46.0% in Tirkiye (38,49,50) and 1.1-
33.0% abroad (51-53). In this study, Taenia spp. prevalence
was determined as 0.42%. This result is lower than the values
determined both in Tlrkiye and abroad. The fact that Taenia
spp. could not be identified with eggs in the fecal examina-
tion, and no ring was observed in the macroscopic examina-
tion, suggesting that these eggs may also be Echinococcus
granulosus eggs.

The prevalence of Dipylidium caninum, one of the ca-
nine cestodes of zoonotic importance, was found to be
between 0.3-52% in Turkiye (30,38,41,45,54-56). In our
study, D. caninum prevalence was determined as 0.42%.
Compared to other studies conducted in this study, D. cani-
num 12.5% in Hatay (54), 3.5% in Van (38), 4.3% in Eskisehir
and 2.9% in Afyonkarahisar (45), 2.8% in Kayseri (41) and
2.8% in Diyarbakir (56) was found to be lower than the most
of the reported rates, and higher than a study conducted in
Konya (55). It is thought that the differences in prevalence
values may be due to the differences in the rates of flea or
lice infestation, such as Ctenocephalides canis, C. felis, Pulex
irritans, and Trichodectes canis, which are the vectors of D.
caninum in dogs, from region to region. According to the re-
sults of this study and other studies conducted in Tirkiye, D.
caninum can be considered as a common cestode across Tir-
kiye.

Mites are found throughout the world and have an af-
finity for a diverse group of mammalian hosts, including hu-
mans. With more than 30,000 described species, the most
important mites causing dermatopathies found in the Cani-
dae family are Otodectes cynotis, Sarcoptes scabiei, Demo-
dex canis, and Cheyletiella spp. (57). Canine demodicosis is a
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well-known skin disease seen in veterinary medicine. It is a
dermatological disorder caused by mites colonizing the hair
follicles and sebaceous glands. Erythema, alopecia, comedo-
nes, follicular hyperkeratosis, pustules, crusts, and seborr-
hea are all dermatological alterations (58). In Tiirkiye, Demo-
dex species have been reported morphologically and mole-
cularly from various companion animals (59-63). In this
study, Demodex canis was detected at a rate of 11.66 %. Myi-
asis is defined as the parasitism of some Diptera larvae in hu-
man and animal tissues and natural cavities, feeding on dead
or living tissues of the host at certain times and causing lesi-
ons there. Mlyiasis is a frequently encountered condition
worldwide, including Tirkiye (64-70). In previous studies
conducted in Konya province, several cases of traumatic myi-
asis have been reported in dogs, other animals, and humans
(70-73). In our study, it was detected at a low rate of 0.61%.
The reason for this low rate is thought to be the fact that the
majority of the dogs included in the study are domestic dogs
and another reason is the problems experienced in the re-
gistration of myiasis cases.

Ehrlichiosis is caused by tick-transmitted rickettsial
microorganisms of the Anaplasmatacea family. Ehrlichia ca-
nis, E. chaffeensis, and E. ewingii are the most important spe-
cies threatening human and animal health, particularly in
dogs. Severe infections in dogs are mainly associated with E.
canis and the disease caused by this microorganism is called
canine monocytic ehrlichiosis (74). CME is mainly characteri-
sed by fever, anorexia, generalised lymphadenomegaly, mu-
cosal pallor, lethargy, depression, and splenomegaly. Hypot-
hermia may even occur in severely pancytopenic dogs (74).
In this study, the blood sample sent from the veterinary hos-
pital was diagnosed with light microscopy than confirmed
with a commercial ELISA kit (Asan Easy Test E. canis, Asan
Pharm, Korea). Studies conducted in Turkiye have shown
that E. canis is the only species detected in dogs. CME is com-
mon in Tirkiye and the prevalence of the disease has been
determined by serological and molecular studies (15,75-82).
In our study, E. canis was determined to be 5.26%.

Besides all this, each dog provided a single fecal
sample, and each sample was examined just once. Notwiths-
tanding these drawbacks, the study's data clearly show how
environmental contamination endangers the health of farm
and companion dogs as well as humans, including pet
owners and herders. It is, therefore, advisable for those con-
cerned to seek veterinary advice on how to reduce the inci-
dence of parasitic disease. Public awareness campaigns or
creative, informative, and engaging educational programs
should be used to inform pet owners about the importance
of regular deworming and ectoparasite control.

This study confirmed the prevalence of zoonotic gast-
rointestinal parasites in dogs in Konya, Tirkiye. These para-
sites constitute a serious public health danger, hence dog
deworming programs must be instituted. Other effective
preventive strategies include dog management and feces
collection, as well as preventing dog feces from contamina-
ting soil and water.
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