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ABSTRACT

Zoonotic infections are globally important diseases and lead to huge economic losses in both low- and middle-income and high-income
countries. Global warming, environmental and ecological changes, illegal movement of animals and humans, regional civil wars, and poverty
are predisposing factors for the emergence of zoonotic infections and their distribution worldwide; they are also a big threat for the future.
In addition, environmental pollution and antimicrobial resistance are immense serious threats and dangers to prevent and control zoonotic
infections. The natural location of Turkey allows many emerged or re-emerged infections with zoonotic characteristics by animal movements,
such as bird immigrations, and by human movements due to civil wars as seen with regional refugees. Numerous zoonotic diseases, including
37 bacterial, 13 fungal, 29 viral, 28 parasitic (3 trematodes, 7 cestodes, 10 nematodes, and 8 protozoan), and totally 107 infections, have been
reported from Turkey to date. Additionally, many ectoparasitic zoonoses within 15 different arthropod groups and one leech infestation have
been reported from Turkey to date. The “One Health” initiative is particularly relevant for developing strategies to combat zoonotic disea-
ses. In this article, we review the occurrence of zoonotic diseases in man and animals in Turkey in the light of the “One Health” perspective.
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Zoonotik enfeksiyonlar global éneme sahip olup gerek distik ve orta gelirli Ulkelerde gerekse geliri yiksek Ulkelerde buyik ekonomik ka-
yiplara neden olmaktadir. Kiresel isinma, cevresel ve ekolojik degisiklikler, yasadisi insan ve hayvan hareketleri, bolgesel sivil savaslar ile
fakirlik zoonotik enfeksiyonlarin ortaya ¢cikmasi ve dinya genelinde yayilmasinda predispoze faktérler olup ayrica gelecek icin buylk tehdit
olusturmaktadirlar. Bununla birlikte, cevre kirliligi ve antimikrobiyel direng zoonotik enfeksiyonlarin kontroll ve dnlenmesinde ¢ok ciddi tehdit
olusturmaktadir. Dogal lokasyonu, sivil savaslara bagli bélgesel milteci gécleri ve gégmen kuslar gibi hayvan hareketleri dolayisiyla Tirkiye
bircok yeni ve tekraren ortaya ¢ikan zoonotik enfeksiyonlar agisindan risk tagsimaktadir. Turkiye'de bugiine kadar 37 bakteriyel, 13 mantar, 29
viral, 28 parazitik (3 trematod, 7 cestod, 10 nematod ve 8 protozoon) olmak Uzere toplam 107 farkli zoonotik enfeksiyon bildirilmistir. Buna
ilaveten 15 farkli artropod grubu ve 1 siiliik enfestasyonu olmak Uzere bircok ektoparazitik zoonozlar da glinimuze kadar Turkiye'den bildiril-
mistir. “Tek Saglik” konsepti, 6zellikle zoonotik enfeksiyonlarla miicadele stratejilerinin gelistirilmesinde uygun bir yaklagimdir. Bu derlemede
"Tek Saglik” perspektifi isiginda Tirkiye'de insan ve hayvanlarda gérilen zoonotik hastaliklar hakkinda bilgi verilmistir.
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INTRODUCTION

Zoonotic diseases are contagious or non-contagious infections
with emerging and/or re-emerging characteristics and naturally
transmissible from vertebrate animals to humans and vice-versa
via contact, food, water, and by vectors in the human and animal
ecosystems; their increasing risks affect global health security
(1-3). These infections are caused by all types of pathogens,
including bacteria, fungi, parasites, viruses, and unconventional
agents such as prions. Prior to the 20th century, the best known
zoonoses were rabies, anthrax, glanders, tuberculosis, plague,
yellow fever, influenza, and certain zoonotic parasitic diseases
(4). Sixty percent of 300 infectious agents identified between
1940 and 2004 have been classified as zoonoses, and most of
these infections belong to the neglected diseases (5, 6). More
than 200 zoonoses have previously been described to date, and
their epidemiological appearance and distributions occur in
sporadic, endemic, epidemic, and pandemic forms in the world
causing deaths among humans, livestock, as well as wildlife.
Zoonotic infections also result in great economic losses (5, 7) and
could be one of the major reasons of poverty (6-8). The public
health impact and financial consequences of these diseases can
devastate the already overburdened economic conditions in
developing countries as well as in Turkey (9, 10). Over the last
decade, the global economic impact of zoonotic diseases has
been estimated as more than $220 billion ($20 billion from direct
costs and $200 billion from indirect losses) (11, 12). In the sec-
ond-half of the last century, the control and/or elimination of
zoonotic diseases has been successful in several industrialized
countries through expensive infrastructural investments and
meticulous coordinated interventions, including “test and cull of
animals,” feed bans, mass vaccination of domestic animals and
wildlife, health education, and milk pasteurization. Naturally,
these highly effective methods for elimination of zoonotic dis-
eases involve legal and financial collaterals. However, in most
developing countries, livestock practices have primarily focused
on implementing prevention and eradication measures with
much less emphasis on the effect of mitigation (transmission
control) strategies, considering the economic and development
impacts at the macro (national economy and environment) or
micro (health, livelihoods, and food security of smallholder farm-
ers) levels. Thus, in most developing countries, the surveillance
of zoonotic diseases is not recognized in the One Health context
between veterinary medicine and human medicine. In addition,
many countries lack diagnostic capacity and health infrastructure
(7). Meanwhile, the global increase in zoonotic diseases was
reported as 22% in 1990-2000 and 21% in 2000-2010 (13). The
zoonotic infections that have emerged or re-emerged globally
are Severe Acute Respiratory Syndrome (SARS) in 2003, Influenza
A H1INS5 (avian influenza) in 2003, Influenza A H1N1 (pandemic
influenza or swine flu) in 2009-2010, Middle East Respiratory
Syndrome (MERS) in 2012, Influenza A H7N9 in 2013, Ebola in
2014, and Zika virus in 2015-2016. To combat of zoonoses, the
One Health concept has been defined by the World Health
Organization (WHO) as a worldwide strategy that would expand
interdisciplinary collaborations and communications in all
aspects of health care for humans, animals, and environment

(14).

Turkey is geographically located in Eurasia and represents a
natural bridge for the transmission of many zoonotic infections
that involve the movement of animals (particularly bird immigra-
tions) and humans (illegal transport of humans or mass immigra-
tions of populations) among the continents of Europe, Asia, and
Africa. Turkey has a population of over 80 million and a livestock
population of over 50 million, and its economic structure current-
ly depends on a mix of industrial and agricultural products (10).
Currently, Turkey has been affected from illegal animal and
human movements. In particular, regional conflicts in the coun-
tries neighboring Turkey has led to massive refugee and illegal
human movements during the past 30 years (15-17). In addition,
Turkey has highly variable climatic conditions, vegetation struc-
tures, wildlife, and particularly many sanctuaries for immigrant
birds. The geographic structure of Turkey also allows suitable
habitats for various vector arthropods, such as bloodfeeding
insects and ticks, throughout the four seasons of the year (10,
18-21). Thus, several zoonotic diseases are endemic throughout
the country and affect humans and animals (22-24) with econom-
ic losses (25-30). In this review, an overview of the zoonotic dis-
eases (Figure 1) in Turkey are described in the One Health con-
cept and future threats perspectives.

ZOONOTIC DISEASES IN TURKEY

The dynamic interactions of zoonoses among humans, animals,
and pathogens in the same environment could be evaluated
within the "One World-One Health” concept with a holistic per-
spective. Actually, this approach dates back to the ancient peri-
ods of humankind (31). Prior to the discovery and application of
sanitation and hygiene, particularly sterilization and antibiotics,
bacterial zoonotic diseases, such as bovine tuberculosis, bubon-
ic plague, and glanders, caused millions of human deaths in the
world as well in Turkey (32). The discovery and application of
insecticides and acaricides, and entomopathogens led to the
reduction of vector-borne infections in the last century in Turkey
as well globally (33). Effectively implemented control measures
have resulted in a decrease in many community-acquired infec-
tions, including bacterial and parasitic diseases, such as tubercu-
losis and malaria, which constituted major public health prob-
lems until a few decades ago. Meanwhile, the frequent use of
antibiotics in human medicine and veterinary purposes have led
to the emergence of antimicrobial resistance in various nosoco-
mial isolates of gram-positive and gram-negative bacteria.
However, recent guidelines limiting antibiotic applications have
been promising (34).

In addition, over 50 vector-borne infections (19 tick-borne dis-
eases [TBDs]) caused by different pathogens have been report-
ed in farm animals and humans (20, 21) and in cats and dogs (35).
A total of 47 tick species (38 ixodid and 9 argasid) have also been
reported in the last century in Turkey (10), and these zoonotic
diseases have a significant impact on the livestock industry of
the country (26, 29, 30).

Modes of transmission for zoonotic diseases between animals
and humans involve several routes: (i) via blood-feeding arthro-
pods, such as ticks, mites, fleas, biting midges, mosquitoes, and
sand flies; (i) via contaminated food (food-borne) and/or con-
taminated water (water-borne); (iii) via direct contact (ie, farmers,
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Figure 1. Overview of zoonotic diseases found in Turkey

workers, and veterinarians at increased risk to exposure with
zoonotic agents); (iv) via soil contaminated with manure; (v) via
animal bites and/or animal scratches; and (vi) invasion with active
penetration (36). In addition, some zoonotic diseases can be
transmitted from patients to health care workers and health pro-
fessionals (physicians, nurses, and other health staffs) (37).

Bacterial Zoonotic Diseases in Turkey

Bacterial zoonoses are grouped based on the infection routes
described above. Most of the vector-borne bacterial zoonotic
diseases are classified depending on the biological vector
involved in its transmission, such as tick-, mite-, flea-, and insect-
borne. In addition, mechanical transmission of some bacterial
zoonoses are also possible by iatrogenic or by insects, whereas
a few zoonotic bacterial pathogens can be transmitted by the
ingestion of trematodes and caddishflies as well. Particularly,
tick-borne bacterial zoonoses are complex and have been
grouped as rickettsial (38) and non-rickettsial (39). The reported
bacterial zoonotic diseases in Turkey are shown in Table 1.

Anaplasmosis is an opportunistic rickettsial vector-borne disease
of humans and animals, caused by Anaplasma species including
A. marginale, A. centrale, A. bovis, and A. ovis for ruminants; A.
platys for canines; and A. pagacytophilum for human and

domestic animals such as horses. The infection is widespread
and transmitted iatrogenically and mainly intrastadially by male
ticks; the disease is called Human Granulocytic Anaplasmosis or
Human Granulocytic Ehrlichiosis (HGE) in man. The etiologic
agent of HGE A. phagocytophilum is transmitted by Am. ameri-
canum ticks in endemic areas (40). A. phagocytophilum was
determined in farm animals (41, 42) and in humans (43, 44) in
Turkey. Additionally, A. phagocytophilum was detected in Ixodes
ricinus ticks isolated from humans (45). A few bovine anaplasmo-
sis outbreaks were also reported in cattle from some areas (35,
46-49) and one A. platys infection was reported in a dog in
Turkey (50).

Ehrlichiosis is caused by A. phagocytophilum, Ehrlichia chaffee-
sis, and E. ewingiiin humans and is called Human Monocytotropic
Ehrlichiosis and by A. phagocytophilum and E. canis in dogs and
is called Canine Monocytotropic Ehrlichiosis (CME). The diseas-
es are transmitted by ixodid ticks and are of public health and
veterinary importance (38). In Turkey, the studies on CME are
very limited but few reports have documented seropositivity (51),
clinical cases, treatment (52), and molecular prevalence (53, 54).

Typhus (Epidemic Typhus) is an arthropod-transmitted infection
in humans and animals caused by Rickettsia prowazekii. At least
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Table 1. Reports on zoonotic diseases in Turkey

Causative Known Principal Zoonotic
Diseases Agent Distribution Animals Involved Transmission References
Bacterial zoonotic diseases
Anaplasmosis (HGA) Anaplasma Ruminants, canines,
phagacytophilum horses Tick-borne (464)
Ehrlichiosis (HME) A. phagocytophilum,
E. chaffeesis,
and E. ewingii Dogs Tick-borne (53, 54)
Typhus Rickettsia prowazekii Worldwide Flying squirrels Lice-transmitted infection (57)
Tick-borne R. conorii Tortoises (61, 63)
Typhus (TBT) Tick-borne
Rickettsialpox Rickettsia akari Mice, humans Mite-transmitted 69)
Murine typhus Rickettsia typhi Worldwide Rats, cats, and Flea borne (A))
humans
Lyme Disease (LD) Borrellia burgdorferi Northern Humans, Tick-borne (78, 90)
temperate zone domesticated animals
Tick-borne Borrelia spp. Africa, Asia, Europe, Tick-borne (93, 94)
Relapsing Fever Eurasia and America
(TBRF)
Tularemia F tularensis Northern hemisphere Arthropod- (18, 96)
transmitted
Bartonellonsis (Cat Bartonella spp. Northern hemisphere Cats Sand flies, human
Scratch Disease) body louse, cats, cat flea (101)
Hemoplasmosis Mycoplasma spp. Humans, and Blood-feeding
animals arthropods-transmitted (110)
Q Fever Coxiella burnetii Cows, sheep, goats, Tick-borne (116)
and dogs
Plague (Black Death) Yersinia pestis Worldwide Rat Flea borne (15)
Anthrax Bacillus anthracis Worldwide Mammals Tabanid, mosquito
species, stable flies (119, 120)
Brucellosis Brucella spp. Worldwide Food-borne (23,122
Campylobacteriosis Campylobacter jejuni Poultry, livestock, Food-borne (126)
or household pets
Clostridial diseases Clostridium spp. Domestic and wild Food-borne (128)
animals
Enterohemorrhagic
Escherichia coli
(EHEC) infection Escherichia coli Worldwide Cattle or sheep Water-borne (135, 136)
Erysipeloid Erysipelothrix spp. Farmed animals Contact with (141)
infected animals
Glanders (Malleus) Burkholderia mallei Some Asian, African Horses, mules, Contact with (148-150,
and South American and donkeys infected animals 465)
countries
Leprosy Mycobacterium leprae Armadillos By close contact (152)
Leptospirosis Leptospira interrogans Worldwide Close contact with (155)
infected animals
Listeriosis Listeria A wide range of By close contact,
monocytogenes animals food-borne (156, 159)
Mycobacteriosis Mycobacterium spp. Worldwide Aquarium and Contact with (162, 164)
culture fish contaminated water
sources or infected fish
Pasteurellosis Pasteurella spp. Animal bites or contact
with nasal secretions (167, 168)
Psittacosis Chlamydophila psittaci Birds Airborne (169, 170)
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Salmonellosis Salmonella enterica Worldwide Domestic and wild Food-borne (172, 175)
animals
Streptococcal Streptococcus spp. Dog and cat,
infections wild predatory animal Dog and cat bites (181, 182)
Tetanus (lockjaw) Clostridium tetani Many developing Soil borne (131)
countries
Tuberculosis Mycobacterium Worldwide By close conctact (124)
tuberculosis
Vibrio Food Infection Vibrio spp. Food-borne, (188)
water-borne
Yersiniosis Yersinia spp. Food-borne (189, 191)
Actinomycosis Actinomyces spp. Cattle By contact with
infected animals (194, 195)
Actinobacillosis \Actinobacillus lignieresii Sheep and cattle Cutaneous route (194)
Arcanobacteriosis Arcanobacterium spp. Cattle and sheep By close contact (200, 201)
Dermatophilosis Dermatophilus Horses, dogs, cats, Vector-borne (202, 203)
congolensis and ruminants
Nocardiosis Nocardia asteriodes Dog Ways such as inhalation, | (206, 207)
traumatic inoculation
Fungal Zoonotic Diseases
Aspergillosis Aspergillus spp. Birds, dogs, and horses Airborne (213, 214)
Blastomycosis Blastomyces dermatitis North America Humans and animals Airborne (216)
Candidiasis Candida albicans Humans and birds Direct contact (217)
Coccidioidomycosis Coccidioides spp. | Western Hemisphere Cattle, cats, horses,
dogs, and wildlife Airborne (219)
Cryptococcosis Cryptococcus Worldwide Livestock animals, dogs,
neoformans cats, birds, and wild life Airborne (221)
Histoplasmosis Histoplasma capsulatum Worldwide Dogs, cats, farm By inhalation of the spores 223)
animals, and other
wild mammalians
Dermatophytosis Trichophyton spp. Humans and animals By direct contact (225)
Sporotrichosis Sporothrix schenckii Worldwide Horses and cats Contaminated environment (228)
Penicilliosis Penicillium spp. South Asia countries Human Still not known (229)
Pneumocystosis Pneumocytis spp. Rodents, rabbits, Airborne (238)
and humans
Malassezia Infection or Malassezia Humans and animals Mechanically via hands (235)
Pityriasis pachydermatis
Adiaspiromycosis Emmonsia spp. Worldwide Humans and animals Airborne (237)
Microsporidiosis Encephalitozoon spp. Worldwide Humans and animals | By ingestion or inhalation
and En. bieneusi of the spores (244)
Viral Zoonotic Diseases
1] @ Rabies Lyssavirus Carnivores Dog bites (252)
2| 8% | Tick-Borne
% % Encephalitis (TBE) Flavivirus Asia and Europe Tick-borne (20)
3| & West Nile Virus
(WNV) Flavivirus Worldwide Domestic animals Mosquito-borne 21
2o
©
4 T? % Chikungunya virus
—C% £ o (CHIKV) Alphavirus Africa and Asia Mosquito-borne (254, 255)
o ©
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6| o CCHF Nairovirus Sub-Saharan Africa, Wild and Tick-borne (20)
S % Eastern Europe, Russia, livestock animals
€5 the Middle East,
25 West China
>
7 | £L | Dengue fever Flavivirus Worldwide Mosquito-borne (258)
(DENF)
8 Middle East Coronavirus Middle East countries  |Bats, dromedary camel| By close contact (263)
Q | Respiratory
O | Syndrome
g Coronavirus
9 %, Avian Influenza Influenza A Worldwide Birds By direct contact (265)
E (H5N1)
10| Y | Swine Influenza Influenza A Worldwide Swine Airborne
(HINT)
Qg
Mo g Hepatitis E Hepatitis E virus Worldwide Fecal/oral (269, 270)
<££0
5
12 9 § &) Parainfluenza viruses | Paramyxovirus Cattle Through direct contact (273)
Q
o
o % 2 Orf virus infection Parapoxvirus Wild and By direct or (280, 281)
13| © % (Ecthyma domesticated indirect
% contagiosum) cattle, sheep, goats contact
14 African Horse Orbivirus Africa, Asia, and
Sickness (AHS) Middle East, and Europe Equids Mosquito-borne (283)
15 Bluetongue (BTV) Orbivirus Worldwide Sheep, goats, and cattle  Mosquito-borne (286)
16 Borna Disease (BD) | Bornaviridae Horses, sheep, cattle, Exposure to contaminated
dogs, and cats saliva or nasal secretions | (289, 290)
17 Feline Calicivirus Vesivirus Cats Direct contact (292)
infection
18 Foot and Mouth Aphthovirus Worldwide Cattle, water buffalo, By close contact (297)
o Disease (FMD) sheep, goats, and pigs
=Y
191 2 2 | Loupingill (L) Flavivirus arious European countries|  Sheep and goats Tick-borne (10)
o=
20| S 2 | Newcastle Disease Avulavirus Worldwide Birds By direct contact (300)
o5 D)
21 %B Cowpox (CPX) Orthopoxvirus European countries Small mammals By direct contact (303)
éu IS and Eurasia and cattle
22 Pseudocowpox Parapoxvirus Worldwide Cows By direct contact (305)
virus Infection
23 Bovine papular Parapoxvirus Worldwide Cattle Through direct or (308)
stomatitis indirect contact
24 Rotavirus diseases Rotavirus Developing countries Calves and foals Contact with (312
contaminated objects
25 Norovirus infection Norovirus Calves Food or water-borne, (315, 316)
by contact and
aerosol route
26| o & | Astrovirus infection Astrovirus Food and water-borne (316)
23
27| 2 & | Phlebovirus Phlebovirus Mediterranean Vector-borne 210
§ g Infections Basin
28|38 | Lumpy Skin Capripoxvirus Cattle Blood-feeding
$E | Disease (LSD) arthropods borne (20, 75)
29| &L © Hepaciviruses Hepacivirus Domesticate cattle? ? (327)
>
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Parasitic Diseases with Zoonotic Characteristics
1 © Fascioliasis Fasciola Worldwide Sheep, cattle,
9 § hepatica spp. ruminants, and humans Food-borne (334)
2 é 2 | Dicrocoeliosis Dicrocoellum
) § dentricum Worldwide Livestock, humans Food-borne (336)
3 = Schistosomiasis Schistoma spp. Worldwide Humans Water-borne (338)
4 Echinococcosis Echinococcus Worldwide Cattle, buffalo, sheep, Food-borne (343)
spp. goat, pigs, dogs,
and humans
5 Taeniasis Taenia saginata Worldwide Cattle, pigs, sheep, Food-borne (348)
and humans
6 | o g |Cysticercosis Worldwide Cattle, pigs, sheep, Food-borne (348)
88 and humans
71 8 § Coenurosis Taenia Worldwide Small ruminants, sheep, Food-borne
ON multiceps cattle, and humans Water-borne (350)
8 Dipylidiasis Dipylidium Worldwide Pet animals, dog, cats, Food-borne (353
caninum and humans
9 Hymenolepiasis Hymanolepis Worldwide Humans Food-borne, water- (355)
spp. borne, Poor sanitation
10 Mesocestoidiasis |  Mesocetoides Worldwide Dogs and cats Food-borne (357)
SpPpP
1 Angiostrongylosis| Angiostrongylus Worldwide Humans and dogs Food-borne (358)
spp.
12 Ascariasis Ascaris Worldwide Humans Food-borne (359)
lumbricoides
13 Cutaneous Larva Ancylostoma Avreas with moist and Dogs, cats, wild animals, | By walking barefoot on (362
Migrans (CLM) spp. Necator warm climate and humans sandy beaches or
americanus, contacting moist soft
Uncineria soil, that have
stenocephala and contaminated with
Bunostomum animal feces
Lo phlebotomum
14 % § Dirofilariasis Dirofilaria spp. Worldwide Dogs and humans Mosquito-borne (363
15 % 8 | Filariasis Wuchereria Worldwide Humans, felines, Mosquito-borne (365)
ZN bancrofti and monkeys
Brugia spp.
16 Gnathostomiasis | Gnathostoma spp. Worldwide Humans Water-borne (45)
Food-borne
17 Onchocerciasis | Onchocerca spp. Worldwide Humans and animals Simulid-borne (367)
18 Strongyloidiasis Strongyloides Worldwide Humans, dogs, Soil-transmitted (370)
stercoralis and cats
19 Toxocariasis Toxocara spp. Worldwide Humans, dogs, Contaminated with dog
and cats or cat feces, food-borne (353)
20 Trichinellosis Trichinella spp. Worldwide Humans and animals Food-borne (374)
21 Leishmaniasis Leishmania spp. Mediterranean Basin Doggs, cats, cattle,
and equids Vector-borne (21, 454)
2 Toxoplasmosis | Toxoplasma gondii|  Throughout the world Mammal and By congenital, carnivorism
bird species and fecal-oral route (23, 393)
23 Sarcosporidiosis | Sarcocystis spp. Worldwide Some mammalians, By oral route (399
and in some avian
24\ L 2 Giardiasis Giardia spp. Worldwide Domesticated animals | Water, food borne, and
B= § by direct physical contact| (405, 406)
25 § g 8| Amoebiasis or Entamoeba Worldwide Fecal-oral transmission | (407, 408)
N2 2| Amoebic histolytica
Dysentery
26 Cryptosporidiosis| Cryptosporidium Globally Mammals, birds, reptiles, Water-borne 412, 413)
spp. amphibians, and fish
27 Rhinosporidiosis | Rhinosporidium
seeberi Fish and amphibians By the contact 417)
28 Cystoisosporiasis | Cystoisospora belli| Tropical and subtropical | Monkey, dog, pig, rat, Food/water-borne (419, 420)
regions in the world mouse, Guinea pig,
and rabbit
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two strains of the agent can be distinguished by genetic analysis.
One strain is found only in humans worldwide, while the other
also occurs in flying squirrels (Glaucomys sabrinus and G. volans)
in the USA (55). The primary vector of person-to-person trans-
mission is the human body louse (Pediculus humanus corporis).
Lice are infected when they feed on the blood of infected
patients and excrete R. prowazekii in the feces as they feed on a
new host. Transmission occurs when organisms in the louse feces
are rubbed into the bite wound or other breaks in the skin (55).
The rickettsia is also infectious by inhalation or contact with the
mucous membranes of the mouth and eyes. In most parts of the
world, humans are the only reservoir host for R. prowazekii.
Infections can become latent and later recrudesce; humans with
recrudescent typhus are capable of infecting lice and spreading
the disease (56). It was reported that typhus epidemics were
seen in Erzurum and nearby cities during the years of World War
I in Turkey (57).

Tick-borne Typhus is one of the oldest rickettsial diseases also
called Boutonneuse fever or Mediterranean Spotted Fever
(MSF). In Turkey, several cases of MSF associated with R. conorii
have been reported in humans (58-63). Recently, R. hoogstraali
and two human pathogenic species (R. aeschlimannii and R.
slovaca) were detected in ixodid ticks in Turkey (64, 65). In addi-
tion, in the Thrace region of Turkey, R. conorii was also isolated
from the skin lesions in three of 10 patients with MSF and was
identified molecularly in the biopsy materials from 9 of 10
patients (66); Rickettsia spp. were found positive in the pools of
ticks collected from tortoises (67).

Rickettsialpox is a mite-transmitted bacterial zoonotic disease.
The causative agent is Rickettsia akari, a member of the spot-
ted-fever group of rickettsiae. The disease causes mild, self-lim-
ited, febrile illness characterized by eschar formation at the
mite bite site, followed by the onset of systemic symptoms and
a more generalized papulovesicular rash. The pathogen is orig-
inally found in mice (usually the house mouse), and humans
may be infected by the bite of an infected mite, Liponyssoides
sanguineus (68). In Turkey, a clinical rickettsialpox case has
been described in a 9-year-old boy from the Nevsehir province
(69).

Murine typhus is a zoonotic infection in rats, cats, and humans
caused by Rickettsia typhi and occurs worldwide. Recently, the
infection is also described as a disease of travelers (70). The
causal agent may be transmitted to humans by the bite of infect-
ed rodent fleas (Xenopsylla cheopis) and possibly cat fleas
(Ctenocephalides felis). Two clinical cases of endemic or murine
typhus were also reported in Istanbul, Turkey (71).

Wolbachia endobacteria are the most widespread intracellular
endosymbiont of arthropods and nematodes. Their interactions
with their hosts are often mutualistic rather than parasitic (72).
Recently, the prevalence of Wolbachia endobacteria were deter-
mined via molecular techniques in the mosquito populations in
Turkey (73, 74) and in the chewing lice species collected from the
Angora goats (75).

Candidatus Rickettsia vini is a newly named rickettsial bacterium
belonging to the spotted-fever group that has been molecularly

detected in Ixodes arboricola ticks (76). In Turkey, Candidatus R.
vini was detected in |. arboricola ticks collected from birds in the
Kizilirmak Delta (77).

Lyme Disease (LD), the most common tick-borne zoonotic infec-
tion with clinical significance of humans and domesticated ani-
mals in the northern temperate zone, was first described in the
USA in the late 1970s, and the causal agent was described as a
tick-borne spirochete Borrellia burgdorferiin 1982. The environ-
mental risk of LD is measured by the density of infected questing
ticks and more specifically by the density of infected nymphs of
genus Ixodes, as nymphs appear to be the most important epi-
demiological stage (39). In Turkey, Lyme borreliosis is also one of
the most important tick-borne zoonotic disease, and its causal
agent Bor. burgdorferi was isolated from . ricinus ticks collected
from cattle in the Black Sea region in 1998 (78). The spirochetes
of Borrelia were present in an unfed tick nymph (79). Meanwhile,
some Bor. burgdorferi sensu lato strains were characterized
molecularly (80), and a novel Borrelia sp. was also isolated from
H. aegyptium ticks collected from tortoises (Testudo graeca) (81),
and the spirochete was named as Bor. turcica sp. nov (82). A
clinical Lyme case was observed in a dog in 2007 (83), and anti-
Bor. burgdorferi antibodies were also detected in dogs and
horses in Turkey (84). In contrast, a few reports on LD cases in
humans have been documented in some parts of Turkey (85-88).
The seropositivity rate was reported as 17% in the patients with
a history of tick bite in Central Anatolia (89). However, a serolog-
ical study showed that the seropositivity rate for LD was found to
be 10% in 50 patients having symptoms compatible with LD at
the Erciyes University Hospital in the Kayseri province (90). In the
Marmara region, three LD cases have been confirmed serologi-
cally and by in vitro cultivation with two of the three cases
detected in the residents of Istanbul, while the third was
described in a tourist from the USA (88). Meanwhile, Bor. burg-
dorferi was also isolated from questing I. ricinus ticks sampled by
flagging from parks and rural areas in the Thrace region of
Turkey (44). In the same region of Turkey, another similar field
study was performed on ticks, which were collected from tor-
toise and Rickettsia spp., and Bor. burgdorferi s.I. were molecu-
larly detected in the tick pools (67). Meanwhile, another study
was conducted to investigate the presence of Bor. burgdorferiin
tick samples collected from humans, domestic and wild animals,
and the ground as unfed (questing) in 12 different provinces,
including Agri and Erzurum in Eastern Anatolia; Ankara, Cankiri,
Yozgat, and Kirsehir in Central Anatolia; Artvin, Giresun, and
Corum in the Black Sea Coast; Kocaeli and Bolu in Marmara; and
Mardin in Southeastern Anatolia regions of Turkey. Bor. burgdor-
feri sensu stricto was also isolated from unusual tick species,
such as H. marginatum, H. excavatum, Hae. parva, and nymphs
of Hyalomma spp. (64). Epidemiologically, these results reveal
that Turkey has a high-risk potential for zoonotic LD.

Tick-borne Relapsing Fever (TBRF) Can be either louse-borne
(LBRF) or tick-borne (TBRF). LBRF is caused by a human-restrict-
ed pathogen, spirochete Borrelia recurrentis, and transmitted by
the body louse Pediculus humanus, while TBRF is caused by
Borrelia spp. and is associated with the bite or coxal fluid of
argasid ticks of the genus Ornithodoros in a wider endemic geo-
graphic area of the world, spanning Africa, Asia, Europe, Eurasia,
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and the Americas with different Borrelia tick vector complexes
implicated in the transmission in each area (39, 91, 92). In Turkey,
the presence of relapsing fever with a spirochete of the
Crocidurae group Bor. crocidurae was shown in Ornithodoros
erraticus ticks collected from rodent holes in the southeastern
areas near the Syria border (93). During the Balkan War and the
First World War, some outbreaks were noted among the
Ottoman and Turkish army (94).

Tularemia is an important arthropod-transmitted zoonotic bacte-
rial infection caused by the Francesilla tularensis and comprises
a range of clinical syndromes ranging from mild to very severe
intensity. The majority of cases occur in the northern hemi-
sphere, particularly in the rural or semirural environments (39). In
Turkey, tularemia is also an important disease, which has
reemerged in 1988, and the first outbreak was recorded in 2005.
Almost all cases were recorded as oropharyngeal tularemia due
to the ingestion of contaminated food or water (95). The first
case associated with the outbreak was diagnosed near Kayseri in
2009 in Central Anatolia, and the region was described as an
endemic area for tularemia (96), but no positivity was detected
using molecular techniques in the pools of mosquitoes and ticks
collected near the Kayseri area (18).

Bartonellosis or Cat Scrath Disease is another zoonotic vec-
tor-borne infection of humans and animals that is caused by an
excluded rickettsilaes bacteria Bartonella spp. The causal agents
Bar. bacilliformis and Bar. quintana are transmitted by sand flies
(Lutzomyia spp) and by the human body louse, respectively,
while the other agent Bar. henselae is commonly transmitted to
humans through the bite or saliva-contaminated scratch of cats
that are the natural reservoirs for the bacteria (97). Bar. henselae
has a large distribution in the northern hemisphere (98). Domestic
cats represent the main reservoir of the pathogen, and the main
vector of the infection is the cat flea (99). However, the trans-sta-
dial transmission of Bar. henselae by I. ricinus ticks was also
shown (100). In Turkey, a case of bartonellosis in a domestic cat
was reported (101). However, the seropositivity rates of Bar.
henselae were 18.6% in cats (101), 6% in human blood donors
(102), and 16.9% in kidney transplant patients (103) and 22.2% in
cattle breeders and veterinarians (104), while the seroprevalence
of Bar. vinsonii subsp. berkhoffii was recorded as 6.6% in dogs
(105) in Turkey. In addition, the seropositivity rates of Bar. hense-
lae in domestic cats varied in distinct provinces, such as Bursa,
Adana, Aydin Burdur, Kayseri, and Istanbul, where they were
41.3%, 33.9%, 27.5%, 32.3%, 7.9%, and 12.5%, respectively; the
average seropositivity of Bar. heselae in cats was found to be
27.9% in Turkey (106).

Hemoplasmosis is one of the bacterial infections of humans and
animals caused by the Mycoplasma spp. (107). Although the
infection is mainly described as vector-borne and transmitted by
blood-feeding arthropods, such as ticks and fleas, the disease
might also be transmitted through other routes, such as mechan-
ically with contaminated operation tools or blood transfusions
and vertically in the intrauterine period (108). Rhipicephalus
appendiculatus transmits the infection to dogs by co-feeding
(109). In Turkey, a clinical case of feline hemoplasmosis associat-
ed M. haemofelis was reported (110).

Q fever is caused by an excluded rickettsiales bacterium Coxiella
burnetii. A number of hard and soft tick species, including
Amblyomma, Dermacentor, Haemaphysalis, Hyalomma,
Rhipicephalus, and Ornithodoros, have been documented to
harbor the C. burnetii (111-113). Recent studies have shown that
ticks harbor Coxiella-like bacteria, which are potentially tick-spe-
cific endosymbionts. For instance, Coxiella-like bacteria and
possibly C. burnetii have been detected in the tick species
Haemaphysalis bispinosa, Hae. hystricis, Dermacentor compac-
tus, Der. steini, and Amblyomma sp., which were collected from
wildlife and domesticated goats in different locations of Malaysia
(114). Q fever is also an endemic and zoonotic infectious disease
of humans and animals in Turkey. It was reported that cows,
sheep, goats, and dogs might serve as reservoirs of C. burnetii,
and Ornithodorus lahorensis ticks also harbor the agent; the
disease is disseminated throughout Turkey, although the epi-
demics among humans are relatively rare (115). Recently, 1gG
seropositivity of C. burnetti in women with an abortion history
and in women with healthy births in the central Black Sea region
of Turkey was reported as 15.6% and 11.1%, respectively, (116).

Plague or Black Death is another zoonotic bacterial disease
transmitted from rodent to rodent and from rodent to man via
flea bites. Humans can also be infected by direct contact with
infected animal tissues. Pneumonic plague may result from
direct human-to-human transmission. The causative agent of the
disease is the bacterium Yersinia pestis. Urban plague describes
the situation where plague circulates among wild rodents. The
infection is maintained in the rat population by fleas, such as
Xenopsylla cheopis (Asia, Africa, Europe, and the Americas), X.
astia (southeast Asia), and X. brasiliensis (Africa, India, and South
America). Rarely, plague is spread directly from person to person
by fleas, such as Xenopsylla species and the so-called human
flea Pulex irritans (117). The first recorded appearance of the
plague in Europe was at Messina, Sicily, in the Middle Ages
(October 1347). It is thought that it arrived on trading ships that
likely came from the Black Sea, past Istanbul and through the
Mediterranean. It is estimated that a quarter of the people living
in Europe were killed from the Black Death at that time. Within
the last decade, human plague cases have been reported from
countries in Africa, America, and Asia. Between 1990 and 1996,
there were 16,005 cases of plague and 1214 deaths (7.6%)
reported to the WHO (117). It is noted that the last plague out-
break involving 32 human cases in Turkey was recorded in 1947
in Akcakale, a town located on the Turkish-Syrian border (15).
There is no official record of plague in Turkey since then.

Anthrax is an infection of humans and other mammals caused
by the bacterium Bacillus anthracis, a Tier 1 biologic agent.
Anthrax spores persist for a long time under changing environ-
mental conditions and can be easily found in nature; they can
also be produced in the laboratory. Although the vast majority
of human cases are related to direct contact with infected car-
casses or to handling of contaminated products from morbid
animals, the transmission of the disease has been demonstrat-
ed by a wide variety of tabanid and mosquito species and with
stable flies (Stomoxys spp) (118). The disease has wide distribu-
tion in the world and is also an endemic zoonosis in Turkey. A
total of 967 (464 from animals and 503 from humans) anthrax
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cases were reported from Eastern Turkey between 1992 and
2004 (119). In contrast, a total of 26,954 human anthrax cases
were recorded by the Turkish Ministry of Health between 1960
and 2005, with 6861 cases reported between 1990 and 2005
(120). Although the incidence rate of anthrax in humans is
decreasing (<150 cases per year between 2011 and 2016) in
Turkey, regional outbreaks still present a risk to human and
animal health. The prominent clinical form recorded is cutane-
ous anthrax (120, 121). Recently, in April 2017, two pumas died
at the Kayseri Zoo Park, and the etiologic agent was identified
as B. anthracis by laboratory examination. The source of the
infection was considered consumption of a carcass of cattle
that had died of unknown reasons (personal communication
with Professor M Doganay).

Brucellosis is a zoonotic infection with significant health and eco-
nomic problems worldwide. The causal agents of the infection are
Brucella abortus, B. melitensis, B. ovis, B. suis, and B. canis. The
disease is mainly food-borne and is transmitted to humans
through the consumption of unpasteurized/raw dairy products
and rarely by eating undercooked meat. In addition, the bacteria
may also enter the body by inhalation or by contact. In Turkey,
brucellosis is a known disease since the First World War and its
incidence has been increasing over the years. In 1999, 11,462
cases were notified to the Ministry of Health, with the incidence
rate being 17.41/100,000. In the last decade, the annual recorded
cases in human have been decreasing below 6,000. Predominant
etiological agent is also B. melitensis (122). Although several con-
trol and eradication measures have been applied, brucellosis
remains an endemic disease in many regions and leads to a large
economic loss in cattle and in small ruminants with serious public
health problems (23, 123). The prevalence of brucellosis was
shown to be 32.9% in tested animals (124).

Campylobacteriosis is a common food-borne zoonotic infection
of humans with gastroenteritis. The causal agent of the disease
is most commonly Campylobacter jejuni. The agent is transmit-
ted to humans by ingestion of contaminated food (usually
unpasteurized/raw milk and undercooked poultry) and drinking
of contaminated water (water-borne). The infection is also trans-
mitted by contact with contaminated poultry, livestock, or
household pets, particularly puppies (125). Meanwhile, animals
farmed for meat are the major source of campylobacter enteritis.
In Turkey, campylobacter gastroenteritis has been reported as a
more common disease in children (126).

Clostridial diseases are caused by many clostridial bacteria both
in humans and domestic animals, but these pathogens are sel-
dom considered zoonotic agents. Clostridium botulinum and C.
tetani lead neurotoxicoses in humans and domestic and wild
animals, but there is no evidence for transmission among the
species. C. septicum causes malignant edema in domestic ani-
mals and humans, and the signs and the lesions of infection are
generally the same in both; however, there is no evidence for
direct transmission between animals and humans. However, it
was suggested that indirect transmission of entrotoxigenic C.
peringes type C and C. difficile is possible via foods (i.e., in retail
meats) (127). In Turkey, limited C. difficile infection cases have
been reported in the patients with antibiotic-associated bloody

diarrhea in some provinces such as Kayseri (128), Bursa (129), and
Istanbul (130).

Tetanus is also another clostridial disease characterized with
muscle rigidity and spasms. The agent of infection is Clostridium
tetani, which is generally found in soil, dust, and manure. The
pathogens usually enter through a break in the skin, such as a cut
or puncture wound by a dirty contaminated object. Tetanus in
neonates is primarily related to insufficient sanitation and lack of
hygiene. Neonatal tetanus is actually preventable by immuniza-
tion in many developing countries, and it has already been elim-
inated in most of the developed countries. In Turkey, the inci-
dence of tetanus cases in humans has been reduced by improv-
ing hygiene conditions and implementation of tetanus vaccine in
the last decades (131, 132).

Enterohemorrhagic Escherichia coli (EHEC) infection is an
important coliform water-borne zoonotic disease seen world-
wide. Cattle are important reservoirs of Shiga-like toxin-produc-
ing Escherichia coli (SLTEC) O157:H7 EHEC, which causes hem-
orrhagic colitis and hemolytic uremic syndrome in humans. The
infected cattle can shed low levels of E. coli O157:H7 for a long
term. The most important EHEC reservoir cattle can also carry
unusual EHEC strains, such as EHEC O104:H4. Humans acquire
EHEC by direct contact with carrier cattle or sheep, their feces,
infected people, and contaminated soil or water or via the inges-
tion of undercooked meat, other animal products, contaminated
vegetables and fruit, and other foods (133). In Turkey, limited
data are available regarding EHEC O157 in humans and animals.
Although the incidence of E. coli O157:H7 has been reported as
varying up to 40% in gastroenteritisassociated children (134,
135), verocytotoxin producing E. coli O157 was molecularly
detected in only one case (136). In contrast, verocytotoxin pro-
ducing E. coli O157 was also isolated from clinically healthy cat-
tle samples in the Hatay province of the Mediterranean region
(137) and in the carcasses of cattle and abattoir environment in
Istanbul in the Marmara area (138).

Erysipeloid is a rare skin bacterial infection of humans caused by
Erysipelothrix rhusiopathiae and Ery. tonsillaru and occurs more
commonly in individuals, who handle fish and raw meat. The
disease has economic importance for farmed animals, including
swine, turkeys, chickens, and sheep. People acquire the disease
through contact with infected animals (particularly pigs), fish, or
birds. The pathogen enters the body through existing skin
wounds, such as cuts, scratches, punctures, or splinters. The
infection does not spread from person to person (139). In Turkey,
a few rare cases of erysipeloid in humans were reported (140,
141).

Glanders or Malleus is one of the oldest known, highly conta-
gious and re-emerging infections and often causes fatal zoonot-
ic disease in equids, such as horses, mules, and donkeys. These
solidungulate animals serve as a natural reservoir role for the
pathogen. The causal agent of the disease is Burkholderia mallei
(formerly Pseudomonas mallei). It was reported that this bacteri-
um has been listed as a potential agent for biological warfare
and bioterrorism under Center of Diseases Controlcategory B
(142). The pathogen organism is transmitted to the animals
either directly or indirectly from secretions and excretions of
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infected animals. The infection occurs subclinically in horses, and
the agent organisms are found in the lesions and discharges of
the skin and nasal mucosa. Thus, chronic infected horses can
serve a carrier role for the epidemiology of the disease. Mules
and donkeys are acutely infected animals, and the organisms are
excreted in feces, urine, saliva, and tears. The major mode of
transmission among solipeds is the respiratory route and inges-
tion of feed and water contaminated by nasal discharge, or
sputum of sick animals, or direct contact with fomites. Glanders
has been eradicated from many countries by statutory testing,
elimination of infected animals, and import restrictions. However,
it persists in some Asian, African, and South American countries.
The infection should be considered a re-emerging disease and
may be imported by pet or racing equids into glanders-free
areas (143). The transmission of B. mallei from infected equines
to humans is uncommon, and the person-to-person transmission
is also rare. The main routes of zoonotic transmission of B. mallei
in humans involve direct invasion of a cut, abrasion, or laceration
of the skin and; inhalation; and by attack to mucous membranes
(144). The first zoonotic human case was reported in a French
veterinarian in 1793 (142), and recently, a clinical glanders case
was determined in a microbiologist at the U.S. Army in 2000
(145). Professionals who are in close contact with sick horse, such
as veterinarians, farmers, horse traders/fanciers, laboratory work-
ers, and other workers in slaughterhouses and horse stable and
soldiers are at occupational exposure to glanders. In Turkey,
glanders is one of the compulsory notifiable diseases. To control
and eradicate glanders, a national project was conducted by the
Ministry of Agriculture between 2000 and 2001. In the project
scope, a total of 235,286 equines were screened for glanders,
and 3509 were found positive. All of the positives were culled as
compensation. The economic impact of the disease was devas-
tating for Turkey. In same period, no clinical cases of glanders
were observed in tested horses and mules, while only one glan-
ders case was reported from a donkey with clinical sings. In
recent years, approximately 10,000 pedigree horse sera were
tested using the complement fixation test (CFT) and all of the
tested sera were found negative for glanders (146). It was report-
ed that the history of human cases of glanders goes back to
1890s when some army and civil veterinarians became sick
during the struggle programs against glanders between 1901
and 1934 and died of the disease (147). In the following decades,
limited human cases of glanders were also reported from some
parts of Turkey (148-150).

Leprosy is a serious human disease caused by Mycobacterium
leprae. The transmission of the disease from an infected person
to others is possible by close contact. However, the transmission
of animal leprosy to man may be possible with armadillos that
are the only other known natural hosts of the pathogen organ-
ism. The disease was a serious health problem almost 60 years
ago in Turkey (151), but no leprosy case is seen in the country
today. The disease was eradicated with systemic surveillance and
treatment, intensive control measures, improvement in general
health conditions, and with good coordination of health institu-
tions in Turkey (152).

Leptospirosis is a zoonotic disease caused by Leptospira interro-
gans and occurs worldwide. The infection predominantly affects

some professionals who are in close contact with infected ani-
mals or their urine. The incidence of leptospirosis was found to
be relatively high in humans (153) as well in animals (154, 155) in
Turkey.

Listeriosis is a sporadic bacterial zoonotic infection caused by
Listeria monocytogenes and affects a wide range of animals,
including man and birds. Encephalitis or meningencephalitis in
adult ruminants is the most commonly recognized clinical form
of the disease. The disease is primarily a winter-spring infection
of feedlot or housed ruminants. Grazing animals ingest the
organism and animal-to-animal transmission occurs via the fecal-
oral route. The transmission of listeriosis to man is possible by
close contact or through handling of aborted material; nosoco-
mial infection is also seen in hospitals. L. monocytogenes is an
important cause of severe infection in patients with impaired
cell-mediated immunity, neonates, pregnant women, the elderly,
and transplant recipients. Human infection is generally observed
as a food-borne disease. Various clinical forms, such as central
nervous system infection, sepsis, endocarditis, gastroenteritis,
and rarely other clinical forms, were reported in humans in
Turkey (156). Several serosurveys indicate that seroprevalance of
L. monocytogenes was relatively high in healthy animals and
reported as 44.9% in cattle (157), 25.8% in sheep (158), 40.29% in
horses (159), and 22.3% in dogs (160) in different regions of
Turkey. Meanwhile, it was declared that the prevalence of L.
monocytogenes was 42.2% in slaughterhouse workers in Ankara

(161).

Mycobacteriosis is a chronic or acute, systemic, granulomatous
disease that occurs in aquarium and culture fish. Several species
of Mycobacterium cause the infection. The two most important
species in fish and humans are Mycobacterium marinum and M.
fortuitum. The source of M. marinum infection is contaminated
water. In the past, human outbreaks of M. marinum were sporad-
ic and most commonly associated with swimming in contaminat-
ed pools. In humans, breaks in the skin serve as an entry point
for the organism during contact with contaminated water sourc-
es or infected fish. In fish, transmission can occur by consump-
tion of contaminated feed, cannibalism of infected fish or aquat-
ic detritus, or by entry via injuries, skin abrasions, or external
parasites. In Turkey, Mycobacterium spp. were detected in fish
samples in the Mersin province (162). In contrast, avian mycobac-
teriosis is also an important disease that has been reported
widely in pet birds, captive wild birds, as well as poultry and
occurs worldwide (163). Recently, a case of avian mycobacterio-
sis was detected in a wild bird (Buteo rufinus) in the Kars prov-
ince in Turkey (164).

Pasteurellosis is an important zoonotic disease caused by
Pasteurella species, which are highly prevalent among animal
populations where they are often found as part of the normal
microbiota of the oral, nasopharyngeal, and upper respiratory
tracts. Many Pasteurella species are opportunistic pathogens
that can cause endemic disease and are associated increasingly
with epizootic outbreaks. Zoonotic transmission to humans usu-
ally occurs through animal bites or contact with nasal secretions,
with P multocida being the most prevalent isolate observed in
human infections (165). In Turkey, bovine pasteurellosis is one of
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the prevalent infections and leads to important economic losses
(166). Meanwhile, cellulitis due to Pasteurella multocida in a
5-year-old girl bitten by a dog (167) and acute osteomyelitis due
to P. multocida in a 70year-old diabetic man bitten by a cat have
been reported (168).

Psittacosis is a zoonotic infectious disease of birds caused by
Chlamydophila psittaci. The disease is also known as parrot
fever or avian chlamydiosis. C. psittaci can be transmitted
among birds by inhalation of infectious dust or airborne parti-
cles, such as feathers, and by ingestion of infectious material
including carcasses. Humans usually get the infection by inhala-
tion of contaminated dust, feathers, or aerosolized secretions
and excretions. In Turkey, C. psittaci was detected in pet birds
(169) and in some waterfowls in different zoos (170), while there
is no official report on human chlamydiosis.

Salmonellosis is a widespread food-borne contagious zoonotic
infection both humans and animals worldwide caused by
Salmonella enterica subspecies enterica serovar Typhimurium.
Domestic animals and wild animals may serve as carriers in the
epidemiology of the disease. The disease is typically transmitted
to humans by consumption of Salmonella-contaminated food,
with eggs being the most blamed food (171). In Turkey, few stud-
ies have been performed on salmonellosis in dogs (172) and in
poultry (173). Recently, different Salmonello serotyps were
detected in turkey ground meat and meat parts, and S. corvallis
was shown to be the predominant serotype in poultry meat in
Turkey (174). Although salmonellosis is considered a threat for
public health, limited reports on confirmed cases of human sal-
monellosis were documented in Turkey. In a study that was con-
ducted to investigate surveillance of enteric pathogens of public
health importance, a total of 177 Salmonella strains were isolat-
ed from different patients during the period between 2008 and
2011 in Ankara. Salmonella Enteritidis was found as the most
frequent Salmonella serovar. Its prevalence was detected as
61.4% with one Salmonella typhi strain isolated (175). An out-
break of Salmonella Enteritidis due to consumption of contami-
nated patisserie products was reported in 433 persons in Kadirli
county of Osmaniye province located in the Mediterranean
region of Turkey in 2014 (176).

Streptococci are gram-positive and aerobic bacteria that cause
several disorders, including pharyngitis, pneumonia, endocardi-
tis, sepsis, and wound and skin infections. The wound and skin
infections are seen in man and animals due to dog and cat bites
or rarely wild predatory animal bites or rodent bites as well (177,
178). The numbers of bacterial isolates vary depending on the
type of wound, which is commonly mixed as aerobic anaerobic
infections (179). Streptococcus species are frequently isolated
from dog bite wounds. Streptococcus mitis was found as the
most common species among different members of the genus
(180). In Turkey, the reports on the cases of wound and skin infec-
tions in animals and in man due to dog and cat bites are limited.
In a retrospective study, 114 bite wounds were recorded in dogs
and cats between 1999 and 2003 at small animal clinics of
Veterinary Faculty of the Aydin province in the Aegean region of
Turkey (181). Meanwhile, a total of 25,480 dog and cat bite cases
were recorded in humans between 2005 and 2009 in Ankara

(182). Recently, the number of animal-inflicted human wound
cases was reported as 205 between 2013 and 2014 in the
Erzurum province in Eastern Anatolia, Turkey (183).

Tuberculosis (TB) is one of the most devastating and oldest
known zoonotic disease in humans and occurs worldwide. The
estimated global annual incidence rate of human TB is almost
128 new cases/100,000 populations (184). Although human TB is
caused particularly by Mycobacterium tuberculosis, other major
causative agents, such as M. bovis, M. caprae, M. avium, and M.
marinum, can also cause human tuberculosis. M. bovis and to a
lesser extent M. caprae are the main causative agents of bovine
TB. These zoonotic pathogens are transmitted to humans by
close contact with infected cattle or consumption of contaminat-
ed animal products, such as unpasteurized milk (185). In Turkey,
the total number of human TB was reported as 16,551 while the
rate of new cases of human TB was shown as 22/100,000
between 2005 and 2010 (186). Meanwhile, the prevalence of
tuberculosis in cattle was reported as 0.38%-1.49% in Turkey
(124).

Vibrio diseases may be mainly classified into two different infec-
tions groups: Vibrio cholera (caused by V. cholerae) and nonchol-
era Vibrio (caused by V. parahaemolyticus or V. vulnificus). Most
of these Vibrio infections are related to consumption of contam-
inated food or water and hence these infections are considered
as food-borne or water-borne diseases. Poor sanitation and
adverse environmental conditions after natural disasters, such as
hurricane, earthquake, and tsunami, may also increase the risk of
Vibrio infections. Humans can acquire Vibrio infections by inges-
tion of raw or undercooked shellfish. Vibriosis is also an econom-
ically important disease of cultured fishes, such as gilthead sea
bream (Sparus aurata). Initial infection is probably water-borne;
however, once established in fish, the infection spreads by con-
tact. Some epizoitics can also be seen because of the use of
infected marine fish in the feeds of healthy fish. The zoonotic
transmission of fish vibriosis is possible by ingestion of infected
fish tissues (187). In Turkey, studies on vibriosis are very limited.
However, fish vibriosis was diagnosed in cultured gilthead sea
bream in the Aegean Sea coast farms of Turkey (188). There is no
official report on cases of human vibriosis in Turkey.

Yersiniosis is a food-borne zoonotic infection caused mostly by
eating raw or undercooked contaminated foods with Yersinia
enterocolitica. Y. enterocolitica and other Yersinia species were
isolated from ground beef in Aydin (189). In another study that
was conducted to investigate the incidence and pathogenicity
of Y. enterocolitica in the Northeast Anatolia regions of Turkey
(provinces of Kars, Igdir, and Ardahan), a total of 750 food sam-
ples, composed of ice cream, raw milk, feta cheese, chicken
drumsticks, and minced meat were tested and 57 samples (7.6%)
were evaluated positive for Yersinia spp; 18 (2.4%) of these iso-
lated from 6 feta cheese, 4 ice cream, 2 chicken drumsticks, 4
minced meat, and 2 raw milk samples were determined as con-
taminated with pathogenic Y. enterocolitica (190). However, Y.
enterocolitica and Y. pseudotuberculosis strains were isolated
from humans in the Van province in East Anatolia, Turkey (191).

Actinomycosis is caused by anaerobic Actinomyces species A.
israelii and A. bovis. The disease occurs rarely in humans, but
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frequently in cattle, and the infection is called “lumpy jaw”
because of large abscesses seen on the necks of infected cattle.
A. israelii and A. bovis are normal commensal species in humans
and in cattle, respectively. The infection develops due to a pre-
disposing factor in the buccal cavity, such as dental problem or
periodontal disease (192). The rare zoonotic transmission of the
disease may be seen by contact with infected animals (193). In
Turkey, a total of 167 cattle with actinomycosis were treated at
the surgical clinic of Veterinary Faculty between 1957 and 1971
in Ankara (194). However, a total of 50 A. israelii strain were iso-
lated from cervico-vaginal regions of women who were intro-
duced to gynecology clinics of Medicine School between 2002
and 2004 in the Van province in Eastern Anatolia (195).

Actinobacillosis is a bacterial zoonotic disease caused mostly by
Actinobacillus lignieresii. The most common form of the disease
occurs as mouth actinobacillosis in cattle and is called “wooden
tongue.” However, the infection affects sheep as well. Actually,
the pathogen is considered a microorganism of normal rumen
flora of sheep and cattle. The organism enters via damaged tis-
sues in the mouth of ruminants. Cutaneous route was indicated
for zoonotic transmission of the infection in humans (36). In
Turkey, two cattle with clinical actinobacillosis were treated in
Ankara (194), whereas there is no report on actinobacillosis in
humans.

Arcanobacteriosis is a zoonotic infection characterized with
granuloma caused by facultative anaerobic bacteria
Arcanobacterium species, A. haemolyticum, and A. pyogenes.
The infection can be transmitted by close contact from animal to
animal, from animals to humans, or even from human to human
(36, 196, 197). A. pyogenes leads summer mastitis in cows with
huge economic losses (197) and causes thoracic pyogranuloma
formation in dogs (198), while causes endocarditis in man (196).
However, the insect transmission of summer mastitis in cows at a
cattle herd was successful experimentally via Hydrotaea irritans
flies (199). In Turkey, a total of 51 A. pyogenes strains were iden-
tified from samples collected from cattle and sheep in the Konya
province of Central Anatolia (200). Meanwhile, the prevalence of
A. haemolyticum was reported as 2% in children with tonsilloph-
argytis in Istanbul (201).

Dermatophilosis is a zoonotic bacterial infection caused by
Dermatophilus congolensis. The infection is rare in humans but
is frequent in horses, dogs, cats, and ruminants, particularly in
cattle infested with ticks. In Turkey, a few cases of dermatophilo-
sis in animals (202) and in humans have been reported (203).

Nocardiosis is a bacterial disease in immunocompromized hosts
caused by opportunistic species belonging to the Nocardia
asteriodes complex. The pathogens can be found in environ-
ment, such as soil, decomposing vegetation, and other organic
matter as well as in fresh and salt water. People with cancer or
people taking steroid treatments are at risk for nocardiosis, and
the infection often happens via several ways, such as inhalation
(pulmonary nocardiosis), traumatic inoculation (cutaneous nocar-
diosis), and hospital-acquired (extra pulmonary nocardiosis)
(204-206). In Turkey, a solitary case with granulomatous nocardial
pleurisy was documented in a dog in Ankara (207). However, a
total of 53 cases with mostly pulmonary nocardiosis were report-

ed in humans between 1997 and 2004 (208); recently, a few new
cases with clinical nocardiosis were also diagnosed in man in
distinct areas of Turkey (209, 210).

Fungal Zoonotic Diseases in Turkey

Fungal Zoonotic Diseases are significant health problems in man
and in animals worldwide. Today, many fungal zoonotic diseases
have been described in the world and some of them also occur
in Turkey (Table 1).

Aspergillosis is a respiratory and non-contagious fungal infection
caused by opportunistic Aspergillus species and occurs relative-
ly rarely in humans, while it is a common and dangerous disease
for birds. Although A. fumigatus is most common in humans,
other common species, including A. flavus and A. niger, also
cause problems in humans and in birds (211). Warm and moist
environment, poor ventilation and insufficient sanitation, and
long-term storage of feed, are predisposing conditions for
aspergillosis and can increase the amount of the spores in the
air. Spores often become airborne and spread to the environ-
ment by wind and can enter into the respiratory system by inha-
lation (212). In Turkey, aspergillosis has been detected predomi-
nantly in the homes of asthmatic patients (213, 214). Meanwhile,
it was reported that aspergillosis is a prevalent fungi infection in
pigeon herds, birds of zoo, geese, dogs, and horses (215).

Blastomycosis is a zoonotic fungal infection caused by
Blastomyces dermatitis, and the disease occurs in several
endemic geographical areas, such as North America. The fungus
mainly thrives in moist soil and decomposed matters, such as
wood and leaves. The infection is transmitted to humans and
animals by inhalation the fungal spores via the airway from the
environment or by contact with contaminated soils. In Turkey, a
case of blastomycosis in a 47year-old female was reported (216).

Candidiasis is a zoonotic infection caused by particularly Candida
albicans. Humans mainly serve as reservoirs, while animals only
occasionally. Candida is present in the normal flora of humans
and animals present on the skin, intestinal tract, and genital area
of women; they generally do not cause any problems. However,
the fungi sometimes lead to infections on the skin and in the
mucous membrane of the mouth and the vagina. The transmis-
sion of disease is possibly via direct contact. In Turkey, Candida
albicans was isolated from the fecal samples of cage birds in
Istanbul (217). In contrast, different Candida species were isolat-
ed from the oral cavity of 65 of 125 healthy people between the
ages 17 and 67 years in Istanbul, and the prevalence of C. albi-
cans was found as 48% (218).

Coccidioidomycosis is a fungal infection caused by Coccidioides
immitis and C. posadasii. The disease occurs in non-human
mammals, such as cattle, cats, horses, dogs, and wildlife and is
transmitted through environmental exposure. The causative
pathogens of the disease are found particularly in warm, arid,
and desert areas of the Western Hemisphere. The zoonotic
transmission of the infection to humans has not been reported
yet. However, any person who resides in or travels to the endem-
ic area can become infected with Coccidioides spp. after inhala-
tion of airborne arthroconidia (219). Recently, an imported coc-
cidioidomycosis case has been detected in a 41-year-old other-
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wise healthy Turkish man who visited Texas area in the USA and
returned to Turkey (220).

Cryptococcosis is a zoonotic and serious fungal disease world-
wide caused by opportunistic Cryptococcus neoformans. The
disease is considered to be acquired by inhalation of the infec-
tious propagule from the environment in endemic areas and
occurs in three forms in humans, such as cutaneous, pulmonary,
and meningitis. Its prevalence has been increasing over the past
20 years for many reasons parallel to the increase in the inci-
dence of acquired immunodeficiency syndrome (AIDS) and the
expanded use of immunosuppressive drugs. The infection is also
common in livestock animals, dogs, cats, birds, and wild life. Sail,
fowl manure, and particularly dropping and nest of pigeons
could be sources for disease. In Turkey, it was reported that the
prevalence of C. neoformans varies between 1% and 35% in
natural sources, and most of the human cases were clinically
characterized with meningitis (221).

Histoplasmosis is a zoonotic fungal infection caused by
Histoplasma capsulatum, and occurs worldwide in different
forms, such as pulmonary and systemic infections in humans.
The pathogen lives in the environment, mainly in the contami-
nated soil with fowl manure in the bat caves. Birds are not sus-
ceptible to the disease, but the pathogen causes infection in
various animals, such as dogs, cats, farm animals, and other wild
mammals besides humans. The causative agent is transmitted to
the host by the inhalation of the spores (222). It was asserted that
Turkey may be an endemic area for histoplasmosis by some ear-
lier reports (223). Recently, a case report has been documented
on histoplasmosis in humans (224).

Dermatophytosis is a widespread fungal infection of the skin
caused by three types of fungi called trichophyton, microspo-
rum, and epidermophyton, which infect both humans and ani-
mals. The infection on the skin clinically reflects typical enlarging
raised rings called “ringworm.” The spores of these fungi may
survive for a long term in the soil. Humans and animals can
acquire the infection by direct contact with contaminated soil,
and the disease can also spread via contact with infected hosts.
In an investigation conducted to determine the prevalence of
dermatophytosis in the introduced patients in the dermatology
clinic of Medical School in Elazig province in Eastern Anatolia,
several fungi were isolated from 142 of 651 samples (21.8%). The
prevalence of Trichophyton rubrum, T. mentagrophytes, T. viola-
ceum, T. tonsurans, Epidermophyton floccosum, and
Microsporum canis in the isolates were diagnosed as 70.4%,
15.4%, 2.11%, 0.7%, 2.8%, and 4.2%, respectively (225). However,
the prevalence of dermatophytosis in cattle, sheep, goats, and
cat displayed in the Van province in the same region of Turkey
were 33.3%, 18.1%, 33.3%, and 47.1%, respectively (226).

Sporotrichosis is an infection caused by the saprophytic fungus
Sporothrix schenckii worldwide. It is characterized by skin, lung,
and circulate types. The pathogen is present in the soil and on
various plant matters, such as sphagnum moss, rose bushes, and
hay. Humans can acquire the infection by contact with the spores
of the fungus in the contaminated environment. The skin form of
the disease is the most common and sometimes has been asso-
ciated with cat scratches. Skin sporotrichosis is frequently seen

in cats and horses, and infected cats can also play a role in zoo-
notic transmission of the infection. Hence, the disease is a major
and close hazard for veterinarians. In Turkey, sporotrichosis is
rare (227), but a few cases have been reported. A case of subcu-
taneous sporotrichosis was reported from a 48-year-old man in
Kayseri in Central Anatolia (228). Sporothrix schenckii was isolat-
ed from a patient with nodular lymphangitic cutaneous sporo-
trichosis in the Edirne province of the Thrace region (227).

Penicilliosis is an emerging fungal zoonotic disease caused by
Penicillium marneffei. P. marneffei has an enigmatic epidemiolo-
gy, and more investigations are needed to understand its zoo-
notic or sapronotic transmission. This opportunistic fungus is
generally seen in immunocompromized individuals, particularly
in human immunodeficiency virus positives (229). The pathogen
lives in the soil as its natural habitat and endemically occurs in
south Asian countries. Bamboo rats and dogs can serve as reser-
voirs for the pathogen in endemic areas; important points about
the zoonotic nature of its transmission is remains unknown (230).
Penicillium spp was found as predominant allergen (46%) in a
study that was carried out to investigate fungus species at atmo-
spheric air of elementary schools in the Denizli province of the
Aegean region, Turkey (231).

Malassezia infection or Pityriasis is a fungal infection caused by
Malassezia pachydermatis. The infection affects both humans
and animals. Malassezia species can be involved in skin disor-
ders, such as pityriasis versicolor, seborrheic dermatitis, atopic
eczema, and folliculitis and occur at higher population densities
on scalps with dandruff than on scalps without dandruff. The
zoonotic transmission of pityriasis is possible mechanically
through hands (232). Patients under total parenteral nutrition
and immunocompromized patients with an increased length of
stay in intensive care units are at risk for Malassezia infections.
Dogs and cats become infected with M. pachydermatis that are
normally present on their skin and in the ear canal (233). In
Turkey, a limited number of studies on pityriasis have been per-
formed to date (234-236).

Adiaspiromycosis is a rare chronic pulmonary disease caused by
Emmonsia crescens, Emm. Parva, and Emm. pasteuriana and
effects both humans and animals. The disease is mainly charac-
terized by the presence of large adiaspores in the lungs of infect-
ed humans and animals. Among the etiologic agents, Emm.
crescens is prevalent in continental Europe and England, where-
as E. parva occurs in Asian, African, and American continents.
Emmonsia species are environmental pathogens and their trans-
mission to the host is possible by inhalation of their spores (230).
In Turkey, some adiaspiromycosis cases were reported from
several small wild mammals (237).

Pneumocystosis is a fungal disease caused by Pneumocystis
jirovecii (previously known as Pneumocystis carinii) that primar-
ily leads to pulmonary infection in AIDS or in immunocompro-
mized patients (238, 239). The airborne transmission of
Pneumocystis sp. from host-to-host has been demonstrated in
rodent models (240). In Turkey, pneumocystis pneumonia due
to P carinii in AIDS patients was reported in 1990s (241, 242).
The prevalence of P, jirovecii was also displayed as 54% in the
respiratory samples introduced to the parasitology laboratory
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between 2003 and 2011 in the Samsun province of the Black
Sea region (243).

Microsporidiosis is an opportunistic fungi infection of humans.
The infection is caused by several microsporidian species, such
as Encephalitozoon cuniculi, Enc. intestinalis, Enc. Hellem, and
Enterocytozoon bieneusi. The infection occurs in immune-defi-
cient individuals with persistent diarrhea. Microsporidial species
also infect a wide range of animals, including birds, raising the
concern for zoonotic transmission. Microsporidian spores are
relatively resistant to harsh environmental conditions and exist in
water sources. Humans and animals get the infection by inges-
tion or inhalation of the spores (244). A study in Turkey, which
was conducted to investigate the prevalence of Enc. intestinalis
and Ent. bieneusi in cancer patients under chemotherapy at the
Erciyes University Hospital in Kayseri showed that 65 of 93
patients (69.9%) with cancer were found positive; 43 (46.2%) of
the positive samples were identified as Enc. intestinalis, while
the 9 were determined as (9.7%) Ent. Bieneusi, and the other 13
(14%) were diagnosed as mixed infections (245). However, a
study was performed to investigate the molecular epidemiology
of microsporidian infections in dogs around Kayseri in the
Cappadocia region, and 41 of 282 stool samples (14.5%) were
found positive for microsporidiosis; 35 of 41 positive samples
(85.3%) were identified as Enc. intestinalis, while the reaming 6
(14.6%) were detected as Enc. cuniculi. In the same study, three
haplotypes that showed 99.4% identity to each other were char-
acterized within the Enc. intestinalis isolates. However, only one
haplotype was displayed in the sequences of Enc. cuniculi iso-
lates and this haplotype was described as Enc. cuniculi Genotyp
Il (dog genotype), and no polymorphic region was found in the
sequences of the Enc. cuniculi isolates (246). Furthermore, Enc.
cuniculi and Ent. bieneusi were molecularly detected from
household cats in the Samsun province of the Black Sea region
(247).

Viral Zoonotic Diseases in Turkey

Globally, a total of 95 zoonotic viruses have been identified and
listed under the entitled “spillover and pandemic properties of
zoonotic viruses with high host plasticity” and their general
transmission categories were also grouped (248). Several zoo-
notic viruses that are transmitted to humans by direct or indirect
route cause severe infections in Turkey (Table 1) as well as glob-
ally. These infections were categorized according to their clinical
manifestations and epidemiological characteristics, as indicated
by Venkatesan et al. (249) into groups (i) encephalitis, (i) rash and
arthralgia, (ii) hemorrhagic fever, (iv) emerging, (v) re-emerging
(vi), rare zoonotic, and (vii) potential zoonotic viral infections. The
specific diagnosis of these infections generally involve virologic
tests, such as virus neutralization test, complement fixation and
hemagglutination-inhibition, enzyme-linked immunosorbent
assays; further analysis is required for molecular detection and
characterization of the causative viruses (250, 251). Vaccines are
not available for the majority of these diseases. However, recent
advances and intense investigations toward the development of
new generation vaccines are encouraging for the future of con-
trol programs against viral infections. Currently, some measures,
such as prophylactic and therapeutic, are available for the con-
trol of limited number of viral infections, whereas the implemen-

tation of vector control programs are basically required for most
of viral diseases.

Encephalitis group zoonotic viruses are RNA viruses of the
Rhabdoviridae, Flaviviridae, Togoviridae, Reoviridae, and
Bunyaviridae families and are transmitted to humans by mosqui-
toes and ticks, except rabies virus in Rhabdoviridae family, which
is transmitted by the bite of an infected host. The symptoms of
viral encephalitis are associated with clinical manifestations of
neurological disorders, headache, fatigue, aches in muscles,
fever, vomiting, double vision, confusion, and agitation or hallu-
cinations. The reported viral zoonotic infections with encephali-
tis manifestation in Turkey are shown in Table 1.

Rabies is a lethal form of encephalitis caused by the Rabies lys-
savirus belonging to the genus Lyssavirusvirus of the
Rhabdoviridae family. The disease is still effective and has great
zoonotic importance in Turkey. Confirmed 39 cases of human
rabies were reported by the Ministry of Health in a 15-year peri-
od between 1992 and 2007. Of the cases, 29 (74%) were related
to dog bites, while the others were closely connected with wild
animals (252).

Tick-Borne Encephalitis (TBE) is an important infection of
humans caused by the tick-borne meningoencephalitis virus
belonging to the genus Flavivirus in the family Flaviviridae. The
infection is prevalent in a large endemic area of Asia and Europe,
including Turkey. In Turkey, the seropositivity of the infection was
reported in the range 1.4%-20.5% (10).

West Nile Virus (WNV) is an infection that has a worldwide distri-
bution. The infection is mainly transmitted by mosquitoes. The
virus has been isolated from several mosquito species. Especially
Culex species have found to be infected with the virus. In 2010,
the first outbreak of WNV infection, including 12 laboratory-con-
firmed and 35 suspected cases, were identified in Turkey. The
patients were from different provinces, mainly located in the
western part of the country (253). In Turkey, the seropositivity of
the infection was reported in the range 1%-16% in humans, while
1%-37.7% in domestic animals (35, 254).

Rashes and arthralgia group viruses consist of a few viruses that
belong to Alphavirus in Togaviridae family. Rashes and arthralgia
are clinically seen in the virus-infected patients. In Turkey, the
reported viral zoonotic infections causing rash and arthralgia are
presented in Table 1.

Chikungunya virus (CHIKV) infection is a mosquito-borne zoo-
notic disease with rashes and arthralgia characteristics caused by
CHIKV belonging to the genus Alphavirus of the Togoviridae
family. The infection is prevalent in Africa and Asia. However, in
Ankara, a case of CHIKV infection was diagnosed in a 55-year-
old Turkish woman who had lived in India, New-Delhi, for 3 years
(255). More recently, Alphavirus was also found by molecular
assays in pools of mosquitoes collected from the Thrace region
of Turkey (256).

Hemorrhagic fever group zoonotic viruses consist of 16 patho-
gens that belong to Arenaviridae, Bunyaviridae, Flaviridae, and
Filoviridae families, causing infections generally associated with
extensive bleeding. Most of viruses in this group are transmitted
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by vector arthropods, such as mosquitoes and ticks. In Turkey,
the reported hemorrhagic fever viruses are shown in Table 1.

Crimean-Congo Hemorrhagic Fever (CCHF) is a tick-borne zoo-
notic contagious disease caused by a virus belonging genus
Nairovirus in Bunyaviridae family, which is transmitted by tick
species of the Ixodidae family. Wild and livestock animals serve
as amplifiers of the CCHF virus in field conditions. The infection
occurs in a large area of sub-Saharan Africa, Eastern Europe,
Russia, the Middle East and western China. In Turkey, it was
reported that the infection was first observed in 2002 in the Black
Sea region and then spread to the rest of the country (10, 257).

Dengue fever (DENF) is a zoonotic infection caused by DENF
virus (DEN-1, DEN-2, DEN-3, and DEN-4 serotypes) belonging
to genus Flavivirus of the Flaviviridae family. The infection is
transmitted to humans by Aedes aegypti mosquitoes and occurs
worldwide. In Turkey, a case of DENF virus was diagnosed in a
40-year-old patient who has visited India and the virus was iden-
tified as DEN-3 serotype (258).

Emerging group zoonotic viruses: An emerging disease means
previously unknown and newly identified infectious agent that
causes public and animal health problems either locally or glob-
ally. This group has serious potential threats for human health
with economic impacts, and their current trends have been
going upwards. Thus, these viruses have been defined as "a
zoonosis that is newly recognized or newly evolved or that has
occurred previously but shows an increase in incidence or
expansion in geographical, host or vector range” by the WHO/
Food and Agriculture Organization of the United Nations (FAO)/
World Organization for Animal Health (OIE) in Geneva (259). The
last 30 years have seen a significant increase in emerging viral
diseases in humans, and almost 70% of the infections were cate-
gorized as zoonotic infections (2, 260). The major source of
emerging zoonotic viruses is increasing wildlife, particularly bats
which play important epidemiologic roles for some viruses, such
as Hendra and Nipah, SARS, and MERS virus. Toward the inves-
tigation of these viruses and to prevent current diseases (or
possible infections), the One Health approach has been devel-
oped. In this scope, it was reported that a horse vaccine also
called “One Health Vaccine” can be used to prevent the trans-
mission of Hendra virus from horse to human (261). In Turkey, the
reported emerging zoonotic viruses are shown in Table 1.

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is a
zoonotic infectious disease caused by a virus belonging to
genus Betacoronovirus in the subfamily Coronovirinae of the
Coronaviridae family, and MERS-CoV was isolated from bats.
Infected patients with MERS-CoV commonly have fever, cough
and shortness of breath as clinical symptoms, and in most of the
cases, gastrointestinal symptoms, such as diarrhea, have also
reported. There is no vaccine or medication that protects against
MERS-CoV (243), and close dromedary camel contact is a major
risk for human infection (262). In 2015, 971 laboratory-confirmed
cases of human infection with MERS-CoV were reported to
WHO, including at least 356 deaths. Most of these cases have
been reported from several Middle East countries including
Turkey (263).

Avian Influenza (H5N1) is a zoonotic infection caused by viruses
adapted to birds that serve as a natural reservoir for the infec-
tion. Although influenza A is adapted to birds, it can also stably
adapt and sustain person-to person transmission. The transmis-
sion of the infection is mainly by contact between infected and
healthy birds, although it can also be spread indirectly through
contaminated equipment. The virus can be found in the secre-
tions and droppings of the infected birds. A highly pathogenic
infection is spread to people often through direct contact with
infected poultry, such as during slaughter or plucking. The infec-
tion occurs as global avian influenza pandemics and cause big
economic losses (261). The infection is also prevalent in Turkey,
and its economic impact was reported at almost 7.5 million US
dollars/per day and total loss was expressed as over 231 million
US Dollars for 2 months in 2006 (264). A total of 625 patients with
suspected H5N1 virus infection were treated at the University
Hospital between 2005 and 2006 in the Van province, and eight
of them were diagnosed as H5N1 positive. At the same period,
additional four confirmed cases of H5N1 were reported from
different areas of Turkey, including the Black Sea region and
central, southeast, and eastern Anatolia (265).

Swine Influenza is a highly contagious respiratory zoonotic viral
infection caused by influenza A viruses of the Orthomyxoviridae
family. The most common subtypes of influenza virus in swine are
H1N1, HIN2, and H3N2. The disease in swine occurs within a
herd either as an epizootic or enzootic form, which infect the
respiratory tract of pigs and result in a barking cough, decreased
appetite, nasal secretions, and listless behavior; the virus can be
transmitted to humans. Swine flu viruses may mutate so that they
are easily transmissible among humans. Swine flu is transmitted
from person to person by inhalation or ingestion of droplets
containing virus from sneezing or coughing. In Turkey, a study
was conducted to investigate the seroprevalence following the
first wave of pandemic influenza A (H1N1) in 2009, the pandem-
ic HIN1 seropositivity was found to be 24.1% for Ankara and
27.7% for Diyarbakir (266).

Hemorrhagic Fever with Renal Syndrome (HFRS) virus is a group
of clinically similar diseases caused by various viruses, such as
Hantaan, Dobrava, Saaremaa, Seoul, and Puumala, belonging to
genus Hantavirus in Bunyaviridae family. HFRS comprises several
diseases, such as Korean hemorrhagic fever, epidemic hemor-
rhagic fever, and nephropathia epidemica. Rodents are reser-
voirs for Hantaviruses, and humans can become infected by
direct contact with infected rodents. Although individual trans-
mission is possible, it is extremely rare. HFRS occurs commonly
in a large area of Asia, Southeast Asia, and Europe (261). An
outbreak of HFRS with 23 confirmed cases was reported as an
emerging disease from Zonguldak and Bartin provinces in the
Northwest part of Turkey in 2009 (267, 268).

Hepatitis E is a liver disease caused by hepatitis E virus, which is
a small RNA virus with at least 4 genotypes. The transmission of
the disease is possible by the fecal-oral route, principally via
contaminated water. Hepatitis E virus occurs worldwide, although
the prevalence is highest in East and South Asia (261). In Turkey,
limited epidemiological studies on hepatitis virus have been
conducted in children in various provinces. The seropositivity of
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hepatitis E virus was 2.1% in Ankara of Central Anatolia (269),
12.4% in the Denizli province of the Agean region (270), and
4.2% in the Van province of Eastern Anatolia (271).

Parainfluenza viruses (PIVs) belong to the Paramyxoviridae family
and have 5 subtypes, such as Parainfluenza 1, 2, 3, 4a, and 4b.
Nosocomial infections are also common, particularly among
young infants. Human parainfluenza viruses (hPIVs) can be trans-
ferred through direct person-to-person contact (with infected
secretions) and via respiratory droplets (261). In Turkey, out-
breaks were reported in children in the lzmir province between
2000 and 2005, and Parainfluenza type 3 was isolated from 96 of
the 178 (53.9%) viral specimens (272). In another study, the sero-
positivity of Parainfluenza 3 was found to be 18% in 15 dairy
cattle farms in East and Southeast Anatolia regions of Turkey
(273).

Re-emerging group zoonotic viruses: Re-emerging infectious
diseases include infectious agent that had fallen to such low
levels that it was no longer considered a danger for public and
animal health problem, but became reactive again and showed
an upward trend in the incidence or prevalence in humans and
animals both locally and worldwide. Re-emerging zoonotic viral
infections can emerge when viruses expand their host range (for
example monkey poxvirus and equine morbillivirus) or the dis-
ease can be a result of intrinsic properties of the virus itself, such
as high mutation rate (ie, influenza A virus and foot and mouth
disease [FMD] virus) (274). Most re-emerging viral zoononeses
involve infections with hemorrhagic and neuropathological virus-
es that are arthropod-borne (yellow fever virus; Zika virus) (275),
by rodents (Hanta virus), or by nosocomial infections (Ebola
virus). The re-emergence and increase of these group of infec-
tions are also a consequence of anthropogenic environmental
changes, such as distortion of the ecological balance and major
agricultural changes (276). Additionally, complex interactions
among ecology, socioeconomic and demographic structures,
health care, and human/animal behaviors also affect the re-emer-
gence of zoonotic viral disease (249). The reported re-emerging
viral zoonotic infections from Turkey are listed in Table 1.

Orf virus infection or Ecthyma contagiosum is one of the
re-emerging zoonotic viral infections caused by a virus belong-
ing to genus Parapoxvirus (PPV) in Chordopoxvirus subfamily of
the Poxviridae family. The Orf virus often affects different hosts,
such as wild and domesticated cattle, sheep, goats, and humans.
The disease is transmitted to humans by direct or indirect con-
tact with the infected material. The first case of Orf in humans
was clinically manifested as solitary skin lesion in 1934 (277). In
Turkey, the Orf virus infection has reemerged during the last two
decades, and case reports and Orf outbreaks related to Orf in
both animals and humans are available (278, 279). The human
case of Orf virus infection with a pyoderma-like lesion on the left
indicator finger was diagnosed in a 37-year-old man in 2011 in
Ankara, and the virus was molecularly characterized (280). Later
another case of Orf virus infection with similar manifestations on
the right hand thumb was reported from a child (281).

Rare Viral Zoonotic Infections group: Various viral infections,
which originate from animal pathogens, can sometimes cause
nonspecific febrile illness in humans. The transmission of these

diseases are commonly possible by contact with infected animal
(FMD particularly serotype O, buffalo pox), by handling of such
organisms in laboratory conditions (bluetongue and Newcastle
disease), by sexual contact (simian immune deficiency virus), by
bite or scratch (monkey B virus), via vectors (semliki forest virus,
African horse sickness, and louping ill [LI]), or through food or
water (caliciviruses, such as swine vesicular exanthema, feline
calicivirus, and rabbit hemorrhagic disease virus). Recently, it was
reported that animal rotaviruses and the Eyach virus cause mild
infections in humans (249). The reported rare viral zoonotic infec-
tions in Turkey are listed in Table 1.

African Horse Sickness (AHS) is a vector-borne and non-conta-
gious disease of equids caused by the African horse sickness
virus belonging to the genus Orbivirus within the Reoviridae
family. The virus is transmitted to the hosts Culicoides species
(282). The disease occurs in a large area of Africa, Asia, and
Middle East region and has been reported in Europe (lberian
Peninsula). The infection was seen in a limited period between
1959 and 1966 in Turkey (283).

Bluetongue (BTV) is an insect-borne and non-contagious viral
infection of ruminants caused by the Bluetongue virus (BTV)
belonging to the genus Orbivirus of the Reoviridae family. The
infection has a global distribution between latitudes of approxi-
mately 40-50°N and 35°S in Africa, Europe, Middle East, and the
Mediterranean regions, Indian subcontinent, the Americas, and
Asia (284). The global distribution and nature of BTV infection
has changed significantly in recent years, and climate change,
particularly global warming has been implicated as a potential
cause of this dramatic event. BTV pandemics with devastating
economic impact on the cattle industry have been especially
seen due to the populations of different new Palearctic vectors,
such as Culicoides chiopterus, C. dewulffi, C. obsoletus, C. sco-
tius, and C. pulcaris, expanding their range in some parts of
Europe (285). It was reported that BTV infection is a prevalent
disease with almost 30% seropositivity among the herds of
sheep, goats, and cattle in many parts of Turkey (286), but zoo-
notic transmission of the infection has not been recorded in the
country until today.

Borna Disease (BD) is a viral infection with neurological and psy-
chiatric syndromes of animals and humans caused by BD viruses
(BDV) 1 and 2 of the Bornaviridae family. BDVs have a wide host
range and have been determined in some domesticated ani-
mals, such as horses, sheep, cattle, dogs, and cats as well as wild
life. The transmission of these viruses is probably via intranasal
exposure to contaminated saliva or nasal secretions (287). A
correlation between BDV infection in animals and humans was
demonstrated via autopsy in human brains (288). In Turkey, anti-
bodies to BDV were first detected in the sera of 82 of 323 (25%)
clinically healthy horses in the Marmara region (289). Recently,
the seropositivity of the infection in the distinct regions of Turkey
was reported as 4.9% in horse, 12% in sheep, 4% in goats, 14%
in cattle, and 6.6% in cats (290). There is no official report on the
cases of human BDV infection in Turkey.

Feline Calicivirus (FCV) infection is a widespread respiratory dis-
ease of cats caused by a virus of the genus Vesivirus of
Caliciviridae family. Cats can be infected after coming into con-
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tact with other infected cats in shelters. The disease can occur in
cats of any age, but younger kittens under 6 weeks are most
susceptible (291). In Istanbul, Turkey, FCV was detected in 17 of
220 (8%) cats that had clinical oral lesions (292). There is no offi-
cial report related to FCV infections in humans in Turkey.

Foot and Mouth Disease is a widespread and most contagious
and notifiable disease of cattle, water buffalo, sheep, goats, and
pigs caused by a virus (seven serotypes: O, A, C, SAT1, SAT2,
SAT3, and Asial) belonging to the genus Aphthovirus of the
Picornaviridae family. The infection can be very rapidly spread
among animals by aerosols of infected animals and contaminat-
ed equipment. The disease occurs worldwide as outbreaks and
can occasionally be fatal and cause huge economic losses (293).
Rare cases of human FMD may be observed due to close contact
with infected animals. The highest risk to European Union coun-
tries is through legal and illegal imports of infected live animals
and contaminated meat or dairy products from infected coun-
tries that are consumed by animals. International travelers bring-
ing back food from endemic countries could also spread the
disease. The FMDV can survive for long periods in a range of
fresh, partially cooked, cured, and smoked meats and in inade-
quately pasteurized dairy products (294). The control program
requires a close collaboration among veterinary office, health
service, and local authorities. The control measures of FMD
depend on restricting the movement of farm animals in the
endemic region and immunization with vaccines in a vaccination
regime. Several outbreaks of FMD have been reported in Turkey
(295, 296). The official FMD status of Turkey has been shown in
the list of OIE (297).

Louping Ill is a tick-borne infection of sheep and goats caused
by the LI virus (LIV) belonging to the genus Flavivirus of the
Flaviviridae family. The LIV characteristically causes encephalo-
myelitis of sheep. The epidemiological occurrence of the dis-
ease is closely related to the distribution of its primary vector tick
Ixodes ricinus (298). The disease has been reported from various
European countries, including England, Norway, Greece, and
Bulgaria, as well as Turkey (10). There is no report human LIV
infection cases in Turkey.

Newcastle Disease (ND) is a widespread, contagious, and notifi-
able infection of aves caused by a virulent strain of paramyxovi-
rus type 1 (APMV-1) belonging to the genus Avulavirus of the
Paramyxoviridae family. The transmission of the disease is possi-
ble by direct contact with affected birds and inhalation or inges-
tion of contaminated material. The virus survives in the environ-
ment, especially in the feces. It is an essential requirement for
workers and staff to wear gloves, mask, and coveralls and to use
of disinfected equipment and supplies to minimize the potential
risk of zoonotic transmission of the disease. The infection occurs
worldwide and causes devastating economic losses in the poul-
try sector (299). In Turkey, a total of 549 cases of ND in poultry
have been reported from various regions between 2007 and
2014 (300). There is no report on the cases of human ND in
Turkey.

Cowpox (CPX) is presently a rare zoonotic viral infection caused
by Cowpox virus belonging to the genus Orthopoxvirus of the
Poxviridae family. The zoonotic transferal of the infection is first

seen in milkers, who touch the udders of infected cows. The
infection is mostly restricted to small mammeals rather than cattle
(301). The transmission of the disease from pet rats to humans
has also been observed in four different cases in France (302). It
was reported that cases of cowpox are seen in European coun-
tries and also in Eurasia including Turkey (303).

Pseudocowpox virus (PCPV) Infection is a zoonotic viral skin dis-
ease caused by PCPV belonging to Parapoxvirus within the
Chordopoxvirinae subfamily of the Poxviridae family. The virus is
widespread worldwide and is transmitted to humans by direct
contact with infected cows. The infection affects particularly
milkers and farm workers. Clinically, the mild sores can be seen
on udders and teats of the infected cows, and on hands of the
infected milkers. Most recently, the isolation and identification of
Pseudocowpox virus was performed from an infected Angus bull
with lesions on the surface of the penis in Idaho, USA (304). In
Turkey, PCPV was first isolated and characterized both from an
infected cow and from a milker in a farm near the Milas district
of Mugla (305).

Bovine papular stomatitis (BPS) is a zoonotic infection caused by
Bovine popular stomatitis virus (BPSV) belonging to the genus
Parapoxvirus of the Poxviridae family, and occurs worldwide in
cattle. The infection has occupational zoonotic spreading among
farmers, veterinarians, and butchers. The zoonotic transmission
of the infection is through direct or indirect contact with infected
animals (306). BPS virus infection is clinically seen with erosive
lesions on the muzzle, lips, hard palate, oral mucosa, tongue,
and esophagus in infected calves. In human, BPSV infection is
often associated with nodules and pustules on the hands and
rarely on the face (307). In Turkey, an outbreak of BPSV infection
has been reported in a dairy herd in the town of Tire near lzmir
(308).

Rotavirus diseases are epidemiologically important viral zoonot-
ic infections for public health, particularly in children as well in
calves and foals. Rotavirus infections are characterized by acute
watery dehydrating diarrhea in various hosts, including birds and
mammals. The infections are caused by different types of viruses
belonging to the genus Rotavirus within the Reoviridae family.
Rotaviruses are enteric pathogens that cause a large number of
child deaths each year in developing countries, and rotavirus
infections are mainly acquired by the fecaloral route, including
fomites and person-to-person contact with contaminated
objects (309). However, the cases of Rotavirus-associated enteri-
tis are most frequently seen in calves and in foals, and to combat
against Rotavirus infections, vaccines are available for infants
and children (310, 311). In Turkey, a study was conducted to
investigate the etiology of diarrhea cases between September
2004 and December 2005. At the end of the study, the preva-
lence of Rotavirus was determined as 39.7%, and the serotype
G1P of Rotaviruses was also found as dominant (312).

Norovirus infection is a very contagious disease caused by the
Norwalk virus belonging to the genus Norovirus of the
Caliciviridae family. Humans can be infected via different ways,
such as contaminated food or water, or by touching contaminat-
ed surfaces, or by contact with an infected person who has nor-
ovirus illness, or by fecal-oral, or through aerosol route. The
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infection leads to acute gastroenteritis characterized by nausea,
vomiting, watery diarrhea, and abdominal pain (313). In Turkey,
norovirus was found positive in samples of mussels in the Izmir
city of the Agean region (314) and in some samples of ready-to-
eat food items in Istanbul of the Marmara region (315).
Additionally, a large multipathogenic gastroenteritis outbreak
was reported from Erzurum located in the Eastern part of the
country in 2012, and etiologic agents of the outbreak were iden-
tified as astrovirus, norovirus, Shigella sonnei, and E. coli (316). In
contrast, bovine norovirus was detected through molecular tech-
niques in calves (317).

Astrovirus infection is caused by a type virus belonging to the
genera Astrovirus and Mamastrovirus in the family Astroviridae.
The main mode of astrovirus transmission is by contaminated
food and water, and it cause gastroenteritis in humans, particu-
larly in children and the elderly individuals (318). In Turkey, astro-
virus was identified as an agent in large multipathogenic out-
break, which was seen in Erzurum in 2012 (316).

Potential zoonotic viral infections group Expansions of human
interest in nature damages the ecological balance among ani-
mal-human ecosystems. The emergence of zoonotic diseases
due to changes in animal/human host interface is considered e
a major threat for public health (319). The trend of increasing
zoonotic virus emergence is expected to continue (259). In this
scope, the foamy retroviruses of bovine, feline, and equine can
be given as examples of potential viral zoonotic disease trans-
mission to humans (319, 320). Moreover, a novel tick-borne phle-
bovirus with zoonotic potential was isolated from ticks in
Australia and shown to be closely related to two other newly
discovered zoonotic phleboviruses Severe Fever with
Thrombocytopenia Syndrome Virus and Hunter Island Group
Virus, which were responsible for severe disease and deaths in
humans in four separate countries from Asia and North America
(321). However, the zoonotic status of Lumpy Skin Disease (LSD)
virus is still controversial. LSD was propounded as “potential for
zoonotic spread to humans” (322), whereas the disease was
shown as “not zoonose” in the list of EFSA (323, 324). The poten-
tial zoonotic viral diseases in Turkey are given in Table 1.

Hepaciviruses belong to the genus Hepacivirus in Flaviviridae
family, and include hepatitis C and hepatitis GB virus B (HCV and
GBV-B) types. Humans serve as natural hosts for these viruses.
HCV is transmitted by infected blood transfusion between
humans. HCV was also identified in domestic cattle from
Germany (325). However, the zoonotic transmission of
Hepaciviruses was investigated using Hepacivirus NS3/4A prote-
ases (interfere with mitochondrial antiviral-signaling protein
[MAVS] signaling) in both cognate animal hosts and humans.
Human MAVS was found as susceptible to cleavage by these
non-human viral proteases, indicating that it does not pose a
barrier for zoonotic transmission to humans (326). In Turkey, the
seropositivity of HCV was detected as 1.5% in sera collected
from 1374 people who live in five distinct regions of the country
(327).

Phlebovirus contains known disease agents of animals, including
humans, that can be carried by different vectors (eg, phleboto-
mine sandflies, mosquitoes, and ticks) (328). Four serotypes of

phleboviruses, sand fly Sicilian virus, sand fly Cyprus virus, sand
fly Naples virus, and Toscana virus have been circulating in the
Mediterranean Basin including Turkey (21).

Lumpy Skin Disease (LSD) is a pox disease of the cattle charac-
terized with nodules on the skin and transmitted mechanically
via blood-feeding arthropods, including some hard ticks.
Rhipicephalus (Boophilus) decoloratus, Rhi. appendiculatus, and
Amblyomma hebraeum ticks serve trasmitters in the epidemiol-
ogy of LSD in the endemic areas (329). An LSD outbreak was first
recognized in cattle associated with the nodular clinical symp-
toms in August 2013 in Turkey (330). In the following months, the
infection has spread countrywide, and a total of 3504 LSD cases
were recorded between August 2013 and December 2014 (331).
Recently, an LSD outbreak with huge economic devastation has
been reported by official government veterinarians in May and
June of 2016 in the Aegean region of Turkey, and more than 500
cattle infected with LSD virus have been culled for the control of
the disease (10).

Parasitic Diseases with Zoonotic Characteristics in Turkey

To date, various parasitic diseases with zoonotic characteristics
caused by distinct parasite species of helminthes, protozoa, and
arthropods have been reported from different regions subtropi-
cally located in Turkey (Table 1). These diseases can often cause
serious public health problems and lead to greater economic
devastation in livestock industry and may also promote poverty
in some regions of Turkey as well throughout the world (26, 154).
The life cycle of parasites is very complex, and it can be varied
as monoxene and heteroxene. Combating parasitic zoonoses is
also extremely difficult, and the control measures are mainly
related to the management of livestock as indoor or outdoor,
chemical usage, and vector control. Vaccines are not available
for immunization against zoonotic parasitic disease in Turkey.

Trematode zoonoses are caused by mainly Fasciola spp and
Schistosoma spp and to lesser extent by other trematode spe-
cies, such as Dicrocoellium dentriticum that occur worldwide.
Fascioliasis is a most prevalent parasitic disease of the liver in
ruminants, sheep, and cattle caused by the common liver fluke
Fasciola hepatica as well as by F. gigantica. The infection fre-
quently occurs with acute and chronic forms in sheep and causes
huge economic losses due to deaths and productivity losses
(332), but also affects cattle. Humans are infected by eating
some vegetables contaminated with the infective stage of meta-
cercariae of the parasite. The WHO has accepted that fasciolos-
is is an important zoonotic infection of humans after 2,594
human cases were reported from 42 countries between 1970 and
1990 (333). In Turkey, 53 cases of human fascioliasis were report-
ed from the Mediterranean region between 1998 and 2003 (334),
and the seroprevalence of F. hepatica was detected as 5.6% in
humans in the Van province in Eastern Anatolia (335). However, a
case of human dicrocoeliosis caused by D. dentricum was
reported from the eastern part of Turkey (336). Another import-
ant zoonotic disease is schistosomiasis caused by penetration of
free-swimming larva form (cercariae), which is able to actively
penetrate human skin. The disease is caused by five Schistoma
species (S. mansoni, S. japonicum, S. mekongi, S. intercalatum,
and S. haematobium). The disease causes global health problem
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and affects nearly 200 million people in the endemic areas of the
world (337). In Turkey, a case of urinary schistosomiasis was
detected in a man who had visited Nigeria (338). Briefly, cases of
fasciolosis, dicrocoelliosis, and schistosomiasis in humans have
been reported as zoonotic trematode infections from Turkey
(Table 1).

Cestode Zoonoses can be grouped within two super families:
Cyclophyllidea and Pseudophyllidea. Cyclophyllidea contains
various species with zoonotic characteristics in different families,
such as Taeniidae, Dipylidiidae, Hymenolepididae, and
Mesocestoididiae, while Pseudophyllidea includes a few zoonot-
ic species of the Diphyllobothriidae family. Taenia saginata, T.
solium, T. multiceps, Echinococcus granulosus, and E. multiloci-
laris in Taeniidae; Dipylidium caninum in Dipylidiidae;
Hymenolepis nana and H. diminata in Hymenolepididae;
Mesocestoides linatusin Mesocestoididae; and Diphyllobothrium
latum and Spirometra mansoni in Diphyllobothriidae are major
and prevalent zoonotic species of cestodes in the world. The
zoonotic cestodes belonging to family Taeniidae are of para-
mount importance in the economic structure of developing
countries, including Turkey, and lead to huge losses (28). The
animals, such as cattle, buffalo, sheep, goats, and pigs serve as
intermediate hosts for Echinococcus granulosus. Humans get
the echinococcosis after accidental consumption of foods con-
taminated with eggs of Echinococcus species that are shed in
the feces of the definitive carnivorous host/animal. Taeniasis is
another zoonotic infection for which pig and cattle are interme-
diate hosts for Taenia solium and Taenia saginata, respectively,
and humans serve as definitive/final hosts. Neurocysticercosis,
such as coenurosis, which is caused by T. multiceps, is one of the
important neurological problems in animals, such as sheep and
cattle, and this type of neurologic disorder can also occur in
humans. Besides important animal and human health concern,
particularly in sheep breeding, the economic losses arising due
to these infections are enormous. Dipylidium infection is an
ingested vector-borne zoonotic disease of dogs, cats, and
humans. Dogs, cats, some wild carnivores, and humans can be
infected by swallowing fleas (Ctenocephalides canis, C. felis and
Pulex irritans) or by chewing lice (Trichodectes canis), which are
infected with the larval form (cysticercoids) of a cyclophyllid ces-
tode, D. caninum. The parasite mostly infects dogs and cats, but
is occasionally found in humans, particularly young children.
Hymenolepiasis caused by Hymenolepis nana and H. diminuta is
actually classified as a neglected zoonotic disease. These worms
thrive in the intestine of rats in warm climate conditions, and the
eggs of these parasites can spread to the environment by feces
of infected rats. The secondary host, which is an insect in the
order of coleopteran, acquires the parasite from the contaminat-
ed environment and then the parasite develops as cysticercoid
form within the insect. Humans and other animals are infected by
eating foods or materials contaminated with infected insects.
Humans can also acquire H. nana infection directly by ingesting
the eggs of the parasite through contaminated food or water. In
an infected person, it is possible for the worm to complete the
entire lifecycle inthe intestine (by autoinfection). Mesocestoidiasis
is a zoonotic infection caused by Mesocestoides lineatus and M.
variabilis. Mesocestoides spp. require a three-host life cycle to

complete their development. The definitive hosts are primarily
carnivores that become infected after eating meat contaminated
with tetrathyridia of the parasite. Humans are not definitive
hosts, but can serve as such after eating undercooked meat
containing tetrathyridia of the parasite. In the case of human
mesocestoidiasis, mild gastrointestinal symptoms, such as nau-
sea, diarrhea, abdominal discomfort, and vomiting can be seen.
M. lineatus infections are prevalent in a large area of Europe,
Asia, Africa, and North America, whereas M. variabilis infections
occur in North America. Other important parasitic zoononoses
are pseudophyllid cestodes, such as Diphyllobothrium latum
and Spirometra spp. Dogs and humans acquire the infection by
eating raw or undercooked fish, which are infected with the third
larval stage (plerocercoid) of the pseudophylliid cestode D.
latum. Epidemiologically, diphyllobothriasis occurs worldwide in
areas where raw fish is consumed. Sparganosis is a rare zoonotic
cestode infection caused by Spirometra mansoni, S. ranarum, S.
mansonoides, and S. erinacei. Dogs, cats, and other mammals
are definitive hosts, while humans can play role of accidental
host in the life cycle of the parasite. The infection is transmitted
to humans by the ingestion of contaminated water or ingestion
of a second intermediate host, such as a frog or a snake. The
transmission of the infection is also possible by contact between
a second intermediate host and an open wound or mucous
membrane of the hosts. Once a human is infected, the sparga-
num (plerocercoid) migrates to various tissues and organs, such
as brain and eyes. The subcutaneous location of the sparganum
causes a painful nodule, while the migration to the brain results
in cerebral sparganosis, and the migration to the eyes results in
ocular sparganosis. Sparganosis is a frequently seen zoonotic
disease in eastern Asia, but cases have also been reported from
distinct areas of the world. To prevent the infection, interven-
tions of public health must be focused on sanitation of water and
dietary in parallel to education of the people in rural areas in
endemic regions (339).

Echinococcosis is one of the most important parasitic zoonotic
infections in Turkey of huge economic impact (30). The disease
is seen in two forms: Cystic Echinococcosis (CE) and Alveolar
Echinococcosis (AE). CE caused by Echinococcus granulosus
sensu stricto is prevalent throughout the country (340), while AE
caused by E. multilocilaris, occurs sporadically, and some human
cases of AE have been reported mostly from the Eastern
Anatolia region of Turkey (341). Epidemiologically, the preva-
lence range of CE in domesticated animals varies between 3.5%
and 58.6%, depending on intermediate hosts, such as sheep,
goats, and cattle, and their managements and the different
regions of Turkey (22). The prevalence can even reach 90% in
sheep in some regions of the country (340). Although the pres-
ent number of stray dogs and owned dogs, which are of critical
importance for epidemiology of CE, is unknown in Turkey, the
rising population of dogs is an increasing nuisance and seriously
threatens both public health and the health of farm animals. The
prevalence of CE in dogs has been reported widely to vary
between 0.32% and 40% in different areas of Turkey. However,
the regularly reported number of cases of CE in humans is
52,124 in the period of 16 years between 1990 and 2005 in
Turkey. This official statistical data from Ministry of Health of
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Turkey reveals that 3,257 new CE cases are seen per year in
humans. This incidence of CE in humans is very high and is a
serious unacceptable threat for public health. The seropreva-
lence of CE in the Izmir area, which represents the western part
of Turkey, has been reported as 291 per 100,000 inhabitants (22).
In contrast, it was reported that most number of patients with
complaints of CE were observed in the regional hospitals in the
Northeastern part of the country, such as Ataturk University
Hospital in the Erzurum province (342). A total of 304 CE cases in
humans were treated surgically at the Ataturk University Hospital
between 1981 and 1996 in Erzurum (343). In addition, 156 chil-
dren with hydatid liver disease were also treated at the same
hospital between 1994 and 2011 (344). At the same hospital in
Erzurum, patients with AE were also operated for liver transplan-
tation due to hepatic alveolar echinococcosis (341, 345). The
recent epidemiological data on CE cases in humans were
expressed as follows: the regional incidence of CE varied
depending on epidemiological differences and ranged 0-79 per
100,000 population; the prevalence of CE was also reported as
50-400 cases per 100,000; the average incidence of CE in Turkey
was given as 3.4 per 100,000 inhabitants (346).

Taeniasis and cysticercosis are important cestode zoonotic dis-
eases. Especially, bovine cysticercosis is a prevalent infection of
cattle caused by the larvae (cysticercosis) of Taenia saginata and
leads to huge economic losses in developing and industrialized
countries. Cattle acquire the infection through ingestion of
eggs, while the zoonotic transmission of this cestode is possible
by consuming the meat of cattle infected with the larval stage of
T saginata. Humans are the definitive host and the larva develop
into adult form of the parasite in the intestines of the infected
humans. The clinical manifestations of taeniasis in humans are
characterized by symptoms that include pain, unexplained
weight loss, blockage of the intestine, and digestive problems.
Some people with taeniasis may also experience irritation due to
the parasite in the perianal area. A person with taeniasis often
becomes aware of the infection by seeing the segments or eggs
of T. saginata in their stool. Naturally, infected cattle do not
exhibit any clinical symptoms but they cause financial losses due
to downgrading, condemnation, extra handling, refrigeration,
and transport of the infected carcasses in cattle industry. The
main intervention to control of bovine cysticercosis is meat
inspection according to the legislation status. The current epide-
miological situation of bovine cysticercosis in European coun-
tries, including Turkey, is based on the detection of cysticerci in
the carcasses of bovine animals during meat inspection at the
slaughterhouse. Official reports about the meat inspection are
considered an underestimation of the real prevalence, as meat
inspection has a low sensitivity for the detection of cysts in mus-
cles. In Turkey, it was reported that the prevalence of bovine
cysticercosis ranged from 0.3% to 30% between 1957 and 1990,
while the current prevalence of infection was shown to be nearly
5% (347). However, in a study that investigated the status of tae-
niasis and bovine cysticercosis in the Burdur and Afyonkarahisar
provinces between 2009 and 2011, the prevalence of bovine
cysticercosis in 1684 carcasses examined was detected to be
0.24%; the prevalence of taeniasis in humans in the examined
7644 stool samples was found as 0.1% (348).

Cerebral coenurosis is an important disease affecting small rumi-
nants, particularly sheep, and causes significant economic losses
in production. The infection is caused by larval stage (coenurus
cerebralis) of Taenia multiceps and occurs worldwide. The life
cycle of the parasite is commonly completed between host dogs
and intermediate hosts, such as small ruminants. However, a rare
case of cerebral coenurosis was seen in cattle and in humans
(349). In Turkey, the prevalence of ovine coenurosis and bovine
coenurosis was reported as 15.5% (350) and 0.47% (351), respec-
tively. There is no official record on human coenurosis in Turkey.

Dipylidiasis is considered a potential risk for children and care-
givers and companions living in the same houses. Definitely, pet
animals, particularly dogs and cats are important companions in
many households, contributing to the physical, social, and emo-
tional development of children and the well-being of their own-
ers. This close zoonotic potential threat should not be over-
looked, and the possible flea infestations should be prevented
on dogs and cats. In Turkey, the prevalence of Dipylidium cani-
num in stray dogs and in owned dogs was detected as 2.9% in
the Afyonkarahisar province (352) and 2.8% in the Kayseri area
(353). There is no official record about the cases of D. caninum
infections in humans in Turkey.

Hymenolepiasis is a most common cestode infection in humans
living in environments with poor sanitation and insufficient
hygienic conditions in the parts of the world. Actually, this infec-
tion was shown to be one of the diseases considered an indica-
tor of the relationship between disease and extent of good
sanitation in a habitat. Humans can become infected by inges-
tion of the eggs of the parasite in contaminated food, water, or
feces (354). The geographic distribution and prevalence of
Hymanolepis nana infections were reported from some parts of
the world, including Turkey (355). Additionally, a rare case of H.
dimunata infection in a child was also recorded from Turkey

(356).

Mesocestoidiasis is a prevalent cestode infection of dogs and
cats in Turkey as well in the world. Mesocetoides spp occasion-
ally induce peritoneal cestodiasis, which results in death in
infected dogs and cats. The definitive host ultimately becomes
infected after eating meat contaminated with tetrathyridia. In
Turkey, the prevalence of Mesocestoides lineatus in dogs was
shown to range 1%-19% (357). There is no official report on the
cases of mesocestoidiasis in humans in Turkey.

Zoonotic nematode infections are prevalent diseases in a large
part of the world and affect millions of people. Zoonotic nema-
tode diseases often may be classified as angiostrongylosis, ani-
sakiasis, ascariasis, cutaneous larva migrans (CLM), dirofilariosis,
filariasis, gnathostomiasis, onchoceriasis, strongyloidiasis, toxo-
cariasis, trichinellosis, etc. The zoonotic nematode infections
reported in Turkey are listed in Table 1.

Angiostrongylosis is an important nemadote disease caused by
zoonotic Angiostrongylus species (A. cantonensis and A. costar-
icensis) within the Metastrongylidae family. The infection causes
severe gastrointestinal or central nervous system disease in
humans, depending on the species. A. cantonensis, the rat lung-
worm, is the most common cause of human eosinophilic menin-
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gitis in Southeast Asia, Africa, and America, while A. costaricen-
sis is the causal agent of abdominal or intestinal angiostrongyli-
asis in humans and frequently occurs in Latin America. Humans
can acquire the infection by eating raw or undercooked snails or
slugs infected with the parasite. The third Angiostrongylus spe-
cies A. vasorum causes canine angiostrongylosis in dogs, and it
is not a zoonotic nematode. In Turkey, a case of canine angios-
trongylosis in a dog in Ankara was diagnosed (358), while cases
of zoonotic angiostrongylosis have been not reported officially
until today.

Ascariasis is the most common helminthic disease caused by
Ascaris lumbricoides, which is a soil-transmitted nematode. The
infection with a global prevalence of 25% infects over 1 billion
people. The transmission occurs through ingestion of excreted
eggs of A. lumbricoides. Humans are infected mostly in regions
with poor sanitation, where the environment is contaminated
with human feces. Particularly, pediatric ascariasis frequently
occurs in children with manifestations associated with perma-
nent abdominal pain, growth retardation, pneumonitis, intestinal
obstruction, or hepatobiliary and pancreatic injury. Zoonotic
ascariasis may be associated with pigs and the use of hog
manure, but in most endemic areas, it is most likely transmitted
person-to-person. The prevalence can vary depending on geo-
graphic regions of Turkey, and was reported as 45% in school-
children in the Sanliurfa province in the Southeast part of the
country (359).

Cutaneous Larva Migrans (CLM) is a zoonotic parasitic skin infec-
tion caused by larvae of hookworm species (Ancylostoma brazil-
iense, A. caninum, A. duodenale, A. ceylanicum, A. tubaeforme,
Necator americanus, Uncineria stenocephala, and Bunostomum
phlebotomum) in the super family Ancylostomatoidea. The
infection mostly occurs in areas with moist and warm climate.
Normally, these parasites live in the intestines of definitive hosts,
such as dogs, cats, wild animals; humans are not the final hosts.
The infective larvae, which live in soil, can penetrate the human
skin and cause CLM. Humans can be infected with the infective
larvae by walking barefoot on sandy beaches or contacting
moist soft soil contaminated with animal feces. Occasionally, A.
caninum larvae may migrate to the human intestine, and lead to
eosinophilic enteritis and cause unilateral sub-acute neuroretini-
tis (360). In Turkey, the parasitological prevalence of A. caninum
in playgrounds in parks was found as 0.4% in the Kayseri area
(361). However, a case of CLM was diagnosed in a 27-year-old
Australian woman who has visited Brazil with a trip to the
Amazon in 2009 (362).

Dirofilariasis is a mosquito-borme zoonotic nematode infection
caused by Dirofilaria immitis, D. repens, and D. tenuis. The infec-
tion affects both dogs and humans throughout the world. The
pathogens are transmitted to hosts through the mosquito bites. In
dogs, the infection is called “heartworm disease” caused by D.
immitis. The disease causes pulmonary artery blockage, cough,
exhaustion upon exercise, fainting, coughing up blood, and
severe weight loss. In individuals infected with D. immitis, the
disease leads to pulmonary “dirofilariasis.” In Turkey, a molecular
study carried out to investigate the potential vectors and relative
mosquito infection rates of D. immitis throughout two mosquito

seasons (2008-2009) around Kayseri located in Central Anatolian
showed that 9/312 and 12/312 pools from Ae. vexans abdomens
and thorax-heads were positive for filarial DNAs, respectively,
whereas 3/241 pools of abdomens and thorax-heads from Cx.
pipiens were positive for D. immitis DNAs (137). In contrast, sever-
al dirofilariasis cases in humans have been reported from some
parts of Turkey. In one case, a white-colored and motile nematode
(D. conjunctivae) was removed via a surgical operation from a
44-year-old Turkish woman, who presented with a 1x1.5 cm sub-
cutaneous tumor in her occipital scalp (363). Recently, three ocular
D. repens infection cases in humans were seen in June 2013 in the
Marmara region, and the parasites were removed surgically, and
antibiotic and anti-inflammatory therapies were applied post
operatively (364).

Filariasis is a mosquito-borne lymphatic system disease of
humans caused by several nematode species belonging to the
genera Wuchereria and Brugia of the Onchocercidae family. The
infection endemically occurs in many countries throughout the
tropics and sub-tropics of Asia, Africa, the Western Pacific, and
parts of the Caribbean and South America and affects over 120
million people. More than 90% of human infections are caused
by Wuchereria bancrofti, and the remainder cases of filariasis are
caused by Brugia spp. However, Brugia malayi can also cause
infections in some animals, such as felines and monkeys. In
Turkey, a case of filariasis was diagnosed in an 11-year-old girl
patient who presented with swellings in both legs from Kozan, a
town near the Adana province in the Mediterranean region of
Turkey (365).

Gnathostomiasis is another zoonotic nematode infection in
humans caused by the infective larvae of Gnathostoma spp (G.
spinigerum, G. binucleatum, G. doloresi, G. nippanicum, G.
malaysiae, and G. hispidum) of the Gnathostomidae family. The
disease, also known as larva migrans profunds or nodula migra-
tory eosinophilic panniculitis, occurs worldwide. The common
manifestations of the infection include epigastric pain, vomiting,
fever, appetite loss, and migration in the subcutaneous tissues
with painful and pruritic swellings (CLM), and migration to other
tissues (visceral larva migrans) may result in cough, hematuria,
meningitis and ocular gnathostomiasis. A large group of ani-
mals, such as freshwater fishes, frogs, snakes, poultry, birds, cats,
dogs, and wild felids, serve as definitive hosts for gnathostomia-
sis, while the crustaceans of the genus Cyclops play a role as
intermediate host. Zoonotic transmission of the infection is pos-
sible by consuming raw or undercooked final hosts, such as
freshwater fishes, poultry, or frogs. In Turkey, a case report relat-
ed to eosinophilic panniculitis in a 50-year-old male patient was
recorded at the Erciyes University hospital in the Kayseri prov-
ince of Central Anatolia (366).

Onchocerciasis is a simulid-borne zoonotic nematode infection
caused by Onchocerca species. The infection is seen with mani-
festations of subcutaneous nodule formation, dermatitis, and
blindness in humans and animals. In Turkey, cases of onchocerci-
asis in cattle (367) and humans (368, 369) were reported.

Strongyloidiasis is a soil-transmitted zoonotic nematode disease
caused by Strongyloides stercoralis. The infection occurs in
humans, dogs, and cats worldwide. The hatching larvae in the
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soil or water molts to infective third stage. The latter infects the
host through skin and migrates to the heart and lung and is
finally swallowed back to cause intestinal infection. However, in
some cases intense pulmonary manifestations may occur.
Strongyloides stercoralis has a unique feature of molting from
parasitic form to infective stage within the body, rather than
having a free-living stage and causing autoinfection. This may
lead to latent infection for indefinite period in an immunocom-
petent person but fatal hyper or disseminated infection in immu-
nocompromized individuals, such as patients of AIDS, organ
transplant recipients, and cancer and other patients put on
immunosuppressive therapy, in whom it can involve any organ of
the body (370). In Turkey, a case of strongyloidiasis was identified
in a 50-year-old woman patient with gastric perforation in the
Erzurum province in Eastern Anatolia (371). Later, another case of
strongyloidiasis was diagnosed in a dog with clinical manifesta-
tions, including severe watery diarrhea, pain during defecation,
intermittent cough, vomiting, and emaciation in the Samsun
province in the Black Sea region (372).

Toxocariasis is an important zoonotic disease caused by the larva
of the roundworms in the genus Toxocara within the Toxocaridae
family. Of the disease agents, Toxocara canis infects dogs, while
T. cati infects cats. The infected dogs and cats shed the eggs of
the parasite to the environment. Humans become infected by
ingestion of the embryonated eggs (containing infective larva at
stage 2) in contaminated areas, such as parks for children and
game lands. Although it is rare, humans may also be infected by
eating undercooked meat containing Toxocara larvae. Many
people, who are infected with Toxocara spp do not have any
symptoms of the disease, while some manifestations character-
ized with ocular toxocariasis and/or visceral toxocariasis can be
seen in the affected people. In Turkey, toxocariasis is a prevalent
zoonotic infection. The coprological prevalence of T. canis in
stray dogs and in owned dogs was found to be 4.8% in Kayseri
(353). Furthermore, the molecular prevalence of T. canis, T. cati,
and T. leonine in playgrounds in parks was detected as 12%, 3%,
and 7.5% in the Kayseri area, respectively (361). However, a case
of visceral larva migrans with hypereosinophilia related to toxo-
cariasis was determined in a 2.5-year-old child in Izmir province
(373).

Trichinellosis (trichinosis) is the most prevalent zoonotic nema-
tode disease caused by several species in the genus Trichinella
of the Trichinellidae family. Trichinella spiralis, which is the classi-
cal agent of trichinellosis, is common in many carnivorus and
omnivorus animals worldwide. The others, T. pseudospiralis, T.
nativa, T. nelsoni, and T. britovi, have been recognized in mam-
mals and birds worldwide, in Arctic bears, in African predators
and scavengers and in carnivores of Europe and western Asia,
respectively. Humans acquire trichinellosis by eating raw or
undercooked meat infected with the Trichinella nematode, par-
ticularly pork or hunted wild animal meat. The zoonotic transmis-
sion is also possible even by tasting very small amounts of
undercooked meat during preparation or cooking. Outbreaks of
trichinellosis can be seen in areas, where multiple people con-
sume the same Trichinella-infected meat. In Turkey, rare cases of
trichinosis caused by T. spiralis were determined in domestic and
wild pigs and in pork products (374). Later, several outbreaks of

trichinellosis in humans have been reported from the Izmir prov-
ince in the Aegean region (375-377) and from the Bursa province
in the Marmara region (378). In recent years, the dramatic
decrease in numbers of ruminants, particularly cattle and sheep
population in Turkey, may be a predisposing factor for the out-
breaks of trichinellosis, epidemiologically.

Leech infestations: Leeches are segmented worms belonging to
the phylum Annelida and cause the parasitosis by blood feeding
in animals and humans. However, some species within the sub-
class Hirudinea can be used for medical purposes in humans.
Hirudo medicinalis is usually called the medical leech and has
been used for medical purposes since ancient times, which is still
used for some venous circulating problems in modern medicine.
In the last decade, it has been used to follow-up some flab and
re-implantation of graft after surgery by general surgeons to
prevent venous congestion and maintain circulation (379).
However, several important bacterial species belonging to the
genus Aeromonas, which exist in the natural flora of the diges-
tive tract of leeches, can cause infections in humans. Particularly,
Aeromonas hydrophila, A. media, and A. veronii biovar sobria
are known to be important pathogens for humans. These patho-
gens lead to pneumonia, sepsis, or gastroenteritis besides some
tissue infections on skin and in some soft tissues. In addition,
some leech species can play a vector role for some fungal, viral,
and bacterial pathogens, such as Serratia marcescens,
Pseudomonas spp, Vibrio fluvialis, Streptococcus spp,
Clostridium tetani, classical swine fever virus, bovine parvovirus,
feline calicivirus, equine arteritis virus, equine herpes virus type
1, Rickettsia spp, and Bartonella spp (380-382). Leeches can also
transmit several Trypanosoma spp to fish (382). In Turkey, some
cases of leech infestations were reported from humans and ani-
mals. It was reported that a total of 13 parasitic leech species (3
species from marine fish, 8 species from freshwater fish, 1 spe-
cies from brackish water fish, and 1 species from aquarium fish)
have been recorded in different parts of Turkey (383). A rare
adverse effect caused by artificial infestation with about 14
leeches on both legs was diagnosed in a 42-year-old woman
patient who was referred to the emergency service with painful
and itchy lesions on her feet and legs in the Adiyaman province
in southeastern Turkey (384). In another case of leech infestation,
a leech with dark-brown color was removed by surgery from the
floor of the mouth of a 10-year-old child, who was referred to the
emergency service of the city hospital in Yozgat in Central
Anatolia (385).

Zoonotic Parasitic Protozoans (Protozooses): A number of para-
sitic protozoa with zoonotic characteristics cause serious infec-
tions in humans and animals, and lead to economic losses in
Turkey as well as globally. The reported zoonotic protozoan
infections from Turkey are listed in Table 1.

Leishmaniasis is a most important vector-borne zoonotic disease
caused by several Leishmania species in the Trypanosomatidae
family. The infection mostly occurs in two clinical forms: visceral
leishmanisis and cutaneous leishmanisis. The disease affects
both humans and animals, such as dogs, cats, cattle, and equids.
The transmission of the disease agents is through the bite of
infected Phlebotomine sand flies in the Psychodidae family
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(386). Zoonotic visceral leishmaniasis (ZVL) is caused by
Leishmania infantum and cutaneous leishmaniasis (CL) is caused
by L. tropica and L. infantum in Turkey (21). These diseases in
humans are compulsory notifiable diseases in Turkey for years.
The ZVL occurs in the Aegean and Mediterranean regions
endemically. However, the infection has been reported sporadi-
cally in other regions of the country as well. It is consistent with
Mediterranean type and mostly seen in infants. Leishmania
strains isolated from human/dogs in different regions were iden-
tified as L. infantum MON-1 and MON-98 by multilocus enzyme
electrophoresis, also known as zymodeme analysis. In Turkey, CL
has been spreading from endemic regions to other regions
because of different epidemiological factors. CL with different
clinical types was reported from numerous provinces, but more
than 90% of the cases were concentrated in the southeastern
regions, eastern Mediterranean and Aegean of the country.
According to Ministry of Health's official records, 46,003 new
cases were reported between 1990 and 2010. Major migrations
that have arisen due to the civil wars in Syria in recent years have
made CL much more important for public health in Turkey.
Twelve specific microsatellite markers have been identified in
the analyses made on the isolates obtained from Turkish and
Syrian patients in Sanliurfa region where 45% of the cases of CL
detected in Turkey are seen (387). The result suggests that L.
tropica is a more complicated zoonotic protozoan parasite than
is suspected. This of course not only made the struggle more
difficult, but also created a potential danger especially for the
epidemiology of CL (387). Additionally, in a study performed to
demonstrate the effects of Syrian civil war on the epidemiology
of CL in the Gaziantep province in southeast part of Turkey, a
total of 567 people were hospitalized with the suspicion of CL,
and 263 (46.4%) of them were found positive by parasitological
examination. Overall, 174 (66.15%), 88 (33.46%), and 1 (0.38%) of
the positive patients were grouped as Turkish, Syrians, and
Afghan, respectively. Tissue samples on slides obtained from 34
CL suspected patients were also analyzed using polymerase
chain reaction (PCR), and 20 of them were found positive.
Eighteen (9 Turkish and 9 Syrians) of the PCR positive samples
were identified as L. tropica, while two (1 Turkish and 1 Syrian)
were L. infantum (388). These molecular epidemiological find-
ings indicate that public health in Turkey and other European
countries is under threat of new L. tropica and L. infantum
strains. In contrast, Canine Leishmaniasis (Canl) is another seri-
ous form of the disease that occurs in dogs and wild canids.
Dogs can be infected with several Leishmania species, but the
most important clinical form of canine leishmaniasis is viscerocu-
taneous leishmaniasis caused by L. infantum. CanL mainly occurs
in the Mediterranean Basin. The infection is also prevalent in
dogs in Mediterranean and Aegean regions of Turkey. Another
form of the infection is feline leishmaniosis caused by L. infan-
tum, which sporadically occurs in domestic cats in various parts
of the world. It was reported that a case of clinical feline leishma-
niosis caused by L. infantum was seen in Agean region of Turkey

(330).

Toxoplasmosis is the most prevalent zoonotic protozoan disease
throughout the world caused by three infective forms (sporo-
zoite, bradyzoite, and tachyzoite) of Toxoplasma gondii, which

has 3 strain types (I, Il, and lll) in the Toxoplasmatinae subfamily.
The infection could lead to serious global health problems in
humans. The transmission of T. gondii is possible by congenital,
carnivorism, and fecal-oral route. Toxoplasma gondii is a proto-
zoan parasite that infects nearly all mammal and bird species
worldwide. In the life cycle of T. gondii, all members of Felidae
family serve as definitive hosts, while birds and all mammals,
including man play a role as an intermediate host. Usually
asymptomatic, toxoplasmosis can be severe and even fatal to
many hosts, including people, particularly causing abortions in
cattle and sheep that lead to huge economic losses in livestock
industry (389). Elucidating the contribution of genetic variation
among parasites to the patterns of disease transmission and
manifestations has been the goal of many studies for the molec-
ular epidemiology of toxoplasmosis. In a study that focused on
the geographic variation of T. gondii strains, most genotypes of
the parasite were detected as locale specific, but some were
found conserved across continents and closely related to one
other, indicating a recent radiation of a pandemic genotype
(390). In Turkey, the seroprevalence of T. gondii was detected as
43% in domestic cats (391), 68.57% in dogs (392), 1.9% in horses
(393), 66% in cattle (23), 33.76% in sheep (23), 63.2% in goats
(394), 1.66% in domestic fowls (395), and 9.09% in prey birds
(396). The general prevalence of toxoplasmosis ranged between
39.5% and 78% in animals (397). However, the prevalence of
toxoplasmosis in different groups of humans, such as (i) hospital
patients, (i) people who are occupationally in close contact with
animals or working in meat industry, (i) apparently healthy peo-
ple, and (iv) a special group that contains homosexuals and
hemodialysis patients were reported as 13.9%-85.3%; 20.7%-—
57.6%; 23.0%—-43.7%, and 16.3%- 76.6%, respectively (397).

Sarcosporidiosis is an important disease of animals and humans
that occurs worldwide, and causes serious economic losses in
livestock industry. Although the infection in humans is rare, it was
reported that recent international attention on sarcocystosis has
concentrated on recurrent outbreaks of muscular sarcocystosis
among tourists visiting Malaysia (398). Animals and humans can
be infected by the oral route with developmental stages of sev-
eral Sarcocystis species. Sarcocystis species require both defini-
tive and intermediate hosts to complete their life cycle. In the
cases of intestinal sarcocystosis, humans can serve as definitive
hosts for two species acquired from eating undercooked meat:
S. hominis from beef and S. suihominis from pork. Clinical mani-
festations, such as nausea, stomachache, and diarrhea in humans
with intestinal sarcocystosis, can be varied depending on the
number of cysts ingested and appear more severe with pork
than with beef. Humans can play a role as intermediate hosts for
S. nesbitti, which is a species with reptilian definitive host.
Humans can be infected by ingesting the sporocysts of the par-
asite from feces-contaminated food or water and the environ-
ment. In infected people, diagnosing the infection is difficult at
the early phases, but some clinical signs, including fever, head-
ache, and myalgia may be evident, and later, intramuscular cysts
characterized with myositis can develop. Presumptive diagnosis
related to travel history to tropical regions, elevated serum
enzyme levels, and eosinophilia can be confirmed by finding
sarcocystis in muscle biopsy material. There is no vaccine or
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confirmed effective antiparasitic drug for muscular sarcocystosis,
but anti-inflammatory drugs may reduce the disease symptoms.
Prevention strategies are also discussed (398). In Turkey, several
Sarcocystis species have been detected in some mammalian
intermediate hosts, such as sheep, goats, cattle, water buffaloes,
horses, donkeys, and pigs and in some avian intermediate hosts,
such as turkey and partridges, and some Sarcocystis species
were also identified in definitive hosts, such as dogs and cats
(399). There is no official report on cases of zoonotic sarcaop-
roidiosis in humans in Turkey.

Giardiasis is one of the most common zoonotic intestinal proto-
zoan diseases caused by Giardia spp in the Giardiinae subfamily
and occurs in humans and animals worldwide, particularly in
developing countries; WHO has classified this infection as a
neglected disease (400). One species in Giardia genus Giardia
duodenalis (syn. Giardia lamblia and Giardia intestinalis) causes
giardiasis in humans and domesticated animals, including live-
stock, dogs, cats, and wildlife; hence, giardiasis is considered a
zoonotic disease (401, 402). Direct evidence that human giardia-
sis can be an example of a zoonosis, ie, a human infection
acquired from non-human hosts under “natural” conditions (via
ingestion of G. duodenalis cysts excreted by animals) is limited
(403). Giardia cysts have environmental resistance and survive for
a long time under natural conditions (over 65 days at 4°C). After
ingestion of the cysts by the host, primarily, the walls of cysts are
broken down by bile salts, low pH, stomach acids, and some
other factors. After this excystation, the trophozoites are released
in the duodenum, undergo repeated mitotic division, and finally
develop into an environment resistant cyst form. These cysts can
pass through the intestine via feces and spread to the environ-
ment by contaminated water, food, and fomites and by direct
physical contact. The most important epidemiologic aspect for
giardiasis is to understand the host range of different Giardia
species and strains/genotypes (assemblages), the potential for
cross-species transmission, and risk and environmental factors
involved in the exposure to the pathogen. This is particularly
important in determining the zoonotic potential of Giardia infec-
tions in domestic animals and in determining the human disease
burden attributable to parasites of animal origin (402, 403). A
significant association between the occurrence of Giardia infec-
tions in calves and calf handlers has been shown in a study in
Bangladesh (404). In Turkey, G. intestinalis was identified in 5 of
30 small ruminants (19 kids and 11 lambs) with neonatal diarrhea
at clinics of a veterinary faculty in the Burdur province of the
Mediterranean region (405). However, changes in serum cytokine
levels were determined in 92 giardiasic children infected with G.
lamblia at a Medical Centre in the Malatya province located in
the eastern part of the country, and all of the sick children were
treated using metronidazole (406).

Amoebiasis or Amoebic Dysentery is an intestinal disease
caused by an anaerobic parasitic amoebozoan protozoa,
Entamoeba histolytica of the Entamoebidae family. The reservoir
of E. histolytica is man. The infection is seen worldwide but often
affects anyone, who lives in tropical regions with poor sanitary
conditions. The disease causes mild to severe colitis and hepatic
amoebiasis in infected individuals. The fecal-oral transmission of
the infection is possible by ingestion of the infective cysts via

contaminated water or food or flies or fomites. Workers or per-
sonnel at departments of laboratory animals may be infected
from fecal matter contaminated on skin or on clothing. The dis-
ease also occurs clinically with chronic and mild colitis in animals,
such as dogs and monkeys. E. histolytica can be found in the
large intestine of rats as a commensal, but sometimes it can
cause amoebic dysentery too. In Turkey, the disease is also a
prevalent infection among humans. In a study, trichrome-stained
49 smear samples of 51 patients were found positive for E. histo-
lytica/dispar at clinics of the Ege University Hospital in the lzmir
province of the Aegean region, Turkey (407). A case of amoebic
liver abscess caused by penetration of amoebic trophozoites of
E. histolytica was diagnosed at the clinics of a university hospital
in the Istanbul province (408).

Cryptosporidiosis is another important water-borne zoonotic
protozoan disease caused by several apicomplexan parasites
belonging the genus Cryptosoridium in the Cryptosporidiidae in
the subphylum of Apicomplexa family and occurs globally with a
devastating economic impact on the livestock industry.
Cryptosporidium species infect both the gastrointestinal and
respiratory tracts of a wide variety of animals (mammals, birds,
reptiles, amphibians, and fish), including man. The infection is
one of the major problems of farm animals, particularly C. par-
vum is seen as the most common entero-pathogen during the
first weeks of life of newborn calves, lambs, goat kids, and pig-
lets, and is thought to be a critical agent in the etiology of the
“neonatal diarrhea syndrome” in newborns (409). The majority of
human infections are caused by either C. hominis and/or C. par-
vum, and the disease mainly involves the infection of jejunum
and ileum, resulting in a watery diarrhea. The infection may
involve the biliary tract, stomach, and lungs in immunodeficient
and immunosuppressed individuals (401). The persistent diar-
rhea and malabsorption can seriously threaten the life of the
infected person, particularly in patients with AIDS (410). A signif-
icant association between the occurrence of Cryptosporidium
infections in calves and calf handlers has been shown in a study
in Bangladesh (404). A vaccine is not available for immunization
against cryptosporidiosis, and an etiologic specific treatment
option has also not been practiced for the infection. However,
antidiarrheal medicine may be used to slow down the diarrhea.
Actually, the major control measures of the infection are limited
to sanitation, good hygienic conditions, and education. In
Turkey, cryptosporidiosis is also a prevalent disease, and its prev-
alence in humans was reported in the range 4.9%-39.08% (22). In
contrast, several molecular epidemiological studies have been
performed for bovine cryptosporidiosis in the calves in different
parts of Turkey. In one of these investigations, the molecular
prevalence of crytospridiosis was found as 20.7% in neonatal
calves with diarrhea in different localities of the Nevsehir prov-
ince of the Capadoccia region, and C. parvum was detected as
predominant species with a 15.3% prevalence (411). Another
molecular study was conducted on cryptosporidiosis in cattle
(up to 2 months calves with diarrhea and others) to investigate
their reservoir importance for the epidemiology of disease in the
Burdur area of the Mediterranean region, and C. parvum, C.
ryanae and C. bovis parasites were identified related to bovine
cryptosporidiosis and the total prevalence the disease was
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detected as 37.2%, with C. parvum as the predominant parasite
in the region (412). Conversely, in the Konya province of Central
Anatolia, only C. parvum was detected molecularly related to
bovine cryptosporidiosis in clinically diarrheic calves that were
up to 2 months old (413).

Rhinosporidiosis is a chronic granulomatous infection of humans
caused by a protist, Rhinosporidium seeberi, in Mesomycetozoea.
The analysis of the aligned sequence and inference of phyloge-
netic relationships showed that R. seeberi is a protist from a
novel clade of parasites that infect fish and amphibians. The
disease usually manifests as vascular friable polyps that arise
from the nasal mucosa or external structures of the eye in infect-
ed individual. The etiologic pathogen organism causes similar
infections in amphibians and fish (414). Another molecular work
has demonstrated evidence that R. seeberi may have host-spe-
cific strains (eg, human vs dog versus swan) (415). Humans gen-
erally acquire the infection by contact of the nasal mucosa with
infectious material when bathing in ponds contaminated by
animal feces (416). In Turkey, a case of cutaneous rhinosporidio-
sis localized in the nasal philtrum in a patient, who had a poly-
ploid lesion was diagnosed at the clinics of the Akdeniz
University Hospital in the Antalya province (417).

Cystoisosporiasis (formerly Isosporiasis or human cocciddiosis) is
a food/water-borne intestinal infection of humans caused by the
coccidian protozoan parasite Cystoisospora belli (formerly
Isospora bell) in the Sarcocystidae family. The infection often
occurs in the tropical and subtropical regions of the world.
Humans are infected by ingestion of sporulated oocysts of the
parasite via contaminated food and/or water. The infection clin-
ically manifests as watery diarrhea in sick individuals. It was
experimentally demonstrated that Isospora belli can cause infec-
tion in animals, such as monkey, dog, pig, rat, mouse, guinea
pig, and rabbit (418). Hence, Cystoisospora belli may be regard-
ed as a potential zoonotic coccidian pathogen. In Turkey, a few
cases of cystoisosporiasis were reported in some immunosup-
pressed individuals (419, 420).

Arthropod zoonosis: Arthropods can be found on humans and/
or animals as ectoparasites and can adversely affect both
humans and animals in several ways. They also live as urban
pests (421). The ectoparasites or vectors can contaminate stored
food and transmit many pathogens or introduce diseases in new
and/or instable geographic areas epidemiologically. There are
direct nonallergic effects, such as tissue damage due to stings
and bites, as well as vesicating fluid exposure, and tissue infes-
tation by the larval stages of the parasites themselves (e.g.,
myiasis). Additionally, some venoms produce necrosis in hosts
tissues and some others can lead to neurological effects. Indirect
effects on human and animal health comprise disease transmis-
sion (as a vector) and allergic reactions due to bites, irritations,
and stings as well as reactions to some structures on arthropods,
emanations, or secretions on arthropods (422). Basically, the
attacks of arthropods on humans and animals could be classified
as insect infestation or acar infestation, depending on the origin
of the parasite. Besides being vectors for various diseases, the
species of arthropods that have zoonotic importance in the
orders of Blattaria, Coleoptera, Diptera, Hemiptera,

Hymenoptera, Lepidoptera, and Siphonaptera can cause direct
infestations in humans and animals. The reported arthropod
infestations in Turkey are as follows:

Bugs in Blattaria are commonly named as cockroaches.
Cockroaches are the most important pests of the urban area and
occur primarily in the tropical and subtropical regions of the
world. Some cockroach species in the genera of Periplaneta and
Blattella occur in caves and in animal barns, particularly in the
animal feed deposits and feed with animal waste or organic
matter. Cockroaches adversely affect human health via some-
times biting sleeping children, entering into ear canals of
humans, and mechanical contamination of food with many
pathogens (423). In Turkey, Blattella germanica was found to
harbor intestinal parasites of public health importance (424).

Coleoptera (Beetles) have a very low medical and veterinary
importance. However, some coprophagous and necrophagous
species of beetles in the families of Dermestidae and Silphidae
have been suspected of mechanically spreading the spores of
Bacillus anthracis (423). Darkling beetles in Tenebrionidae family
cause the infestation of feeds in chicken houses and may trans-
mit Salmonella bacteria from infected chickens mechanically,
leading to high economic losses in the poultry sector. Both larval
and adult forms of the lesser mealworm beetle Alphitobius dia-
perinus may transmit Salmonella typhimurium and S. chester
from infected chickens. In contrast, the small hive beetle,
Aethina tumida of the Nitidulidae family causes severe infesta-
tion and leads to the destruction of honey bee colonies with
huge economic losses. If the beetle infestation is sufficiently
heavy in a honey bee colony, it may cause bees to abandon their
hive. The presence of hive beetles can be an early marker in the
detection of the Colony Collapse Disorder for honey bees. In
addition, the beetles can also be a pest for stored combs with
honey/without honey (425). In Turkey, there is no study related to
beetles with medical and veterinary importance. However, in a
study, several species of dung beetles in Scarabaeidae family
have been reported from the Black Sea region of Turkey (426).

Diptera (true flies) is one of the largest insect orders in the world
and includes many species, which have medical and veterinary
importance in the Nematocera and Brachycera suborders. Most
commonly, flies in this order cause serious infestations both in
humans and in animals. Most of them also serve vectorial roles
for the transmission of several diseases, which lead to huge eco-
nomic losses in different regions of the world, particularly in the
tropical and subtropical areas. Nematocera suborder contains
many flies with conspicuously long antennae, such as mosqui-
toes, black flies, midges, and sand flies, while Brachycera include
flies with short antennae, such as horse flies, deer flies, house
flies, stable flies, and tsetse flies. Some flies of Diptera can also
cause cases of myiasis via their maggot type larva both in
humans and in animals (427).

Mosquitoes are one of the most important ectoparasitic flies in
the Culicidae family and commonly cause serious infestations of
both humans and animals. Particularly, they inflict more human
suffering than other hosts. Mosquito bites can lead to severe
skin irritation through an allergic reaction to the saliva of mosqui-
toes, which causes the red bump and itching on the skin of the
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infested individuals; additionally, severe mosquito infestations
may lead to anemia and even deaths as seen in the old periods
of human history. Every year nearly over one million people
globally die from mosquito-borne infections. However, mosqui-
toes also transmit several pathogens, such as viruses and para-
sites, to some susceptible animals, such as dogs and horses. The
mosquito-borne diseases include West Nile virus (WNV), Eastern
equine encephalitis, dengue, encephalitis, yellow fever, chikun-
gunya, St. Louis encephalitis, LaCrosse encephalitis, Western
Equine encephalitis, Zika virus, human malaria, avian malaria,
filariasis, and dirofilariasis. In Turkey, a total of 55 mosquito spe-
cies have been reported (428). Recently, in a study conducted to
investigate the potential vectors of Dirofilaria immitis using
molecular techniques in Central Anatolia region of Turkey,
Aedes vexans and Culex pipiens were detected as vectors in the
Kayseri region of Central Anatolia (429). In another study per-
formed to detect Culex pipiens biotypes in the Kayseri region
using a real-time PCR technique, Cx. pipiens form pipiens,
hybrids of Cx. pipiens form pipiens, and Cx. pipiens form moles-
tus were identified as biotypes among the genomic DNA iso-
lates (430). However, in a study that was carried out via molecular
techniques to investigate avian Plasmodium parasites and to
determine the hemosporidian parasite lineages in mosquito
samples in the Kayseri area of Central Anatolia region, Turkey,
the samples of Cx. pipiens, Cx. theileri, Ae. Vexans, and Culiseta
annulata were found positive for avian malaria and avian hemo-
sporidian parasites, and Cx. pipiens was also shown as a major
vector of avian Plasmodium parasites (431).

Black flies are small but powerful flies with autogenous and
anautogenous characteristics in the Simuliidae family and can be
formidable pests for humans, domestic animals, and wildlife,
affecting virtually all facets of outdoor life. Black flies are distrib-
uted worldwide with the exception of Antartica and some oce-
anic islands. The black fly Simulium (Wilhelmia) lineatum is
among the most widely distributed members of the Simuliidae
family, ranging from the British Isles to eastern China (432, 433).
Occasionally, some severe infestations of black flies at the level
of disasters also lead to devastating economic losses in some
countries. The public health importance of black flies is com-
monly related to the blood-seeking females and the disease
agents they transmit. The females transmit the nematodes
Onchocerca volvulus (river-blindness) and Mansonella ozzardi
(mansonelliasis) to humans, and they are also suspected of the
Altamira syndrome in humans in Brazil. However, black flies can
transmit some other pathogens, such as Onchocerca lienalis and
Leucocytozzoon spp to bovids and to birds, respectively. Black
flies can also cause multideaths of animals, which are seen sud-
denly, particularly in cattle due to simulotoxicosis and toxic
shock (434). In Turkey, some Simulium species have been report-
ed, which showed pest characteristics and caused outbreaks
(432,433, 435, 436). In contrast, in a study that was performed for
molecular detection of blood-feeding preferences of Simulium
species in Central Kizilirmak Basin of Turkey, Onchocerca sp and
Leucocytozoon sp were detected in the samples of Simulium
spp. collected from the area (437). In last three decades, two
cases of simulotoxicosis in cattle herds with over 100 sudden
deaths were observed in the Erzurum province of eastern Turkey

(438). In a study, which was conducted to investigate the eco-
nomic costs associated with a 20062007 outbreak of Simulium
(Wilhelmia) spp. in the Cappadocia region of Turkey, the eco-
nomic losses were calculated as US$ 5.45 million according to
2013 prices (27).

Biting Midges are very small flies belonging to the
Ceratopogonidae family and occur in the temperate and tropi-
cal areas of the world. Biting midges infest both humans and
animals and cause discomfort. In addition, biting midges serve
as vectors for a number of viruses, protozoans, and nematodes.
Among the more important viral diseases are Oropouche fever
in humans; bluetongue and epizootic hemorrhagic in ruminants;
and African horsesickness in equines (439). In Turkey, a total of 57
Culicoides spp were reported from different localities in
Marmara, Aegean, Mediterranean, Central Anatolia, and the
Eastern and Southeastern Anatolia regions (440). In a different
study conducted to investigate Culicoides spp by molecular
techniques in the ecosystem of Sultan marshes near the Kayseri
province in Central Anatolia, a total of 10 Culicoides spp were
identified, and C. circumscriptus and C. nubeculosus complexes
were found as the predominant species in the ecosystem (441).

Sand flies are an important hematophagous group belonging to
the genera Phlebotomus and Lutzomyia of Phlebotominae sub-
family in the Psychodidae family. During crepuscular time or at
night, the females of sand flies feed on various mammals, rep-
tiles, and birds. These bloodfeeding flies include the primary
vectors of leishmaniasis, bartonellosis, and pappataci fever. In
the old world, lesihmaniasis was transmitted to humans and ani-
mals by Plebotomus spp, while the Lutzomyia spp spread leish-
maniasis in the new world (442). In Turkey, a total of 19
Phlebotomus spp were reported from distinct regions, such as
Aegean, Mediterranean, Southeastern Anatolia, and Western
Black Sea (443). Meanwhile, it was reported that four serotypes
of phleboviruses, and phlebovirus RNA were determined in the
Mediterranean region and around the Ankara province in Turkey,
respectively (35).

Horse flies and deer flies belong to the Tabanidae family and
attack humans and animals. They are large hematophagus and
their adult feeding activity is diurnal, but occasionally crepuscu-
lar or nocturnal. In the most temperate areas, tabanids are pri-
marily nuisance pests of humans. In this regard, they can pose
economically significant problems for local tourism. Tabanids
transmit some pathogens as biological (for Loa and Elaeophora
schneideri) and mechanical (for Equine infectious anemia,
bovine leukemia, hog cholera, Anaplasma marginale, Francisella
tularensis, Bacillus anthracis, Besnoitia besnoiti, Trypanasoma
evansi, and Try. vivax) vectors (439). In Turkey, a total of 161 spe-
cies belonging to 11 genera of Tabanidae family were reported
from different regions (444).

Muscid flies can be grouped ecologically as filth flies (house fly,
stable fly, garbage fly, false stable fly, little house fly, and latrine
fly), dung flies (horn fly and face fly), and sweat flies (sweat flies).
Muscid flies also can be grouped depending on their mouth-
parts as biting (stable fly, Stomoxys calcitrans, Horn fly,
Haematobia irritans; and Bufffalo fly Hae. irritans exgua) and
nonbiting flies (house fly, Musca domestica; bazaar fly, M. sor-
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bens; bush fly M. vetustissima; face fly, M. autumnalis; false sta-
ble fly, Muscina stabulans; little house fly, Fannia canicularis;
garbage fly, Hydrotaea spp.; sweat flies, Hydrotaea spp.), and all
the important muscid flies are anautogenous that require pro-
teins to complete their first gonotrophic cycle. Except for house
fly, their seasonal patterns in abundance differ among the spe-
cies, years, and locations. Most muscid flies of medical and vet-
erinary importance are multivoltine, developing through two or
more generations per breeding season. Adults of some import-
ant flies affect humans commonly as nuisance, occasionally as
vector of several pathogens, and rarely as agents of myiasis. The
cosmopolitan house fly and stable fly have more medical impor-
tance than others (445). In Turkey, a total of 11 species belonging
to the Muscidae family have been reported from the Cukurova
area (446).

Myiasis is the invasion of a living vertebrate animal by larvae of
myiatic flies in the superfamilies Tipuloidea, Psychodoidea,
Stratiomyoidea, Asiloidea, Platypezoidea, Syrphoidea,
Tephritoidea, Ephydroidea, Carnoidea, Muscoidea, and
QOestrroidea and are classified as accidental, facultative, obliga-
tory, and emporary. Myiasis can also be categorized as gastroin-
testinal, urogenital, ocular, nasopharyngeal, auricular, and cuta-
neous depending on the site of larval invasion (447). In Turkey,
several cases of myiasis in humans were reported from different
regions (448-450).

Hemiptera are the kissing bugs and bed bugs, which are annoy-
ing nocturnal pests that feed on humans and animals by sucking
blood. Kissing bugs in the Reduviidae family transmit
Trypanosoma cruzi in some countries of Central and South
America. The bed bugs Cimex lectularius of the Cimicidae fam-
ily are external parasites of humans. In Turkey, actually, C. lectu-
larius is one of the prevalent ectoparasites in houses and also in
the coops for poultry, but its infestations were not documented
sufficiently. However, a report related to C. lectularis infestation
in a 46-year-old woman with poor personal hygiene was record-
ed in the Sakarya province of the Marmara region (451).

Hymenoptera order contains ants, bees, and wasps, and these
insects are abundant throughout most of the world and consti-
tute a significant proportion of all insects. A number of species
of ants, bees, and wasps occasionally are harmful to humans and
animals, and cause problematic cases, such as poisoning, aller-
gies, and anaphylaxis (452). In Turkey, recently, a fatal case
caused by massive honey bee stings on a 10-year-old boy who
was subjected to 5989 honey bee attacks was reported from the
Erciyes University Hospital in the Kayseri province, and this case
was also shown as the highest number of honey bee stings in the
literature to date (453).

Lepidoptera order includes the species of moths and butterflies,
which are recognized as economic pest of the cultivated plants
on which their larvae feed. However, adult moths also can be a
nuisance because of their attraction to lights and often entering
homes at night, but butterflies are rare pests. In most cases of a
medical-veterinary nature, it is the caterpillar larval stage that is
involved. Some urticating caterpillars of the Limacodidae,
Megalopygidae and Saturniidae families cause urticaria and
moth dermatitis in humans, while the majority of caterpillars

within the Lasiocampidae, Notodontidae, Thaumetopoidae, and
Lymantriidae families induce abortions in pregnant mares and
also in dromedary camels due to the ingestion of the larval forms
during grazing in the infested areas (454). There is no official
report on urticating caterpillar infestations in both humans and
animals in Turkey.

Siphonaptera (fleas) are hematophagous and morphologically
unique ectoparasites, and they feed by sucking blood on different
warm-blooded hosts, including man, worldwide. Most fleas in the
Pulicidae family, with other important fleas belonging to the
Ceratophyllidae, Leptopsyllidae, or Vermipsyllidae have medical
or veterinary importance. Occasionally, members of other fami-
lies, notably the Hystrichopsyllidae and Rhopalopsyllidae, also
feed on humans and domestic animals. Human flea (Pulex irri-
tans), cat flea (Ctenocephalides felis), dog flea (Ctenocephalides
canis), oriental rat flea (Xenopsylla cheopis), and chigoe (Tunga
penetrans) can cause zoonotic infestations in both humans and
animals. Fleas can cause considerable discomfort and occasional-
ly lead to secondary infections of bite wounds. The bites of fleas
can cause dermatitis and allergic reactions. In addition to the
intense irritation, fleas transmit various diseases, such as myxoma-
tosis, Q fever, tularemia, murine typhus, sylvatic epidemic typhus,
plague, murine trypanosomiasis, rabbit trypanosomiasis, canine
filariasis, double-pored tapeworm (Dipylidium caninum), rodent
tapeworm (Hymenolepis diminuta), and Dwarf tapeworm
(Hymenolepis nana) (455). In Turkey, in a study that was conducted
to investigate the species of fleas around Ankara, 9 species of
fleas belonging to 6 genera of 4 families were identified morpho-
logically, and Pulex irritans, Ctenocephalides canis, Chaetopsylla
globiceps, and Ctenocephalides felis were identified as prevalent
species, with the prevalence of 31.91%, 29.79%, 23.89%, and
11.92%, respectively (456).

Zoonotic scabies is a rare form of canine scabies, also called
pseudo scabies in humans. Sarcoptic mange in dogs is caused
by Sarcoptes scabiei var. canis belonging to the Sarcoptidae
family and affects body parts of dogs, which are devoid of hair,
such as the head, chest, abdomen, neck, face, ears, elbow, and
hocks. Basically, each species of the mite prefers one specific
type of host, and it does not live long or reproduce away from
the preferred host. However, occasionally humans can be infest-
ed with sarcoptic mange by close contact with infested dogs.
Intense pruritis and irritation due to hypersensitivity reactions are
seen as major clinical manifestations in infested individuals. The
incubation period is shorter, the symptoms are transient, and the
infestation is self-limiting. A case of a zoonotic sarcoptic mange
caused by Sarcoptes scabiei var. canis in a 56-year-old man was
reported from India (457). In Turkey, frequently cases of sarcoptic
mange with manifested local or generalized forms in dogs are
seen and treated with local or systemic acaricides (458). There is
no official report on zoonotic mange in Turkey.

Ticks are obligate blood-sucking zoonotic ectoparasites belong-
ing to the families Argasidae, Ixodidae, and Nuttalliellidae and
are very important biological vectors for many pathogens of
human and other animal diseases after mosquitoes (459). Ticks
can cause serious direct damages to their hosts as well annoy-
ance and "tick worry,” skin lesions, predisposition for myiasis,
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loss of blood, tick paralysis, tick toxication, allergy, anaphylaxis,
and meat allergy (48, 460). Tick infestations and TBDs of animals
can cause huge economic losses, particularly in the cattle indus-
try in many countries in the subtropical regions of the world,
including Turkey (9, 459, 461). The current status of tick species
in Turkey showed 47 species (8 argasid and 39 ixodid) in the last
century (10). In addition, almost 19 TBDs have been reported in
animals and men, involving 4 protozoa (babesiosis, theileriosis,
cytauxzoonosis, and hepatozoonosis), 1 filarial nematode (acan-
thocheilonemasis), 10 bacterial agents (anaplasmosis, ehrlichio-
sis, aegyptianellosis, TBT, Candidatus Rickettsia vini, Lyme bor-
reliosis, TBRF, tularemia, bartonellosis, and hemoplasmosis), and
4 viral infections (TBE, Crimean-Congo Hemorrhagic Fever
(CCHF), louping ill (LI), and LSD in Turkey (20).

Chiggers (larvae of Trombiculidae), bird and rodent mites
(Dermanyssus gallinae and Lyponyssus bacoti), Cheyletiella spp,
and house dust mites (Dermatophagoides spp) can cause rare
zoonotic infestations, such as cutaneous reactions by close con-
tact worldwide. Occasional asthma cases can be seen in children
due to the inhalation of metabolites of house dust mites (462). In
Turkey, a case of dermatosis caused by Cheyletiella sp. in a
patient, who was a pet owner has been reported as a zoonotic
mite infestation at the Sakarya University Hospital (463).

Unconventional zoonotic agents: The bovine spongiform
encephalopathy (BSE) or “mad cow disease” and Creutzfeldt-
Jakop disease (vCJD) are classified among unconventional zoo-
notic diseases by OIE and WHO. BSE is a central nervous dis-
ease caused by an agent named “prion” or “infectious protein.”
The infectious protein is transmitted to cattle via feeding of
infected meat and/or bone meal, and then is found in the central
nervous tissue, causing neurological disorders after an incuba-
tion period of 4-5 years (“mad cow”). The coincidence of the
emergence of a variant form of vCJD in humans provides some
evidence that the BSE agent might have crossed a species bar-
rier. This is not scientifically proven but is the “precautionary
principle” is suggested by OIE and WHO. There is no official
report about both BSE and vCJD in Turkey.

CONCLUSION

In this review, we focused on the assessment of zoonotic infec-
tions in Turkey with a holistic approach. Turkey's natural condi-
tions allow exposure to many diseases, including zoonotic infec-
tions in animals and humans in different regions (10, 48, 441).
Numerous zoonotic diseases, including 37 bacterial, 13 fungal,
29 viral, 28 parasitic (3 trematodes, 7 cestodes, 10 nematodes,
and 8 protozoan) totaling to 107 infections have been reported
in Turkey to date, almost one-half of the zoonotic diseases
described in the world. Sixteen of these infections (9 bacterial
(tuberculosis, E. coli infection, salmonellosis, brucellosis, lepto-
spirosis, chlamydiosis, anthrax, Q fever, and campylobacteriosis),
3 viral (hepatitis E virus, rabies, and CCHF), and 4 parasitic (cryp-
tosporidiosis, leishmaniosis, echinococcosis, and cysticercosis)
diseases) have also been evaluated as among the most import-
ant infections for Europe and are among the 21 zoonotic diseas-
es, which were high priority in Europe as determined and listed
by the experts of Discontools (464-466). Additionally, many
ectoparasitic zoonoses within 15 different arthropod groups

have also been reported in Turkey. The main zoonotic transmis-
sion routes of the reported diseases and ectoparasites from
Turkey are shown in Fig 1. Obviously, this high zoonotic burden
found in Turkey is an important problem and a major threat to
both public health and animal health. In addition, these diseases
are a threat to the country’s economic welfare when it is evaluat-
ed within the scope of the current understanding of “diseases
are both the cause of poverty and the consequences of poverty.”
The severity and extent of the threat and danger can be better
understood in light of the large migrations that Turkey has faced
on regional basis in recent years. However, the same zoonotic
dangers pose a threat to the rest of the world, especially for
other European countries. It is unavoidable that hunger and
misery dominates when the demographic and socioeconomic
structures change dramatically at times of major migrations as
we observed in the last decade. These conditions further pro-
mote poverty and poor hygiene and provide a rich environment
for the parasitic, bacterial, vector-borne, and zoonotic diseases
to flourish. Therefore, Turkey and the European countries are
facing an increasing threat of various zoonotic pathogens today.

The epidemiological characteristics of many diseases are known
on a molecular basis, allowing the capability to develop new and
much more effective strategies in combat. Successful results can
be obtained by using new generation drugs, such as antibiotics,
antifungals, and antiparasitic preparations, in the treatment of
many bacterial, fungal, and parasitic diseases, particularly in
animals and humans. In addition, many viral diseases can be
controlled with developed vaccines, and vaccine development
studies are continuing for some viral diseases such as CCHF.
Conversely, great success has been achieved by the usage of
various acaricides and insecticides in the control of many vectors
and thus vector-borne diseases. Unfortunately, resistance against
these chemicals in vectors has developed due to the widespread
usage of the chemicals thus leading to a new problem. In addi-
tion, the usage of intensive insecticide and acaricide caused
environmental pollution and the death of non-target living crea-
tures, such as bees, fish, and others. Today, we are faced with
another serious problem, Antimicrobial Resistance (AMR). AMR
and drug-resistant infections are now one of the biggest health
threats that mankind faces in the coming decades. Considering
the current adverse conditions, the health of the people, the
animals, and the safe environment are facing danger (467).
Therefore, the solution of the problem requires the new global
approaches.

It may be useful to investigate the historical interactions of
human populations and zoonotic diseases and to recall all the
devastating consequences of economic losses.

In the early periods of history, high death and birth rates have
had enormous impact on the demographics of populations,
often leading to distributions shaped like a pyramid. Many chil-
dren were born but few reached to adulthood. This meant that a
large portion of the population depended on relatively few.
Resources per capita were few; the population was poor
because people were dying of disease, and few were working
and producing. Under these conditions, deaths caused poverty,
but according to Malthusian doctrine, poverty causes deaths. In
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this category, poor living and working conditions, which might
give rise to low resistance to disease as well as more obvious
factors, such as disease itself, wars, and famine directly affect the
life of the people. Essentially, inadequate food supplies by
themselves do not cause massive die-offs. High death rates
during famines are typically caused by people migrating to
where they perceive food is in greater abundance. In this situa-
tion, the congregation of a large numbers of people spread
infectious diseases; particularly, during famines and wars people
typically died from infections, such as typhus, cholera, typhoid
fever, diarrheal diseases, influenza, and other infections. Any
increased morbidity that accompanies the disease environment
also will has negative effects on productivity. This situation will
exacerbate the effects of the disease and increase poverty. It is
true that inadequate nutrition may reduce the effectiveness of
the immune system in combating disease; as a consequence,
those who already have compromised immune systems, such as
the infirm, the elderly, and the very young individuals are dispro-
portionately likely to die (468). In modern times, a concept has
been accepted that diseases, including zoonotic infectious dis-
eases can be a reason and also a consequence of poverty, as
mentioned above. However, in the same period, the close inter-
est of people caused the imbalance in nature. A consistent
theme that arises across studies of emerging zoonoses is the
anthropogenic nature of identified risk factors. Homo sapiens
has dramatically altered the ecological landscape in which other
species and their pathogens function. It is accepted that almost
four-thirds of the diseases that arise are acquired from animals.
Actually, this situation shows us how artificial the separation is
between the human species and the rest of the natural world.
The growing understanding of the links between environmental
disturbances and disease may require an extension of the “"One
Medicine” concept to include not only animal and human
health, but planetary health as well (319). Particularly, global
warming affects the behaviors of vector arthropods and causes a
generation of aggressive insect populations as seen in simuliids
(435) or biting midges (439). Similarly, ticks cause a global chal-
lenge (20, 48, 459, 469, 470). Current local potential arthropod
vectors, which have existed in the region for a long time and
have been adapted to the region, are ready for the transmission
of pathogens among humans, livestock, and wild animals.
Naturally, increasing populations of vector arthropods can lead
to increasing spread of zoonotic vector-borne diseases among
animals and humans living in these tropical and subtropical areas
471).

Advanced information related to parasites and pathogens,
sanitation, and hygiene (354) and the progress made in inte-
grated economy and new biological views introduce new per-
spectives into the historical development of humanity and
economies. Hence, in the last two decades, WHO has generat-
ed a new concept based on One Health for combating infec-
tious, particularly zoonotic diseases (14). In this scope, WHO
has purposed to generate "Healthier livestock and Wealthier
People in a Reliable Ecosystem.” For this aim, primarily, to pre-
vent and control many infectious diseases and ectoparasites,
including vectors, have been re-evaluated by the international
coordination of the FAO, the OIE, and WHO. Following this

initiative, a network named "Global Early Warning System
(GLEWS)" has been established by WHO, OIE, and FAO for
combating major animal diseases, including zoonoses (472).
This network also is linked with national stakeholders to assist
in early warning, prevention, and control of animal diseases
and their zoonotic threats, and the International Food Safety
Authorities Network to ensure food safety. Early warning of
outbreaks and the prediction of their spreading capacity to
new areas, particularly to the enzootic instable regions, is an
essential principle for the control of endemic diseases. This
principle is a fundamental and indispensable rule in interna-
tional animal trade. Early warning and response is based on the
concept that dealing with a disease epidemic in its early stages
is easier and more economical than having to deal with it once
it is widespread. The major mission of GLEWS is to provide
multidisciplinary risk assessment for a zoonotic disease global-
ly. For instance, for public health, an early warning for any out-
break with a known zoonotic potential will give adequate time
to enable control measures that can prevent human morbidity
and mortality, and as well economic losses. Also, this system
gives an opportunity to discovery of new previously unknown
human infectious diseases, which have emerged and will con-
tinue to emerge from the animal reservoir. However, both glob-
al warming and deterioration of the balance of the nature are
essentially a management error. These negativities that are
created as a result of over-demand all over the world will be
corrected with the right decisions. While struggling at an inter-
national level against “global warming” at the global level, a
number of additional social projects to prevent “environmental
changes” can be required. At this point, for example, concur-
rent support from international sports organizations and their
national partners can be provided. In this framework, messages
about the dramatic destruction created by environmental
changes to the masses of the people around the world can be
provided in several types of international sporting events, such
as the World Soccer Championship and so on. It should not be
forgotten that all projects owned by the people can reach suc-
cess. The positive impact of these projects will also have a
widespread impact on the global scale. In this framework, the
notion of “respect for nature” can be included among the con-
cepts, such as "respect” and “enjoy responsibility,” which are
widely used in every step of the global scale sports in recent
years, and the “environmental changes” can be noted and
some urges can be achieved urgently. Moreover, at this point,
it is at least reminded that what they do to administrators and
politicians is not true.

From a public health and animal health perspective, prevention
and control of diseases, including zoonotic infections, which have
been reported from Turkey, should be realized with the coordina-
tion of national and international stakeholders based on the One
Health concept. In accordance with the One Health concept, the
development of advanced research projects for controlling zoo-
notic diseases by expert researchers from all related scientific
disciplines should be top priority. In addition, the administrative
and political decisions that impact climate change, urbanization,
land use, and industrial and agricultural pollution should be con-
sistent with ecological and epidemiological findings on diseases,
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including zoonoses, in Turkey. We also suggest that a regional
program utilizing the One Health Concept that considers an inter-
disciplinary approach would be imperative to combat zoonotic
infections given that country borders are insignificant for disease
transmission. Turkey should provide leadership to bring together
the agencies and appropriate researchers under the auspices of
international organizations to help shape a global policy for zoo-
notic diseases control in the region.
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