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ARTICLE INFO ABSTRACT

Keywords: Background: Ticks are important arthropod vectors that transmit pathogens to humans and animals. Owing to
Ticks favourable climatic and environmental conditions, along with animal importation from neighbouring countries,
Tick-borne diseases ticks and tick-borne diseases (TBDs) are widespread in Egyptian localities. Here, we review the current knowl-
gi};p;eahh edge on the epidemiology of TBDs in Egypt in light of the One Health paradigm.
Methods and results: Five scientific databases, including “Web of Science”, “Scopus”, “PubMed”, “Science Direct”,
and “Google Scholar”, were searched for articles describing TBDs in Egypt. A total of 18 TBDs have been reported
in humans and animals, including three protozoal diseases (babesiosis, theileriosis, and hepatozoonosis), 12
bacterial diseases (anaplasmosis, ehrlichiosis, Lyme borreliosis, bovine borreliosis, tick-borne relapsing fever,
Mediterranean spotted fever, African tick-borne fever, lymphangitis-associated rickettsiosis, bartonellosis,
tularaemia, Q fever, and aegyptianellosis), and three viral diseases (Crimean-Congo haemorrhagic fever,
Alkhurma haemorrhagic fever, and Lumpy skin disease).
Conclusions: Despite the circulation of zoonotic tick-borne pathogens among livestock and tick vectors, human
infections have been overlooked and are potentially limited to infer the actual communicable disease burden.
Therefore, facility-based surveillance of TBDs, combined with capacity building for laboratory diagnostics in
healthcare facilities, is urgently required to improve diagnosis and inform policy-making in disease prevention.
Additionally, collaboration between expert researchers from various disciplines (physicians, biologists, acarol-
ogists, and veterinarians) is required to develop advanced research projects to control ticks and TBDs. Consid-
ering that domestic livestock is integral to many Egyptian households, comprehensive epidemiological studies on
TBDs should assess all disease contributors, including vertebrate hosts (animals, humans, and rodents) and ticks
in the same ecological region, for better assessment of disease burden. Additionally, upscaling of border in-
spections of imported animals is required to stop crossover movements of ticks and TBDs.

1. Introduction

Ticks are hematophagous arthropods that parasitise most verte-
brates, including humans and animals, worldwide [1]. Considering that
ticks harbour and transmit various pathogens posing threats to humans
and animals, they rank second to mosquitoes as a significant vector for
human vector-borne diseases. Additionally, tick bites can cause irrita-
tion, severe allergies, or paralysis [2,3]. Tick-borne pathogens encom-
pass various bacteria, viruses, helminths, and protozoa and have further
diversified over the past few decades [4]. Globally, the ongoing
geographic range of tick species is rapidly expanding, possibly driven by
climate, demographics, ecology, and increased movement of humans
and global trade of animals, resulting in the resurgence and

redistribution of infectious and zoonotic diseases [5].

Located on the southern coast of the Mediterranean Sea, Egypt is
positioned on an internationally important migration route (Afri-
can-Eurasian flyway) for birds migrating between their breeding
grounds in Eurasia and their wintering grounds in Africa [6]. Millions of
birds, including many European migrants, pass across the Mediterra-
nean Sea in spring and autumn, providing opportunities for dispersal of
ticks and their associated pathogens [7-9]. Migratory birds crossing
Egypt have different tick species and subspecies, including Ixodes redi-
korzevi, Ixodes ricinus, Ixodes frontalis, Haemaphysalis inermis, Hyalomma
rufipes, Hyalomma marginatum, Hyalomma impeltatum, Hyalomma ana-
tolicum, Hyalomma excavatum, Ha. punctata, Amblyomma variegatum,
Hyalomma aegyptium, Hyalomma dromedarii, Rhipicephalus sanguineus,
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and Argas sp. [7-9]. The immature stages of different ticks collected
from birds suggest that many of them were carried and disseminated
into Europe, Asia, and Africa [7-9].

Furthermore, the geographic location of Egypt results in a prevailing
dry equatorial climate, except for the northern coastal areas, where a
moderately warm climate dominates. Egypt’s climate is characterised by
hot dry summers and moderate winters with increasing coldness and
rainfall along the Red Sea and Mediterranean Sea coasts [10]. These
conditions provide a conducive environment for the growth of various
species, including ticks and tick-borne pathogens [11-13]. Many tick-
borne pathogens can endanger human and animal welfare and live-
stock husbandry, causing emerging or re-emerging zoonotic diseases.

The importation of animals infected with TBDs from endemic sub-
Saharan African countries poses threats to humans and animals [14].
Camels and cattle imported from Sudan are quarantined at Abu Simbel
or Shalateen in southern Egypt, while those imported from Ethiopia are
quarantined at the Adabiya port, Al Qata (Giza governorate), or Sahl
Hasheesh (Red Sea governorate). Subsequently, animals released from
quarantine are transported to slaughterhouses or animal markets, which
are generally located in populated areas, where the risk of transmission
of ticks and TBDs is much higher [14].

Egypt is a northeast African country with a population of over 100
million people and 28 million livestock [15,16]. The livestock sector
accounts for 40% of the agricultural gross domestic product and serves
as a primary source of meat, milk, farm labour, and livelihood for most
of the country’s population. Egypt is currently divided into 27 gover-
norates, namely four city governorates (Cairo, Alexandria, Port Said,
and Suez), with nine located in Lower Egypt (in the Delta), nine in Upper
Egypt along the Nile River extending from Cairo to Aswan, and five
covering the Sinai Peninsula and western and eastern deserts [16].

Ticks have been reported to exist in ancient Egypt; a recent archae-
ological study of a mummified dog dating back to the Roman period
showed evidence of significant infestation by the brown dog tick Rh.
sanguineus [17]. To date, approximately 52 tick species have been
identified in Egypt. Of these, eight species belonging to the Argasidae
family were recovered from birds, foxes, rodents, and hedgehogs in
different Egyptian localities: Ornithodorous savignyi, Ornithodorous sal-
ahi, Ornithodorous erraticus, Ornithodorous tholozani, Ornithodorous are-
nicolous, Argas hermanni, Argas persicus, and Argas arboreus [18-23].
Additionally, 44 tick species belonging to the Ixodidae family have been
reported to infest livestock in Egypt, including Amblyomma eburneum,
Amblyomma gemma, Amblyomma hebraeum, Amblyomma lepidum,
Amblyomma marmoreum, A. variegatum, Haemaphysalis erinacei, Ha.
inermis, Haemaphysalis leachi, Haemaphysalis parva, Haemaphysalis
punctata, Haemaphysalis sulcate, Hy. aegyptium, Hyalomma albiparmatum,
Hy. anatolicum, Hy. dromedarii, Hy. excavatum, Hyalomma franchinii, Hy.
impeltatum, Hyalomma impressum, Hyalomma lusitanicum, Hy. margin-
atum, Hy. rufipes, Hyalomma schulzei, Hyalomma scupense, Hyalomma
truncatum, Hyalomma turanicum, Ixodes kaiseri, I. redikorzevi, Rhipice-
phalus annulatus, Rhipicephalus appendiculatus, Rhipicephalus bursa, Rhi-
picephalus camicasi, Rhipicephalus decoloratus, Rhipicephalus evertsi,
Rhipicephalus guilhoni, Rhipicephalus humeralis, Rhipicephalus muhsamae,
Rhipicephalus praetextatus, Rhipicephalus pulchellus, Rhipicephalus rossi-
cus, Rh. sanguineus, Rhipicephalus simus, and Rhipicephalus turanicus
[24,25].

The burden of TBDs owing to their impact on public health and the
livestock industry is considerably underestimated and can overwhelm
economic conditions and health systems in developed countries,
including Egypt [26]. Among TBDs, babesiosis, theileriosis, anaplas-
mosis, rickettsiosis, ehrlichiosis, and borreliosis have been reported in
different governorates of Egypt. Disruption of the transmission chain
involving the vertebrate host and ticks is a major challenge in the pre-
vention and control of TBDs [3]. Therefore, the One Health paradigm
has been suggested as a relevant approach to combat TBDs [27,28]. It
recognises the interconnection among humans, animals, and environ-
mental health; promotes transdisciplinary and multisectoral
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collaborations; and provides an important approach in confronting
zoonotic diseases. Accordingly, veterinarians, physicians, ecologists,
and public health professionals should collaborate to identify the vector
and tick-borne pathogens in order to develop control strategies for TBDs.

Here, we review the current knowledge on the epidemiology of TBDs
in Egypt. In addition, we identify gaps in knowledge regarding the
epidemiology of TBDs and provide recommendations to implement the
One Health approach in Egypt.

2. Methods

We searched five scientific databases, namely “Web of Science”,
“Scopus”, “PubMed”, “Science Direct”, and “Google Scholar”, to collect
the research articles relevant to our topic “ticks and TBDs in Egypt”. The
following combinations of search terms were used: “ticks” AND “TBDs”
AND “tick-borne pathogens” AND “Babesia” AND “Theileria” AND
“Anaplasma” AND “Rickettsia” AND “Borrelia” AND “Ehrlichia” AND
“Bartonella” AND “Francisella” AND “Alkhurma haemorrhagic fever” OR
“Crimean-Congo hemorrhagic fever” AND “Egypt.” Articles published in
English or Arabic until April 2022 were included in this study. The
included articles were also screened for additional data concerning the
local distribution within Egyptian governorates (Table 1). Duplicate
articles or articles reporting ticks and tick-borne pathogens in other
countries were excluded.

3. Results

In Egypt, 18 TBDs of humans and animals have been reported,
including three protozoal diseases (babesiosis, theileriosis, and hep-
atozoonosis), 12 bacterial diseases (anaplasmosis, ehrlichiosis, Lyme
borreliosis, bovine borreliosis, tick-borne relapsing fever [TBRF], Med-
iterranean spotted fever, African tick-borne fever, lymphangitis-associ-
ated rickettsiosis, bartonellosis, tularaemia, Q fever, and
aegyptianellosis), and three viral diseases (Crimean-Congo hemorrhagic
fever [CCHF], Alkhurma haemorrhagic fever [AHF], and Lumpy skin
disease [LSD]). Additionally, a number of arboviruses have been re-
ported, but the resulting diseases are unknown (Table 1).

Approximately 119 epidemiological studies on animal and human
TBDs in Egypt are currently available (Table 2). Most studies (77/119;
64.6%) involved animals, whereas a few studies (18/119; 15.1%)
involved humans. Further, 14 (11.8%) studies reported the pathogens in
ticks and 10 (8.4%) studies reported the pathogens in both animals and
ticks (Table 2). Regarding human infections, ten (10/18; 55.6%), six (6/
18; 33.3%), and one study included serologic, genetic, and combined
serologic and molecular diagnoses, respectively. Another study was
based on blood film examination. Additionally, several species of tick-
borne pathogens have been molecularly confirmed by more than one
study, including Babesia bovis, Babesia bigemina, Babesia occultans,
Babesia caballi, Babesia canis vogeli, Theileria annulata, Theileria ovis,
Theileria equi, Theileria lestoquardi, Anaplasma marginale, Anaplasma
centrale, Anaplasma ovis, Anaplasma platys, Anaplasma platys-like, Ana-
plasma phagocytophilum, Ehrlichia canis, Rickettsia africae, Borrelia burg-
dorferi, Borrelia theileri, Coxiella burnetii, AHFV, and CCHFV (Table 2).

3.1. Protozoal diseases

3.1.1. Babesiosis

Babesiosis is a zoonotic disease of animals and humans caused by
infection with intraerythrocytic protozoan parasites of Babesia sp. and
transmitted primarily by ixodid ticks [144]. Six primary species have
been identified as causative agents of human infections, including
Babesia microti, Babesia duncani, Babesia divergens, Babesia motasi,
Babesia venatorum, and Babesia crassa-like agent [145]. Human babesi-
osis is usually asymptomatic and self-limiting in healthy individuals.
Common mild flu-like symptoms of human babesiosis include fever,
headache, chills, fatigue, inappetence, and shortness of breath [146].
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Table 1
Tick-borne diseases, tick vectors, and their geographical distribution within Egypt.
TBDs and Species Host Primary/probable tick vector Geographical distribution Reference
etiological agent
Babesiosis Babesia bovis Buffaloes, Rhipicephalus annulatus Assiut, Beheira, Cairo, Dakahlia, [29-34]
camels, cattle, Elminia, Fayoum, Giza, Halayeb,
sheep Kafr Elsheikh, Matrouh, Menofia,
New valley, Port Said, Qena,
Shalateen, Sharkia, Sohag
Babesia bigemina Buffaloes, Rhipicephalus annulatus Beheira, Benisuef, Dakahlia, [30,32,43-47,35-42]
camels, cattle Elminia, Fayoum, Giza, Ismailia,
Kafr Elsheikh, Matrouh, Menofia,
New valley, Qena, Qualyobia,
Sharkia, Sohag
Babesia ovis Camels, cattle, ND North Sinai, Siwa Oasis [48,49]
goats, sheep
Babesia occultans Buffaloes, cattle Hyalomma excavatum Assiut, Elminia, Fayoum, New [33,40]
valley
Babesia caballi Donkeys, horses ND Alexandria, Benisuef, Cairo, [50,51]
Fayoum, Giza, Ismailia, Kafr
Elsheikh, Menofia, Qualyobia
Babesia equi Horses ND ND [52]
Babesia canis vogeli Dogs ND Cairo, Giza [46,53-55]
Babesia behnkei Rodents ND Sinai [56]
Babesia sp. Cattle, humans, ND Cairo, Menofia, Qena, Sinai [57-62]
rodents
Hepatozoonosis Hepatozoon canis Dogs ND Cairo, Giza [63,64]
Hepatozoon sp. Rodents ND Sinai [62]
Theileriosis Theileria annulata Buffaloes, Hyalomma dromedarii, Aswan, Beheira, Benisuef, [33,36,70-74,43,46,47,65-69]
camels, cattle, Hyalomma excavatum Dakahlia, Elminia, Fayoum, Giza,
sheep Menofia, New valley, Port Said,
Qena, Qualyobia, Sharkia, Sohag
Theileria ovis Buffaloes, ND Aswan, Beheira, Benisuef, Cairo, [46,49,66,70,72,75-77]
camel, cattle, Giza, Menofia, New valley,
equines, goats, Qualyobia, Sinai
sheep
Theileria equi Donkey, horses, Rhipicephalus annulatus Alexandria, Benisuef, Cairo, [51,75,78-82]
mules Fayoum, Giza, Ismailia, Matrouh,
Menofia
Theileria lestoquardi Buffaloes, sheep ND Beheira, Giza, Menofia, New [66,72,76,77]
valley, Upper Egypt
Theileria haneyi Donkeys, horses ND Alexandria, Benisuef, Cairo, [80]
Fayoum, Giza, Ismailia, Menofia
Theileria orientalis Buffaloes, cattle ND Beheira, Menofia [36]
Theileria uilenbergi Buffaloes ND Upper Egypt [72]
Theileria mutans-like, Camels ND Aswan [70]
Theileria separata
Theileria africa Equines ND Benisuef, Cairo [75]
Theileria sp. Camels, cattle Hyalomma dromedarii Menofia, Upper Egypt [61,70,83]
Anaplasmosis Anaplasma marginale Buffaloes, Hyalomma excavatum, Assiut, Beheira, Benisuef, Cairo, [33,34,85-87,37,38,40-43,46,75]

Anaplasma centrale

Anaplasma ovis

Anaplasma platys

Anaplasma platys-like

Anaplasma sp.

Candidatus Anaplasma
camelii

Anaplasma
phagocytophilum

camels, cattle,
equine, sheep

Camels, cattle

Cattle, equine,
sheep
Buffaloes,
camel, cattle,
dogs
Buffaloes,
camel, cattle,
sheep
Buffaloes,
camel, cattle,
dogs

Camel

Dogs, humans,
sheep

Rhipicephalus annulatus

ND

ND

Hyalomma excavatum,
Rhipicephalus annulatus,

Rhipicephalus sanguineus

Rhipicephalus annulatus

Rhipicephalus annulatus

ND

Rhipicephalus sanguineus

Dakahlia, Damietta, Elminia,
Fayoum, Gharbia, Giza, Kafr
Elsheikh, Matrouh, Menofia, New
valley, Qena, Qualyobia, Sinai,
Sohag

Beheira, Benisuef, Cairo, Giza,
Matrouh, New valley, Qualyobia,
Sinai

Alexandria, Benisuef, Cairo,
Gharbia, Kafr Elsheikh, Menofia
Assiut, Benisuef, Cairo, Elminia,
Fayoum, Giza, New valley,
Qualyobia, Sinai

Beheira, Benisuef, Cairo, Giza,
Menofia, New valley, Qualyobia,
Sinai

Aswan, Beheira, Benisuef, Cairo,
Giza, Menofia, New valley,
Qualyobia, Sinai

Aswan

Giza, Nile Delta

[37,46].

[42,46,75,88]

[33,40,46,89,90].

[42,46,75]

[42,70,91,92]

[70]

[93-95]

(continued on next page)
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TBDs and Species Host Primary/probable tick vector Geographical distribution Reference
etiological agent
Aegyptianellosis Aegyptianella pullorum Chickens Argas sp. ND [21,84]
Bartonellosis Bartonella sp. Cats, cattle, ND Fayoum, Menofia, Sinai [62,96-99].
humans, rodents
Bartonella elizabethae, Rodents ND Sinai [100-102]
Candidatus Bartonella
fadhilae, Candidatus
Bartonella sanaae
Borreliosis

Lyme borelliosis

Bovine borreliosis

Tick-borne
relapsing fever

Q fever

Ehrlichiosis

Tularemia

Rickettsiosis

Mediterranean
spotted fever

African tick-borne
fever

Lymphangitis-
associated
rickettsiosis

Alkhurma
hemorrhagic
fever

Crimean-Congo
hemorrhagic
fever

Lumpy skin disease

Not named

Borrelia burgdorferi

Borrelia theileri

Borrelia crocidurae

Coxiella burnetii

Ehrlichia canis
Ehrlichia minasensis

Ehrlichia sp.

Francisella tularensis
Rickettsia conorii
Rickettsia africae
Rickettsia sibirica
mongolitimonae

Rickettsia africae-like
Rickettsia sp.

AHFV virus

CCHF virus

LSD virus
Quaranfil virus

Cattle, dogs,
humans

Cattle, horses,
sheep

Foxes,
hedgehogs,
owls, rodents
Camels, cattle,
dogs, humans

Buffaloes, cattle,
dogs, sheep
Cattle

Humans

Dogs, humans,
rodents, sheep
Camels

French traveller

Dogs
Camels

Italian tourists

Buffaloes,
camels, cattle,
goats, sheep
Cattle

Cattle, egrets,
humans,
pigeons

Hyalomma anatolicum
excavatum, Rhipicephalus
sanguineus

Rhipicephalus annulatus

Ornithodorous erraticus

Amblyomma variegatum, Argas
persicus, Hyalomma anatolicum,
Hyalomma dromedarii,
Rhipicephalus pulchellus,
Rhipicephalus sanguineus
Rhipicephalus sanguineus

Hyalomma excavatum,
Rhipicephalus annulatus
Rhipicephalus annulatus

ND
ND

Hyalomma dromedarii,
Hyalomma impeltatum,
Hyalomma marginatum
ND

Hyalomma sp., Rhipicephalus

sanguineus
ND

Hyalomma dromedarii,
Hyalomma excavatum,
Hyalomma rufipus
Rhipicephalus annulatus

Argas arboreus, Argas hermanni

Benisuif, Cairo, Fayoum, Giza,
Qualyobia

Benisuef, Cairo, Fayoum

Coastal strip, Lower Nile valley,
Matrouh, Nile Delta

Alexandria, Aswan, Cairo,
Dakahlia, Giza, Ismailia, Matrouh,
New valley, Port Said, Sharkia,
Sinai

Alexandria, Cairo, Giza, Qualyobia
Assiut, Fayoum, New valley
Alexandria, Aswan, Benisuef,
Cairo, Dakahlia, Ismailia,
Matrouh, New valley, Port Said,
Sharkia, Sinai, Siwa Oasis

Cairo

Aswan, Coastal strip, Nile Delta,

Nile valley, Sharkia
Cairo, Giza, Sinai

Red sea

Cairo

Cairo, Giza, Sinai

Shalateen

Aswan, Cairo, Sharkia

Benisuef
Qualyobia

[94,103-105]

[45,98]

[19,106,107]

[46,90,116-118,108-115]

[81,89,119-122]
[33]

[75,901

[123]
[124-127]

[128,129]

[130]

[46]

[128,131]

[132,133].

[134-140].

[141]
[142]

Abbreviations: ND, Not determined; AHF, Alkhurma haemorrhagic fever; CCHF, Crimean-Congo hemorrhagic fever; LSD, Lumpy skin disease.

However, severe manifestations, such as haemolytic anaemia, hepato-
megaly, splenomegaly, renal failure, myocardial infarction, and death,
may occur in elderly and immunocompromised patients [147,148].

In Egypt, three cases of human babesiosis have been reported. The
first involved asplenic farmers who became ill, and livestock babesiosis
was investigated. Serological tests revealed active infection, and the
symptoms resolved with treatment [57]. The other patients had mild
illnesses and recovered following treatment with atovaquone plus azi-
thromycin or quinine and clindamycin [58,59]. Recently, five of 43
blood donor samples were seropositive for Babesia sp. using western
blotting and immunofluorescence [60]. However, because parasite
isolation or sequence analysis was not conducted on these human cases,
no conclusive diagnosis was obtained, and the reservoir host for zoo-
notic Babesia sp. remained unknown.

Babesiosis causes fever, anaemia, icterus, and haemoglobinuria in
animals, which may result in death. In a study conducted in 1933, two

cougars (Puma concolor) imported from San Francisco were housed close
to other large felids at the Cairo Zoo. Three weeks later, both animals
developed clinical signs of babesiosis and died. Based on the charac-
teristic appearance of Babesia trophozoites, this piroplasm was named
Babesiella felis [149]. Babesiosis has been reported in numerous gover-
norates in Egypt. Eight Babesia species were detected, namely B. bovis in
cattle, buffalo, and camel [29,30,40-42,47,150,31-33,35-39];
B. bigemina in cattle, buffalo, and camel [30,32,43-46,35-42]; Babesia
ovis in sheep, goat, camel, and cattle [48,49]; B. caballi in horse and
donkey [50,51]; Babesia equi in horse [52]; B. occultans in cattle and
buffalo [33,40]; B. canis vogeli in dog [46,53-55]; and Babesia behnkei in
rodents [56].

3.1.2. Theileriosis
Theileriosis is a common tick-borne protozoan disease caused by
Theileria sp. and transmitted by ixodid ticks (Hyalomma sp., Amblyomma
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Studies reporting microscopical, serologic and/or molecular detection of tick-borne pathogens either in the ticks, animals, or humans in Egypt.

Tick-borne No. of studies carried out in Species molecularly confirmed by more than one study
pathogen Ticks Animals Humans
Babesia sp. * [32,33,45,98] * [29,30,41-44,46,47,50-53,31, # Babesia bigemina, Babesia bovis, Babesia caballi, Babesia canis vogeli,
9 [49] 54-56,62,72,33-37,39,40] [57,58,60] Babesia occultans
# [38,48] 9 [59]
9 [49]
$[61]
Hepatozoon sp. *[62]
9 [63,64]
Theileria sp. * [33,45,46,67,75] * [36,43,70-73,75-80,46,81,82,47, Theileria annulata, Theileria equi, Theileria lestoquardi, Theileria ovis
1 1491 51,63,65-68]
9 [49,83]
$[61]
Anaplasma sp. * * *[93,94] Anaplasma centrale, Anaplasma marginale, Anaplasma ovis, Anaplasma
[33,46,75,89,90,95] [33,34,85,87,88,91,93,37,40-43,46,70,75] phagocytophilum, Anaplasma platys, Anaplasma platys-like
# [38,92]
¥ [86]
Bartonella sp. * [62,98,100-102]
# [96]
Borrelia sp. * [45,104] * [98,103,104] * [94] Borrelia burgdorferi, Borrelia theileri
9 [19,107] # [105] # [103]
9 [19,106]
Coxiella burnetii * [90,108,109] * [46,109] ¥ [110,115] Coxiella burnetii
£[110,111,115] # [116]
# [116-118]
Ehrlichia sp. * [33,89,90] * [33,75,119,120,122] Ehrlichia canis
#181,105,121]
Francisella sp. *[123] *[123] # [123]
Rickettsia sp. * [128,129,131] # [124-126,143] * [130] Rickettsia africae
# [127]
AHF virus *[132,133] AHF virus
CCHF virus * [138-140] # [134-137] # [135] CCHF virus
LSD virus *[141]
Quaranfil virus # [142]

The symbol * denotes molecular detection; the symbol # denotes serologic detection; the symbol #denotes studies with both serologic and molecular detection; The

symbol 4 denotes using stained blood film for detection.

Abbreviations: AHF, Alkhurma haemorrhagic fever; CCHF, Crimean-Congo hemorrhagic fever; LSD, Lumpy skin disease.

sp., Haemaphysalis sp., and Rhipicephalus sp.). Several identified Theileria
sp. infect domestic animals and wildlife, predominantly ruminants.
Some of them are pathogenic and economically relevant species, such as
Theileria parva, which causes East Coast fever, Theileria orientalis, which
causes Theileria-associated bovine anaemia, and T. annulata, which
causes tropical theileriosis in cattle, clinically manifesting as fever,
lacrimation, lymphadenopathy, and corneal opacity [71,151-153]. In
contrast, other Theileria sp. are considered benign, such as Theiler-
iataurotragi, Theileria velifera, and Theileria sinensis in cattle and T. ovis
and Theileria separata in sheep and goats [151,152].

In Egypt, bovine theileriosis was first reported in 1947 in cattle and
buffaloes and called Egyptian fever [154]. To date, various studies have
identified different Theileria sp., including T. annulata in buffalo, cattle,
camel, and sheep [36,43,71-74,46,47,65-70]; T. ovis in sheep, buffalo,
camel, cattle, equines, and goat [46,49,66,70,72,75-77]; T. equi in
donkey, horse, and mule [51,75,78-82]; T. lestoquardi in sheep and buf-
falo [66,72,76,77]; Theileria uilenbergi in buffalo [72]; T. orientalis in
cattle and buffalo [36]; T. separata and Theileria mutans in imported camel
[70]; new Theileria africa in equines [75]; and recently reported Theileria
haneyi in donkey and horse from various Egyptian governorates [80].

3.1.3. Hepatozoonosis

Hepatozoonosis is a protozoan TBD in dogs. Two Hepatozoon species
can cause hepatozoonosis: Hepatozoon canis, which is transmitted by Rh.
sanguineus, and Hepatozoon americanum, which is transmitted by
Amblyomma maculatum [155]. Infection mainly occurs through inges-
tion of vector ticks harbouring mature oocysts with infective sporozoites
[156]. While H. canis infects haemolymphatic tissues causing pyrexia,
anaemia, and lethargy, H. americanum infects muscular tissues, causing
severe myositis and gait abnormalities [157].

In Egypt, an earlier report recorded the presence of H. canis in dogs
heavily infested with ticks, using blood films [64]. Recently, H. canis was
recorded in the haemolymph and midgut of Rh. sanguineus ticks using
transmission electron microscopy [63]. Nevertheless, molecular confir-
mation or characterisation of Hepatozoon sp. has not been performed.

3.2. Bacterial diseases

3.2.1. Anaplasmosis

Anaplasmosis is a widespread tick-borne bacterial infection that af-
fects animals and humans. Six Anaplasma sp. are currently recognised,
including An. marginale, An. centrale, Anaplasma bovis, and An. ovis in
ruminants; An. platys in canines; and An. phagocytophilum in humans and
equines. The disease is known as “human granulocytic anaplasmosis” in
humans and “bovine anaplasmosis” in cattle. Bovine anaplasmosis
causes major economic losses because of death, abortion, reduced body
condition, and decreased milk production [158].

In Egypt, An. phagocytophilum has been detected in sheep, human
contacts, and Egyptian farmers, as well as Rh. sanguineus ticks attached
to dogs [93-95]. Bovine anaplasmosis has been reported in numerous
governorates [38,46,92]. Several studies have shown the endemicity of
An. marginale in cattle, camel, buffalo, equines, and sheep
[33,34,85-87,37,38,40-43,46,75]. An. centrale has been recorded in
cattle and camel [37,46]. An. ovis has been detected in sheep, cattle, and
equines [42,46,75,88], while An. platys has been molecularly identified
in cattle, camel, dog, buffalo, Rh. annulatus ticks attached to cattle, and
Rh. sanguineus ticks collected from dogs [33,40,46,89,90]. An. platys was
reported in cattle, buffalo, sheep, and camel and isolated from Rh.
annulatus ticks attached to equines [42,46,75].

Recently, the novel emerging species ‘Candidatus Anaplasma camelii’
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was genetically characterised from camels imported from Sudan. How-
ever, the reservoir host, pathogenicity to camels, and zoonotic potential
remain unknown [70]. These reports infer that different Anaplasma sp.
circulate among various animal hosts and governorates in Egypt.

3.2.2. Aegyptianellosis

Aegyptianellosis is a TBD in birds, reptiles, and amphibians caused
by Aegyptianella pullorum and transmitted to fowls by the soft tick Ar.
persicus [159]. Aegyptianella pullorum has been added to the genus
Anaplasma (family Anaplasmataceae) based on previous genetic ana-
lyses of 16S rRNA, groESL, and surface protein genes [160]. The main
clinical signs of aegyptianellosis are ascites, severe anaemia, heart fail-
ure, and death [161]. In Egypt, an earlier report described this bacte-
rium in the blood smears of domestic fowls that induced
intraerythrocytic inclusions [162]. Subsequently, an outbreak of
aegyptianellosis was reported in native Fayoumi chickens [84]. Aegyp-
tianella pullorum has been isolated from argasid ticks [163].

3.2.3. Ehrlichiosis

Ehrlichiosis is a tick-borne bacterial disease detected in humans and
animals worldwide. The genus Ehrlichia comprises five well-described
species: Ehrlichia chaffeensis, Ehrlichia ewingii, E. canis, Ehrlichia rumi-
nantium, and Ehrlichia muris [164]. In humans, this disease is called
human monocytotropic ehrlichiosis and is caused by E. ewingii,
E. chaffeesis, and An. phagocytophilum. In dogs, this disease is called
“canine monocytotropic ehrlichiosis” and is caused by E. canis and An.
phagocytophilum. Ehrlichiosis is transmitted by ixodid ticks, particularly
Rh. sanguineus [165]. Canine ehrlichiosis has three forms: subclinical,
acute, and chronic. Acute canine ehrlichiosis manifests as fever,
anorexia, dyspnoea, and lymphadenopathy, whereas chronic canine
ehrlichiosis can cause epistaxis, peripheral oedema, and hypotensive
shock [166].

Studies on canine ehrlichiosis in Egypt are limited. E. canis sero-
positivity was recorded in dogs using immunofluorescence and enzyme-
linked immunosorbent assays (ELISA) [81,121]. Furthermore, E. canis
was isolated from dogs and Rh. sanguineus ticks in Cairo and Giza using
polymerase chain reaction (PCR) [89,119,120,122]. Additionally, mul-
tiple new species, including E. chaffeensis, Ehrlichia ovina, Ehrlichia
minasensis, and Ehrlichia rustica, have been isolated from Hy. excavatum
and Rh. annulatus collected from livestock in Alexandria, Dakahlia,
Siwa, Fayoum, Assiut, and New Valley [33,75,90]. Similar pathogens
have been reported in ticks and cattle originating from sub-Saharan
Africa (Kenya, Gambia, and Cote d’Ivoire) [167-169]. Therefore, ani-
mal imports are likely to be the main source of the introduction and
spread of these pathogens.

3.2.4. Borreliosis

3.2.4.1. Lyme disease. Lyme disease is a zoonotic TBD commonly found
in North America, Europe, and Asia. It is caused by the spirochete Bo.
burgdorferi sensu lato species complex and transmitted to humans via the
bite of infected Ixodes ticks [5]. Clinical signs include fever, fatigue,
headache, and erythema migrans, a characteristic skin lesion. Moreover,
the infecting bacterium can spread to other organs, resulting in severe
manifestations involving the heart, joints, or nervous system unless
treated [170]. In Egypt, DNA from Bo. burgdorferi was detected in two
farmers inhabiting the Nile Delta [94]. Additionally, Bo. burgdorferi was
isolated from humans, dogs, cattle, and ticks (Hy. anatolicum excavatum,
Rh. sanguineus) in the Fayoum and Benisuef governorates [103]. Simi-
larly, Bo. burgdorferi was isolated from dogs and their attached ticks Rh.
sanguineus in Cairo and Giza [104]. Additionally, antibodies against Bo.
burgdorferi have been detected in pet dogs from Cairo, Giza, and Qual-
yobia using ELISA [105].

3.2.4.2. Bovine borreliosis. Bovine borreliosis is a tick-borne spirochete
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disease caused by Bo. theileri and transmitted by Rhipicephalus sp. ticks to
domestic ruminants and equids in the tropical and subtropical regions
worldwide [171]. It causes mild febrile illness in cattle and, occasion-
ally, anaemia and haemoglobinuria [172]. In Egypt, Bo. theileri was
isolated from sheep and cattle from the Benisuef and Fayoum gover-
norates [98] and Rh. annulatus attached to equines in the Cairo and
Benisuef governorates [75].

3.2.4.3. Tick-borne relapsing fever. TBRF is a spirochete disease caused
by Borrelia species. It is transmitted to humans through the bite of
infected argasid ticks of the genus Ornithodoros, resulting in recurring
fever. It is found in discrete geographical areas worldwide, including
Central and South America, Mexico, the Mediterranean region, Asia, and
Africa [173]. In Egypt, a large survey of O. erraticus ticks was performed,
including most Egyptian governorates, deserts, urban and cultivated
areas, nests, and burrows associated with hedgehogs, rodents, owls,
foxes, toads, and lizards. Aswan, several oases, and the Sinai Peninsula
were not surveyed. Borrelia (Spirochaeta) crocidurae, was recovered from
all areas and hosts, except Meriones sp., toads, and lizards [19]. Simi-
larly, Bo. crocidurae was isolated from rodents in the Nile Delta and
Matrouh governorate [106] and O. erraticus ticks collected from Nile
grass rats in Cairo [107]. The spirochete Borrelia persica was found in
O. tholozani ticks collected from the Matrouh governorate [20].

3.2.5. Rickettsiosis

Tick-borne spotted fever rickettsioses are caused by Rickettsia sp.
bacteria belonging to the spotted fever group. Tick-borne spotted fever
rickettsioses, including Mediterranean spotted fever, Rocky Mountain
spotted fever, lymphangitis-associated rickettsiosis, and African tick-
borne fever, are systemic tick-borne rickettsial diseases caused by
Rickettsia conorii, Rickettsia rickettsii, Rickettsia sibirica mongolitimonae,
and R. africae, respectively [174]. In Egypt, earlier reports have detected
antibodies against R. conorii in rodents, sheep, and humans in most
Egyptian localities [124-126]. Similarly, in a serological survey of
school children in the Sharkia governorate, antibodies against R. conorii
were detected in 37% (137/371) of children as well as in a Czech
traveller who had returned from the Red Sea Governorate [127]. Rick-
ettsia sibirica mongolitimonae, was reported in a French traveller who had
returned from Egypt [130]. Rickettsia rickettsii has been identified in Rh.
sanguineus, Hy. anatolicum, Hy. impeltatum, and Hy. dromedarii ticks
collected from dogs, camels, and sheep in North Sinai [131]. Recently,
R. africae was isolated from camels [128], and both R. africae and
R. aeschlimannii (an agent of spotted fever) have been identified in
ixodid ticks (Hy. dromedarii, Hy. impeltatum, Hy. marginatum margin-
atum) collected from camels and cows in North Sinai using PCR
[90,128,129].

Okely et al. [24] listed rickettsiales symbionts among the tick-borne
pathogens detected in Hyalomma sp. ticks in Egypt based on a previous
report [90]; however, rickettsiales symbionts are non-pathogenic
microorganisms.

3.2.6. Bartonellosis

Bartonellosis is a bacterial infection caused by Bartonella species.
Currently, 15 validated species have been implicated in human disease.
Among these, cat scratch disease (CSD), a zoonotic arthropod-
transmitted bacterial infection in humans, is caused by Bartonella hen-
selae [175]. In humans, CSD is a self-limiting disease that is mostly
asymptomatic but can cause mild symptoms, such as fever and lymph-
adenopathy, or even severe symptoms, such as conjunctivitis, enceph-
alopathy, and endocarditis. Domestic cats constitute the main reservoir
for this pathogen, and the cat flea is the main vector [176]. Bartonella sp.
has been detected in Haemphysalis sp., Hyalomma sp., and Rhipicephalus
sp. [177]. Recent experimental investigations have shown the possibility
of transstadial transmission of Ba. henselae by Rh. sanguineus [178,179].
In Egypt, antibodies against Bartonella sp. were detected in cats from
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Cairo, with a high prevalence of 59.6% [96]. In a human study from
Cairo, 14.5% of examined patients with CSD were positive for Bartonella
sp. according to the indirect fluorescent antibody test. However, cat
contact was not examined as an associated risk factor [97]. A new
Bartonella sp. was also detected in cattle in the Fayoum and Menofia
governorates [98]. The zoonotic Bartonella elizabethae and three novel
species (Bartonella jaculi, Bartonella pachyuromydis, and Bartonella aco-
mydis) were isolated from rodents imported from Egypt into Japan
[100,101]. Additionally, the prevalence of Bartonella spp. in rodents
collected from Sinai Massif was 7.2%, and two Bartonella spp. were
phylogenetically identified: Candidatus Bartonella fadhilae and Candi-
datus Bartonella sanae [102]. However, the zoonotic significance of
these species has yet to be elucidated.

3.2.7. Tularemia

Tularaemia is a zoonotic bacterial infection caused by the intracel-
lular bacterium Francisella tularensis, which results in mild-to-severe
illness. It is transmitted to humans via tick bites, particularly Derma-
centor spp., Ixodes spp., and Amblyomma spp., or through contact with
infected animals [180]. Data from archaeological findings, biblical texts,
and historical texts suggest that ancient Egypt, Avaris, was hit by a
deadly tularaemia epidemic around 1715 BCE [181]. Since then, a sol-
itary study has been performed recording 9.3% seropositivity of
F. tularensis among 75 slaughterhouse workers using IgG ELISA. In
addition, a significantly higher prevalence was observed among workers
with frequent exposure to tick bites. However, no seropositivity was
detected in ticks or camels [123].

3.2.8. Q fever

Q fever is a bacterial zoonosis caused by C. burnetii. It infects humans
and a wide range of animals, particularly sheep, goats, cattle, and
camels, through direct contact or a tick bite [182]. Clinical forms in
humans are acute (self-limited fever, hepatitis, or pneumonia) or
chronic (mainly endocarditis). Infection in animals is usually subclini-
cal; however, Coxiella-induced abortion may occur [183]. In Egypt, the
seroprevalence of C. burnetii has been reported in buffalo, sheep, goat,
cattle, camel and humans [116-118]. Additionally, C. burnetii has been
identified in sheep, goat, camel, and ticks (Hy. dromedarii, Hy. anatoli-
cum anatolicum, Ar. persicus, A. variegatum, Rh. pulchellus, and Rh. san-
guineus) [46,90,108-111].

3.3. Viral diseases

3.3.1. Alkhurma haemorrhagic fever

AHF is a zoonotic tick-borne viral disease caused by the AHF virus
(AHFV) of the Flavivirus family. Camels and sheep have been suggested
as natural hosts for AHFV. The virus RNA was isolated from O. savignyi
and Hy. dromedarii ticks in Saudi Arabia [184,185]. In humans, this
disease manifests as fever, vomiting, joint pain, muscle pain, and
thrombocytopenia. In severe cases, haemorrhagic manifestations and
encephalitis may occur, resulting in death [185,186]. In Egypt, AHFV
was molecularly identified in three Italian tourists who visited a camel
market in Shalateen, Southern Egypt. One of these tourists was bitten on
foot by a tick-like arthropod [132,133]. Okely et al. [24] listed AHFV
among the viruses isolated from Egypt based on a previous report [187].
We examined that report and found that the authors did not successfully
identify AHFV in camel ticks.

3.3.2. Crimean-Congo hemorrhagic fever

CCHF is a contagious TBD transmitted by ixodid ticks, particularly
Hyalomma spp. It has been reported in Africa, Asia, the Balkans, and the
Middle East. Cattle, sheep, and camels are amplifying hosts of the CCHF
virus [188]. In Egypt, previous serological studies have detected anti-
bodies against the CCHF virus in sheep, cattle, and camels in Cairo and
Aswan. Some of these animals were imported from Sudan, Somalia, and
Ethiopia [135-137]. In another study, 3.13% of 1022 examined buffalo,
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cattle, sheep, and goat in the Sharkia governorate were seropositive for
the CCHF virus [134]. Additionally, the CCHF virus was isolated from
Hy. dromedarii and Hy. excavatum ticks collected from imported animals
in Sudan and Somalia [138-140].

In the Egyptian population, the exact spread of the virus is unde-
termined and likely to be underestimated [189], and the only recorded
human death from CCHF occurred in 1981. A virologist died after
accidental mouth-pipetting of a culture of the CCHF virus isolate
brought from Iraq [190].

3.3.3. Lumpy skin disease

LSD is a capripox viral disease in cattle and buffaloes that results in
abortion, infertility, and damage to the hide. It is transmitted mechan-
ically via blood-feeding arthropods, such as mosquitoes and hard ticks.
Ambylomma hebraeum, Rh. decoloratus, and Rh. appendiculatus have been
implicated in the transmission of LSD in endemic areas [191]. In Egypt,
recurrent outbreaks associated with devastating economic losses among
cattle have recently been reported despite the adoption of the sheep pox
vaccination strategy by the Egyptian government [192]. The LSD virus
was isolated from different stages of Rh. annulatus ticks (larvae, nymphs,
and adults) collected from LSD-infected cattle in Benisuef, suggesting
the transmission role of ticks in the epidemiology of LSD [141].

3.3.4. Other viral diseases

3.3.4.1. The Quaranfil virus. The Quaranfil virus (QRFV) is an arbovirus
isolated from Ar. arboreus and Ar. hermanni ticks, pigeon squabs, and
cattle egrets, and antibodies have been detected in children with febrile
illnesses in Qualyobia, Egypt [142]. Despite serological detection of
neutralising antibodies against QRFV in the human population in Egypt,
the actual clinical illness and disease outcome in humans is unknown.
This virus causes neurological symptoms and death in chickens, guinea
pigs, and mice [193].

Two other arboviruses, Chenuda and Nyamanini, were isolated from
Ar. hermanni and Ar. arboreus, respectively [142]. Additionally, Thogo,
Dhori and Wanworie arboviruses were isolated from Hy. anatolicum, Hy.
dromedarii, and Hy. impeltatum ticks collected from imported camels in
Matruh and Giza [194]. These viruses are transmitted by ticks to humans
and cause problems ranging from mild febrile symptoms to menin-
geoencephalititis [195]. In livestock, infection is associated with
miscarriage and economic loss [196]. However, no further studies on
livestock or humans in Egypt have been conducted.

4. Discussion

Due to the expanded geographical range of tick populations world-
wide, the prevalence and transmission of TBDs are increasing. Many
TBDs negatively affect animal and public health [197]. This review
covered tick-borne infectious diseases of parasitic, bacterial, and viral
origins reported in Egypt in animals and humans. Overall, owing to the
limited resources and key role of the livestock sector in the Egyptian
economy, research has been focused on livestock animals, and many
studies have shown the active circulation of various tick-borne patho-
gens among domestic animals, tick vectors, and humans. Nonetheless,
human infections attributable to TBDs are limited and likely to be
underestimated, highlighting the requirement of genomic surveillance
of bacterial and viral TBDs in humans and tick vectors, utilising meta-
genomic next-generation sequencing (NGS) to identify known and novel
pathogens. In view of the outdated and limited number of records doc-
umenting clinical cases, the implementation of facility-based surveil-
lance of TBDs combined with cohort studies could be a valuable
approach for the assessment of the burden of communicable diseases.
Building laboratory capacity in healthcare facilities to screen pathogens
of public health concern is necessary with the required equipment and
training of highly skilled personnel.
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Among the reviewed studies, nine performed diagnoses solely based
on microscopic examination of stained blood smears, which are insen-
sitive to carrier hosts and chronic infections [198]. Additionally, several
studies used ELISA, immunofluorescence, or western blotting (Table 2).
However, serological assays are likely to be associated with non-specific
cross-reactions and cannot differentiate between previous and current
infections, resulting in potential misidentification and inconclusive
epidemiological results [199]. For example, immunofluorescence
showed that 13 of 43 human blood donors were seropositive for Babesia
infection [60]. When using western blotting to confirm seropositivity,
only five of the 13 positive immunofluorescence samples were positive.
Similarly, differences in the prevalence rates of babesiosis and theiler-
iosis were noted among 158 cattle using immunofluorescence (15.82%
and 20.89%) and PCR (12.66% and 24.05%) for the same samples,
respectively [61]. To overcome the specificity and sensitivity limitations
of serological assays, molecular methods have been employed in Egypt
for the surveillance of tick-borne pathogens, including nested PCR,
reverse line blot, loop-mediated isothermal amplification, DNA micro-
array, multiplex PCR, and real-time PCR [29,33,40,41,80,94]. Although
traditional molecular methods are limited in their scalability, meta-
genomic NGS has recently been introduced to screen multiple known
and novel pathogens simultaneously [200]. A study performed in
Egyptian camels utilised NGS to detect several pathogens, including
T. annulata, T. ovis, T. separata, and T. mutans-like, in addition to the
prokaryotic and eukaryotic profiles [70]. Making allowance that many
reviewed studies failed to identify the exact subspecies of the causative
agent, such as Borrelia, Bartonella, Babesia, Anaplasma, Rickettsia, and
Ehrlichia [42,46,75,83,90,91,128,131], further studies using high-
throughput sequencing are required to precisely characterise and iden-
tify the virome, bacteriome, and eukaryome of tick vectors, human and
animal blood, for better shaping of the epidemiological picture of tick-
borne pathogens in Egypt.

Circulation of different endemic pathogens, particularly Babesia spp.,
Theileria spp., and Anaplasma spp., among various livestock animals has
been observed in several reviewed studies. Considering the mixed
farming system of animals in Egypt, high density of livestock, and
increased frequency of contact between different animal species that
may harbour different tick stages, the potential spill over of several ticks
and tick-borne pathogens is likely to occur among animal species. Co-
infection with multiple pathogens is frequently encountered in the
Egyptian livestock, particularly cattle. For instance, in a recent study
from Fayoum, Assiut, and New Valley, co-infection in cattle with An.
marginale and T. annulata was detected in 34/41 (82.9%) samples, fol-
lowed by triple co-infection with An. marginale, B. bovis, and T. annulata
(4.9%), and co-infection with B. bigemina and An. marginale (2.4%) or
B. occultans and T. annulata (2.4%) [33]. In addition, a previous inves-
tigation included 150 cattle from BeniSuef, Fayoum, and New Valley
and reported dual infection with B. bigemina and An. marginale (9/150),
T. annulata and An. marginale (10/150), or B. bigemina and T. annulata
(6/150) and triple infection with B. bigemina, T. annulata, and An.
marginale (5/150) [43]. In addition to their potential implications, co-
infections may enhance disease severity, presenting a challenge for
diagnostic and treatment options in the clinical form of TBDs [201,202].

In Egypt, different tick species belonging to Amblyomma spp., Hya-
lomma spp., and Rhipicephalus spp. have been collected from rodents
[56,203]. Rodents are reservoirs of various zoonotic pathogens and have
contributed to many pandemics, such as plague and leishmaniasis [204].
In our review, many zoonotic tick-borne pathogens were identified,
including R. conorri, Ba. elizabethae, and Bo. crocidurae. Additionally,
newly discovered tick-borne pathogens, such as B. benkei, Candidatus Ba.
fahidae, and Candidatus Ba. sanaae, have been isolated from rodents.
Despite the distribution of peridomesticated rodents in rural and urban
areas (around garbage dumps, agricultural lands, and canals) in Egypt
and the growing list of zoonotic pathogens that document the potential
significance of rodents as a disease vector, little is known about the
rodent-human and animal interface in Egypt. There is a great need to fill
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this epidemiological gap of knowledge and elucidate the pathogenic
potential of these newly recorded tick-borne pathogens.

Introduced species of ticks and imported animals harbour and drive
the spread of pathogens that have not been previously confirmed in
Egypt. Some of them are responsible for great economic losses in the
animal industry, such as B. occultans, T. orientalis, T. lestoquardi, and
‘Candidatus An. camelii’. Other zoonotic pathogens negatively influence
public health and quality of life, such as AHFV, R. africae, and R. sibirica
mongolitimonae. These pathogens were likely to have been introduced to
Egypt from neighbouring countries via animal trade from sub-Saharan
Africa. While TBDs in humans do not seem to contribute to the overall
Egyptian zoonotic disease burden, this perception should be changed as
many zoonotic pathogens have been isolated from animals, ticks, and
humans in Egypt. Accordingly, comprehensive surveillance studies on
circulating tick-borne pathogens in the Egyptian population and provi-
sion of molecular diagnostic tools in healthcare facilities to complement
serology are required. Additionally, upscaling border inspections to stop
further infiltration of animals with ticks and TBDs are essential for the
success of any tick control program.

Although several studies have performed tick vector identification in
Egypt based on morphological characteristics, some incorrectly identi-
fied tick species, while others failed to differentiate closely related tick
species [90,108,205,206]. To overcome this limitation, DNA barcoding
using nuclear and mitochondrial loci has been utilised as a useful tool for
the identification of cryptic tick species or even immature stages of ticks
[207]. However, overlapping interspecific distances between a species
result in difficulties in DNA barcoding-based identification [208,209].
Therefore, a complete mitochondrial genome (mt genome) analysis has
been introduced as a promising complementary approach for tick phy-
logeny, and intraspecies variation [210-212]. Considering that the
published data on the mt genome of ticks in Africa are limited and no
previous studies have been conducted in Egypt, studies analysing com-
plete mt-genome sequences, coupled with morphological characteristics
and nucleus sequences, are required. Such studies will enable the reso-
lution of intraspecific tick phylogenetic relationships and provide in-
sights into population genetics [209-211].

Arboviruses (Quaranfil, Chenuda, Nyamanini, Thogoto and Dhoro)
have been isolated from domestic birds, ticks, and humans in Egypt
[142]. Considering the daily contact of domestic birds with households,
further research on human viral infections is required. Additionally,
despite the isolation of over 20 pathogenic strains of viruses from
migratory birds and their ticks [7-9], the potential role of migratory
birds as local or long-distance disseminators of ticks and tick-borne
pathogens in Egypt during their spring or winter migration is poorly
understood. This highlights the requirement of further epidemiological
studies on tick infestation patterns and prevalence of tick-borne patho-
gens harboured by these birds and the attached ticks.

The transmission chain of tick-borne pathogens involves multiple
elements, including different stages of ticks (larvae, nymphs, and adult
ticks), domestic animals, wildlife, and humans. However, most epide-
miological studies from Egypt have investigated only one of these ele-
ments. For instance, the zoonotic R. africae was isolated from ixodid
ticks infesting camels and cattle in Sinai. However, cattle, and humans in
the same environment were not simultaneously tested [129]. In another
study, Bo. burgdorferi was investigated in dogs and their attached ticks,
and despite their zoonotic potential, humans in the same locality were
not included [103]. Considering that livestock and companion animals
are part of many households in villages of rural Egypt and many of them
are used for work in the field and production of meat and milk and under
the framework of the One Health paradigm, comprehensive epidemio-
logical studies on TBDs should assess all disease contributors, including
the vertebrate host (animals, humans, and wildlife) and ticks in the same
ecological region.

In accordance with the One Health approach, a central laboratory
should be established and be financially supported by the government
and contain resources for molecular diagnoses and NGS. This laboratory
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should actively investigate tick-borne pathogens in the Egyptian popu-
lation, livestock, and ticks and serve as an information resource.
Collaboration among expert researchers from various disciplines (phy-
sicians, biologists, acarologists, veterinarians, and public health pro-
fessionals) is required to develop advanced research projects for the
control of ticks and TBDs. Additionally, government decisions that affect
animal importation should be consistent with the epidemiological
findings of these projects.

5. Study limitations

Due to the limitations in the number, content, and distribution of
studies, focusing on zoonotic TBDs, we could not perform meta-analysis.
Similarly, we are unable to estimate the overall crude prevalence and
the burden of various zoonotic TBDs in humans. Additionally, analysis of
the genetic diversity, and transmission dynamics as well as assessment of
the economic impact of animal TBDs has not been conducted.

6. Conclusions

This review shows that most reports are related to livestock. Despite
the circulation of zoonotic tick-borne pathogens among dogs, camels,
cattle, and tick vectors, few human TBDs have been documented and are
potentially limited to infer the actual communicable disease burden in
humans. Therefore, raising the laboratory diagnostic capacity in
healthcare facilities to support routine screening of tick-borne patho-
gens is urgently required to improve diagnosis and inform policy-
making in disease prevention. Additionally, research should be
focused on major existing gaps in our understanding of the epidemiology
of TBDs in Egypt, and to overcome this limitation, the One Health
approach should be urgently applied to implement studies investigating
animals, ticks, and humans in a defined area, combined with innovative
technologies, particularly NGS. Such technologies will enable simulta-
neous detection of different known and novel pathogens.

Ethical approval and consent to participate

No formal ethical approval was needed.
Funding

This study was supported by JSPS KAKENHI [19H03118, 20KK0151,
21F21390, and 22H02505], the Japan Program for Infectious Diseases
Research and Infrastructure [21wm0225016j0002] from the Japan
Agency for Medical Research.
CRediT authorship contribution statement

Abdelbaset Eweda Abdelbaset: Conceptualization, Formal anal-
ysis, Investigation, Data curation, Writing — original draft. Nariaki
Nonaka: Resources, Writing — review & editing. Ryo Nakao: Concep-
tualization, Writing - review & editing, Supervision, Funding
acquisition.
Declaration of Competing Interest

The authors declare they have no known competing interests.

Data availability

No data was used for the research described in the article.

One Health 15 (2022) 100443
References

[1] P. Parola, Tick-borne rickettsial diseases: emerging risks in Europe, Comp.
Immunol. Microbiol. Infect. Dis. 27 (2004) 297-304, https://doi.org/10.1016/J.
CIMID.2004.03.006.

[2] F. Jongejan, G. Uilenberg, The global importance of ticks, Parasitology. 129
(2004) S3-S14, https://doi.org/10.1017/50031182004005967.

[3] F. Dantas-Torres, B.B. Chomel, D. Otranto, Ticks and tick-borne diseases: a one
health perspective, Trends Parasitol. 28 (2012) 437-446, https://doi.org/
10.1016/J.PT.2012.07.003.

[4] J. De La Fuente, A. Estrada-Pena, J.M. Venzal, K.M. Kocan, D.E. Sonenshine,
Overview: ticks as vectors of pathogens that cause disease in humans and
animals, Front. Biosci. 13 (2008) 6938-6946, https://doi.org/10.2741/3200.

[5] A. Kilpatrick, A. Dobson, T. Levi, D. Salkeld, A. Swei, H. Ginsberg, A. Kjemtrup,

K. Padgett, P. Jensen, D. Fish, N. Ogden, M. Diuk-Wasser, Lyme disease ecology in

a changing world: consensus, uncertainty and critical gaps for improving control,

Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 372 (2017), https://doi.org/10.1098/

RSTB.2016.0117.

C.A. Galbraith, T. Jones, J. Kirby, T. Mundkur, A. Ana, B. Garcia, F.K. Donkor,

H. Lugman, UNEP / CMS Secretariat, C. Tech. Ser 164, 2014. http://www.cms.int

(accessed March 29, 2022).

[7] H. Hoogstral, M.A. Traylor, S. Gaber, G. Malakatis, E. Guindy, I. Helmy, Ticks
(Ixodidae) on migrating birds in Egypt, spring and fall 1962, Bull. World Health
Organ. 30 (1964) 355-367.

[8] H. Hoogstraal, M.N. Kaiser, Ticks from European-asiatic birds migrating through

Egypt into Africa, Science 133 (1961) 277-278, https://doi.org/10.1126/

SCIENCE.133.3448.277.

H. Hoogstraal, M.N. Kaiser, M.A. Traylor, E. Guindy, S. Gaber, Ticks (Ixodidae)

on birds migrating from Europe and Asia to Africa, 1959-61, Bull. World Health

Organ. 28 (1963) 235-262.

[10] UNDP, Potential Impacts of Climate Change on the Egyptian Economy, Retrieved
from, https://www.eg.undp.org/content/egypt/en/home/library/environment
_energy/publication_1.html, 2013 (accessed October 27, 2021).

[11] Ministry of Environment, Egyptian biodiversity strategy and action plan
(2015-2030), in: CBD Strategy and Action Plan - Egypt, 2016. Retrieved from
https://www.cbd.int/, https://www.cbd.int/doc/world/eg/eg-nbsap-v2-en.pdf
(accessed May 13, 2021).

[12] A.E. Abdelbaset, K. Yagi, N. Nonaka, R. Nakao, Cystic echinococcosis in humans
and animals in Egypt: an epidemiological overview, Curr. Res. Parasitol. Vector-
Borne Dis. 1 (2021), 100061, https://doi.org/10.1016/J.CRPVBD.2021.100061.

[13] A. Abdelbaset, M. Hamed, M. Abushahba, M. Rawy, A.S. Sayed, J. Adamovicz,
Toxoplasma gondii seropositivity and the associated risk factors in sheep and
pregnant women in El-Minya Governorate, Egypt, Vet. World 13 (2020) 54,
https://doi.org/10.14202/VETWORLD.2020.54-60.

[14] S. Napp, V. Chevalier, N. Busquets, P. Calistri, J. Casal, M. Attia, R. Elbassal,

H. Hosni, H. Farrag, N. Hassan, R. Tawfik, S.A. Elkader, S. Bayomy,

Understanding the legal trade of cattle and camels and the derived risk of rift
valley fever introduction into and transmission within Egypt, PLoS Negl. Trop.
Dis. 12 (2018), e0006143, https://doi.org/10.1371/JOURNAL.PNTD.0006143.

[15] Central Agency for Public Mobilization and Statics (CAPMAS), Egypt Informatics
Monthly Statistical Bulletin 109, March 2021. Retrieved from, https://www.
capmas.gov.eg/Pages/IndicatorsPage.aspx?Ind_id=2370 (accessed November 10,
2021).

[16] FAO, The Long-Term Future of Livestock and Fishery in Production Targets in the
Face of Uncertainty. Rome, 2020, https://doi.org/10.4060/ca9574en.

[17] J.B. Huchet, C. Callou, R. Lichtenberg, F. Dunand, The dog mummy, the ticks and
the louse fly: archaeological report of severe ectoparasitosis in ancient Egypt, Int.
J. Paleopathol. 3 (2013) 165-175, https://doi.org/10.1016/J.1JPP.2013.07.001.

[18] H. Hoogstraal, Ornithodoros salahi sp. nov. Ixodoidea, Argasidae from the Cairo
Citadel, with notes on O. piriformis Warburton, 1918 and O. batuensis Hirst, 1929,
Parasitol 39 (1953) 256-263, https://doi.org/10.2307/3273947.

[19] G. Davis, H. Hoogstraal, The relapsing fevers: a survey of the tick-borne
spirochetes of Egypt, J. Egypt Public Health Assoc. 29 (1954) 139-143.

[20] G.E. Davis, H. Hoogstraal, Etude sur la biologie du Spirochete Borrelia persica,
trouvé chez la tique Ornithodorus tholozani (Argasinz) récoltée dans le
« Governorate » du désert occidental égyptien - Commentaires sur la distribution
et I’écologie de la tique vectrice, Ann. Parasitol. Hum. Comp. 31 (1956) 147-154,
https://doi.org/10.1051/PARASITE/1956311147.

[21] K. El Kammah, L.M. Oyoun, G. El Kady, S. Abdel Shafy, Investigation of blood
parasites in livestock infested with argasid and ixodid ticks in Egypt, J. Egypt.
Soc. Parasitol. 31 (2001) 365-371.

[22] S. Abdel-Shafy, Scanning electron microscopy and comparative morphology of
argasid larvae (Acari: Ixodida: Argasidae) infesting birds in Egypt, Acarologia. 45
(2005) 3-12. http://wwwl.montpellier.inra.fr/CBGP/acarologia/ (accessed
March 24, 2022).

[23] H. Hoogstraal, Ornithodoros arenicolous sp. nov. (Ixodoidea, Argasidae) from
Egyptian desert mammal burrows, J. Parasitol. 39 (1953) 505-516, https://doi.
org/10.2307/3273850.

[24] M. Okely, Z. Chen, R. Anan, S. Gad-Allah, Updated Checklist of the Hard Ticks
(Acari: Ixodidae) of Egypt, with Notes of Livestock Host and Tick-Borne
Pathogens 27, 2022, pp. 811-838, https://doi.org/10.11158/SAA.27.5.1.

[25] H. Senbill, T. Tanaka, D. Karawia, S. Rahman, J. Zeb, O. Sparagano, A. Baruah,
Morphological identification and molecular characterization of economically
important ticks (Acari: Ixodidae) from North and North-Western Egypt, Acta
Trop. 231 (2022), 106438, https://doi.org/10.1016/J.
ACTATROPICA.2022.106438.

[6

[9


https://doi.org/10.1016/J.CIMID.2004.03.006
https://doi.org/10.1016/J.CIMID.2004.03.006
https://doi.org/10.1017/S0031182004005967
https://doi.org/10.1016/J.PT.2012.07.003
https://doi.org/10.1016/J.PT.2012.07.003
https://doi.org/10.2741/3200
https://doi.org/10.1098/RSTB.2016.0117
https://doi.org/10.1098/RSTB.2016.0117
http://www.cms.int
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0035
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0035
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0035
https://doi.org/10.1126/SCIENCE.133.3448.277
https://doi.org/10.1126/SCIENCE.133.3448.277
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0045
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0045
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0045
https://www.eg.undp.org/content/egypt/en/home/library/environment_energy/publication_1.html
https://www.eg.undp.org/content/egypt/en/home/library/environment_energy/publication_1.html
https://www.cbd.int/doc/world/eg/eg-nbsap-v2-en.pdf
https://doi.org/10.1016/J.CRPVBD.2021.100061
https://doi.org/10.14202/VETWORLD.2020.54-60
https://doi.org/10.1371/JOURNAL.PNTD.0006143
https://www.capmas.gov.eg/Pages/IndicatorsPage.aspx?Ind_id=2370
https://www.capmas.gov.eg/Pages/IndicatorsPage.aspx?Ind_id=2370
https://doi.org/10.4060/ca9574en
https://doi.org/10.1016/J.IJPP.2013.07.001
https://doi.org/10.2307/3273947
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0095
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0095
https://doi.org/10.1051/PARASITE/1956311147
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0105
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0105
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0105
http://www1.montpellier.inra.fr/CBGP/acarologia/
https://doi.org/10.2307/3273850
https://doi.org/10.2307/3273850
https://doi.org/10.11158/SAA.27.5.1
https://doi.org/10.1016/J.ACTATROPICA.2022.106438
https://doi.org/10.1016/J.ACTATROPICA.2022.106438

A.E. Abdelbaset et al.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

C.I. Paules, H.D. Marston, M.E. Bloom, A.S. Fauci, Tickborne diseases -
confronting a growing threat, N. Engl. J. Med. 379 (2018) 701-703, https://doi.
org/10.1056/NEJMP1807870.

A. Inci, A. Yildirim, O. Duzlu, M. Doganay, S. Aksoy, Tick-borne diseases in
Turkey: a review based on one health perspective, PLoS Negl. Trop. Dis. 10
(2016), e0005021, https://doi.org/10.1371/JOURNAL.PNTD.0005021.

0. Diizlii, A. inci, A. Yildirim, M. Doganay, Y. Ozbel, S. Aksoy, Vector-borne
zoonotic diseases in Turkey: rising threats on public health, Turkiye Parazitolojii
Derg. 44 (2020) 168-175, https://doi.org/10.4274/TPD.GALENOS.2020.6985.
A. Al-Hosary, Loop-mediated isothermal amplification (LAMP) assay for diagnosis
of bovine babesiosis (Babesia bovis infection) in Egypt, J. Adv. Vet. Res. 7 (2017)
71-74. https://advetresearch.com/index.php/AVR/article/view/134 (accessed
August 4, 2021).

A.O. El-Fayomy, A.M. Ghoneim, O.A. Abu-Samak, A.A. Khidr, Contribution of
Babesia to the illness of cows in Port Said governorate, Egypt, Glob. Vet. 11
(2013) 118-122, https://doi.org/10.5829/idosi.gv.2013.11.1.7453.

Y. Mahmmod, Natural Babesia bovis infection in water buffaloes (Bubalus bubalis)
and crossbred cattle under field conditions in Egypt: a preliminary study,

J. Arthropod. Borne Dis. 8 (2013) 1-9.

F. Adham, E. Abd-el-Samie, R. Gabre, H. El-Hussein, Detection of tick blood
parasites in Egypt using PCR assay [-Babesia bovis and Babesia bigemina, Parasitol.
Res. 105 (2009) 721-730, https://doi.org/10.1007/500436-009-1443-8.

A. Al-Hosary, C. Raileanu, O. Tauchmann, S. Fischer, A. Nijhof, C. Silaghi, Tick
species identification and molecular detection of tick-borne pathogens in blood
and ticks collected from cattle in Egypt, Ticks Tick. Borne. Dis. 12 (2021),
101676, https://doi.org/10.1016/J.TTBDIS.2021.101676.

N. Nasreldin, R. Ewida, H. Hamdon, Y. Elnaker, Molecular diagnosis and
biochemical studies of tick-borne diseases (anaplasmosis and babesiosis) in
Aberdeen Angus cattle in New Valley, Egypt, Vet. World 13 (2020) 1884-1891,
https://doi.org/10.14202/VETWORLD.2020.1884-1891.

H. Ibrahim, P. Adjou Moumouni, K. Mohammed-Geba, S. Sheir, I. Hashem, S. Cao,
M. Terkawi, K. Kamyingkird, Y. Nishikawa, H. Suzuki, Molecular and serological
prevalence of Babesia bigemina and Babesia bovis in cattle and water buffalos
under small-scale dairy farming in Beheira and Faiyum provinces, Egypt, Vet.
Parasitol. 198 (2013) 187-192, https://doi.org/10.1016/J.
VETPAR.2013.08.028.

A. Elsify, T. Sivakumar, M. Nayel, A. Salama, A. Elkhtam, M. Rizk, O. Mosaab,
K. Sultan, S. Elsayed, I. Igarashi, N. Yokoyama, An epidemiological survey of
bovine Babesia and Theileria parasites in cattle, buffaloes, and sheep in Egypt,
Parasitol. Int. 64 (2015) 79-85, https://doi.org/10.1016/J.PARINT.2014.10.002.
T. Abou El-Naga, S. Barghash, Blood parasites in camels (Camelus dromedarius) in
Northern West Coast of Egypt, J. Bacteriol. Parasitol. 07 (2016), https://doi.org/
10.4172/2155-9597.1000258.

R. Fereig, S. Mohamed, H. Mahmoud, M. AbouLaila, A. Guswanto, T. Nguyen,
A. Ahmed Mohamed, N. Inoue, I. Igarashi, N. Yokoyama, Seroprevalence of
Babesia bovis, B. bigemina, Trypanosoma evansi, and Anaplasma marginale
antibodies in cattle in southern Egypt, Ticks Tick. Borne. Dis. 8 (2017) 125-131,
https://doi.org/10.1016/J.TTBDIS.2016.10.008.

M. Mahmoud, O. Kandil, S. Nasr, S. Hendawy, S. Habeeb, D. Mabrouk, M. Silva,
C. Suarez, Serological and molecular diagnostic surveys combined with
examining hematological profiles suggests increased levels of infection and
hematological response of cattle to babesiosis infections compared to native
buffaloes in Egypt, Parasit. Vectors 8 (2015), https://doi.org/10.1186/513071-
015-0928-9.

A. Al-Hosary, C. Raileanu, O. Tauchmann, S. Fischer, A.M. Nijhof, C. Silaghi,
Epidemiology and genotyping of Anaplasma marginale and co-infection with
piroplasms and other Anaplasmataceae in cattle and buffaloes from Egypt,
Parasit. Vectors 131 (13) (2020) 1-11, https://doi.org/10.1186/513071-020-
04372-Z.

M. El-Ashker, H. Hotzel, M. Gwida, M. El-Beskawy, C. Silaghi, H. Tomaso,
Molecular biological identification of Babesia, Theileria, and Anaplasma species in
cattle in Egypt using PCR assays, gene sequence analysis and a novel DNA
microarray, Vet. Parasitol. 207 (2015) 329-334, https://doi.org/10.1016/J.
VETPAR.2014.12.025.

M. Tumwebaze, S. Lee, P. Moumouni, K. Mohammed-Geba, S. Sheir, A. Galal-
Khallaf, H. Abd El Latif, D. Morsi, N. Bishr, E. Galon, B. Byamukama, M. Liu, J. Li,
Y. Li, S. Ji, A. Ringo, M. Rizk, H. Suzuki, H. Ibrahim, X. Xuan, First detection of
Anaplasma ovis in sheep and Anaplasma platys-like variants from cattle in
Menoufia governorate, Egypt, Parasitol. Int. 78 (2020), https://doi.org/10.1016/
J.PARINT.2020.102150.

K.M. El-Dakhly, W.M. Arafa, S. Soliman, O.R. Abdel-Fatah, A.A. Wahba, M.

D. Esteve-Gasent, P.J. Holman, Molecular detection, phylogenetic analysis, and
genetic diversity of Theileria lata, Babesia big , and Anaplasma marginale
in cattle in three districts of Egypt, Acta Parasitol. 653 (65) (2020) 620-627,
https://doi.org/10.2478/511686-020-00189-Z.

M.M. Elhaig, A. Selim, M.M. Mahmoud, E.K. El-Gayar, Molecular confirmation of
Trypanosoma evansi and Babesia bigemina in cattle from Lower Egypt, Pak. Vet. J.
36 (2016) 409-414.

M. Hassan, H. Gabr, S. Abdel-Shafy, K. Hammad, M. Mokhtar, Molecular
detection of Borrelia spp. in Ornithodoros savignyi and Rhipicephalus annulatus by
Flab gene and Babesia bigemina in R. annulatus by 18S rRNA gene, J. Egypt. Soc.
Parasitol. 47 (2017) 403-414, https://doi.org/10.21608/JESP.2017.77795.

H. Abdullah, N. Amanzougaghene, H. Dahmana, M. Louni, D. Raoult,

0. Mediannikov, Multiple vector-borne pathogens of domestic animals in Egypt,
PLoS Negl. Trop. Dis. 15 (2021), e0009767, https://doi.org/10.1371/JOURNAL.
PNTD.0009767.

10

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

One Health 15 (2022) 100443

M. Rizk, A. Salama, S. El-Sayed, A. Elsify, M. El-Ashkar, H. Ibrahim, M. Youssef,
S. El-Khodery, Animal level risk factors associated with Babesia and Theileria
infections in cattle in Egypt, Acta Parasitol. 62 (2017) 796-804, https://doi.org/
10.1515/AP-2017-0096.

H.I. Hosein, S.A. Ahmed, F.A. Ibrahim, T.R. Abou-Elnaga, M.A. Gebely, M.

A. Mahmoud, Seroprevalence of Babesia ovis in small ruminants in Siwa Oasis,
Egypt, J. Vet. Med. Res. 17 (2007) 19-24, https://doi.org/10.21608/
JVMR.2007.77888.

S. Mazyad, S. Khalaf, Studies on Theileria and Babesia infecting live and
slaughtered animals in Al Arish and El Hasanah, North Sinai governorate, Egypt,
J. Egypt. Soc. Parasitol. 32 (2002) 601-610.

A. Selim, H. Khater, Seroprevalence and risk factors associated with equine
piroplasmosis in North Egypt, Comp. Immunol. Microbiol. Infect. Dis. 73 (2020),
101549, https://doi.org/10.1016/J.CIMID.2020.101549.

M. Mahmoud, N. El-Ezz, S. Abdel-Shafy, S. Nassar, A. El Namaky, W. Khalil,

D. Knowles, L. Kappmeyer, M. Silva, C. Suarez, Assessment of Theileria equi and
Babesia caballi infections in equine populations in Egypt by molecular, serological
and hematological approaches, Parasit. Vectors 9 (2016) 260, https://doi.org/
10.1186/S13071-016-1539-9.

A. Farah, N. Hegazy, M. Romany, Y. Soliman, A. Daoud, Molecular detection of
Babesia equi in infected and carrier horses by polymerase chain reaction, Egypt J.
Immunol. 10 (2003) 73-79.

G. Uilenberg, F.F.J. Franssen, N.M. Perié, A.A.M. Spanjer, Three groups of Babesia
canis distinguished and a proposal for nomenclature Three groups of Babesia canis
distinguished and a proposal for nomenclature, Vet. Q 11 (1989) 33-40, https://
doi.org/10.1080/01652176.1989.9694194.

N.Y. Salem, H.S. Farag, Clinical, hematologic, and molecular findings in naturally
occurring Babesia canis vogeli in Egyptian dogs, Vet. Med. Int. 2014 (2014),
https://doi.org/10.1155/2014/270345.

A. Zaki, M. Attia, E. Ismael, O. Mahdy, Prevalence, genetic, and biochemical
evaluation of immune response of police dogs infected with Babesia vogeli, Vet.
World 14 (2021) 903-912, https://doi.org/10.14202/VETWORLD.2021.903-
912.

A. Bajer, M. Alsarraf, M. Bednarska, E.M. Mohallal, E.J. Mierzejewska, J. Behnke-
Borowczyk, S. Zalat, F. Gilbert, R. Welc-Faleciak, Babesia behnkei sp. nov., a
novel Babesia species infecting isolated populations of Wagner’s gerbil, Dipodillus
dasyurus, from the Sinai Mountains, Egypt, Parasit. Vectors 71 (7) (2014) 1-12,
https://doi.org/10.1186,/513071-014-0572-9.

S.A. Michael, T.A. Morsy, M.F. Montasser, A case of human babesiosis
(preliminary case report in Egypt), J. Egypt. Soc. Parasitol. 17 (1987) 409-410.
M. El-Bahnasawy, H. Khalil, T. Morsy, Babesiosis in an Egyptian boy aquired from
pet dog, and a general review, J. Egypt. Soc. Parasitol. 41 (2011) 99-108.

M. El-Bahnasawy, T. Morsy, Egyptian human babesiosis and general review,

J. Egypt. Soc. Parasitol. 38 (2008) 265-272.

O. Abdellah, N. Sammer Ahmed, M.H. Hassan, A.M. El-Kady, First immunological
record of Babesia microti hobet sulineage antibodies among human blood donors
in Qena government, upper Egypt, Egypt, J. Egypt. Soc. Parasitol. 50 (2020)
394-400, https://doi.org/10.21608/jesp.2020.113065.

M. Nayel, K.M. El-Dakhly, M. Aboulaila, A. Elsify, H. Hassan, E. Ibrahim,

A. Salama, T. Yanai, The use of different diagnostic tools for Babesia and Theileria
parasites in cattle in Menofia, Egypt, Parasitol. Res. 111 (2012) 1019-1024,
https://doi.org/10.1007/500436-012-2926-6/FIGURES/5.

M. Alsarraf, M. Bednarska, E. Mohallal, E. Mierzejewska, J. Behnke-Borowczyk,
S. Zalat, F. Gilbert, R. Welc-Faleciak, A. Kloch, J.M. Behnke, A. Bajer, Long-term
spatiotemporal stability and dynamic changes in the haemoparasite community
of spiny mice (Acomys dimidiatus) in four montane wadis in the St. Katherine
Protectorate, Sinai, Egypt, Parasit. Vectors 9 (2016) 1-19, https://doi.org/
10.1186/S13071-016-1471-Z/FIGURES/6.

A.A. Hegab, M.M. Fahmy, H.M. Omar, M.M. Abuowarda, S.G. Gattas,
Investigation of tickborne pathogens within naturally infected brown dog tick
(Ixodidae: Rhipicephalus Sanguineus) in Egypt by light and electron microscopy,
Int. J. Vet. Sci. 9 (2020) 476-482, https://doi.org/10.37422/1JVS/20.064.

M.R. El Hindawy, Studies on the blood of dogs: VI. Hematological Findings in
some diseases caused by specific blood parasites: (a) Babesia canis; (b)
Hepatozoon canis, Br. Vet. J. 107 (1951) 303-309, https://doi.org/10.1016/
S0007-1935(17)52110-7.

A. Abdel-Rady, L.S. Ahmed, A. Mohamed, A. Al-Hosary, Using polymerase chain
reaction (PCR) for diagnosis of bovine theileriosis in upper Egypt, Int. J. Agro Vet.
Med. Sci. 4 (2010) 67-74.

A.A. Hegab, M.M. Fahmy, O.A. Mahdy, A. Wahba, Parasitological and molecular
identification of Theileria species by PCR-RFLP method in sheep, Egypt, Int. J.
Adv. Res. Biol. Sci. 3 (2017) 48-55. http://s-o-i.0org/1.15/ijarbs-2016-3-7-7
(accessed August 4, 2021).

S.Y. Youssef, S. Yasien, W.M.A. Mousa, S.M. Nasr, E.A.M. El-Kelesh, K.M. Mahran,
A.H. Abd-El-Rahman, Vector identification and clinical, hematological,
biochemical, and parasitological characteristics of camel (Camelus dromedarius)
theileriosis in Egypt, Trop. Anim. Health Prod. 474 (47) (2015) 649-656, https://
doi.org/10.1007/511250-015-0771-1.

M. El-Sebaei, M. El-Ashker, M. El-Boshy, The role of acute phase cytokines in the
recovery and disease progress of Theileria annulata-infected cattle, Comp. Clin.
Pathol. 235 (23) (2013) 1497-1502, https://doi.org/10.1007/500580-013-1812-
7.

M. Hassan, H.S.M. Gabr, S. Abdel-shafy, K. Hammad, M. Mokhtar, Prevalence of
tick-vectors of Theileria annulata infesting the one-humped camel in Giza, Egypt,
J. Egypt. Soc. Parasitol. 47 (2017) 425-432, https://doi.org/10.21608/
JESP.2017.77797.


https://doi.org/10.1056/NEJMP1807870
https://doi.org/10.1056/NEJMP1807870
https://doi.org/10.1371/JOURNAL.PNTD.0005021
https://doi.org/10.4274/TPD.GALENOS.2020.6985
https://advetresearch.com/index.php/AVR/article/view/134
https://doi.org/10.5829/idosi.gv.2013.11.1.7453
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0155
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0155
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0155
https://doi.org/10.1007/S00436-009-1443-8
https://doi.org/10.1016/J.TTBDIS.2021.101676
https://doi.org/10.14202/VETWORLD.2020.1884-1891
https://doi.org/10.1016/J.VETPAR.2013.08.028
https://doi.org/10.1016/J.VETPAR.2013.08.028
https://doi.org/10.1016/J.PARINT.2014.10.002
https://doi.org/10.4172/2155-9597.1000258
https://doi.org/10.4172/2155-9597.1000258
https://doi.org/10.1016/J.TTBDIS.2016.10.008
https://doi.org/10.1186/S13071-015-0928-9
https://doi.org/10.1186/S13071-015-0928-9
https://doi.org/10.1186/S13071-020-04372-Z
https://doi.org/10.1186/S13071-020-04372-Z
https://doi.org/10.1016/J.VETPAR.2014.12.025
https://doi.org/10.1016/J.VETPAR.2014.12.025
https://doi.org/10.1016/J.PARINT.2020.102150
https://doi.org/10.1016/J.PARINT.2020.102150
https://doi.org/10.2478/S11686-020-00189-Z
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0220
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0220
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0220
https://doi.org/10.21608/JESP.2017.77795
https://doi.org/10.1371/JOURNAL.PNTD.0009767
https://doi.org/10.1371/JOURNAL.PNTD.0009767
https://doi.org/10.1515/AP-2017-0096
https://doi.org/10.1515/AP-2017-0096
https://doi.org/10.21608/JVMR.2007.77888
https://doi.org/10.21608/JVMR.2007.77888
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0245
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0245
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0245
https://doi.org/10.1016/J.CIMID.2020.101549
https://doi.org/10.1186/S13071-016-1539-9
https://doi.org/10.1186/S13071-016-1539-9
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0260
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0260
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0260
https://doi.org/10.1080/01652176.1989.9694194
https://doi.org/10.1080/01652176.1989.9694194
https://doi.org/10.1155/2014/270345
https://doi.org/10.14202/VETWORLD.2021.903-912
https://doi.org/10.14202/VETWORLD.2021.903-912
https://doi.org/10.1186/S13071-014-0572-9
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0285
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0285
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0290
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0290
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0295
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0295
https://doi.org/10.21608/jesp.2020.113065
https://doi.org/10.1007/S00436-012-2926-6/FIGURES/5
https://doi.org/10.1186/S13071-016-1471-Z/FIGURES/6
https://doi.org/10.1186/S13071-016-1471-Z/FIGURES/6
https://doi.org/10.37422/IJVS/20.064
https://doi.org/10.1016/S0007-1935(17)52110-7
https://doi.org/10.1016/S0007-1935(17)52110-7
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0325
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0325
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0325
http://s-o-i.org/1.15/ijarbs-2016-3-7-7
https://doi.org/10.1007/S11250-015-0771-1
https://doi.org/10.1007/S11250-015-0771-1
https://doi.org/10.1007/S00580-013-1812-7
https://doi.org/10.1007/S00580-013-1812-7
https://doi.org/10.21608/JESP.2017.77797
https://doi.org/10.21608/JESP.2017.77797

A.E. Abdelbaset et al.

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

W.M.A. Mohamed, A.O. Ali, H.Y.A.H. Mahmoud, M.A. Omar, E. Chatanga,

B. Salim, D. Naguib, J.L. Anders, N. Nonaka, M.A.M. Moustafa, R. Nakao,
Exploring prokaryotic and eukaryotic microbiomes helps in detecting tick-borne
infectious agents in the blood of camels, Pathogens. 10 (2021), https://doi.org/
10.3390/PATHOGENS10030351.

A. Al-Hosary, L. Ahmed, J. Ahmed, A. Nijhof, P. Clausen, Epidemiological study
on tropical theileriosis (Theileria annulata infection) in the Egyptian Oases with
special reference to the molecular characterization of Theileria spp, Ticks Tick.
Borne. Dis. 9 (2018) 1489-1493, https://doi.org/10.1016/J.
TTBDIS.2018.07.008.

A.A.T. Al-Hosary, L. Ahmed, U. Seitzer, First report of molecular identification
and characterization of Theileria spp. from water buffaloes (Bubalus bubalis) in
Egypt, Adv. Anim. Vet. Sci. 3 (2015) 629-633, https://doi.org/10.14737/
JOURNAL.AAVS/2015/3.12.629.633.

H.M. El Damaty, S.G. Yousef, Y.S. Mahmmod, F.A. El-Balkemy, M.M. Mweu,
Sensitivity and specificity of piroplasm indirect fluorescent antibody test and PCR
for Theileria annulata infection in clinically asymptomatic large ruminants using
Bayesian latent class analysis, Vet. Parasitol. Reg. Stud. Rep. 24 (2021), 100563,
https://doi.org/10.1016/J.VPRSR.2021.100563.

AM. Ghoneim, A.O. El-Fayomy, Targeting tams-1 gene results in underestimation
of Theileria annulata infection in diseased cattle in Egypt, Acta Parasitol. 59
(2014) 85-90, https://doi.org/10.2478/511686-014-0211-9.

H. Abdullah, D. Aboelsoued, T. Farag, K. Megeed, S. Abdel-Shafy, P. Parola,

D. Raoult, O. Mediannikov, Molecular characterization of some equine vector-
borne pathogens and identification of their vectors in Egypt, Acta Trop. 227
(2021), 106274, https://doi.org/10.1016/j.actatropica.2021.106274.

M. Eliwa, K.M.A. Mahran, W.A. Mousa, N. Hagag, M.I. Shaalan, M.M. Bashandy,
Ovine theileriosis: clinical, pathological and molecular investigations, Adv. Anim.
Vet. Sci. 9 (2021) 462-472, https://doi.org/10.17582/JOURNAL.AAVS/2021/
9.4.462.472.

A. Al-Hosary, A. ElSify, A. Salama, M. Nayel, A. Elkhtam, L. Elmajdoub, M. Rizk,
M. Hawash, M. Al-Wabel, A. Almuzaini, L. Ahmed, A. Paramasivam,

S. Mickymaray, M. Omar, Phylogenetic study of Theileria ovis and Theileria
lestoquardi in sheep from Egypt: molecular evidence and genetic characterization,
Vet. World 14 (2021) 634-639, https://doi.org/10.14202/
VETWORLD.2021.634-639.

M.A. El-Seify, N.M. Helmy, N.M. Elhawary, S.S. Sorour, A.M. Soliman, Use
molecular techniques as an alternative tool for diagnosis and characterization of
Theileria equi, Coll. Vet. Med. / Univ. Mosul. 32 (2018) 5-11, https://doi.org/
10.33899/1JVS.2018.153787.

S.A.E.S. El-Sayed, M. AbouLaila, A. EIKhatam, A. Abdel-Wahab, M.A. Rizk, An
epidemiological survey of Theileria equi parasite in donkeys (Equus asinus) in
Egypt, Vet. Parasitol. Reg. Stud. Rep. 21 (2020), 100449, https://doi.org/
10.1016/J.VPRSR.2020.100449.

B.S.M. Elsawy, A.M. Nassar, H.F. Alzan, R.V. Bhoora, S. Ozubek, M.S. Mahmoud,
O.M. Kandil, O.A. Mahdy, Rapid detection of equine piroplasms using multiplex
PCR and first genetic characterization of Theileria haneyi in Egypt, Pathogens. 10
(2021) 1414, https://doi.org/10.3390/PATHOGENS10111414.

F. Salib, H. Farghali, Epidemiological, surgical and therapeutic studies on canine
ehrilichiosis in Giza governorate, Egypt, Int. J. Livest. Res. 5 (2015) 82, https://
doi.org/10.5455/1JLR.20150318092051.

F.A. Salib, R.R. Youssef, L.G. Rizk, S.F. Said, Epidemiology, diagnosis and therapy
of Theileria equi infection in Giza, Egypt, Vet. World 6 (2013) 76-82, https://doi.
org/10.5455/vetworld.2013.76-82.

M. Hamed, A. Zaitoun, T. El-Allawy, M. Mourad, Investigation of Theileria
camelensis in camels infested by Hyalomma dromedarii ticks in Upper Egypt,

J. Adv. Vet. Res. 1 (2011) 4-7. https://www.advetresearch.com/index.php/avr/a
rticle/view/206 (accessed May 20, 2022).

A. Ahmed, M. Soliman, Observations made during a natural outbreak of
aegyptianellosis in chickens, Avian Dis. 10 (1966) 390-393, https://doi.org/
10.2307/1588242.

E. Younis, N.A. Hegazy, W. El-Deeb, R. El-khatib, Epidemiological and
biochemical studies on bovine anaplamosis in Dakahlia and Demiatta
governorates in Egypt, Bull. Anim. Heal. Prod. Afr. 57 (2010), https://doi.org/
10.4314/bahpa.v57i4.51668.

A. Selim, E. Manaa, A. Abdelhady, M. Ben Said, A. Sazmand, Serological and
molecular surveys of Anaplasma spp. in Egyptian cattle reveal high A. marginale
infection prevalence, Iran. J. Vet. Res. 22 (2021) 288, https://doi.org/10.22099/
1JVR.2021.40587.5879.

M.D. Elhariri, R.A. Elhelw, D.A. Hamza, D.E. Soliman, Molecular detection of
Anaplasma marginale in the Egyptian water buffaloes (Bubalus Bubalis) based on
major surface protein 1o, J. Egypt. Soc. Parasitol. 47 (2017) 247-252.

M. Ben Said, K.A. Attia, R.A. Alsubki, A.A. Mohamed, 1. Kimiko, A. Selim,
Molecular epidemiological survey, genetic characterization and phylogenetic
analysis of Anaplasma ovis infecting sheep in Northern Egypt, Acta Trop. 229
(2022), 106370, https://doi.org/10.1016/J.ACTATROPICA.2022.106370.

A. Nasr, M. Ghafar, M. El Hariri, Detection of Anaplasma platys and Ehrlichia canis
in Rhipicephalus sanguineus ticks attached to dogs from Egypt; a public health
concern, Vet. Med. J. 66 (2020) 1-9, https://doi.org/10.21608/
VMJG.2020.157540.

A. Loftis, W. Reeves, D. Szumlas, M. Abbassy, I. Helmy, J. Moriarity, G. Dasch,
Population survey of Egyptian arthropods for rickettsial agents, Ann. N. Y. Acad.
Sci. 1078 (2006) 364-367, https://doi.org/10.1196/ANNALS.1374.072.

S. Abdel-Shafy, N. Allam, M. Mahmoud, Molecular description of Anaplasma
biodiversity regarding 16SrDNA, msp4, hsp60, and rpoB profiles in ixodid ticks
infesting animals from some Egyptian provinces, Bull.LNRC. 41 (2016) 121-136.

11

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

One Health 15 (2022) 100443

O. Parvizi, H. El-Adawy, U. Roesler, H. Neubauer, K. Mertens-Scholz,
Performance analysis of Anaplasma antibody competitive ELISA using the ROC
curve for screening of anaplasmosis in camel populations in Egypt, Pathog. (Basel,
Switzerland) 9 (2020) 165, https://doi.org/10.3390/PATHOGENS9030165.
M.W. Ghafar, M.A. El-Enbaawy, M.A. Ghoneim, Nested PCR detection of
Anaplasma phagocytophilum in sheep and human contacts in Egypt, J. Egypt Vet.
Med. Assoc. 65 (2005) 131-144.

M.W. Ghafar, N.A. Eltablawy, Molecular survey of five tick-borne pathogens
(Ehrlichia chaffeensis, Ehrlichia ewingii, Anaplasma phagocytophilum, Borrelia
burgdorferi sensu lato and Babesia microti) in Egyptian farmers, Glob. Vet. 7 (2011)
249-255.

M.W. Ghafar, S.A. Amer, Prevalence and first molecular characterization of
Anaplasma phagocytophilum, the agent of human granulocytic anaplasmosis, in
Rhipicephalus sanguineus ticks attached to dogs from Egypt, J. Adv. Res. 3 (2012)
189-194, https://doi.org/10.1016/J.JARE.2011.08.002.

Y. Al-Kappany, M. Lappin, O. Kwok, S. Abu-Elwafa, M. Hilali, J.P. Dubey,
Seroprevalence of Toxoplasma gondii and concurrent Bartonella spp., feline
immunodeficiency virus, feline leukemia virus, and Dirofilaria immitis infections
in Egyptian cats, J. Parasitol. 97 (2011) 256-258, https://doi.org/10.1645/GE-
2654.1.

W.W. Reda, O. Mostafa, Epidemiological studies on ocular cat-scratch-disease,
Vet. Med. J. 43 (1995) 383-387.

H. Abdullah, M. El-Bayoumy, A. Allam, S. Abdel-Shafy, Molecular epidemiology
of certain vector-borne bacterial microorganisms in domestic animals and their
ectoparasites in Egypt, Trop. Anim. Health Prod. 53 (2021) 484, https://doi.org/
10.1007/511250-021-02911-z.

M. Alsarraf, E.M. Mohallal, J. Kwiatowski, E.J. Mierzejewska, R. Welc-Faleciak, J.
M. Behnke, A. Bajer, Phylogenetic analyses of Bartonella sp. (bacteria) of rodents
from four separated valleys in Sinai Mountains (Egypt), Ann. Parasitol. 62 (2016)
43.

K. Inoue, S. Maruyama, H. Kabeya, K. Hagiya, Y. Izumi, Y. Une, Y. Yoshikawa,
Exotic small mammals as potential reservoirs of zoonotic Bartonella spp, Emerg.
Infect. Dis. 15 (2009) 526, https://doi.org/10.3201/EID1504.081223.

S. Sato, H. Kabeya, Y. Fujinaga, K. Inoue, Y. Une, Y. Yoshikawa, S. Maruyama,
Bartonella jaculi sp. nov., Bartonella callosciuri sp. nov., Bartonella pachyuromydis
sp. nov. and Bartonella acomydis sp. nov., isolated from wild Rodentia, Int. J. Syst.
Evol. Microbiol. 63 (2013) 1734-1740, https://doi.org/10.1099/1J5.0.041939-0.
M. Alsarraf, E.M.E. Mohallal, E.J. Mierzejewska, J. Behnke-Borowczyk, R. Welc-
Faleciak, M. Bednarska, L. Dziewit, S. Zalat, F. Gilbert, J.M. Behnke, A. Bajer,
Description of Candidatus Bartonella fadhilae n. sp. and Candidatus Bartonella
sanaae n. sp. (Bartonellaceae) from Dipodillus dasyurus and Sekeetamys calurus
(Gerbillinae) from the Sinai Massif (Egypt), Vector Borne Zoonotic Dis. 17 (2017)
483, https://doi.org/10.1089/VBZ.2016.2093.

R. Elhelw, M. El-Enbaawy, A. Samir, Lyme borreliosis: a neglected zoonosis in
Egypt, Acta Trop. 140 (2014) 188-192, https://doi.org/10.1016/J.
ACTATROPICA.2014.09.005.

R. Elhelw, M. Elhariri, D. Hamza, M. Abuowarda, E. Ismael, H. Farag, Evidence of
the presence of Borrelia burgdorferi in dogs and associated ticks in Egypt, BMC Vet.
Res. 171 (17) (2021) 1-9, https://doi.org/10.1186/512917-020-02733-5.

A. Selim, A. Alanazi, A. Sazmand, D. Otranto, Seroprevalence and associated risk
factors for vector-borne pathogens in dogs from Egypt, Parasit. Vectors 141 (14)
(2021) 1-11, https://doi.org/10.1186,/513071-021-04670-0.

P. Vanpeenen, W. Atalla, Observations on blood parasites of Egyptian rodents,
Ann. Trop. Med. Parasitol. 57 (1963) 409-414, https://doi.org/10.1080/
00034983.1963.11686193.

G.M. Khalil, N. Helmy, H. Hoogstraal, A. El-Said, Seasonal dynamics of
Ornithodoros (Pavlovskyella) erraticus (Acari: Ixodoidea: Argasidae) and the
spirochete Borrelia crocidurae in Egypt, J. Med. Entomol. 21 (1984) 536-539,
https://doi.org/10.1093/JMEDENT/21.5.536.

N.H. Ghoneim, K.A. Abdel-Moein, H.M. Zaher, M.M. Abuowarda, Investigation of
Ixodidae ticks infesting camels at slaughterhouse and its potential role in
transmitting Coxiella burnetii in Egypt, Small Rumin. Res. 191 (2020) 106173,
https://doi.org/10.1016/J.SMALLRUMRES.2020.106173.

H.H.A.M. Abdullah, E.E. El-Shanawany, S. Abdel-Shafy, H.A.A. Abou-Zeina, E.
H. Abdel-Rahman, Molecular and immunological characterization of Hyalomma
dromedarii and Hyalomma excavatum (Acari: Ixodidae) vectors of Q fever in
camels, Vet. World 11 (2018) 1109-1119, https://doi.org/10.14202/
VETWORLD.2018.1109-1119.

K.A. Abdel-Moein, D.A. Hamza, The burden of Coxiella burnetii among aborted
dairy animals in Egypt and its public health implications, Acta Trop. 166 (2017)
92-95, https://doi.org/10.1016/J.ACTATROPICA.2016.11.011.

H. Abdullah, H. Hussein, K. Abd El-Razik, A. Barakat, Y. Soliman, Q fever: a
neglected disease of camels in Giza and Cairo Provinces, Egypt, Vet. World 12
(2019) 1945-1950, https://doi.org/10.14202/VETWORLD.2019.1945-1950.

A. Selim, A.F. Ali, Seroprevalence and risk factors for C. burnetii infection in
camels in Egypt, Comp. Immunol. Microbiol. Infect. Dis. 68 (2020) 101402,
https://doi.org/10.1016/J.CIMID.2019.101402.

A. Selim, A.F. Ali, S.M. Moustafa, E. Ramadan, Molecular and serological data
supporting the role of Q fever in abortions of sheep and goats in northern Egypt,
Microb. Pathog. 125 (2018) 272-275, https://doi.org/10.1016/J.
MICPATH.2018.09.034.

A. Selim, A. Abdelrahman, R. Thiéry, K. Sidi-Boumedine, Molecular typing of
Coxiella burnetii from sheep in Egypt, Comp. Immunol. Microbiol. Infect. Dis. 67
(2019) 101353, https://doi.org/10.1016/J.CIMID.2019.101353.

H. Abbass, S. Abdel, K. Selim, M.M. Sobhy, M.A. El-Mokhtar, M. Elhariri, H.

H. Abd-Elhafeez, High prevalence of Coxiella burnetii infection in humans and


https://doi.org/10.3390/PATHOGENS10030351
https://doi.org/10.3390/PATHOGENS10030351
https://doi.org/10.1016/J.TTBDIS.2018.07.008
https://doi.org/10.1016/J.TTBDIS.2018.07.008
https://doi.org/10.14737/JOURNAL.AAVS/2015/3.12.629.633
https://doi.org/10.14737/JOURNAL.AAVS/2015/3.12.629.633
https://doi.org/10.1016/J.VPRSR.2021.100563
https://doi.org/10.2478/S11686-014-0211-9
https://doi.org/10.1016/j.actatropica.2021.106274
https://doi.org/10.17582/JOURNAL.AAVS/2021/9.4.462.472
https://doi.org/10.17582/JOURNAL.AAVS/2021/9.4.462.472
https://doi.org/10.14202/VETWORLD.2021.634-639
https://doi.org/10.14202/VETWORLD.2021.634-639
https://doi.org/10.33899/IJVS.2018.153787
https://doi.org/10.33899/IJVS.2018.153787
https://doi.org/10.1016/J.VPRSR.2020.100449
https://doi.org/10.1016/J.VPRSR.2020.100449
https://doi.org/10.3390/PATHOGENS10111414
https://doi.org/10.5455/IJLR.20150318092051
https://doi.org/10.5455/IJLR.20150318092051
https://doi.org/10.5455/vetworld.2013.76-82
https://doi.org/10.5455/vetworld.2013.76-82
https://www.advetresearch.com/index.php/avr/article/view/206
https://www.advetresearch.com/index.php/avr/article/view/206
https://doi.org/10.2307/1588242
https://doi.org/10.2307/1588242
https://doi.org/10.4314/bahpa.v57i4.51668
https://doi.org/10.4314/bahpa.v57i4.51668
https://doi.org/10.22099/IJVR.2021.40587.5879
https://doi.org/10.22099/IJVR.2021.40587.5879
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0435
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0435
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0435
https://doi.org/10.1016/J.ACTATROPICA.2022.106370
https://doi.org/10.21608/VMJG.2020.157540
https://doi.org/10.21608/VMJG.2020.157540
https://doi.org/10.1196/ANNALS.1374.072
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0455
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0455
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0455
https://doi.org/10.3390/PATHOGENS9030165
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0465
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0465
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0465
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0470
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0470
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0470
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0470
https://doi.org/10.1016/J.JARE.2011.08.002
https://doi.org/10.1645/GE-2654.1
https://doi.org/10.1645/GE-2654.1
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0485
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0485
https://doi.org/10.1007/s11250-021-02911-z
https://doi.org/10.1007/s11250-021-02911-z
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0495
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0495
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0495
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0495
https://doi.org/10.3201/EID1504.081223
https://doi.org/10.1099/IJS.0.041939-0
https://doi.org/10.1089/VBZ.2016.2093
https://doi.org/10.1016/J.ACTATROPICA.2014.09.005
https://doi.org/10.1016/J.ACTATROPICA.2014.09.005
https://doi.org/10.1186/S12917-020-02733-5
https://doi.org/10.1186/S13071-021-04670-0
https://doi.org/10.1080/00034983.1963.11686193
https://doi.org/10.1080/00034983.1963.11686193
https://doi.org/10.1093/JMEDENT/21.5.536
https://doi.org/10.1016/J.SMALLRUMRES.2020.106173
https://doi.org/10.14202/VETWORLD.2018.1109-1119
https://doi.org/10.14202/VETWORLD.2018.1109-1119
https://doi.org/10.1016/J.ACTATROPICA.2016.11.011
https://doi.org/10.14202/VETWORLD.2019.1945-1950
https://doi.org/10.1016/J.CIMID.2019.101402
https://doi.org/10.1016/J.MICPATH.2018.09.034
https://doi.org/10.1016/J.MICPATH.2018.09.034
https://doi.org/10.1016/J.CIMID.2019.101353

A.E. Abdelbaset et al.

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

livestock in Assiut, Egypt: a serological and molecular survey, Vet. World 13
(2020) 2578-2586, https://doi.org/10.14202/vetworld.2020.2578-2586.
M.F.N. Abushahba, A.E. Abdelbaset, M.S. Rawy, S.0. Ahmed, Cross-sectional
study for determining the prevalence of Q fever in small ruminants and humans at
El Minya Governorate, Egypt, BMC Res. Notes 10 (2017) 4-9, https://doi.org/
10.1186/513104-017-2868-2.

M. Gwida, M. El-Ashker, M. El-Diasty, C. Engelhardt, I. Khan, H. Neubauer,

Q fever in cattle in some Egyptian Governorates: a preliminary study, BMC Res.
Notes 7 (2014) 881, https://doi.org/10.1186/1756-0500-7-881.

J. Klemmer, J. Njeru, A. Emam, A. El-Sayed, A.A. Moawad, K. Henning, M.

A. Elbeskawy, C. Sauter-Louis, R.K. Straubinger, H. Neubauer, M.M. El-Diasty,
Q fever in Egypt: epidemiological survey of Coxiella burnetii specific antibodies in
cattle, buffaloes, sheep, goats and camels, PLoS One 13 (2018), 0192188,
https://doi.org/10.1371/JOURNAL.PONE.0192188.

A. Selim, A. Abdelhady, J. Alahadeb, Prevalence and first molecular
characterization of Ehrlichia canis in Egyptian dogs, Pak. Vet. J. 41 (2021)
117-121, https://doi.org/10.29261/pakvetj/2020.061.

A. Selim, S. Said Ahmed, E. Galila, Prevalence and molecular detection of
Ehrlichia canis in dogs, Benha Vet. Med. J. 37 (2019) 169-171, https://doi.org/
10.21608/BVMJ.2019.17632.1104.

B. Botros, M. Elmolla, A. Salib, C. Calamaio, G. Dasch, R. Arthur, Canine
ehrlichiosis in Egypt: sero-epidemiological survey, Onderstepoort J. Vet. Res. 62
(1995) 41-43.

N. Salem, G. Rakha, T. Baraka, Naturally occurring ehrlichiosis in Egyptian dogs,
Iran. J. Vet. Res. 15 (2014) 54-57, https://doi.org/10.5455/vetworld.2011.522-
528.

N. Ghoneim, K. Abdel-Moein, H. Zaher, Molecular detection of Francisella spp.
among ticks attached to camels in Egypt, Vector-Borne Zoonotic Dis. 17 (2017)
384-387, https://doi.org/10.1089/VBZ.2016.2100.

H. Schmatz, H. Krauss, P. Viertel, A. Ismail, A. Hussein, Seroepidemiological
investigations in domestic ruminants from Egypt, Somalia and Jordan for the
demonstration of complement fixing antibodies against Rickettsia and Chlamydia
(author’s transl), Acta Trop. 35 (1978) 101-111.

H. Hoogstraal, M.N. Kaiser, R.A. Ormsbee, D.J. Osborn, I. Helmy, S. Gaber,
Hyalomma (Hyalommina) Rhipicephaloides Neumann (Ixodoidea. Ixodidae): Its
identity, hosts, and ecology, and Rickettsia conori, R. prowazeki, and Coxiella
burnetii infections in rodent hosts in Egypt, J. Med. Entomol. 4 (1967) 391-400,
https://doi.org/10.1093/JMEDENT/4.4.391.

A. Soliman, B. Botros, T. Ksiazek, H. Hoogstraal, 1. Helmy, J. Morrill,
Seroprevalence of Rickettsia typhi and Rickettsia conorii infection among rodents
and dogs in Egypt, J. Trop. Med. Hyg. 92 (1989) 345-349.

A. Corwin, M. Habib, J. Olson, D. Scott, T. Ksiazek, D. Watts, The prevalence of
arboviral, rickettsial, and Hantaan-like viral antibody among schoolchildren in
the Nile river delta of Egypt, Trans. R. Soc. Trop. Med. Hyg. 86 (1992) 677-679,
https://doi.org/10.1016/0035-9203(92)90189-J.

H. Abdullah, A. El-Molla, F. Salib, A. Ghazy, N. Allam, Y. Sanad, S. Abdel-Shafy,
Molecular characterization of rickettsiae infecting camels and their ticks vectors
in Egypt, Bact. Emp. 2 (2019) 10-18, https://doi.org/10.15761/
AHDVS.1000130.

S. Abdel-Shafy, N. Allam, O. Mediannikov, P. Parola, D. Raoult, Molecular
detection of spotted fever group rickettsiae associated with ixodid ticks in Egypt,
Vector Borne Zoonotic Dis. 12 (2012) 346-359, https://doi.org/10.1089/
VBZ.2010.0241.

C. Socolovschi, S. Barbarot, M. Lefebvre, P. Parola, D. Raoult, Rickettsia sibirica
mongolitimonae in traveler from Egypt, Emerg. Infect. Dis. 16 (2010) 1495,
https://doi.org/10.3201/EID1609.100258.

J. Lange, A. el Dessouky, E. Manor, A. Merdan, A. Azad, Spotted fever rickettsiae
in ticks from the Northern Sinai governate, Egypt, Am. J. Trop. Med. Hyg. 46
(1992) 546-551, https://doi.org/10.4269/AJTMH.1992.46.546.

P. Ravanini, E. Hasu, E. Huhtamo, M. Crobu, V. Ilaria, D. Brustia, A. Salerno,
O. Vapalahti, Rhabdomyolysis and severe muscular weakness in a traveler
diagnosed with Alkhurma hemorrhagic fever virus infection, J. Clin. Virol. 52
(2011) 254-256, https://doi.org/10.1016/J.JCV.2011.08.001.

F. Carletti, C. Castilletti, A. Di Caro, M.R. Capobianchi, C. Nisii, F. Suter, M. Rizzi,
A. Tebaldi, A. Goglio, C.P. Tosi, G. Ippolito, Alkhurma hemorrhagic fever in
travelers returning from Egypt, 2010, Emerg. Infect. Dis. 16 (2010) 1979, https://
doi.org/10.3201/EID1612101092.

M. Mohamed, A. Said, A. Murad, R. Graham, A serological survey of Crimean-
Congo haemorrhagic fever in animals in the Sharkia Governorate of Egypt, Vet.
Ital. 44 (2008) 513-517.

M.A. Darwish, I.Z. Imam, F.M. Omar, H. Hoogstraal, Results of a preliminary
seroepidemiological survey for Crimean-Congo hemorrhagic fever virus in Egypt,
Acta Virol. 22 (1978) 77.

K. Horton, M. Wasfy, H. Samaha, B. Abdel-Rahman, S. Safwat, M. Abdel Fadeel,
E. Mohareb, E. Dueger, Serosurvey for zoonotic viral and bacterial pathogens
among slaughtered livestock in Egypt, Vector Borne Zoonotic Dis. 14 (2014)
633-639, https://doi.org/10.1089/VBZ.2013.1525.

J.C. Morrill, A.K. Soliman, I.Z. Imam, B.A.M. Botros, M.I. Moussa, D.M. Watts,
Serological evidence of Crimean-Congo haemorrhagic fever viral infection among
camels imported into Egypt, J. Trop. Med. Hyg. 93 (1990) 201-204.

H.A. Bendary, F. Rasslan, M. Wainwright, S. Alfarraj, A.M. Zaki, A.K. Abdulall,
Crimean-Congo hemorrhagic fever virus in ticks collected from imported camels
in Egypt, Saudi J. Biol. Sci. 29 (2022) 2597-2603, https://doi.org/10.1016/J.
SJBS.2021.12.043.

AK. Abdulall, F. Raslan, A.M. Zaki, Molecular detection of Crimean-congo
hemorrhagic fever virus in ticks isolated from camels in Egypt, J. Appl.

12

[140]

[141]

[142]

[143]

[144]
[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

One Health 15 (2022) 100443

Pharmacol. 12 (2020) 163-164. http://consortiumpublisher.org/index.php/j
ap/article/view/684 (accessed September 14, 2021).

K. Chisholm, E. Dueger, N.T. Fahmy, H.A.T. Samaha, A. Zayed, M. Abdel-Dayem,
J.T. Villinski, Crimean-Congo hemorrhagic fever virus in ticks from imported
livestock, Egypt, Emerg. Infect. Dis. 18 (2012) 181, https://doi.org/10.3201/
EID1801.111071.

S.R. Rouby, K.H. Hussein, S.M. Aboelhadid, A.M. El-Sherif, Role of Rhipicephalus
annulatus tick in transmission of Lumpy skin disease virus in naturally infected
cattle in Egypt, Adv. Anim. Vet. Sci. 5 (2017) 185-191, https://doi.org/
10.17582/JOURNAL.AAVS/2017/5.4.185.191.

R.M. Taylor, H.S. Hurlbut, T.H. Work, J.R. Kingston, H. Hoogstraal, Arboviruses
isolated from Argas ticks in Egypt: Quaranfil, Chenuda, and Nyamanini, Am. J.
Trop. Med. Hyg. 15 (1966) 76-86, https://doi.org/10.4269/AJTMH.1966.15.76.
B.A.M. Botros, A.K. Soliman, M. Darwish, S. El Said, J.C. Morrill, T.G. Ksiazek,
Seroprevalence of murine typhus and fievre boutonneuse in certain human
populations in Egypt, J. Trop. Med. Hyg. 92 (1989) 373-378.

M. Homer, 1. Aguilar-Delfin, S. Telford, P. Krause, Persing, DH, Babesiosis, Clin.
Microbiol. Rev. 13 (2000) 451-469, https://doi.org/10.1128/CMR.13.3.451.

A. Kumar, J. O’bryan, P.J. Krause, The global emergence of human babesiosis,
Pathogens 10 (2021), https://doi.org/10.3390/PATHOGENS10111447.

A. Gorenflot, K. Moubri, E. Precigout, B. Carcy, T. Schetters, Human babesiosis,
Ann. Trop. Med. Parasitol. 92 (1998) 489-501, https://doi.org/10.1080/
00034989859465.

E. Vannier, 1. Borggraefe, S. Telford, S. Menon, T. Brauns, A. Spielman, J.

A. Gelfand, H.H. Wortis, Age-associated decline in resistance to Babesia microti is
genetically determined, J. Infect. Dis. 189 (2004) 1721-1728, https://doi.org/
10.1086/382965.

K. Hunfeld, A. Hildebrandt, J. Gray, Babesiosis: recent insights into an ancient
disease, Int. J. Parasitol. 38 (2008) 1219-1237, https://doi.org/10.1016/J.
IJPARA.2008.03.001.

M. Carpano, Sur les piroplasmoses des carnassiers et sur un nouveau piroplasme
des félins Babesiella felis Chez le Puma: Felis concor (sic), in: Bull 137, Min Agric,
Cairo, 1934.

S. El-Sayed, M. El-Adl, M. Ali, M. Al-Araby, M. Omar, M. El-Beskawy, S. Sorour,
M. Rizk, M. Elgioushy, Molecular detection and identification of Babesia bovis and
Trypanosoma spp. in one-humped camel (Camelus dromedarius) breeds in Egypt,
Vet. World 14 (2021) 625-633, https://doi.org/10.14202/
VETWORLD.2021.625-633.

B.J. Mans, R. Pienaar, A.A. Latif, A review of Theileria diagnostics and
epidemiology, Int. J. Parasitol. Parasites Wildl. 4 (2015) 104, https://doi.org/
10.1016/J.1JPPAW.2014.12.006.

O.A. Agina, M.R. Shaari, N.M.M. Isa, M. Ajat, M. Zamri-Saad, H. Hamzah, Clinical
pathology, immunopathology and advanced vaccine technology in bovine
theileriosis: a review, Pathogens. 9 (2020) 1-22, https://doi.org/10.3390/
PATHOGENS9090697.

W.I. Morrison, The aetiology, pathogenesis and control of theileriosis in domestic
animals, Rev. Sci. Tech. 34 (2015) 599-611, https://doi.org/10.20506/
RST.34.2.2383.

H. Nagaty, Some new and rare records of piroplasmosis with a list of the species of
Babesia and Theileria so far recorded from Egypt, Vet. Rec. 59 (1947) 145-147.
N. Vincent-Johnson, Canine and feline hepatozoonosis, in: Canine Feline Infect.
Dis, W.B. Saunders, 2014, pp. 747-759, https://doi.org/10.1016/B978-1-4377-
0795-3.00077-6.

G. Baneth, M. Samish, E. Alekseev, I. Aroch, V. Shkap, Transmission of Hepatozoon
canis to dogs by naturally-fed or percutaneously-injected Rhipicephalus sanguineus
ticks, J. Parasitol. 87 (2001) 606-611, https://doi.org/10.1645/0022-3395
(2001)087[0606:TOHCTD]2.0.CO;2.

G. Baneth, Perspectives on canine and feline hepatozoonosis, Vet. Parasitol. 181
(2011) 3-11, https://doi.org/10.1016/j.vetpar.2011.04.015.

K. Kocan, E. Blouin, F. Barbet, Anaplasmosis control: past, present, and future,
Ann. N. Y. Acad. Sci. 916 (2000) 501-509, https://doi.org/10.1111/J.1749-
6632.2000.TB05329.X.

M.D. Castle, B.M. Christensen, Isolation and identification of Aegyptianella
pullorum (Rickettsiales, Anaplasmataceae) in wild turkeys from North America,
Avian Dis. 29 (1985) 437-445, https://doi.org/10.2307/1590505.

K.M. Kocan, J. De La Fuente, A. Cabezas-Cruz, The genus Anaplasma: new
challenges after reclassification, Rev. Sci. Tech. 34 (2015) 577-586, https://doi.
org/10.20506/RST.34.2.2381.

F.W. Huchzermeyer, Avian pulmonary hypertension syndrome. IV. Increased
right ventricular mass in turkeys experimentally infected with Plasmodium durae,
Onderstepoort J. Vet. Res. 55 (1988) 107-108.

M. Carpano, Piroplasmosis in Egyptian fowls (Egyptianella pullorum), Bull. Minist.
Agric. Egypt (1929) 1-7.

K. El Kammabh, L. Oyoun, S. Abdel Shafy, Detection of microorganisms in the
saliva and midgut smears of different tick species [Acari: Ixodoidea] in Egypt,
J. Egypt. Soc. Parasitol. 37 (2007) 533-539.

V. Rar, I. Golovljova, Anaplasma, Ehrlichia, and “Candidatus Neoehrlichia™
bacteria: pathogenicity, biodiversity, and molecular genetic characteristics, a
review, Infect. Genet. Evol. 11 (2011) 1842-1861, https://doi.org/10.1016/J.
MEEGID.2011.09.019.

N. Ismail, K.C. Bloch, J.W. McBride, Human ehrlichiosis and anaplasmosis, Clin.
Lab. Med. 30 (2010) 261, https://doi.org/10.1016/J.CLL.2009.10.004.

S. Harrus, T. Waner, Diagnosis of canine monocytotropic ehrlichiosis (Ehrlichia
canis): an overview, Vet. J. 187 (2011) 292-296, https://doi.org/10.1016/J.
TVJL.2010.02.001.


https://doi.org/10.14202/vetworld.2020.2578-2586
https://doi.org/10.1186/s13104-017-2868-2
https://doi.org/10.1186/s13104-017-2868-2
https://doi.org/10.1186/1756-0500-7-881
https://doi.org/10.1371/JOURNAL.PONE.0192188
https://doi.org/10.29261/pakvetj/2020.061
https://doi.org/10.21608/BVMJ.2019.17632.1104
https://doi.org/10.21608/BVMJ.2019.17632.1104
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0605
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0605
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0605
https://doi.org/10.5455/vetworld.2011.522-528
https://doi.org/10.5455/vetworld.2011.522-528
https://doi.org/10.1089/VBZ.2016.2100
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0620
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0620
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0620
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0620
https://doi.org/10.1093/JMEDENT/4.4.391
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0630
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0630
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0630
https://doi.org/10.1016/0035-9203(92)90189-J
https://doi.org/10.15761/AHDVS.1000130
https://doi.org/10.15761/AHDVS.1000130
https://doi.org/10.1089/VBZ.2010.0241
https://doi.org/10.1089/VBZ.2010.0241
https://doi.org/10.3201/EID1609.100258
https://doi.org/10.4269/AJTMH.1992.46.546
https://doi.org/10.1016/J.JCV.2011.08.001
https://doi.org/10.3201/EID1612101092
https://doi.org/10.3201/EID1612101092
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0680
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0680
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0680
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0685
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0685
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0685
https://doi.org/10.1089/VBZ.2013.1525
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0695
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0695
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0695
https://doi.org/10.1016/J.SJBS.2021.12.043
https://doi.org/10.1016/J.SJBS.2021.12.043
http://consortiumpublisher.org/index.php/jap/article/view/684
http://consortiumpublisher.org/index.php/jap/article/view/684
https://doi.org/10.3201/EID1801.111071
https://doi.org/10.3201/EID1801.111071
https://doi.org/10.17582/JOURNAL.AAVS/2017/5.4.185.191
https://doi.org/10.17582/JOURNAL.AAVS/2017/5.4.185.191
https://doi.org/10.4269/AJTMH.1966.15.76
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0725
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0725
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0725
https://doi.org/10.1128/CMR.13.3.451
https://doi.org/10.3390/PATHOGENS10111447
https://doi.org/10.1080/00034989859465
https://doi.org/10.1080/00034989859465
https://doi.org/10.1086/382965
https://doi.org/10.1086/382965
https://doi.org/10.1016/J.IJPARA.2008.03.001
https://doi.org/10.1016/J.IJPARA.2008.03.001
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0755
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0755
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0755
https://doi.org/10.14202/VETWORLD.2021.625-633
https://doi.org/10.14202/VETWORLD.2021.625-633
https://doi.org/10.1016/J.IJPPAW.2014.12.006
https://doi.org/10.1016/J.IJPPAW.2014.12.006
https://doi.org/10.3390/PATHOGENS9090697
https://doi.org/10.3390/PATHOGENS9090697
https://doi.org/10.20506/RST.34.2.2383
https://doi.org/10.20506/RST.34.2.2383
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0780
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0780
https://doi.org/10.1016/B978-1-4377-0795-3.00077-6
https://doi.org/10.1016/B978-1-4377-0795-3.00077-6
https://doi.org/10.1645/0022-3395(2001)087[0606:TOHCTD]2.0.CO;2
https://doi.org/10.1645/0022-3395(2001)087[0606:TOHCTD]2.0.CO;2
https://doi.org/10.1016/j.vetpar.2011.04.015
https://doi.org/10.1111/J.1749-6632.2000.TB05329.X
https://doi.org/10.1111/J.1749-6632.2000.TB05329.X
https://doi.org/10.2307/1590505
https://doi.org/10.20506/RST.34.2.2381
https://doi.org/10.20506/RST.34.2.2381
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0915
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0915
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0915
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0920
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0920
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0925
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0925
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0925
https://doi.org/10.1016/J.MEEGID.2011.09.019
https://doi.org/10.1016/J.MEEGID.2011.09.019
https://doi.org/10.1016/J.CLL.2009.10.004
https://doi.org/10.1016/J.TVJL.2010.02.001
https://doi.org/10.1016/J.TVJL.2010.02.001

A.E. Abdelbaset et al.

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

B. Faburay, D. Geysen, S. Munstermann, A. Taoufik, M. Postigo, F. Jongejan,
Molecular detection of Ehrlichia ruminantium infection in Amblyomma variegatum
ticks in The Gambia, Exp. Appl. Acarol. 42 (2007) 61-74, https://doi.org/
10.1007/510493-007-9073-2.

S.G. Peter, G.O. Aboge, H.W. Kariuki, E.G. Kanduma, D.W. Gakuya, N. Maingi, C.
M. Mulei, A.O. Mainga, et al., BMC Vet. Res. 16 (2020) 1-12, https://doi.org/
10.1186/S12917-020-02584-0/FIGURES/4.

C.B. Ehounoud, K.P. Yao, M. Dahmani, Y.L. Achi, N. Amanzougaghene, A. Kacou
N’Douba, J.D. N’Guessan, D. Raoult, F. Fenollar, O. Mediannikov, Multiple
pathogens including potential new species in tick vectors in Cote d’'Ivoire, PLoS
Negl. Trop. Dis. 10 (2016), 0004367, https://doi.org/10.1371/JOURNAL.
PNTD.0004367.

G. Stanek, G.P. Wormser, J. Gray, F. Strle, Lyme borreliosis, Lancet. 379 (2012)
461-473, https://doi.org/10.1016/50140-6736(11)60103-7.

G. Uilenberg, International collaborative research: significance of tick-borne
hemoparasitic diseases to world animal health, Vet. Parasitol. 57 (1995) 19-41,
https://doi.org/10.1016/0304-4017(94)03107-8.

L.L. Callow, Observations on tick-transmitted spirochaetes of cattle in Australia
and South Africa, Br. Vet. J. 123 (1967) 492-497, https://doi.org/10.1016/
S0007-1935(17)39704-X.

M.S. Dworkin, T.G. Schwan, D.E. Anderson, S.M. Borchardt Jr, Tick-borne
relapsing fever, Infect. Dis. Clin. N. Am. 22 (2008) 449, https://doi.org/10.1016/
J.IDC.2008.03.006.

H. Biggs, C. Behravesh, K. Bradley, F. Dahlgren, N. Drexler, J. Dumler, S. Folk,
C. Kato, R. Lash, M. Levin, R. Massung, R. Nadelman, W. Nicholson, C. Paddock,
B. Pritt, M. Traeger, Diagnosis and management of tickborne rickettsial Diseases:
rocky mountain spotted fever and other spotted fever group rickettsioses,
ehrlichioses, and anaplasmosis - United States, MMWR. Recomm. Reports Morb.
Mortal. Wkly. Rep. Recomm. Rep. 65 (2016) 1-44, https://doi.org/10.15585/
MMWR.RR6502A1.

B. Chomel, R. Kasten, Bartonellosis, an increasingly recognized zoonosis, J. Appl.
Microbiol. 109 (2010) 743-750, https://doi.org/10.1111/J.1365-
2672.2010.04679.X.

B. Chomel, H. Boulouis, E. Breitschwerdt, Cat scratch disease and other zoonotic
Bartonella infections, J. Am. Vet. Med. Assoc. 224 (2004) 1270-1279, https://doi.
org/10.2460/JAVMA.2004.224.1270.

S. Ereqat, A. Nasereddin, M. Vayssier-Taussat, A. Abdelkader, A. Al-Jawabreh,
T. Zaid, K. Azmi, Z. Abdeen, Molecular evidence of Bartonella species in ixodid
ticks and domestic animals in Palestine, Front. Microbiol. 7 (2016), https://doi.
org/10.3389/FMICB.2016.01217.

W. Wechtaisong, S.I. Bonnet, Y.-Y. Lien, S.-T. Chuang, Y.-L. Tsai, Transmission of
Bartonella henselae within Rhipicephalus sanguineus: data on the potential vector
role of the tick, PLoS Negl. Trop. Dis. 14 (2020), e0008664, https://doi.org/
10.1371/JOURNAL.PNTD.0008664.

Y. Tsai, C. Lin, B. Chomel, S. Chuang, K. Tsai, W. Wu, C. Huang, J. Yu, M. Sung,
P. Kass, Chang, CC, Bartonella infection in shelter cats and dogs and their
ectoparasites, Vector Borne Zoonotic Dis. 11 (2011) 1023-1030, https://doi.org/
10.1089/VBZ.2010.0085.

P. Keim, A. Johansson, D. Wagner, Molecular epidemiology, evolution, and
ecology of Francisella, Ann. N. Y. Acad. Sci. 1105 (2007) 30-66, https://doi.org/
10.1196/ANNALS.1409.011.

S. Trevisanato, Did an epidemic of tularemia in ancient Egypt affect the course of
world history? Med. Hypotheses 63 (2004) 905-910, https://doi.org/10.1016/J.
MEHY.2004.05.015.

0. Mediannikov, F. Fenollar, C. Socolovschi, G. Diatta, H. Bassene, J.F. Molez,
C. Sokhna, J.F. Trape, D. Raoult, Coxiella burnetii in humans and ticks in rural
Senegal, PLoS Negl. Trop. Dis. 4 (2010), https://doi.org/10.1371/JOURNAL.
PNTD.0000654.

M. Maurin, D. Raoult, Q. Fever, Clin. Microbiol. Rev. 12 (1999) 518, https://doi.
org/10.1128/cmr.12.4.518.

M. Mahdi, B.R. Erickson, J.A. Comer, S.T. Nichol, P.E. Rollin, M.A. Almazroa, Z.
A. Memish, Kyasanur Forest disease virus Alkhurma subtype in ticks, Najran
province, Saudi Arabia, Emerg. Infect. Dis. 17 (2011) 945-947, https://doi.org/
10.3201/EID1705.101824.

R.N. Charrel, A.M. Zaki, S. Fagbo, X. de Lamballerie, Alkhurma hemorrhagic fever
virus is an emerging tick-borne flavivirus, J. Inf. Secur. 52 (2006) 463-464,
https://doi.org/10.1016/J.JINF.2005.08.011.

T. Madani, Alkhumra virus infection, a new viral hemorrhagic fever in Saudi
Arabia, J. Inf. Secur. 51 (2005) 91-97, https://doi.org/10.1016/J.
JINF.2004.11.012.

S. Abdel-Shafy, N.A.T. Allam, Quantitative real-time RT-PCR detection of
flaviviruses associated with camel ticks in Egypt, Glob. Vet. 10 (2013) 394-402,
https://doi.org/10.5829/IDOSL.GV.2013.10.4.7235.

0. Ergoniil, Crimean-Congo haemorrhagic fever, Lancet Infect. Dis. 6 (2006)
203-214, https://doi.org/10.1016/51473-3099(06)70435-2.

A. Temur, J. Kuhn, D. Pecor, D. Apanaskevich, M. Keshtkar-Jahromi,
Epidemiology of Crimean-Congo hemorrhagic fever (CCHF) in Africa-
underestimated for decades, Am. J. Trop. Med. Hyg. 104 (2021) 1978-1990,
https://doi.org/10.4269/AJTMH.20-1413.

M. Weidmann, T. Avsic-Zupanc, S. Bino, M. Bouloy, F. Burt, S. Chinikar,

1. Christova, I. Dedushaj, A. El-Sanousi, N. Elaldi, R. Hewson, F.T. Hufert,

1. Humolli, P.J. van Vuren, Z.K. Tufan, G. Korukluoglu, P. Lyssen, A. Mirazimi,
J. Neyts, M. Niedrig, A. Ozkul, A. Papa, J. Paweska, A.A. Sall, C.S. Schmaljohn,
R. Swanepoel, Y. Uyar, F. Weber, H. Zeller, Biosafety standards for working with

13

[191]

[192]

[193]

[194]

[195]

[196]
[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

One Health 15 (2022) 100443

Crimean-Congo hemorrhagic fever virus, J. Gen. Virol. 97 (2016) 2799-2808,
https://doi.org/10.1099/JGV.0.000610.

E.S.M. Tuppurainen, W.H. Stoltsz, M. Troskie, D.B. Wallace, C.A.L. Oura, P.

S. Mellor, J.A.W. Coetzer, E.H. Venter, A potential role for Ixodid (Hard) tick
vectors in the transmission of Lumpy skin disease virus in cattle, Transbound.
Emerg. Dis. 58 (2011) 93-104, https://doi.org/10.1111/J.1865-
1682.2010.01184.X.

S.R. Rouby, N.M. Safwat, K.H. Hussein, A.M. Abdel-Ra’ouf, B.S. Madkour, A.

S. Abdel-Moneim, H.I. Hosein, Lumpy skin disease outbreaks in Egypt during
2017-2018 among sheeppox vaccinated cattle: Epidemiological, pathological,
and molecular findings, PLoS One 16 (2021), https://doi.org/10.1371/
JOURNAL.PONE.0258755 e0258755.

A. Baskerville, G. Lloyd, The pathogenesis and pathology of experimental
Quaranfil virus infection, Br. J. Exp. Pathol. 57 (1976) 152-156.

R. Williams, H. Hoogstraal, J. Casals, M. Kaiser, M. Moussa, Isolation of
Wanowrie, Thogoto, and Dhori viruses from Hyalomma ticks infesting camels in
Egypt, J. Med. Entomol. 10 (1973) 143-146, https://doi.org/10.1093/jmedent/
10.2.143.

L. Lledd, C. Giménez-Pardo, M.I. Gegtindez, Epidemiological study of Thogoto
and Dhori virus infection in people bitten by ticks, and in sheep, in an area of
Northern Spain, Int. J. Environ. Res. Public Health 17 (2020), https://doi.org/
10.3390/ijerph17072254.

F. Davies, Tick virus diseases of sheep and goats, Parasitologia. 39 (1997) 91-94.
S. Madison-Antenucci, L.D. Kramer, L.L. Gebhardt, E. Kauffman, Emerging tick-
borne diseases, Clin. Microbiol. Rev. 33 (2020), https://doi.org/10.1128/
CMR.00083-18/ASSET/36C4AC8A-CAF7-47B2-A456-F73BFE9C36AB/ASSETS/
GRAPHIC/CMR.00083-18-F0005.JPEG.

R. Bose, W.K. Jorgensen, R.J. Dalgliesh, K.T. Friedhoff, A.J. de Vos, Current state
and future trends in the diagnosis of babesiosis, Vet. Parasitol. 57 (1995) 61-74,
https://doi.org/10.1016/0304-4017(94)03111-9.

L.M.F. Passos, L. Bell-Sakyi, C.G.D. Brown, Immunochemical characterization of
in vitro culture-derived antigens of Babesia bovis and Babesia bigemina, Vet.
Parasitol. 76 (1998) 239-249, https://doi.org/10.1016/50304-4017(98)00095-8.
T.L. Greay, A.W. Gofton, A. Paparini, U.M. Ryan, C.L. Oskam, P.J. Irwin, Recent
insights into the tick microbiome gained through next-generation sequencing,
Parasit. Vectors 111 (11) (2018) 1-14, https://doi.org/10.1186/513071-017-
2550-5.

P. Bhanot, N. Parveen, Investigating disease severity in an animal model of
concurrent babesiosis and Lyme disease, Int. J. Parasitol. 49 (2019) 145-151,
https://doi.org/10.1016/j.ijpara.2018.06.006.

M.A. Diuk-Wasser, E. Vannier, P.J. Krause, Coinfection by Ixodes tick-borne
pathogens: ecological, epidemiological, and clinical consequences, Trends
Parasitol. 32 (2016) 30-42, https://doi.org/10.1016/J.PT.2015.09.008.

T.M. Abo-Elmaged, A. Desoky, Parasitological survey of rodent in cultivated and
reclaimed land at Assiut, Egypt, Asian, J. Appl. Sci. 7 (2014) 96-101, https://doi.
org/10.3923/AJAPS.2014.96.101.

B.G. Meerburg, G.R. Singleton, A. Kijlstra, Rodent-borne diseases and their risks
for public health, Crit. Rev. Microbiol. 35 (2009) 221-270, https://doi.org/
10.1080/10408410902989837.

M. Okely, R. Anan, S. Gad-Allah, A.M. Samy, Hard ticks (Acari: Ixodidae)
infesting domestic animals in Egypt: diagnostic characters and a taxonomic key to
the collected species, Med. Vet. Entomol. 35 (2021) 333-351, https://doi.org/
10.1111/MVE.12502/FORMAT/PDF.

M. Alsarraf, E.J. Mierzejewska, E.M.E. Mohallal, J.M. Behnke, A. Bajer, Genetic
and phylogenetic analysis of the ticks from the Sinai Massif, Egypt, and their
possible role in the transmission of Babesia behnkei, Exp. Appl. Acarol. 72 (2017)
415, https://doi.org/10.1007/510493-017-0164-4.

P.D.N. Hebert, A. Cywinska, S.L. Ball, J.R. DeWaard, Biological identifications
through DNA barcodes, Proc. Biol. Sci. 270 (2003) 313-321, https://doi.org/
10.1098/RSPB.2002.2218.

U. Jinbo, T. Kato, M. Ito, Current progress in DNA barcoding and future
implications for entomology, Entomol. Sci. 14 (2011) 107-124, https://doi.org/
10.1111/J.1479-8298.2011.00449.X.

T. Wang, S. Zhang, T. Pei, Z. Yu, J. Liu, Tick mitochondrial genomes: structural
characteristics and phylogenetic implications, Parasit. Vectors 12 (2019) 451,
https://doi.org/10.1186,/513071-019-3705-3.

D. Barker, S. Kelava, O.D. Seeman, R. Shao, J.R. Seaniger, M.K. Jones, M.

A. Apanaskevich, R. Nakao, D.A. Apanaskevich, S.C. Barker, Rediscovery of Ixodes
confusus in Australia with the first description of the male from Australia, a
redescription of the female and the mitochondrial (mt) genomes of five species of
Ixodes, Int. J. Parasitol. Parasites Wildl. 18 (2022) 1-11, https://doi.org/
10.1016/J.1JPPAW.2022.03.006.

S. Kelava, B.J. Mans, R. Shao, M.A.M. Moustafa, K. Matsuno, A. Takano,

H. Kawabata, K. Sato, H. Fujita, C. Ze, O. Plantard, S. Hornok, S. Gao, D. Barker, S.
C. Barker, R. Nakao, Phylogenies from mitochondrial genomes of 120 species of
ticks: insights into the evolution of the families of ticks and of the genus
Amblyomma, Ticks Tick. Borne. Dis. 12 (2021), 101577, https://doi.org/10.1016/
J.TTBDIS.2020.101577.

W.M.A. Mohamed, M.A.M. Moustafa, M.J. Thu, K. Kakisaka, E. Chatanga,

S. Ogata, N. Hayashi, Y. Taya, Y. Ohari, D. Naguib, Y. Qiu, K. Matsuno, S. Bawm,
L.L. Htun, S.C. Barker, K. Katakura, K. Ito, N. Nonaka, R. Nakao, Comparative
mitogenomics elucidates the population genetic structure of Amblyomma
testudinarium in Japan and a closely related Amblyomma species in Myanmar,
Evol. Appl. 15 (2022) 1062-1078, https://doi.org/10.1111/EVA.13426.


https://doi.org/10.1007/S10493-007-9073-2
https://doi.org/10.1007/S10493-007-9073-2
https://doi.org/10.1186/S12917-020-02584-0/FIGURES/4
https://doi.org/10.1186/S12917-020-02584-0/FIGURES/4
https://doi.org/10.1371/JOURNAL.PNTD.0004367
https://doi.org/10.1371/JOURNAL.PNTD.0004367
https://doi.org/10.1016/S0140-6736(11)60103-7
https://doi.org/10.1016/0304-4017(94)03107-8
https://doi.org/10.1016/S0007-1935(17)39704-X
https://doi.org/10.1016/S0007-1935(17)39704-X
https://doi.org/10.1016/J.IDC.2008.03.006
https://doi.org/10.1016/J.IDC.2008.03.006
https://doi.org/10.15585/MMWR.RR6502A1
https://doi.org/10.15585/MMWR.RR6502A1
https://doi.org/10.1111/J.1365-2672.2010.04679.X
https://doi.org/10.1111/J.1365-2672.2010.04679.X
https://doi.org/10.2460/JAVMA.2004.224.1270
https://doi.org/10.2460/JAVMA.2004.224.1270
https://doi.org/10.3389/FMICB.2016.01217
https://doi.org/10.3389/FMICB.2016.01217
https://doi.org/10.1371/JOURNAL.PNTD.0008664
https://doi.org/10.1371/JOURNAL.PNTD.0008664
https://doi.org/10.1089/VBZ.2010.0085
https://doi.org/10.1089/VBZ.2010.0085
https://doi.org/10.1196/ANNALS.1409.011
https://doi.org/10.1196/ANNALS.1409.011
https://doi.org/10.1016/J.MEHY.2004.05.015
https://doi.org/10.1016/J.MEHY.2004.05.015
https://doi.org/10.1371/JOURNAL.PNTD.0000654
https://doi.org/10.1371/JOURNAL.PNTD.0000654
https://doi.org/10.1128/cmr.12.4.518
https://doi.org/10.1128/cmr.12.4.518
https://doi.org/10.3201/EID1705.101824
https://doi.org/10.3201/EID1705.101824
https://doi.org/10.1016/J.JINF.2005.08.011
https://doi.org/10.1016/J.JINF.2004.11.012
https://doi.org/10.1016/J.JINF.2004.11.012
https://doi.org/10.5829/IDOSI.GV.2013.10.4.7235
https://doi.org/10.1016/S1473-3099(06)70435-2
https://doi.org/10.4269/AJTMH.20-1413
https://doi.org/10.1099/JGV.0.000610
https://doi.org/10.1111/J.1865-1682.2010.01184.X
https://doi.org/10.1111/J.1865-1682.2010.01184.X
https://doi.org/10.1371/JOURNAL.PONE.0258755
https://doi.org/10.1371/JOURNAL.PONE.0258755
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0975
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0975
https://doi.org/10.1093/jmedent/10.2.143
https://doi.org/10.1093/jmedent/10.2.143
https://doi.org/10.3390/ijerph17072254
https://doi.org/10.3390/ijerph17072254
http://refhub.elsevier.com/S2352-7714(22)00075-1/rf0990
https://doi.org/10.1128/CMR.00083-18/ASSET/36C4AC8A-CAF7-47B2-A456-F73BFE9C36AB/ASSETS/GRAPHIC/CMR.00083&ndash;18-F0005.JPEG
https://doi.org/10.1128/CMR.00083-18/ASSET/36C4AC8A-CAF7-47B2-A456-F73BFE9C36AB/ASSETS/GRAPHIC/CMR.00083&ndash;18-F0005.JPEG
https://doi.org/10.1128/CMR.00083-18/ASSET/36C4AC8A-CAF7-47B2-A456-F73BFE9C36AB/ASSETS/GRAPHIC/CMR.00083&ndash;18-F0005.JPEG
https://doi.org/10.1016/0304-4017(94)03111-9
https://doi.org/10.1016/S0304-4017(98)00095-8
https://doi.org/10.1186/S13071-017-2550-5
https://doi.org/10.1186/S13071-017-2550-5
https://doi.org/10.1016/j.ijpara.2018.06.006
https://doi.org/10.1016/J.PT.2015.09.008
https://doi.org/10.3923/AJAPS.2014.96.101
https://doi.org/10.3923/AJAPS.2014.96.101
https://doi.org/10.1080/10408410902989837
https://doi.org/10.1080/10408410902989837
https://doi.org/10.1111/MVE.12502/FORMAT/PDF
https://doi.org/10.1111/MVE.12502/FORMAT/PDF
https://doi.org/10.1007/S10493-017-0164-4
https://doi.org/10.1098/RSPB.2002.2218
https://doi.org/10.1098/RSPB.2002.2218
https://doi.org/10.1111/J.1479-8298.2011.00449.X
https://doi.org/10.1111/J.1479-8298.2011.00449.X
https://doi.org/10.1186/S13071-019-3705-3
https://doi.org/10.1016/J.IJPPAW.2022.03.006
https://doi.org/10.1016/J.IJPPAW.2022.03.006
https://doi.org/10.1016/J.TTBDIS.2020.101577
https://doi.org/10.1016/J.TTBDIS.2020.101577
https://doi.org/10.1111/EVA.13426

	Tick-borne diseases in Egypt: A one health perspective
	1 Introduction
	2 Methods
	3 Results
	3.1 Protozoal diseases
	3.1.1 Babesiosis
	3.1.2 Theileriosis
	3.1.3 Hepatozoonosis

	3.2 Bacterial diseases
	3.2.1 Anaplasmosis
	3.2.2 Aegyptianellosis
	3.2.3 Ehrlichiosis
	3.2.4 Borreliosis
	3.2.4.1 Lyme disease
	3.2.4.2 Bovine borreliosis
	3.2.4.3 Tick-borne relapsing fever

	3.2.5 Rickettsiosis
	3.2.6 Bartonellosis
	3.2.7 Tularemia
	3.2.8 Q fever

	3.3 Viral diseases
	3.3.1 Alkhurma haemorrhagic fever
	3.3.2 Crimean-Congo hemorrhagic fever
	3.3.3 Lumpy skin disease
	3.3.4 Other viral diseases
	3.3.4.1 The Quaranfil virus



	4 Discussion
	5 Study limitations
	6 Conclusions
	Ethical approval and consent to participate
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


