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PREFACE

he well-being of humans and animals

is pretty much interdependent. It’s

impossible to ensure human health,
food security and food safety, and welfare
without considering animal and environmental
health.
The need to enhance the collaboration between
animal health workers and medical
professionals, researchers and academicians
has moved the editors to develop this
publication. The book takes into account the
major threats of animal, human and
environmental health. This book provides the
core concepts of One Health approach with a
critical focus on the key challenges i.e.,
environmental

zoonotic diseases and

Unique Scientific Publishers

degradation. The objective is to cover

epidemiological interactions of various
infectious diseases and their environmental and
ecological implications as an emerging threat.

It is anticipated that this book would be of great
use to a variety of readers. University students,
graduates, practitioners, animal healthcare
providers and health professionals would
definitely find this book of great importance.
The language of book has been intentionally
kept easier for a non-technical person to grasp
the concepts on interdependence of animal,
human and environmental health. The editors
wish to publish a series on the subject keeping

in view the urgency to highlight these areas for

awareness, research and development.

Editors
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INTRODUCTION

Globally, dengue fever (DF) is a highly endemic contagious
disease and has a significant socioeconomic and health
impact on many tropical and subtropical regions. Pakistan is
one of the most affected countries for the past two decades
with the first outbreak reported in 1994 (Nasir et al. 2022).
This mosquito-borne viral infection characterized by nausea,
headache, weakness, severe muscular and joint pain,
lymphadenitis, and skin rashes. Swollen palms and soles,
gingivitis, and intense eye pain are only a few symptoms of
dengue fever. Dengue fever has the potential to worsen and
develops into a more severe form named dengue shock
syndrome (DSS) and dengue hemorrhagic fever (DHF) (Gan
et al. 2021; Rajeen and Mayurathan 2022).

Four serotypes of dengue have distinct epidemiological
patterns and they can co-circulate within an area and many
countries are hyper-endemic to these serotypes. Dengue has
huge impact on human health and the world economies.
According to an estimate, 390 million people are affected by
dengue virus infections (95% credible interval 284-528
million) with over 25,000 deaths/year globally, of which 96
million (67-136 million) manifest clinically. According to
WHO, the number of dengue cases increased over 8 times
since 2000 from 505,430 cases in 2000, to over 2.4 million in
2010, and 5.2 million in 2019. Moreover, reported deaths
augmented from 960 to 4032 within this period, affecting
mostly younger age group (Stica et al. 2022; WHO 2022).

Geographic Distribution

The epidemiology of vector-borne diseases is directly
influenced by climate change. Scientists agree that dengue

viruses first infected monkeys in Africa or Southeast Asia
between 100 and 800 years ago before transmission to
humans. However, the spread of viruses was greatly due to
the global transfer of Aedes mosquitoes that occurred as a
result of World War 1l. Dengue fever (DF) is thewidest
spread vector-borne disease worldwide, with the highest
disease burden (Kulkarni et al. 2022). The region of
Southeast Asia experience recurrent and cyclical epidemics
of dengue throughout the year. Geographical location, time
and demography also indicate the prevalence of dengue fever.
Presently, the clinical worth of deceptive dengue infections
remains undetermined, but it is supposed that deceptive
dengue plays a vital role in the transmission of dengue in the
absence of an epidemic (Gan et al. 2021).

Etiology

The dengue virus is a single strand RNA genome of ~11 kb,
and translated into a single poly-protein. It belongs to the
flavivirus genus and Flaviviridae family. The genome RNA
encodes 3 structural protein molecules (Capsid, pre-
membrane, Envelope) and 7 nonstructural proteins (NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5). The 4 strains
of closely related serotypes named DEN-1, DEN-2, DEN-3,
and DEN-4 are reported that vary in antigenicity (Kothai and
Arul 2020). There are several different types of flaviviruses,
including the tick-borne encephalitis virus (TBEV), the
Japanese encephalitis virus (JEV), and West Nile virus.
DENV, Yellow Fever Virus (YFV), and Zika Virus (ZIKV)
are transmitted by arthropods or arboviruses (Higuera and
Ramirez 2019).

During DENV replication, virion binds itself with the
surface molecules of cells and receptors; still this binding
has not been fully identified. Then virus is internalized
through receptor mediated endocytosis. Glycoproteins on
the virus surface involves in the fusion of viral membrane
and cellular membrane at low pH of endosomes. This
situation enables the virion to disassemble and release its
RNA into the host cell cytoplasm. After that viral RNA is
translated into polyprotein with the help of cellular and viral
enzymes (proteases). Hence, non-structural proteins of
dengue virus are accountable for viral RNA replication
(Chan 2021).

The core reason of dengue fever infection is an infected
Aedes (A.) aegypti mosquito bite, and in addition to this,
vertical transmission may also be acquired accidentally,
especially from pregnant women via placenta, blood products
(infected), organ transplantation, and also due to needle stick
injury (Kothai and Arul 2020).
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Pathophysiology

There are still many unknown facts regarding DENV
pathogenesis and the host immune response. Dengue fever is
an acute serious condition characterized by high-grade fever
with frontal headache, myalgia, as well as nausea, vomiting,
and rash that affects adults and older children. The main
symptoms of the disease include leukopenia,
thrombocytopenia with hemorrhagic tendencies, capillary
leak syndrome, bleeding in the nose, gastrointestinal tract,
and gums (Kathiriya et al. 2020; Kalimuddin et al. 2021). The
viral envelope glycoprotein presents in the virus aids in
attachment to host cells. Infected cells, such as monocytes,
are a primary target of cytokines that drive innate immune
responses to DENV via three mechanisms. (a) During
localized infection of the skin, the dengue virus triggers
degranulation of mast cells and releases inflammatory
mediators such as proteases, leukotrienes, and histamine
which promote edema at the injection site and increased
vascular permeability. (b) During systemic infection, viremia
occurs due to elevated levels of mast cell products in serum
and the release of TNF, leukotrienes, and vascular epithelium
growth factors (VEGF) that enhance vascular leakage from
plasma. (c) During secondary infection, antibodies mediated
enhanced (ADE) enhanced MC degranulation through
crosslinking of FERC. Studies have shown that MCs are
activated by endogenous products that lead to the
degranulation of mast cells and mosquito saliva co-injected
with arboviruses (Imad et al. 2020; Sugianto 2021).

Transmission

All four serotypes of DENV are transmitted to humans by a
single bite of infected female mosquitoe, mainly the A.
aegypti mosquito, and the infected person’s blood results in
viremia in an early illness that lasts for 2 to 12 days.
Approximately 8 to 10 days later, the virus is released into
the mosquito's saliva and transmitted to other tissues,
including the salivary glands. When it bites another person,
the mosquito’s saliva spreads the infection to that person
(Fig. 1). The mosquito is unaffected by the virus in any way
(Gwee et al. 2021). It has also been documented that vertical
transmission (from mother to child) of DENV is a
considerable risk for adverse pregnancy (Chawla et al. 2014).
The various reported cases of DENV infection through
different routes has been mentioned in Table 1.

The Virus

Aedes mosquitoes especially A. aegypti are primary vector of
the dengue virus. The typical range for these mosquitoes is
round about 35N and 35'S while altitude is approximately
3300 ft. They frequently bite in the morning and evening.
This virus primarily affects humans but can also elicit
primates from another genus. DENV is a positive single
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strand RNA genome constituting four unique serotypes
(DENV-1, DENV-2, DENV-3, and DENV-4). The genome
encodes 3 underlying proteins (capsid [C], pre-membrane
[prM], and envelope [E] and seven nonstructural proteins
[NS]) by viral proteases and the host (Huang et al. 2014).
Within every serotype, particular genotype or heredities have
been recognized and exhibiting the most hereditary
fluctuations in dengue serotypes. Nonetheless, determination
keeps on being a prevailing topic in the development of
dengue virus. Secondary dengue diseases are frequently
connected with European genotype like DENV-2 and
DENV-3 (Roy and Bhattacharjee 2021).

The Vectors

Individual serotypes of dengue virus are transmissible
through a bite of contaminated female Aedes mosquitoes to
people, particularly A. aegypti. It generally found in north of
1000 m because of low temperature. The undeveloped stages
of A. aegypti are found around stagnant water that is closely
linked to human dwellings (Tedjou et al. 2019). Research
proposes that most of the females may spend their whole life
in or around human dwellings where grown-ups arise. A.
albopictus, A. polynesiensis and a few kinds of A. scutellaris
are accredited the incidents of the dengue (Ononamadu et al.
2021). Every one of these genera has a particular natural,
social, and topographical distribution. A. albopictus has taken
many years to spread from Asia to Africa, America, and
Europe, because their eggs can stay adapted for a long time,
without any trace of water (Kothai and Arul 2020).

The Host

After incubation period of 4-10 days, contamination due to
any of the four viruses serotype can cause a large numbers of
diseases, mostly asymptomatic or subclinical
(Krishnamoorthy et al. 2022). Primary infection is
responsible for long term defensive behavior of a body’s
immune system against serotype infections. From 2 to 3
months after primary infection, without any long term cross-
defensive resistance, people experiencing contamination are
sheltered from clinical illness with a particular serotype (Wei
Xiang et al. 2022). In the course of primary infection in
infants and secondary infection, antibody-dependent
enhancement (ADE) of the infection has been assumed as a
mechanism of action to define the severity of dengue (WHO
2022). According to this model, cross-reactive and non-
neutralizing antibodies are composed that bind with epitopes
present on the surface of heterologous infective virus during
primary infection and facilitate the entry of the virus in the
Fc-bearing cells. Viral load increases with expanding infected
cells and activate the host immune response like mediators
which results in the capillary leakage. During secondary
infection, memory T cells (cross-reactive) are triggered and
further proliferate to release cytokines and correlate the
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Table 1: Reported healthcare-associated transmission of dengue virus

Virus  Routes of transmission Comment

References

Dengue Blood transfusion

Donated blood, from which RBC’s transfused recipients; fever and myalgia (Perera et al. 2020)

developed after 3 days of transfusion and was detected with DENV-2.

Bone
transplant
Needle-stick

infected with DENV-4.

marrow A bone marrow donation caused the death of a 6-year-old Puerto Rican who (Bhat et al. 2018)

Several medical professionals became infected after needle-stick injuries during (Grobusch et al. 2020)

care of returned travelers diagnosed with dengue.

Renal transplant
Mucocutaneous

Dengue hemorrhagic fever developed in renal transplant recipients.
A medical professional became infected with DENV-3 after being splattered in (Ullah et al. 2019)

(Delfino and Mazzali 2022)

face by blood from a febrile traveler return from Peru diagnosed with dengue.

That person gets
dengue 4-13 days later

Dengue infected mosquito
bites another person

Fig. 1: Transmission of dengue fever
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Fig. 2: Life cycle of A. aegypti: Female A. aegypti lays eggs on the inner walls of artificial containers. As the containers fill with water,
mosquito larvae hatch from the eggs. The larva metamorphose into pupa after four larval stages which are named as four instars

severity of the disease. Research studies show that
dysfunction of endothelial cells can mediate plasma leakage
and can also be linked with the augmentation of infected T
cells, monocytes, monokines, cytokines, complement system
and generation of mediators (Uno and Ross 2018).

Life Cycle of Aedes aegypti

A. aegypti is a primary vector of viruses that cause dengue
fever. It is geologically distributed in tropical and subtropical
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areas and utilizes an abundance of artificial containers for
breeding (Tedjou et al. 2019). A. aegypti is a polymorphic
type of arthropods that undergoes complete metamorphosis.
An adult's life span ranges from 2-4 weeks depending on the
environmental temperature and climate. During entire life, a
female member lays ova about 4-5 times (Fig. 2). There are
three polytypic forms of A. aegypti that have been found
including (a) sylvan type which is a rural form that
reproduces in forests, especially in tree holes, (b) domestic in
urban habitats, and (c) peridomestic form that breeds in
ecologically modified areas (Calma and Medina 2020).




Manifestations

Three clinical forms have been found such as dengue fever,
dengue shock syndrome and dengue hemorrhagic fever in
individuals infected with dengue (Kothai and Arul 2020).
Most dengue virus infections are not symptomatic which
means that when a patient with fever has only mild
symptoms, DENV is not yet recognized as the infection's
primary cause. With the influenza-like dengue fever and
dengue shock syndrom, each of three clinical presentations
has a different level of symptom severity. In many cases,
dengue virus infections may sometimes be fatal or life-
threatening and develop to dengue hemorrhagic fever (DHF)
or dengue shock syndrome (DSS) while mild febrile DF is
often not lethal (Umakanth and Suganthan 2020).

Typically, symptoms start to manifest within 3-10 days
during the incubation period. The clinical manifestations for
DHF and DSS range in intensity from minor symptoms to
severe life-threatening symptoms. Due to the ambiguous
clinical presentation and lack of knowledge on the
pathophysiology and molecular pathways underlying the
disease, predicting the transition from mild symptoms to
severe DHF/DSS is still challenging (Kothai and Arul 2020).
According to the WHO, febrile episodes that are about 40°C
for 2-7 days are characteristic of DF and are frequently
accompanied by rash, nausea, vomiting, and headache. The
severity of the preceding symptoms may increase after 3to 7
days, along with the appearance of new symptoms such as
abdominal pain, nasal bleeding, insomnia, and restlessness.
Leukocyte counts are often increased and hepatic
aminotransferase activity is mildly enhanced in instances of
mild dengue fever, according to laboratory testing. If no
therapeutic measures are adopted when these symptoms first
appear, the disease will proceed to a severe form (DHF/DSS).
Clinical interventions at this stage and ongoing monitoring
are required, especially in the endemic area, to stop vascular
leakage (Ahmad et al. 2020).

Any of the four identified DENV 1-4 serotypes causes severe
dengue infection. Individuals having a history of dengue
infection with a heterogeneous serotype are more likely to
develop DHF/DSS. Severe DHF/DSS may affect 5-10% of the
patients, and if left untreated, it can be fatal. Significant
bleeding especially from the digestive system is another
feature in addition to thrombocytopenia (50,000/mm?), which
may affect up to 50% of DHF cases. Remarkably, the quantity
of platelets in the blood and the incidence of DHF are
negatively correlated. Further, the precise mechanism
responsible for this correlation is still being investigated.
Vascular fragility is a result of decreased platelet numbers, loss
of function and other factors and it may increase the possibility
of bleeding and plasma leaks (Umakanth and Suganthan 2020).
The DENV induces thrombocytopenia by direct contacting
with megakaryocytes and platelets which in turn inhibit or
activate platelet counts. Deep shock, also known as dengue
shock syndrome, can be brought on by hypotension and
systolic pressure that persist. DSS that lasts a long time can
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increase the risk of developing further issues such excessive
bleeding, diffuse intravascular coagulopathy (DIC),
respiratory arrest, multi-organ failure, and rarely meningitis
and encephalopathy that results in death (Madi et al. 2014).
Along with the normal symptoms, dengue can also have an
impact on a number of other bodily functions like dengue
encephalopathy is earlier considered to be exclusively linked
with dengue hemorrhagic fever and dengue shock syndrome
(Trivedi and Chakravarty 2022). The Guillian Barre
Syndrome (GBS) and transverse myelitis are two more
neurological diseases that resemble with the dengue. The
course of dengue infection is further divided in to three
phases such as febrile, serious and recovery as mentioned in
Table 2 (Kothai and Arul 2020).

Diagnosis

The possibility of a prompt and accurate diagnosis is
occasionally exacerbated by the fact that the manifestations
of DF are identical to several other diseases such as typhoid
fever or malaria. Diagnosis of dengue initiates with a clinical
sign of febrile phases of illness, dengue patients often have
fever accompanied by nausea, body pain, maculopapular
rashes, bleeding nose, and gums (WHO 2022).

In order to effectively combat the disease, it is crucial to make
an early and accurate diagnosis of dengue infection in the
laboratory. According to estimates, up to 50% of dengue cases
could go undiagnosed. This is particularly for those who reside
in or travel to locations where tropical infectious diseases are
widespread, the signs and symptoms of dengue differ vary
greatly from those of other viral infections. Avoiding severe
instances and reducing the financial burden of the illness until
an availability of anti-viral vaccine, is crucial for diagnosis in
early and accurate manner (Kothai and Arul 2020).

The major advance laboratory tools used for detecting dengue
infection involve; (a) nucleic acid amplification tests (NAAT)
to identify the specific virus serotype; (b) genomic sequences
and viral isolation from mosquito cell lines and (c) ELISA to
detect antigen and antibodies (Huang et al. 2014). For early
detection of dengue infection, two screening methods; direct
and indirect approaches have been used. The former is used
for detection of NS1 antigens and viral RNA from patient’s
blood infected with viremia in case of acute febrile phase. The
latter is used in post febrile phase where IgG and IgM
antibodies are detected by Mac-ELISA. The rapid and reliable
method used for diagnosis of dengue virus is the extraction of
RNA from blood, serum, tissues, saliva, and urine and
perform reverse transcriptase PCR (RT-PCR) (District 2019).
For the first time, the neutralizing antibodies measured by
neutralizing test was developed by Russell named as Plaque
Reduction neutralizing tests (PRNT). The neutralizing
antibodies inhibit dengue virus infection and offer greater
specificity in separating DENV- specific antibodies from
those that are cross reactive flavivirus antibodies. Since
PRNT requires a lot of labor, takes a long time and has a low
throughput, it is not frequently employed in dengue diagnosis
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Table 2: Phases of dengue infection

Phases Symptoms Duration

Febrile High grade fever, headache, vomiting, rash 2-7 days

Serious Organ dysfunction, fever, severe bleeding from GIT, DSS and DHF 1-2 days

Recovery Serious pruritus, bradycardia, maculopapular rash, 2-3 days

Table 3: Laboratory diagnostics for dengue with specimen and sensitivity.

Diagnostic methods Technique Specimen Sensitivity

Antibody detection IgM detection Serum, plasma, whole blood 61.5-100
1gG detection 46.3-99
Rapid IgM detection 20.5-97.7

Antigen detection Viral antigen detection (NS1) Serum, plasma 54.2-93.4

Antigen-antibody combined detection NS1 and IgM Serum, whole blood 89.9-92.9
NS1 and IgG/IgM 93.0

Viral detection Virus isolation (cell culture) Whole blood, serum, tissues 40.5
Viral RNA RT-PCR 58.9-100
Viral RNA (NASBA) RT-PCR 98.5

Table 4: Natural sources activity against A. aegypti

Plant Common Name Part Used Reference

Boesenbergia rotunda Temukunci Roots used to make paste (Akram et al. 2021)

Kaempferiaparviflora Thai ginseng Leaves and stem (Balaji et al. 2022)

Carica papaya Papaw Leaves (Teh et al. 2022)

Solanumvillosum Red nightshade Berry (Siam et al. 2022)

Combretumcollinum Weeping bushwillow Shoots (Schultz et al. 2021)

Azadirectaindica Neem Leaves (Dwivedi et al. 2021)

Citrus limetta Sweet lemon Peel extract (Bailéo et al. 2022)

Acalyphaalnifolia Copper leaf Leaf (Subbiah 2021)

Delonixelata White gulmohur Leaf (Suresh et al. 2020)

even though it is still the assay for immunity studies that is
most frequently utilized (Lima et al. 2022). In order to get
around the limitations of PRNT, newer tests have been created
such as the ELISA-based spot and microneutralization test,
the fluorescent antibody cell sorter that based on dentritic cell
specific intercellular adhesion of molecule-3-grab-bing Non-
integrin expressor DC assay. Immune fluorescence test,
capture ELISA and hemagglutination assays are used for the
diagnosis of DENV infection in early stage by using
hematological and biochemical indicators (Limkittikul et al.
2022). Laboratory diagnostics for dengue with specimen and
sensitivity has been mentioned in Table 3 (Lima et al. 2021,
Alidjinou et al. 2022).

Treatment of Dengue Fever

Currently, to cure the dengue fever no specific treatment is
available. Typically, the fluid replacement along with the use
of analgesics and proper rest is satisfactory. Acetaminophen
can be used for the treatment of fever. The use of drugs like
corticosteroids, aspirin, and NSAIDs should be evaded
(Kellstein and Fernandes 2019). Research studies have been
carried out by Novartis Institute for Tropical Diseases (NITD),
Singapore to find out the inhibitors of target proteins of dengue
virus to decrease the load of virus in active infection. The acute
form of dengue fever necessitates fluid therapy and treatment
of hemorrhage. The patients with dengue shock should be
admitted to an intensive care unit. Ringer lactate which is an
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isotonic solution could be used in patients who are deficient in
intravascular volume (Yokokawa 2020).

A hemostatic drug such as carbazochrome sodium sulfonate
(AC-17) (due to capillary stabilizing activity) reduces the
high permeability of blood vessels. This vascular hyper-
permeability may be induced by vasoactive components via
an agonist induced inhibition of phosphoinositide hydrolysis.
Fluid therapy is used in the critical phase. There is inadequate
evidence regarding the quantity and fluid selection. Fluids
which could be used to increase the volume are 5% albumin,
normal saline, plasma or plasma substitutes, ringer lactate
and 5% glucose diluted in ratio 1:2 or 1:1 in normal saline
(Hasan et al. 2016).

The fluid therapy is based on the principles comprising oral
as well as intravenous fluid intake depending upon the
condition of the patient. The purpose of this fluid therapy is
to prevent hypovolemia. However, the excessive fluid
therapy is prohibited. Crystalloids like 0.9% saline are
recommended as first line 1/V fluids (Kajimoto and Kitajima
2020). The intake of 1/V fluids in patients can be increased
gradually to minimize the risks. The use of acetaminophen
prevents the use of NSAIDs such as acetylsalicylic acid and
ibuprofen because of their increased risk of bleeding. The
patients with reduced hematocrit should be transfused with
blood (van Bergen et al. 2022).

The drugs obtained from natural sources have larvicidal and
mosquitocidal activity against A. aegypti. The important
natural cures are mentioned in Table 4.




Prevention and Control

In December 2015, Sanofi Pasteur was licensed to develop
the first dengue vaccine Dengvaxia® (CYD-TDV) which is
now approved by regulatory authorities in almost 20
countries. Additional analysis was performed in November
2017 to find out the serostatus at the time of vaccination
release. The results of the study showed that the group of
volunteers (without prior dengue virus infection) who
participated in the trial study were deduced to be seronegative
at their first vaccination and had a great risk of severe dengue
and hospitalization in comparison to unvaccinated
participants. Therefore, use of CYD-TDV vaccine is allowed
for 9-45 years old people with laboratory established prior
dengue virus infection (WHO 2022). The risk of dengue
infection is increased in seronegative vaccinated individuals
because they are exposed to natural dengue infection for the
first time as the live-attenuated Dengvaxia® triggers an
initial immune response to dengue. Strategic Advisory Group
of Experts from World Health Organization (WHQ) updated
its recommendations from April 2018 assuming that pre-
vaccination screening method must be recommended for
nations contemplating CYD-TDV immunization, in which
only people who are seropositive for dengue can be
immunized. In 2019, Food and Drug Administration also
approved Dengvaxia® as dengue vaccine (Biswal et al.
2022).

Currently, avoiding the bite of vector mosquito is the only
way to avert dengue virus. This could be done by avoiding
traveling to the areas where dengue is endemic. Mosquito
netting is also used but its use is not much beneficial because
Aedes bites during daytime. The mosquito indoor sprays can
also be used for elimination of mosquito (Wang et al. 2020).
Recently, non-chemical techniques have been categorized as
"biopesticides,"” which simply refers to eradicating the
pathogen with substances derived from living creatures. To
find a powerful agent, it is necessary to investigate biological
control agents such as diverse predators and parasites, i.e.,
viruses, fungus, bacteria, etc. The use of different viruses and
predators as biological mosquito control agents has been
documented. Wolbachia is an intriguing prospective new
dengue biocontrol method against Wolbachia infection uses
inherited endosymbiotic bacteria to make mosquito
populations resistant to arboviruses and exhibit low
significance against vector (Ritchie 2018).

Conclusion

Dengue fever is a rising public health issue throughout the
world. For disease prevention, all dengue-endemic countries
require more effective surveillance systems. A vaccination is
urgently needed to reduce dengue fever-related morbidity
and mortality. Several medicinal plants have been identified
that have significantly inhibited response towards dengue but
still effective and proper treatment needs to show positive and
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therapeutic outcomes. In addition, distinct serotypes in
dengue endemic can be managed with the help of respective
vaccine.
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INTRODUCTION

Tick borne encephalitis is a serious arbo-viral zoonotic
infection in human affecting their Central Nervous System
(CNS) and commonly found in Asia and Europe (Ruzek et al.
2019). The virus is transmitted by Ixodes ticks spp. and
taxonomically belongs to the family Flaviviridae and genus
Flavivirus (Simmonds et al. 2017). Transmission of virus
typically occurs during the infestation of tick hence, the
incidence of TBE is linked with expansion of these ecto-
parasites (Salat and Ruzek 2020). Additionally, it is also
transmitted through ingestion of TBEV-infected milk and
milk products. Sheep, goat, horses, dogs, rodents and other
animals is its reservoir host and human are dead end host
(Buczek et al. 2022). The most serious form of TBE virus is
inflammation of brain and spinal cord known as
encephalomyelitis (Gritsun et al. 2003).

It was earliest narrated in Austria and detached in Russia, in
the years 1931 and 1937 respectively (Valarcher et al. 2015).
TEBV is an enveloped, spherical, positive sense, RNA
(single stranded) virus and roughly 50 nm in width. It is
appeared in three distinct forms viz. mild, moderate and
severe. This viral genome is encoding one polypropylene that
split into 3 structural (C, M, E) and seven non-systemic
proteins. Its nucleo-capsid is comprised of viral nucleic acid
and capsid protein C, which is enveloped by a lipid protein
consisting of protein M and E (Flzik et al. 2018). The
principal part of viral exterior surface is Protein E and take
part as virus-neutralising antibodies while post infection
(Heinz and Stiasny 2012).

TBE is transmitted both transtadially and transovarially
between their developmental stages. Ticks have long life

cycle and TEBV have ability to survive throughout their
developmental stage yet, its cycle is affected by certain
factors as microclimate, host factor and environmental
changes. In the winter season, some tick’s activity become
limited. Furthermore, ticks mostly active in plantation
weathers with sufficient amount of moisture and increased
temperature. During moulting, it’s size contract with
discharge of water and toughness of skin and until the
upcoming spring, ticks develop itself for cold season
(Wondim et al. 2022).

Etiology

Tick-borne encephalitis (TBE) is a serious infectious disease
that affects the central nervous system (CNS) of animals and
humans (Ruzek et al. 2019). About 10,000 to 15,000 cases
are reported in Europe and Asia annually (Bogovic and Strle
2015). TBE virus (TBEV) is the causative agent of the
disease, that represents arboviruses, including viruses, which
are transmitted by blood-sucking arthropods. Phylogenetical
character of the virus relates it to the Flaviviridae family and
genus Flavivirus (Simmonds et al. 2017). TBEV includes 3
sub-types namely:

1) The European subtype that is transmitted by Ixodes (1.)
ricinus ticks

2) The Far eastern subtype that is transmitted significantly
by I. persulcatus and

3) The Siberian subtype that is transmitted by I. persulcatus.
The viral genome is a single-stranded RNA genome that
encodes one polyprotein and split into three structural viz. C,
M and E and seven non-structural proteins. The nucleocapsid
of the virus consists of the viral nucleic acid and capsid
protein C. The nucleocapsid is enveloped by a lipid
membrane containing two proteins i.e., M and E (Flzik et al.
2018). Protein E is the main surface antigen, which allows
the host cells to mediate infection by binding with the surface
receptors (Heinz 1986).

Epidemiology

This virus is endemic in Russia, Mongolia, central, eastern
and northern Europe, northern part of the China and Japan.
According to a survey, about 170,000 cases of humans have
been appeared in Europe and Russia since 1990 to 2009 (Suss
2011). This virus has three subtypes that is prevalent across
the Eurasian continent i.e. the Western European subtype
previously known as central European encephalitis virus,
commonly found in the regions of central, eastern and
northern Europe (pastoral and woodland), where I. ricinus is
the main vector; the Siberian subtype earlier called as West
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Siberian encephalitis virus, typically present in Ural region,
far-eastern Russia and north-eastern Europe, where 1.
persulcatus is the main vector responsible for disease
transmission; and the far-Eastern subtype previously named
as Russian spring-summer encephalitis, indigenous in the far-
eastern Russia and some woodland of Japan and China. It is
also transmitted by I. persulcatus (Valarcher et al. 2015).
According to survey of 2000-2019, 51,519 confirmed cases
have been reported in Europe, though the number of cases get
declined during the years 2014 and 205 but after 2015,
instances of cases have climbed again. The main reasons for
the prevalence of TBEV are host community, movement of
host, environmental conditions and traveling of people
around foci area. Overall, mean incidence rate was 3.27 in
this entire period (2000-2009) (Wondim et al. 2022).

It is reported in 28 different countries around the globe and
recent presence of TBEV virus in north Europe indicates the
disclosure of new foci of TBE (Wondim et al. 2022). Its
distribution is not constant and the data is still insufficient in
some countries i.e., Germany and Austria, where information
regarding TBEV virus is inadequate and their reporting habits
differ from geographical and historical reasons (Dobler et al.
2012). Therefore, a lot of research needs to be done on this
virusotherwise it will get prevalent across the globe and
become threat for the human health.

Pathogenesis

Tick bite is considered as a significant source of TBEV
infection rather than the consumption of unpasteurized dairy
products. After infected tick bite, virus replicate first at the
inoculation site, afterwards drain into lymphatic system.
Virus has been found in dermal, Langerhans and dendritic
cells that is the primary site of infections before enter into
regional lymph nodes. Plasma viremia occurs after
replication of virus inside the lymph nodes. From this site,
virus reach to different tissue i.e., spleen, liver and bone
marrow via heamatogenic route that results inflammation,
lysis and cellular dysfunctions (Ruzek et al. 2010).
Significant proportion of virus tires are required to cross the
blood brain barrier. Patients having small number of TBEV
specific antibodies, rarely neutralizes the titres to avoid CNS
infection, consequently, virus replicate at neurons target site
and cause inflammation, cellular lysis, necrosis, apoptosis and
cellular dysfunction. This infection leads microgliaand TBEV-
specific T lymphocyte migration toward CNS, particularly to
the grey matter and prone to immunopathogensis at the
infected sites. In lethal state, it also affects spinal cord, brain
stem and cerebellum (Mansfield et al. 2009).

Transmission

In every active developmental stage, ticks can be infected
with TBE virus. After entering in ticks, this virus localized in
tissues, salivary glands and ovaries. It’s presence in ovaries
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indicates that transovarial transmission are common in ticks.
Moreover, the virus present in the entire organism, transstadial
transmission is also plausible (Lickova et al. 2020).

Larvae are infected with virus via transovarial transmission.
Furthermore, larvae and nymph are also get infection while
co-feeding the same rodent host and keep their infection after
molting in the subsequent stage through transstadial
transmission. Once infected, ticks carry that infection
throughout their lives. Mammals are infected by tick’s bites
or contact with the wounds having eggs of infected virus.
Virus attached with saliva enter into mammals and reach their
organs. Its incubation period is 7-14 days depends on the host
species and their immunological conditions. During this
entire period, virus multiplies and spread to entire organisms.
This make horizontal transmission possible between co-
feeding ticks species. Apart from this, transmission is also
spread via milk and milk products obtained from the infected
host. Additionally, it is also spread through inhalation with
dust and blood transfusions (Karbowiak and Biernat 2016).
Fig. 1 shows the cycle of TBEV transmission to the host.

Clinical Manifestations

Canine Tick-borne Encephalitis

The common clinical manifestations of tick-borne
encephalitis in canines include an elevated body temperature
up to 106.5 F and behavioral changes that include denying of
food, shyness, apathy and increased aggressiveness.
Musculoskeletal disorders are often found in the affected
animals, with forelimb and hindlimb motion disabilities
being the most common. Severe neurological and brainstem
damage is evident from the neurological symptoms such as
paresis of the forelimbs or hind limbs, quadriplegia, seizures,
convulsions, ataxia, perceptual disorders, hyperalgesia in the
neck, hyperesthesia, loss of head sensitivity, facial nerve
paralysis, strabismus, anisocoria, nystagmus, miosis, loss of
the corneal reflex, and optical neuritis (Valarcher et al. 2015).

Equine Tick-borne Encephalitis

Studies on the prevalence of TBE-specific antibodies in
horses have revealed that this species is also susceptible to
TBEV infection, though the disease is asymptomatic in the
vast majority of cases. The signs of disease reported in
individual cases include poor general condition, loss of
appetite, anorexia, shyness, nervousness, ataxia, spasms,
epileptic seizures, and hyperalgesia in the neck (Klaus 2013).

Ruminants Tick-borne Encephalitis

In Ruminants, Tick-borne encephalitis is usually
asymptomatic and do not typically cause problems in the
infected host. However, rare descriptions of symptomatic
TBE in ruminants also exist (Béhm et al. 2017).
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TBE Manifestation in Humans (Tick-borne
Encephalitis zoonoses)

TBE virus is one of the principle causes of the central nervous
system (CNS) infection in humans. It causes clinical disease
in all ages but adults are particularly more vulnerable. TBEV
infection is of biphasic nature (Gresikova 1999). The
incubation period varies between 2 to 28 days, with an
average of 7 days. In the first phase of infection that is the
viremic phase which encompasses first two to eight days of
infection, flu-like symptoms with an increased temperature,
nausea, headache, lethargy and aching back and limbs are
most evident. Subsequently, there follows an asymptomatic
period and, in 1/3™ of the patients, a second phase of the
disease is reported, which is characterized by a sudden onset
of fever. This is the phase chiefly affecting CNS and is
manifested by clinical symptoms including anorexia, fever,
headache, vomiting, photophobia, sensory changes, visual
disturbances, paresis, paralysis, or even coma. Other reported
symptoms include hyperkinesis of the limbs and face
muscles, convulsions, lingual tremor and paresis of the
respiratory muscles. This disease might prove fatal a week
after the onset of clinical disease (Flizik et al. 2018).

In case of a severe disease observed in 10-20% of the
patients, chronic neuropsychiatric or nervous sequelae are
observed, such as lack of concentration, depression or paresis
of the face or limbs due to chronic myelitis or encephalitis
(Chambouris et al. 1989).

Treatment

The TBEV infection has no specific treatment options. When
neurological symptoms are present, antiviral therapy is not
used as a form of treatment because the virus has already
disappeared. The treatment is primarily symptomatic and
includes  nonsteroidal  anti-inflammatory  medication.
According to the severity of their symptoms, patients
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Fig. 1: Transmission
cycle of Tick-Borne
Encephalitis Virus

Fig: Tick borne
Encephalitis

typically require hospitalisation and supportive care, which
includes giving antipyretics, analgesics, antiemetics,
maintaining a healthy balance of water and electrolytes, and
giving them anticonvulsive agents if necessary. Intubation
and ventilatory support are necessary for patients with
neuromuscular paralysis who have respiratory failure. For
patients in a coma or experiencing difficulty breathing,
reanimation therapies are administered (Bohm et al. 2017). A
possible consequence of acute viral encephalitis is cerebral
oedema, which worsens the clinical presentation and foretells
a poor neurologic outcome. Intravenous mannitol and/or
steroids are frequently administered to patients with
significantly increased intracranial pressure. Mannitol
induces the fluid from an oedematous brain to return to the
intravascular space, which strengthens cerebral perfusion
pressure, increases circulation volume, and decreases
intracranial ~ pressure by  cerebral  autoregulation.
Additionally, it influences the fluidity of the erythrocyte
membrane, which enhances blood flow and oxygen delivery
by lowering blood viscosity. Five percent of patients with
cerebral hypertension experience a rebound phenomenon.
When the serum osmolality exceeds 320 mOsm/L, it is often
advised to discontinue administering mannitol to avoid
complications. No credible (comparative) research supports
the use of mannitol in TBE patients, despite the fact that it is
a fairly common clinical practise to administer intravenous
mannitol to people suffering from extremely increased
intracranial pressure (Fuzik et al. 2018).

Prevention and Control

The primary methods for controlling TBEV are infection
prevention through active immunisation of populations at
risk (Christine Klaus et al. 2010) and prevention of
transmission from ticks or food products (such as pasteurised
milk), wearing light-colored clothing (light colours make
ticks easier to spot) having full sleeves and pants tucked into
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socks or shoes, using repellents, and carefully checking for
ticks over the entire body are the possible options to avoid
getting ticks. Avoiding ticks means limiting contact to
vegetation, particularly in deciduous and mix forests with a
dense understory and a layering of decomposing vegetation
on the ground that offers enough humidity for tick formation
and survival. However, within a few minutes of attachment,
an infected tick's saliva may transfer TBEV since it is present
in its salivary glands. The most effective method to prevent
the disease in a risk area is active immunization by
vaccination. Two TBE vaccines, FSME-IMMUN® and
Encepur®, are licensed in Europe. In addition to the
European vaccinations, Russia has registered two vaccines
(TBE-Moscow and EnceVir) based on the Far-Eastern
subtype of Tick born encephalitis virus. The viruses are
produced in cells of chick embryo and formalin has been used
to inactivate them and aluminum hydroxide is used as
adjuvant in both of the vaccines. Another vaccination based
on the Far-Eastern subtype of tick born encephalitis virus has
been produced and used in China (Riccardi N et al. 2019).

Conclusion

Tick serves as a vector for transmission of tick-borne
encephalitis virus and its cycle is affected by certain factors
including microclimate, host factor and environmental
changes. After infected tick bite to the host, virus replicate
first at the inoculation site, and then drain into the lymphatic
system. Virus has been found in dermal, Langerhans and
dendritic cells that is the primary site of infections before
entering into regional lymph nodes. During this entire period,
virus multiplies and spread to entire organisms. This makes
horizontal transmission possible between co-feeding tick
species. The primary methods for controlling TBEV are
infection prevention through active immunization of
populations at risk leading to prevention of transmission from
ticks or food products (such as pasteurised milk), wearing
light color clothing (light colours make ticks easier to spot)
having full sleeves and pants tucked into socks or shoes,
using repellents, and carefully checking for ticks over the
entire body.

REFERENCES

Bogovic P and Strle F, 2015. Tick-borne encephalitis: A review of
epidemiology, clinical characteristics, and management. World
Journal of Clinical Cases 3(5): 430-441.

Bohm B et al., 2017. Tick-borne encephalitis in a naturally infected
sheep. BMC Veterinary Research 13(1): 1-6.

Buczek AM et al., 2022. Food-Borne Transmission of Tick-Borne
Encephalitis Virus—Spread, Consequences, and Prophylaxis.

Unigque Scientific Publishers

International Journal of Environmental Research and Public
Health 19(3): 1812.

Chambouris R et al., 1989. Antibodies in dogs to the virus of tick-
borne encephalitis (early summer encephalomyelitis/tick-
borne encephalitis) in Greece. Geographia Medica 3: 11-4.

Christine Klaus et al. 2014 BMC Veterinary Research volume 10,
Article number: 78.

Dobler G et al., 2012. Epidemiology and distribution of tick-borne
encephalitis. Wiener Medizinische Wochenschrift 162(11):
230-238.

Fuzik T et al., 2018. Structure of tick-borne encephalitis virus and
its neutralization by a monoclonal antibody. Nature
Communications 9(1): 1-11.

Gresikova M, 1999. Kliestova encefalitida - trvaly verejno-zdravot-
nicky problém. Veda 1999.

Gritsun TS et al., 2003. Tick-borne encephalitis. Antiviral Research
57(1-2): 129-146.

Heinz FX and Stiasny K, 2012. Flaviviruses and their antigenic
structure. Journal of Clinical Virology 55(4): 289-295.

Heinz FX, 1986. Epitope mapping of flavivirus glycoproteins.
Advances in Virus Research 31: 103-168.

Karbowiak G and Biernat B, 2016. The role of particular tick
developmental stages in the circulation of tick-borne pathogens
affecting humans in Central Europe. 2. Tick-borne encephalitis
virus. Annals of Parasitology 62(1).

Klaus C, 2013. Tick-borne encephalitis virus (TBEV) infection in
horses: Clinical and laboratory findings and epidemiological
investigations. Veterinary Microbiology 163(3-4): 368-372.

Lickova M et al., 2020. Dermacentor reticulatus is a vector of tick-
borne encephalitis virus. Ticks and Tick-borne Diseases 11(4):
101414,

Mansfield KL et al., 2009. Tick-borne encephalitis virus—a review
of an emerging zoonosis. Journal of General Virology 90(8):
1781-1794.

Riccardi N et al., 2019. Tick-borne encephalitis in Europe: a brief
update on epidemiology, diagnosis, prevention, and treatment.
European Journal of Internal Medicine 62: 1-6.

Ruzek D et al., 2010. Tickborne encephalitis: pathogenesis and
clinical implications. Travel Medicine and Infectious Disease
8(4): 223-232.

Ruzek D et al., 2019. Tick-borne encephalitis in Europe and Russia:
Review of pathogenesis, clinical features, therapy and
vaccines. Antiviral Research 164: 23-51.

Salat J and Ruzek D, 2020. Tick-borne encephalitis in domestic
animals. Acta Virologica 64: 226-232.

Simmonds P et al., 2017. Ictv Report C. 2017. ICTV virus taxonomy
profile: Flaviviridae. Journal of General Virology 98: 2-3.
Simmonds P et al, 2017. ICTV virus taxonomy profile:

Flaviviridae. The Journal of General Virology 98(1): 2.

Suss J, 2011. Tick-borne encephalitis 2010: epidemiology, risk
areas, and virus strains in Europe and Asia: an overview. Ticks
and Tick-borne Diseases 2(1): 2-15.

Valarcher JF et al., 2015. Tick-borne encephalitis. OIE Revue
Scientifique et Technique 34(2): 453-466.

Wondim MA et al., 2022. Epidemiological Trends of Trans-
Boundary Tick-Borne Encephalitis in Europe, 2000-2019.
Pathogens 11(6): 704.



https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-10-78#auth-Christine-Klaus
https://bmcvetres.biomedcentral.com/

Babesia microti Studies in México

AUTHORS DETAIL

Blanca Rosa Aguilar-Figueroa!, Carlos Ramon
Bautista-Garfias?*, Maria Guadalupe Gordillo Pérez®
and Liliana Aguilar-Marcelino?

'ENCB, IPN, México City, México

2CENID-SAL, INIFAP, Jiutepec, Morelos, México
3Centro Médico La Raza, IMSS, México
*Corresponding author: foto.dibujo@gmail.com

Received: Sept 12, 2022 Accepted: Dec 29, 2022

INTRODUCTION

In North America, the cases of human babesiosis exceeds
20,000; it is considered as an emerging zoonotic disease
mainly caused by Babesia (B.) microti (Yang et al. 2021).
Wild rodents and hard ticks of the Ixodes genus are involved
in the life cycle of this parasite. Wild rodents of several
genera, including Peromyscus, are widely distributed in
México (Ceballos 2014) and Ixodes ticks are also present in
the country (Hoffman and Lopez-Campos 2000). In this
respect, Ixodes (1.) scapularis not only transmits B. microti,
it also transmits Borrelia burgdorferi the causative agent of
Lyme disease (llloldi-Rangel et al. 2012; Feria et al. 2014).
To date, there is no published information on the presence of
B. microti in wild rodents in Mexico, which are a source of
infection in humans. Taking into consideration the One
Health focus for controlling parasitic diseases, the objective
of this study was to determine the presence of B. microti in
wild rodents from three Mexican natural parks located in the
states of Mexico, Guerrero and Michoacan, through PCR
amplification of the 18S rRNA gene.

Etiological Agent

Babesia microti is one of the causative agents of babesiosis
in mammals (Kreier and Baker 1987) and a tick vector,
generally of the Ixodes genus, is involved in transmission of
this parasite to mammals. Briefly, when the infected tick bites
a mammalian host, generally a wild mouse Peromyscus spp.
transmits sporozoites to it, which then penetrate a red blood
cell; once there, they transform into trophozoites, which
generates mature merozoites and these, rupture the red blood
cell to penetrate more erythrocytes. When a susceptible tick
vector bites the infected mammal, the cycle continues

(Westblade et al. 2017). Fig. 1 and 2 show a blood film of a
mouse infected with B. microti and a simplified life cycle of
the parasite, respectively.

Babesia microti Life Cycle

In the life cycle of B. microti, the interaction of 1. scapularis
with Peromyscus mouse is essential for the maintenance of
the parasite in nature. The adult stages of 1. scapularis feed
primarily on deer (Odocoileus virginianus), which do not
serve as reservoirs for B. microti, they feed again in the fall
and in the spring, after which the ticks lay eggs. These eggs
hatch in the summer, and the larvae feed primarily on wild
mice; at this moment, the tick can acquire B. microti. The
infected larvae overwinter and molt to become nymphs in the
spring. Then, the nymphs feed on hosts from May through
July. The nymphs that have fed molt into adults in the fall,
completing the tick life cycle. In areas where human
babesiosis is endemic, the ticks feed primarily on Peromyscus
wild mice (Kreier and Baker 1987; Telford et al. 1993;
Homer et al. 2000).

Material and Methods

Wild mice were captured from Michoacan State, México
State, and Guerrero State (Fig. 3) and DNA was extracted
from obtained samples and kept in the DNA and Tissue Bank
of the Emerging Infectious Diseases Laboratory (IMSS),
followed by a descriptive cross-sectional study. For this, DNA
was extracted from liver, ear or heart of these rodents, which
previously euthanized in accordance with the Norma Oficial
Mexicana NOM-062-ZOO0O (1999). From the samples, the B.
microti 18S rRNA gene of was amplified, using the Gray type
strain of the parasite as a positive control, and a 1.5% agarose
gel electrophoresis of the PCR products was carried out to
perform purification and product sequencing for comparison
with Gen Bank sequences (Persing et al. 1992).

RESULTS

The amplified samples showed 99% similarity to B. microti.
Regarding the percentages of positivity in 190 DNA's
examined by state for B. microti, there were 16.9% (14/84)
from the State of Mexico; 16.6% (12/71) from Guerrero and
8.6% (3/35) from Michoacén.

The percentages of the 21 positive rodents were as follows:
28.6% for Peromyscus megalops, 23.8% for Peromyscus sp.,
14.3% for P. maniculatus, 9.5% for P. beatae, 4.8% for Mus
musculus and 14.3% for Megadontomys sp. (Fig. 4).
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Fig. 1: Blood smear of a mouse infected with the Gray strain of

Babesia microti stained with Giemsa stain, showing trophozoites
(Photograph by Carlos R. Bautista-Garfias).
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Fig. 2: Babesia microti simplified life cycle (Figure designed by
Carlos R. Bautista-Garfias). Left: the vector Ixodes spp. and a B.
microti sporozoite; right: wild mouse Peromyscus spp. (reservoir of
the parasite), and B. microti trophozoites inside red blood cells.
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Fig. 3: Map of México showing the States where wild rodents were
captured for this study.
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Fig. 4: Percentage of positivity of B. microti in wild rodents from
three Mexican States.

DISCUSSION

The knowledge on B. microti has been increasing in recent
years (Gray et al. 2010; Al Zoubi et al. 2016; Arsuaga et al.
2016; Primus et al. 2018; Strizova et al. 2020; Puri et al. 2021;
Telford et al. 2021). It also indicates that this parasite may
infect small mammals belonging to different families (Gao et
al. 2017), which suggests that the problem of babesiosis is
complex.

On the other hand, further research on B. microti infections
needed in Mexico because the only published study on B.
microti in the country is that carried out in humans in Yucatan
(Peniche-Lara et al. 2018). In this context, it must keep in
mind that a serious risk for human health is the fact that B.
microti can be transmitted by blood transfusion (Kumar et al.
2021; O'Brien et al. 2021). Additionally, in a recent study
researchers demonstrated that wild rodents from Meéxico,
such as those of the Peromyscus genus, are also infected with
Borrelia burgdorferi, the causative agent of Lyme disease
(Rodriguez-Rojas et al. 2020).

With reference to alternatives for controlling babesiosis,
Bautista-Garfias et al. (2005) demonstrated experimentally
that using the acid lactic bacteria Lactobacillus casei in mice
controls infection by B. microti, but further research is
needed.

Conclusion

The results demonstrated that B. microti is present in wild
rodents, mainly in animals of the Peromyscus genus, which
live in natural parks of three states of México. There is a
risk that the human population living in these areas, not
aware of the problem, and chances are there that they may
already exposed to infection by this pathogenic protozoan.
At the same time, the population of wild mice infected with
B. microti and the ticks involved in its transmission is
unclear which represent a major threat for human health. It
is urgent to carry out epidemiologic studies of B. microti
and its vectors using One Health approach so that
appropriate control measures may be applied (Hopkins et al.
2022).
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INTRODUCTION

The nematodes of the genus Trichinella belongs to the Family
Trichinellidae. Likewise, Trichinella belongs to the
Trichinelloidea  superfamily ~ which  has particular
characteristics different from other nematodes (Wu et al.
1998). Currently in the genus Trichinella two main clades are
recognized, one that includes the species that are
encapsulated in the muscular tissue of the host including
Trichinella (T.) spiralis, T. native, T6, T. britovi, T8, T.
murrelli and T9 and another in which the species are not
encapsulated including T. pseudospiralis, T. papuae and T.
zimbabwensis. It has been pointed out that although there are
no clear morphological differences between species and
genotypes, yet these can be differentiated (International
Commission on Trichinellosis, 2022).

The disease caused by species of the genus Trichinella is
known as Trichinellosis or trichinosis. It should be noted,
according to the International Organization of Epizootics and
the International Commission on Trichinellosis, that the
worldwide distribution of T. spiralis (the best-known species)
has been fundamentally influenced by humans, who
passively introduced it into the North, Central, and South of
the American continent, as well as in New Zealand and Egypt
(World Organization for Animal Health, 2022).

Trichinella is a genus of zoonotic nematode that occurs in
carnivores and omnivores (mammals, including people,
reptiles and birds) and causes the disease known as
Trichinellosis, which has been a public health threat for more
than 170 years (Murrell and Pozio 2000). In this context, it
has been estimated that only in China more than 40 million
people are at risk of Trichinella infection (Bai et al. 2017).

Etiological Agent

The recent application of molecular techniques has led to the
identification of 10 species including T. spiralis, T. nativa, T.

britovi, T. murrelli, T. nelsoni, T. pseudospiralis, T. papuae,
T. patagoniensis, T. zimbabwensis, and T. chanchalensis and
three genotypes including T6, T8, T9 which have not yet been
given species status (Zarlenga et al. 2020) (Fig. 1, Table 1).
T. patagoniensis was isolated and identified in muscle tissue
from cougar in Argentina (Krivokapich et al. 2012). More
recently, a new species, T. chanchalensis, was described in
wolverine (Gulo gulo) from northwestern Canada (Sharma et
al. 2020). It is important to note that T. spiralis, the most
studied species, is an intracellular parasite that does not Kill
the host cell, but induces transformations in cell structure that
benefits the survival of the parasite (Despommier 1990).
Trichinella species infect more than 100 species of vertebrates
including mammals, birds, and reptiles. In this respect, it is
estimated that 10,000 cases of Trichinellosis have been
reported from human worldwide on annual basis, with an
average mortality of 0.2% (Pozio 2005; Zarlenga et al. 2006).
Trichinella larvae are located in muscle tissue and the adults
in the small intestine for a long period of time, (International
Commission on Trichinellosis, 2022).

From the clinical point of view, the effect of Trichinella
infection in the pig (the most important host in many
countries, including Mexico) Ortega-Pierres et al. 2000) is
minimal and practically undetectable; however, trichinellosis
is considered an important zoonosis due to outbreaks in
humans. It should be noted that most cases of human
Trichinellosis in México have been due to the consumption
of semi-raw meat from backyard pigs (generally in
celebrations and family parties) that do not undergo sanitary
inspection (Ortega-Pierres et al. 2000).

Generally, it should be noted that the most important risk
factors in the domestic cycle of Trichinella include: 1)
intentional feeding with food scraps containing pig remains or
exposure (intentional or unintentional) to dead pig carcasses or
wild animals; 2) allow pigs to feed in garbage dumps; 3)
feeding wild animals with carcasses or remains of hunted
animals; 4) feeding horses with pig carcasses or animal
carcasses; 5) feeding sled dogs carcasses from other animals in
the arctic; 6) feeding carcasses as food to fur animals; 7)
feeding farmed crocodiles with meat from other farmed
crocodiles; 8) feeding young crocodiles with pig carcasses. It
is worth to mention that, in the domestic cycle of trichinellosis,
there is predominate infection of T. spiralis in pigs and
synanthropic hosts without affecting the health of these
animals significantly, except when the infection by Trichinella
is severe (International Commission on Trichinellosis, 2022).

Life Cycle of Trichinella spp.

The new-born Trichinella larvae (NLs) migrate from adult
female worms to host lymphatic vessels, then enter in the
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Table 1: Trichinella species or genotype, hosts, and world distribution (Table designed by Carlos R. Bautista-Garfias)

One Health Triad

T. nativa Mammals Arctic and Subarctic regions Uspensky el al. 2019
of America, Europe and Asia
T. britevi Mammals Tempered areas of Europe and Asia Pavic et al. 2019
Northeast and West Africa
| T. murrelli Mammals Tempered areas of North America Pozio and La Rosa, 2000 |
| T. melsoni Mammals East and South east Africa Pozio et al. 1997 |
| T. patagoniensis Mammals Patagonian region South America Krivokapich et al. 2012 |
T. zimbabwensis Mammals, Africa South of Sahara. Porio et al. 2007
Reptils
| T. chanchalensis Mammals Nothwestern Canada Sharma et al. 2020 |
T. papuae Mammals, Papua New Guinea. Takahashi et al. 20010
Reptils
T. psendospiralis Mammals, Cosmopolitan Santrac et al, 2015
Birds
Ta Mammals Arctic and Subarctic regions Reichard et al. 2008
of America
| T8 Mammals Tempered areas of North America Gottstein et al. 2009 |
| T9 Mammals Japan Tada et al. 2018 |

Trlchinella
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Fig. 1: Known species of genus Trichinella (composition by Carlos
R. Bautista-Garfias)

blood vessels to be transported to skeletal muscle cells. The
NL transform in the muscle cell to stage L, larvae. These
larvae may survive up to two decades in polar bears and up

Unigque Scientific Publishers

to four decades in humans. Once the Li larvae in muscle
tissue are ingested by a new host, they are released from the
muscle cells by gastric juices in the stomach; then they reach
the duodenum where these penetrate the intestinal villi and
transform into adult worms, which mate, and after six to
seven days, the females begin to produce NL, whose
production continues for at least one to two weeks or longer
depending on immune response at intestinal level
(International Commission on Trichinellosis, 2022) (Fig. 2).
The muscle larvae can be easily recognized in an infected
host, while the adult worms are difficult to detect, which can
only be obtained from the intestine. It is more difficult to
detect NL migrating in the blood of naturally infected host
(International Commission on Trichinellosis, 2022).

Transmission

Briefly, Trichinella transmission occurs when a susceptible
host (carnivorous or omnivorous, including man) eats meat
of a Trichinella infected host which harbours infective larvae
in muscle cells. Then, the life cycle of this parasite begins
again as depicted in Fig. 2. (International Commission on
Trichinellosis, 2022).
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Fig. 2: Biologic cycle of Trichinella spiralis: 1) After a muscle cyst
is ingested by a new host, the larva is liberated by the gastric fluids
of the new host. 2) Infective larvae transform into adults in the
intestine. 3) After copulation the female sheds live newborn larvae
(NL). 4, 5) NL migrate through lymph and blood. 6,7) NL penetrates
a skeletal muscle cell and induces the formation of a nurse cell
which will become a muscle cyst. (Figure designed by Carlos R.
Bautista-Garfias)

The protective immune response (PIR) vs Trichinella varies
in accordance with the host species infected

The PIR is
basically

directed to
o Newborn Larvae

The PIR is
directed to
adult worms in
the intestine

D)

Fig. 3: The protective immune response against Trichinella spiralis
in rodents and swine (Figure designed by Carlos R. Bautista-
Garfias; based on: Murrell 1985; Bell and Wang 1987; Zhang et al.
2018).

Epidemiology of Trichinellosis

T. spiralis parasitize the domestic animals, while the other
species in this genus mostly infect wild animals. When there
is improper management of domestic and wild animals, other
Trichinella species are also transmitted from the wild to the
domestic environment. Alternatively, T. spiralis can also be
transmitted from domestic animals to wildlife. In this respect,
it should be noted that no systematic epidemiological studies
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of Trichinellosis have been carried out in some countries such
as México. A very limited epidemiological information
available regarding the prevalence of T. spiralis yet
(International Commission on Trichinellosis, 2022).

Pathogenesis/Clinical Signs

Pathogenesis usually refers to humans rather than animals
and involves two phases of the Trichinella life cycle
including an intestinal (or enteric) phase and a muscular
(parenteral or systemic) phase. During intestinal phase,
symptoms like fever, myalgia, eosinophilia, and diarrhoea
occur. In the muscle phase inflammatory and allergic
responses due to invasion of skeletal muscle cells by larva
migrans may occur. In this phase, either there will be direct
damage to muscle cells or indirect stimulation of
eosinophils. In this regard, there is a correlation between the
levels of eosinophils and muscle serum enzymes such as
lactate dehydrogenase (LDH) and creatine phosphokinase
(CPK) (Bruschi and Murrell 2002; Dupouy-Camet et al.
2002).

Clinical signs generally are not detectable in animals such as
pigs; however, in humans symptoms may appear during the
acute phase of Trichinellosis, which include palpebral or
facial oedema, and myalgia, which is aggravated by
myocarditis, thromboembolic disease and encephalitis
(Bruschi and Murrell 2002).

Immune Response of Mammals to Trichinella spp.
Infection

The immune response of the host against Trichinella
infection is of both nonspecific and acquired type and
depends on the species of infected host (Ottesen et al. 1975;
Murrell 1985; Bell and Wang 1987). In mice and rats the
protective immune response in a reinfection is directed
against new born larvae (Bell and Wang 1987; Zhang et al.
2018), while in swine it is directed against the adults in the
intestine (Murrell 1985) as mentioned in Fig. 3. It also
depends on the Trichinella infective dose (Martinez-Gémez
et al. 2011; Wang et al. 2020) and the Trichinella species
(Wakelin et al. 1994). It must bear in mind that during
infection, T. spiralis is also capable of modulate the immune
response of the host; for example, depressing the production
of effector immune molecules, such as cytokines. (Song et al.
2019; Xu et al. 2021).

On the other hand, based on the acquired immune response
against Trichinella, several antigens are being evaluated as
possible vaccines (Zhang et al. 2018). However, other
approaches to induce protection of the host have been
developed; for example, the use of Lactobacillus casei that
generates a non-specific protection against T. spiralis
infection (Bautista-Garfias et al. 1999; Bautista-Garfias et al.
2001; Martinez-GAmez et al. 2009) and, recently, against T.
britovi (Boros et al. 2022).




Diagnosis

In order to detect Trichinella infection in the hosts, several
tests have been implemented, either to observe directly the
parasite, or to evaluate indirectly the effector immune
molecules (for example, antibodies) elicited by this. In
accordance with Ruitenberg et al. (1983), in order to detect
Trichinella larvae per gram in pigs, the less sensitive test is
the Trichinoscopy, while the best techniques available are the
digestion test (5 x 20g), pooled sample digestion (Van der
Giessen et al. 2013; Riehn et al. 2013), and the Enzyme
Linked Immunosorbent assay (ELISA) (Venturiello et al.
1998; Gamble et al. 2004). In this context, it has been
demonstrated that western blot is a useful diagnostic
technique for differentiating T. spiralis or T. britovi from T.
pseudospiralis (Gomez-Morales et al. 2018). For diagnosing
Trichinella infection in human, serological tests, such as
ELISA (Bruschi et al. 2001; Gdmez-Morales et al. 2008) and
Western blot (Yera et al. 2003) have been employed.

Control

The International Commission of Trichinellosis has
recommended the following points for the control of
Trichinellosis (Gamble et al. 2000; Dupouy-Camet and
Murrell 2007):

1- Detection at slaughterhouse level (in order of importance
i.e., pigs, horses and game animals.

2- Meat processing by cooking, freezing, or irradiation.

In this respect, China has pointed out the need to carry out
effective control measures (for example, educating and
informing the public) for controlling Trichinellosis (Liu and
Boireau 2002). Contrary to this, when control measures fail
due to social, political and economic factors, Trichinellosis
re-emerges (Djordjevic et al. 2003). It has been suggested that
for controlling Trichinellosis, monitoring Trichinella
infection in wildlife could help (Van Knapen 2000). The
changing global condition such as demographic, climate
change, and socioeconomic change affected the parasitic
diseases, so there is the need for new transdisciplinary control
approaches (Thoisy et al. 2021).

Conclusion and Perspectives

The published information about Trichinella and
Trichinellosis indicates that this neglected zoonosis is not
completely understood. Several advances have been
achieved, including, the discovery of new Trichinella species,
although their life cycles are partially known only. It is also
true that the diagnostic techniques have improved
(serological and molecular), and treatment of the disease in
humans is effective. However, we do not know how
socioeconomic changes, climate change and the continuously
growing human population invading wildlife will impact on
animal and human trichinellosis, so much research should be
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carried out under the One Health scheme to implement
effective control measures.
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INTRODUCTION

Myiasis is a condition caused by larval stages of different
types of flies belonging to the order Diptera that attack tissues
and organs of vertebrate animals, including man. The word
myiasis is derived from the Greek word myia meaning= fly.
On the other hand, this chapter is not an exhaustive review of
flies causing myiasis, it refers to some of the most important
myiasis, primarily in farm animals of economic interest (Hall
and Wall 1995) and secondarily, in man (Francesconi and
Lupi 2012; Hosni et al. 2019). In this context, myiasis-
producing larvae are important because it produce economic
losses in farm animals which are source of infestations in
humans. This situation is aggravated by factors such as the
growing human population, climatic change, and the lack of
proper control measures of myiasis-producing larvae. Under
these circumstances, the One Health approach offers a viable
control alternative.

Etiological Agents

The major myiasis causing larvae belongs to the Oestrus ovis,
Hypoderma spp., Gasterophilus spp., Dermatobia hominis,
and Cochliomyia hominivorax.

Oestrus ovis Linnaeus

O. ovis (Fig. 1) is a species of fly widely distributed in the
world. The larvae are obligate parasites of the nasal passages
of sheep and goats (Yilma and Dorchies 1991; Hall and Wall
1995; Cepeda-Palacios et al., 1999; Murguia et al., 2000;
Yacob et al., 2004) and occasionally affect other species such
as man (Hall and Wall, 1995) and dog (Zanzani 2016). The
female normally deposits active young (L1) larvae from early
summer or fall in nostrils of host (Fig. 2). Then larvae enter
host sinuses, often to the base of the horn and attaching to the

Fig. 1: Oestrus

ovis adult fly.
(Photograph by
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Bautista-Garfias)
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Fig. 2: Biological cycle of Oestrus ovis. (Photograph by Carlos R.
Bautista -Garfias)

mucous membranes (Fig. 3). Larvae of different stages of
development (L1, L2, and Ls) can be found here. The larvae
reach their maximum development (Ls) in the following
spring, with their larval period of 8 to 10 months (Fig. 4)
(Hall and Wall 1995).

Generally, the pupal period lasts between three to six weeks,
sometimes much longer in areas where low temperatures
prevail. Adults can live up to 28 days. The complete
development of the parasitic phase, in lambs born in the
spring, can be from 25 to 35 days (Hall and Wall 1995).

In the presence of O. ovis fly, sheep and goats become very
agitated, shaking their heads, thrusting their nostrils into the
dust, snorting. In parasitized animals, there is a purulent
discharge from the nostrils, vigorous shaking of the head and
the animal become emaciated. The infestation by O. ovis
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Fig. 3: Oestrus ovis L2 in frontal sinus of sheep (arrow).
(Photograph by Carlos R. Bautista -Garfias)

Fig. 4: Oestrus ovis Ls goes out sheep nostril. (Photograph by
Carlos R. Bautista-Garfias)

larvae generally is not fatal; however, some animals can die
within a week or less after the appearance of aggravated signs
(secondary infections produced by bacteria) (Horak 1977).
Diagnosis is difficult since it can be confused with the signs
caused by other diseases. However, based on the
knowledge that sheep and goats mount an immune response
against the larvae (Bautista-Garfias 1987; Bautista-Garfias
1996; Tabouret et al. 2003), serological tests can detect I1gG
circulating antibodies against the larvae (Bautista-Garfias
et al. 1982; Bautista-Garfias et al. 1988; Otranto et al.
2004).

On the other hand, there is occasional occurrence of human
cases of O. ovis infestation infecting the eyes (Beltrén et al.
2006; Singh and Singh 2015; Basmaciyan et al. 2018;
Tabuenca-del barrio et al. 2018) and pharynx (Hazratian et
al. 2017). With respect to the control, One Health approach
has been proposed in order to effectively control sheep
myiasis and to increase sheep production (Colwell and Wall
2018).

Unique Scientific Publishers

Hypoderma spp.

Hypodermosis is caused in cattle by the larvae belonging to
the genus Hypoderma, widely distributed in the northern
hemisphere (Hall and Wall 1995; Boulard 2002; Wei et al.
2004). H. lineatum (de Villers), the common larva of cattle,
is found throughout the U.S., Canada, and northern Mexico.
H. bovis (Linnaeus) is the larva of north-eastern cattle and is
found in Canada and the north-eastern USA. H. bovis adults
induce a kind of fear or dread in cattle that makes them run
uncontrollably, potentially injuring themselves and causing
decrease in milk production. Although the adult fly does not
bite or sting, it can induce such fear. Adults resemble bees,
which are often called “heel flies” (Fig. 5). Hypoderma adults
are present for four to six weeks from early spring to early
summer (Broce 1985). H. bovis eggs are attached
individually on the flank or lower abdomen; those of H.
lineatum are glued in rows of 3 to 10 on a single hair on the
forelegs, chest, or lower body. They hatch in approximately
four days and, after penetration of host’s skin, the larvae
causes irritation and exudation. The total production of eggs
by a single female fly has been estimated to range between
500 and 800, which dies a short time later, as it has no
mouthparts and is unable to feed (Broce 1985).

The larva spends 9 to 10 months migrating as an internal
parasite (L1, L,) before emerging as Lz from (Fig. 5) the host
to pupate and become a short-lived adult in the following
summer (Fig. 6). The active larva L; spends much of its
parasitic period in migrating through the intermuscular
connective tissue to the subcutaneous tissue of the back (loin)
(Fig. 7). However, there is an important wintering period in
or around the spinal cord in H. bovis, or in the mucosa of the
oesophagus in H. lineatum (Broce 1985). This migration
often follows the course of nerves, avoiding blood vessels
and muscles. When L; reaches the back (loin), it develops
into L,, cutting a one to three mm diameter hole in the skin to
breathe through its rear breathing spiracles. At this stage, host
reactions give rise to a fibrous cyst that forms around the
larva. Shortly thereafter, L, transforms into Lz, which is much
larger, approximately 25 mm long, brown in colour, and has
armour-like features with spines (Fig. 6).

After 6 to 11 weeks, the larva emerges from the breathing
hole in the skin of the back, falls to the ground and pupates
after burrowing into a dark brown puparium (Fig. 8). The
stage, of the development to the adult, lasts approximately 35
days, depending on the climatic conditions but it can be as
short as two weeks under optimal weather conditions. The
adult then emerges by pushing off the pupal cap, and then
comes to the surface to prepare for flight (Broce 1985; Hall
and Wall, 1995).

The adult, without effective mouthparts, is a reproductive and
dispersal phase that dies approximately six days after
emerging. Their success in the distribution of the species
depends on prevailing weather conditions, which limit their
activity and their ability to find a breeding partner and
potential animal host (Hall and Wall 1995).
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Fig. 5: Life cycle of Hypoderma spp. 1, gravid female glues her eggs
to host hair. 2, The first instar larvae (L1) migrate towards the back
of the bovine where they pass to the second instar (L2). 3, A fibrous
cyst forms around the larvae; 4, The L2 transform into third instar
larvae (Ls) that fall to the ground. 5, L3s transform into pupae. 6,
Adults are born from the pupae, which then mate. (Photograph by
Carlos R. Bautista-Garfias)

Fig. 6: Hypoderma spp. Ls. (Photograph by Carlos R. Bautista-Garfias)

Economic losses for the control and the production costs in
USA as estimated by the USDA 1976 were close to 360
million US dollars. Much of this is due to costs of systemic
insecticides in beef cattle and non-lactating dairy cattle. The
largest losses due to Hypoderma larvae are those that are
obvious on slaughterhouses such as devalued carcasses, loss
of condition, and damage to hides (Broce 1985). As in the
case of O. ovis, cattle mount immune responses against
antigens from Hypoderma larvae (Baron and Colwell 1991a),
thus serological diagnosis has been shown to be possible
(Otranto et al., 2004) and even immunize cattle against
Hypoderma (Baron and Colwell 1991b).

Hypoderma larvae, occasionally cause myiasis in tissues of
human beings i.e. skin (Morgan et al. 1964; Logar et al.
2008), eyes (Lagacé-Wiens et al. 2008), groin and testicular
region (Puente et al. 2010), muscles (Starr et al. 2009) and
even in the lymph (Scott 1964).
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Nodules caused by Hypoderma larvae

o

Fig. 7: Nodules produced by Hypoderma larvae on back of
parasitized cattle (Photograph by Carlos R. Bautista-Garfias)

Fig. 8:
Hypoderma spp.
pupa.

(Photograph by
Carlos R.

Bautista-Garfias)

Gasterophilus spp.

Gastrophilosis in horses, donkeys and mules is caused by the
larvae of flies belonging to the genus Gasterophilus
distributed worldwide depending on its association with the
host. The most important species are G. intestinalis (De
Geer), G. nasalis (Linnaeus) and G. haemorrhoidalis
(Linnaeus) (Broce 1985; Principato 1989; Pandey et al. 1992;
Hall and Wall 1995; Otranto et al. 2005).

Adults of all three species have atrophied, non-functional
mouthparts and are therefore short-lived. Females begin to
oviposit after mating. During this activity, the eggs are
attached to the host's body hairs. The site of oviposition
varies with the species, and all newly hatched larvae (L)
penetrate the subcutaneous tissues of the mouth (lips,
gums, and tongue) where they spend three weeks. After this
time, larvae move to the stomach or small intestine mucosa
and transform into second-stage larvae (L2), which after
several months become third-stage larvae (Ls) that detach
on their own and go outside with the faeces. Pupation takes
place in the upper layer of the soil under the manure.
Subsequently, the adults emerge between a few weeks to
two months later, depending on the climatic conditions
(Fig. 9) (Otranto et al. 2005).
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Fig. 9: Life cycle of Gasterophilus spp. (Photograph by Carlos R.
Bautista Garfias)

Fig. 10: Ls of Gasterophilus spp. (Photograph by Carlos R. Bautista
Garfias)

G. intestinalis (the horse fly) females may lay up to 500 to
1,000 eggs. They oviposit as they fly, hovering near the host,
occasionally darting toward it to lay an egg. The eggs
generally are glued to the internal side of the front legs;
however, they can be found in other sites. The general
incubation period for horse fly eggs is approximately five
days. After a short time in the mouth, they attach to the
mucosa of the stomach and remain there approximately for 7
to 10 months, and then Ls larvae pass out along with the faeces
(Fig. 10). Adults are active in early summer (Broce 1985).

G. nasalis (the throat fly) glues its eggs to the hair of the host
under the jaw. Each female is capable of producing 450 to
500 eggs and its oviposition activity is extremely
troublesome for the affected horses. These eggs can hatch in
four to five days. Hatched larvae move along the skin into the
horse’s mouth and they penetrate the soft tissue. In
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approximately 20 days, larvae move toward the stomach to
attach to the stomach or duodenum mucosa. Finally, L3 larvae
come out with the faeces. Much of the adult activity takes
place in late spring or early summer (Broce 1985).

G. haemorrhoidalis (the nose fly) is a fast flier and females
attach their blackish eggs to the hairs on the (upper and lower)
lips of horses. Each female usually lays 160 eggs, which hatch
in two days stimulated by humidity. The young larvae (L),
after penetrating the tongue or lips, migrate to the stomach or
duodenum. Then, L3 larvae reattach to the wall of the rectum
close to the anus for two to three days (Otranto et al. 2005).
Both adults and larvae of Gasterophilus species cause
damage (Broce 1985). Horse’s reactions to ovopositing
females can be violent. L, larvae cause irritation when they
burrow and move into oral tissue. Larvae adhered to the walls
of the stomach and duodenum interfere the process of
digestion, and may cause peritonitis (Lapointe et al., 2003).
Animals parasitized by Gasterophilus larvae gain weight
more slowly than non-parasitized horses (Principato 1989).
According to the available literature it is indicated that
Gasterophilus spp. larvae parasitize almost all horses. G.
intestinalis is the most prevalent species in USA and the
infestation rate is almost 100% (Broce 1985). It is worth to
note that studies carried out in central Italy suggest the
tendency towards extinction of G. inermis, G. pecorum, and
G. haemorrhoidalis, while the most prevalent species are G.
intestinalis and G. nasalis (Otranto et al. 2005). Similarly, a
study carried out on donkeys in Morocco showed that G.
intestinalis and G. nasalis are the most prevalent species
(Pandey et al. 1992).

The diagnosis of gastrophilosis can be carried out with
serological tests in horses and donkeys (Escartin-Pefia and
Bautista-Garfias 1993). Gasterophilus myiasis cases in man
are rare such as external ophtalmomyiasis (Medownick et al.
1985), oral myiasis (Townsend et al. 1978) and pulmonary
myiasis (Ahmed and Miller 1969).

Dermatobia hominis

The neotropical fly, Dermatobia (D.) hominis is a cause of
severe losses in the beef, dairy, and bovine leather industries
from north-eastern Mexico to north-eastern Argentina (Fig.
11). The life cycle is very complex and requires a flying
arthropod to transport its eggs to a mammalian vertebrate,
which include cattle, dogs, cats, pigs and man (Sancho 1988;
Pereira Da Silva et al. 1998; Brizuela et al., 2003; Maier and
Honigsmann 2004; Saraiva et al. 2005). The adult fly is bottle
blue in colour. Adults can't feed because of atrophied mouth
parts (Sancho 1988).

The life cycle lasts between 100 to 120 days. Larval
development is completed in 5 to 10 weeks, after which the
mature larvae leaves the host and falls to the ground. After
mating, the female lays her eggs on another insect (usually
another fly or a mosquito) which transports them to a warm-
blooded vertebrate host, after which the larva hatches and
penetrates the skin of the new host.




Fig. 11: Dermatobia hominis distribution in America, from north-
eastern México to north-eastern Argentina. On the left is shown a D.
hominis Ls (Figure designed by Carlos R. Bautista-Garfias).
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Fig. 12: Dermatobia hominis life cycle. 1, The adult fly hatches
from the pupa;2, Mating between male and female. 3, The fertilized
female captures. 4, An insect vector and oviposit on it. 5, The vector
transports the eggs to the host and from each egg. 6, A larva 1(L1)
hatches that penetrates the skin to give rise to nodules where it
transforms,7, into larva 2 (L2) and matures,8, up to larva 3 (Ls) to
later fall to the ground, 9, and transform into pupa, 10, from which
an imago emerges to continue the cycle. (Photograph by Carlos R.
Bautista-Garfias).

The eggs are glued onto other insect so that its flight efficiency
is not adversely affected. Almost 50 insect species of carriers
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have been recorded (half are mosquitoes and one third are
other fly species). Egg development requires 4-9 days and
hatching is stimulated by increase in temperature, which
occurs when the eggs are on a warm-blooded host. At this
point, the larvae leave from the egg and enters to the host skin,
which occurs between 5-10 minutes (Fig. 12) (Sancho 1988).
The third instar larva is elongated and oval in shape, with
belts of scattered spines and shows prominent mouth hooks
(Fig. 13) (Sancho 1988).

The larvae are located on various parts of the body causing pain
to the host. After larva is removed, and in the absence of a
secondary infection, the condition resolves approximately in a
week. In Brazil, more than 50% of the nodules caused by
Dermatobia were located on the left side of the body. The
preference of the bovine host to rest on its right side could be
the reason for this asymmetric distribution (Sancho et al. 1996;
Pereira Da Silva et al. 1998; Oliveira-Sequeira et al. 1996).
The mature larva emerges from the mammalian host after
three months and pupates on the ground, and after a month,
the adult fly emerges (Fig. 12). The L3 larvae emerge from
the host nodules and falls to the soil, then forming a hardened
pupa in two to three days. The pupal stage lasts from 4 to 11
(Sancho 1988).

Reports of D. hominis myiasis in man are common
(Toussaint-Caire et al. 2018; Martinez-Hernandez et al.
2019). In America, the countries with the highest infection
rates in travellers are Belize, Bolivia, and Brazil (Villalobos
et al. 2016).

Cochliomyia hominivorax

Almost all warm-blooded animals, including man and
occasionally birds, are hosts for the larvae (screwworms) of
Cochliomyia (C.) hominivorax. Cattle, horses, sheep, pigs
and dogs are frequently parasitized by this arthropod. If left
untreated, screwworm-infested wounds can be fatal (Vargas-
Terén et al. 2021).

Before starting the control program of release of sterile males
(Davidson 1974) developed by entomologists of the
Agricultural Research Service (ARS), Department of US
Agriculture (USDA, the screwworm of cattle was widely
distributed throughout the tropical and subtropical areas of
the American Continent from the Southeast US to
northeastern Chile. In 1982, the US was declared free of the
screwworm and, then the parasite was controlled towards the
south (in October 2000), and Costa Rica was declared free of
the screwworm (Kouba 2004). The most successful technique
for controlling screwworm was the use of the sterile insect
technique (Vargas-Teran et al. 2021).

The adult fly of C. hominivorax is approximately two to three
time larger than the common house fly and is metallic blue or
blue green in colour. Female fly lays eggs on the skin around
fresh or necrotic wounds. A wound of skin or mucous
membranes is generally required to invade the host tissues.
The eggs harch between 12 to 24 hours and the larvae feed
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Fig. 13:
Dermatobia
hominis Ls larvae
(Photograph by
Carlos R. Bautista
Garfias)

Fig. 14: Cochliomyia hominivorax life cycle: 1, The gravid female
oviposit in a wound. 2, Larvae (L1) hatch from the eggs that feed on
the wound and then transform into L> first and Lz later. 3, the mature
larva (Ls) falls to the ground and buries itself. 4, L3 pupates. 5, Pupae
transform into adults. 6, the male and female mate. 7, The gravid
female searches for a wound on a warm-blooded host to oviposit.
(Photograph by Carlos R. Bautista-Garfias).

on the wound in a characteristic position (head down and
spiracles towards the wound opening). The larvae continue to
develop for the next 4 to 10 days, growing to a length of
approximately 17 mm. After this time, they fall out of the
wound and then transform to pupa in the soil. The pupal stage
lasts from a week to three months approximately (Fig. 14)
(Vargas-Teréan et al. 2021).

Females characteristically mate only once and lay their first
set of eggs 5 to 10 days after emergence. They may
subsequently lay egg masses every three days during their
lifetime. The life cycle during the summer is 24 days on
average (Kouba 2004).

C. hominivorax is a true obligate parasite that requires living
tissue to feed. It cannot grow on carrion, although an artificial
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medium for culture has been developed in the laboratory.
During feeding, the larva forms characteristic pockets in the
affected tissue. Several livestock management procedures
such as castration, dehorning, and hot-iron branding, often
create oviposition sites (wounds) that attract female fly. The
untreated navels of newborn calves in infested areas are
frequently attacked. Screwworm-infested wounds are
increasingly attractive to gravid flies. Consequently, the
syndrome is self-perpetuating in endemic areas and the usual
result is death of the host. If C. hominovorax populations are
not monitored, 20% or more of the animals on a farm may be
affected. In the 1980s, ranchers in the USA volunteered to
report cases of screwworm myiasis, and in many cases
modified their management practices to reduce screwworm
problems. In this sense, the breeding programs were altered
to produce calves during the winter months (free of flies) and
the herds were carefully monitored to facilitate prompt and
timely treatment of wounds (Kouba 2004).

In  complementary programs, known populations of
hematophagous arthropods that attack cattle and similar
animals were studied. In this respect, acaricide-impregnated
plastic ear tags were widely used to suppress ear tick
populations that were later invaded by screwworm (Vargas
and Hall 1989; Vargas-Teran 1991; Vargas-Teran et al. 2005,
Vargas-Teran 2015; Wyss 2000; Bowman 2006).

C. hominivorax larval infestation in humans generally is a
wound myiasis, which can be very severe with penetration
and destruction of the underlaying tissue. When the
infestation occurs in the nose or ears, the fatality rate is high
if untreated (Francesconi and Lupi 2012; Barros and
Bricarello 2020; Notejane et al. 2021).

Conclusion

Myiasis in animals and human is caused by the larvae of
various species of fly which needs to be controlled as it
causes huge economic losses in the animals. The situation
may be aggravated by various factors including growing
human population, climatic change and lack of proper control
measures. One health approach showed its efficacy when a
rapid control of the New World screwworm (C. hominivorax)
outbreak in Florida was achieved in 2016-2017. So, under
these circumstances, one health approach offers a viable
control alternative.
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INTRODUCTION

Climate change has emerged as the most serious global threat
in the last few decades. It has wide range of impacts limited
not only to the environment or the ecosystem but also on the
socioeconomics and the politics of the world. It is an inter-
governmental issue which needs an organized and
cooperative response from all the countries (Dantas-Torres
2015; Abbass et al. 2022). In 2015, United Nations
Framework Convention on Climate Change (UNFCCC) in
Paris struck an agreement between 195 countries to play their
role in fighting the global climatic change by reducing
emission of greenhouse gases and limiting the rise in
temperature to 1.5°C (Burleson 2016).

The changing earth’s climate like global warming, irregular
weather patterns, changes in humidity and pressure levels,
elevated sea level and melting of glaciers poses sustainable
threat to the ecosystem. It causes disappearance of biological
communities, changes in biodiversity and alterations in the
geographical distributions of species ultimately affecting the
human well-being (Dantas-Torres 2015; Pedrono et al. 2016;

Khanal et al. 2022). The similar is the case with ticks which
spend a major part of their life off from their hosts in the
environment (Gray et al. 2009; Nuttall 2021). Their survival
in the environment is dependent on the host availability and
climatic factors like temperature, humidity, and vegetation
coverage (Tomkins et al. 2014; Kaba 2022). Thus, the climate
change directly affects the distribution, abundance and the
host-seeking behaviour of ticks (Leger et al. 2013).

In the last few decades, the prevalence of ticks has increased
showing the positive effect of climate change towards ticks
(Cunze etal. 2022). Apart from increased tick prevalence, the
impact of climate change on the host’s behaviour is also an
important factor in the emergence of a disease (Gray and
Ogden 2021). Ticks act as vectors for transmission of various
diseases including the zoonotic diseases to both the humans
and animals. These include bacterial, viral, protozoal and
nematode infections collectively referred as tick-borne
diseases (Sonenshine and Roe 2014). Both the increased tick
prevalence and the rise in magnitude of tick-borne zoonotic
diseases are of great concern with life-threatening potential
in humans and animals (Cerny et al. 2020; Hromnikova et al.
2022; Johnson et al. 2022).

Life Cycle of Ticks

Before we go into the detail of the impact that climate change
exerts on ticks and the ticks-borne zoonotic diseases, there is
a need for in-depth understanding of tick life cycle. Ticks are
the blood sucking ectoparasites of vertebrates which have
main four developmental stages, namely eggs, larva, nymph
and adult, in their life cycle (Montales et al. 2016). The larvae
hatch from eggs, feed on hosts and drop off on the ground
where they develop into nymphs. These nymphs again find
hosts, feed and again drop off where they undergo final
molting into adults. These adults again attach to the hosts
where they mate and the female drops off for eggs laying on
the ground (Naseer et al. 2021). From the life cycle, it’s very
clear that most of the ticks’ life span is spent in the open
environment and are found attached to their hosts only when
feeding is required (Dantas-Torres 2010; Estrada-Pefia et al.
2012; Cunze et al. 2022). For survival in the open
environment, they require certain climatic conditions like
high humidity and rainfall to avoid desiccation and a suitable
photoperiod and sunshine for proper molting (Belozerov
1982; Estrada-Pefia et al. 2013; Gray et al. 2016; Ogden et al.
2021). Thus, any change in climatic conditions directly
affects the ticks survival.
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Impact of Climate Change on Ticks

As described earlier, ticks rely on complex set of biotic and
abiotic factors for their survival. However, climate is the key
factor that determines the prevalence of ticks in a specific
area and alters the tick-host-pathogen interactions, thus,
opening new areas for ticks invasiveness and pathogenic
transmission (Estrada-Pefia et al. 2012). Climate change
affects the ticks both by direct and indirect means via
affecting their survival, reproduction, activity, habitat and
their hosts (Ogden et al. 2021). The major impacts of climate
change on ticks are discussed below:

Direct Effects

Changes in Geographical Distribution

Climate change has a strong influence over the quality of
habitat and hosts abundance for ticks (Simon et al. 2014; Li
et al. 2019). It may be either beneficial to the tick growth or
may adversely affect the ticks. However, in the last few
decades, there has been observed a continuous expansion in
ticks geographical distribution even towards higher altitudes
(Gray et al. 2009; Jaenson et al. 2012; Leger et al. 2013;
Medlock et al. 2013). This is because of increased
environmental temperatures along with changes in rainfall
patterns which have enabled the ticks to establish new
extended areas of their prevalence (Dautel et al. 2008;
Keesing et al. 2018). This can be explained with the example
of Ixodes ricinus tick whose spatial distribution has extended
to areas in Europe where it was not recorded previously
(Cunze et al. 2022). Furthermore, these climatic changes also
favour exotic species in establishing themselves in new areas
like an Asian native tick Haemaphysalis longicornis is now
prevalent in America (Raghavan et al. 2019; Nuttall 2021).
Moreover, there are predictions of tremendous increase in
global distribution of ticks and inter-continental translocations
(Lépez Gonzélez et al. 2021; Hornok et al. 2022).

Effect on Tick Seasonality, Phenology and Climatic
Adaptation

Ticks have a specific pattern of their seasonal activity
depending on the weather conditions which favour their host
seeking behaviour. These weather conditions include
ambient temperature, relative humidity, light intensity and
photoperiod (Waladde and Rice 1982; Belozerov et al. 2002;
Ostfeld and Brunner 2015; Heath 2021). Warm climate
causes an advancement both in the resumption of activity in
diapaused ticks as well as the eggs hatching, thus, influencing
tick phenology. Over a 19 years period in New York, in the
warmer years, Ixodes scapularis ticks phenology has been
shown to advance by 3 weeks compared to the colder years
(Levi et al. 2015). The tick activity of temperate areas is also
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on rise due to climate warming (Moore et al. 2014; Monaghan
et al. 2015). This seasonal effect is more pronounced in the
ticks having exophilic behaviour (Estrada-Pefia et al. 2012;
Ogden et al. 2021). This seasonal effect is evident from the
fact that, in Brazil, Rhipicephalus microplus tick spends a
constant duration of almost 21-23 days on the host
irrespective of the season but off the host, this duration is 40-
50 days in summer and spring while 70-120 days in winter
and autumn (Cruz et al. 2020). Moreover, ticks of the same
species have an ability of adaptation to different climatic
conditions. This adaptation can be seen in questing behaviour
among different populations of same tick species in different
areas. Ticks are able to adapt to different climates because of
the adaptive evolution and the altered gene expressions in
ticks’ sensory systems (Simo et al. 2014).

Effect on Tick Reproduction and Development

Climate change is believed to positively affect the ticks’
reproduction and development. This positive effect can be
seen in terms of increased abundance of ticks in a specific
area. This is proved in a study in Russia where an increased
abundance of Ixodes ricinus ticks was observed over the last
35 years with a 5°C increase in autumn and late summer
temperatures (Korotkov et al. 2015). This shows temperature
to be the most critical factor for ticks reproduction and
development. It affects all the stages of ticks starting from
egg laying to questing adults. It has an inverse relation with
the duration of ticks development, i.e., the duration is shorter
if the temperature is high and vice versa. Thus, the warming
earth’s climate leads to shortening of ticks life cycle (Ogden
et al. 2021). For example, Ixodes scapularis tick in Canada
takes 3-4 years for completion of its one generation cycle
compared to 2 years in USA. Moreover, ticks exhibit
behavioural and developmental diapause mechanisms to
avoid fatal environmental conditions. Climatic temperature,
as the main factor, modulates these mechanisms and as the
conditions become favourable, these ticks resume their
activity (Ludwig et al. 2016).

Indirect Effects
Effect on Susceptible Hosts

Ticks abundance in a specific area has a strong co-relation
with their hosts availability. Any change in the hosts
population directly affects the ticks ecology and evolution.
These hosts are necessary for the completion of reproduction
cycle in ticks (Gilbert 2010; Estrada-Pefia et al. 2020). Ticks
get their blood meal and, in turn, cause anaemia, weight loss,
secondary infections and behavioural modifications in these
hosts (Leger et al. 2013). These negative effects of ticks
affect the breeding performance and survival of their hosts,
thus, leading to alterations in host population dynamics.
Moreover, when new tick species invade a new area due to




the climate change, there occur several interactional changes
in the community. As a result, some hosts may be favoured
while others may be exploited (Tompkins et al. 2011). For
example, Rhipicephalus (R.) microplus ticks are specifically
the cattle ticks. But New Caledonia invasion by R. microplus
ticks in 1942 lead to adaptation of rusa deer as their hosts.
Initially regarded as poor host, it took almost 250 generations
by R. microplus ticks to fully adapt to this host and are now
existent as separate independent cattle and deer adapted
populations (Barré et al. 2001; De Mee(s et al. 2010). This
kind of adaptation is the key mechanism which helps ticks in
their survival in the changing climate and maintain their
biodiversity (Magalhdes et al. 2007).

Impact of Climate Change on Ticks-borne Zoonotic
Diseases

All the bacterial, viral or parasitic diseases which are
transmitted from animals to humans are referred as the
zoonotic diseases (Sonenshine 2018). Of all the infectious
diseases, 60% are zoonotic in nature (Jones et al. 2008).
Transmission of these diseases occurs through different
routes like direct contact, inhalation and ingestion or may be
vectored by arthropods (Kulkarni et al. 2015). Among the
arthropods, ticks transmit the largest number of zoonotic
diseases than any other arthropod (Durden 2006). According
to CDC in USA, annually 95% of the 50000 notifiable locally
acquired vector-borne diseases are tick-borne (Adams et al.
2016; Paddock et al. 2016). These ticks-borne zoonotic
diseases are of great public health importance with an
increasing worldwide incidence. This increasing diseases’
incidence is attributed to the climate change which has direct
influence over ticks abundance and survival, host availability
and pathogens transmission (Dumic and Severnini 2018).
Some of the ticks-borne zoonotic diseases include Lyme
disease, tick-borne encephalitis, Crimean-Congo
Hemorrhagic Fever, rickettsioses and tularemia (Fritz 2009).
These diseases are directly related to ticks for their
transmission. Thus, any climate change which affects the
ticks either directly or indirectly would certainly have an
impact on these ticks borne diseases (Ghafar et al. 2021).

Lyme Disease

Lyme disease or sometimes referred as Borreliosis is a
bacterial disease caused mainly by Borrelia burgdorferi. It is
a zoonotic disease transmitted through bite of infected Ixodes
spp. ticks (Mills et al. 2010). As described earlier, these ticks
pass through three developmental stages and complete their
life cycle in 2-3 years depending on the climatic conditions.
The climatic conditions resulting from global climate change
have resulted in higher ticks prevalence through increased
tick survival and host availability (Dumic and Severnini
2018). As a result, Lyme disease cases are increasing across
the world. For example, in Canada in 2004, only 40 cases of
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Lyme disease were reported. During 2009 to 2015, these
cases rose from 144 to 917 showing a six-fold increase (Koffi
and Gasmi 2019). This increased incidence of the disease in
Canada was linked to the northward geographical expansion
of Ixodes scapularis ticks (Koffi and Gasmi 2019). These
ticks rely on white-footed mouse as their primary hosts. Thus,
the increased abundance of white-footed mouse favoured by
climate change resulted in increased prevalence of Ixodes
ticks ultimately leading to increased cases of Lyme disease
(Mills et al. 2010; Roy-Dufresne et al. 2013). Similarly, the
case data over the period of years 2000-2017 in USA indicated
an increased incidence of Lyme disease in association with
elevated annual climatic temperatures. This climate-disease
association was most prominent in the northeast of USA
(Couper et al. 2021). In the northeast, there was observed an
association between the ticks, rodents and the climate change
(Ogden et al. 2018). If this scenario continues in the USA,
there is a prediction of 20% increase in Lyme disease
incidence in the coming years (Dumic and Severnini 2018).

Tick-borne Encephalitis

It is a viral disease caused by tick-borne encephalitis virus of
the Flavivirus genus. It is zoonotic in nature with humans
acting as accidental hosts while small mammals as the main
reservoirs. It affects the central nervous system of the humans
and is distributed in Europe, Caucasus, Kazakhstan, Russia
and China (Nah et al. 2020; Rubel 2021). In the past few
decades, there has been observed a continuous rise in tick-
borne encephalitis cases across the globe. It has been
recorded even in those areas where it was previously absent
(Daniel et al. 2018; Riccardi et al. 2019).

Itis typically a seasonal disease linked to Ixodes ricinus ticks
and particularly their nymphs. The disease transmission
between ticks and hosts occurs through different routes like
systemic, non-systemic and transovarial methods. In the
systemic method, the transmission occurs in a cycle where
the infected ticks bite the hosts and transmit pathogens to
them. Then, the non-infected ticks bite the infected hosts and
take up pathogens with the blood meal and transmit these
pathogens to other non-infected hosts while feeding on them,
thus, the systemic cycle continues so on. In the non-systemic
method, the transmission occurs between infected and non-
infected ticks through co-feeding on the same host before the
pathogen has established itself in the host for systemic
transmission. In the third transovarial method, the pathogens
are transmitted from the infected females to the next
generation through their eggs (Nah et al. 2019).

Among the various factors that influence the transmission of
tick-borne encephalitis, climate change is the most important
one. It directly affects the ticks’ survival and movement, their
reproduction and their ecological interactions (Wondim et al.
2022). The climate change leads to sustained tick-borne
encephalitis disease transmission through increased host
availability, increased tick abundance and extended periods
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of questing which allow co-occurrence of infected and non-
infected nymphs and larvae (Nah et al. 2020).

Crimean-Congo Hemorrhagic Fever

It is also a tick-borne zoonotic disease caused by Crimean-
Congo hemorrhagic fever virus of the family Nairoviridae. It
transmits to humans mainly through the bite of infected
Hyalomma ticks and is prevalent across Africa, Asia and
Europe. Apart from tick biting, this disease can also spread
through direct contact with the infected blood and body fluids
of patients. Hence, due to its potential threat, it resides in the
WHO’s list of top eight emerging pathogens and categorized
as level 4 biosecurity risk pathogen by CDC (Monsalve-
Arteaga et al. 2020; Kuehnert et al. 2021).

As the global prevalence of Crimean-Congo Hemorrhagic
Fever is concerned, it is constantly on the rise. There are
reports of epidemics in the East Mediterranean countries for
the last two decades (Portillo et al. 2021). It has even
established itself in the regions where it was previously non-
endemic like Turkey, Greece, Iran, India, Georgia and Spain
etc. Moreover, apart from geographical expansion, it also
possesses a higher incidence rate. For example, since the
identification of first human case in 2002 in Turkey, the
number grew to over 6300 in 2012. Similarly, huge increase
in human cases had also been observed in Iran since the
discovery of infection in 1999 (Bente et al. 2013).

The incidence and alterations in geographical ranges of this
disease have a triad link with ticks and climatic conditions.
Ticks harbour the pathogens and are dependent on climatic
conditions for their survival and reproduction. As the
conditions become favourable to the tick vectors due to
climate change, the tick population grows in number and may
establish itself in new geographical areas. As a result, the
disease is introduced in new areas and an increase in tick bites
occur which ultimately lead to increased pathogenic
transmissions (Chinikar et al. 2010; Ahmed et al. 2021).

Conclusion

Climate change is an international issue which is having
socioeconomic as well as political impacts. It poses a
significant threat to the viability of ecosystem. It is leading
towards global warming and irregular weather patterns which
affect the biodiversity and cause geographical alterations in the
species’ habitats. Likewise, ticks are also affected by these
changes as they are directly dependent on climatic factors like
temperature, humidity, and vegetation coverage for their
survival in the environment. Moreover, the host availability to
ticks in specific geographical areas is also influenced by the
climate change. In the last few decades, the climate change is
seen to have favoured the ticks growth. There is seen an
increased abundance and prevalence of ticks beyond their
normal known geographical boundaries and, hence, an
increased magnitude of ticks-borne zoonatic diseases.
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INTRODUCTION

Dermatophytosis was first discovered by Gurby during the
first half of 19th century. He found Microsporum audouinii
in human who suffered from tinea capiti (Gréser et al.
2000). Ringworm, dermatophytosis, dermatomycoses or
tinea, all refer to the same disease, which is caused by
keratinophilic fungi called dermatophytes. A total of six

genera may cause ringworm infection, including
Trichophyton, Microsporum, Epidermophyton,
Arthroderma, Nannizzia and Lophophyton. However,

according to formal classification, a total of three genera
which is involved in causing the infection. They also attack
the superficial keratinized tissues of the nail, claws, skin,
and hair of animals and human (Gudding and Lund 1995;
Al-Ani et al. 2002; Pal 2007; Dalis et al. 2019; Begum et al.
2020). In addition, Trichophyton (T.) verrucosum is an
infectious agent of cattle dermatophytosis (Gudding and
Lund 1995; Shokri and Khosravi 2016). Besides, T.
mentagrophytes were also reported among the animals
(Shams et al. 2009). This disease is responsible for causing
public health problem and large economic losses across the
world which include, reduction of milk and meat and
production losses besides damage or low grade type of skin
structure (Eman-abdeen 2018; Dalis et al. 2018). It is
zoonotic pathogen (ElAshmawy and Ali 2016) that is
transmitted from animals to humans either via the direct
contact with a diseased animal, or indirectly via contact with
a contaminated environment. However, contact with
arthrospores or conidia are the main rout of transmission of
the disease. The high occurrence of ringworm was recorded
in winter season. Because, fungal spores grow best in high
humidity leading to increase susceptibility of the hosts to
ringworm infection (Nooruddin and Singh 1987). However,
chances of infection are more in housed animal (Al-Ani et
al. 2002; Radostits et al. 2007; Dalis et al. 2014). Infection
with dermatophytes is characterized by the development of

Direct

ring-shaped lesions which becomes alopecic.
microscopic  examination, culture, Wood’s lamp
examination, histopathology, PCR assay are mostly used for
diagnosis of the infection (OIE 2013). However, molecular
test along with culture results showed as gold standard
approaches for detection of the infection (Abd-Elmegeed et
al. 2020). In this chapter, we highlighted the etiology,
epidemiology, pathogenesis, clinical signs, diagnosis,
treatment and control of the infection among cattle.

Etiology and Epidemiology

Conventionally "dermatophytes” are identified in the
imperfect fungi or Deuteromycota in three anamorphic
genera including: Epidermophyton, Trichophyton, and
Microsporum. These are recognized as asexual or imperfect
stat. But the teleomorphic state which is "perfect or sexual
state " has been described for some species. Dermatophytes
are classified in the genus Arthroderma, and phylum
Ascomycota (Markey et al. 2013). However, they are
regarded as fungi that use keratin for growth. According to
many researches about 40 dermatophyte species were
recognized so far and only, three genera i.e., Trichophyton,
Microsporum and Epidermophyton are identified to be
pathogenic for animals and human (Weitzman and
Summerbell 1995; Smith 2011; Eman-abdeen 2018). The
species of dermatophytes that affected animals are called
ectothrix such as the septate hyphae attacking the hair
fragment and skin structure into arthrospores and these from
a sheath around the infected structures. Besides, these
microconidia and macroconidia are created in the laboratory
cultures.  Macrocoindia of  Trichophyton spp. is
characterized by  enlongated, cigar-shape  with
approximately parallel sides. The Microsporum spp. tends
to yield boat or spindle shaped. Whereas, macrocoindia of
M.nanum characterized by having pear-shaped and usually
two-celled (Markey et al. 2013). According to habitat there
are three main types of dermatophytes, called zoophilic
(animal), geophilic (soil), and anthrophilic (man).
Meanwhile, most bovine dermatophytosis caused by T.
verrucosum belong to zoophilic (animal), while T.
mentagrophytes may also causing cattle dermatophytosis
along with Microsporum (M.) canis. There is difference
between  dermatophytes  species from  diagnostic
examination and culturing. Furthermore, T. verrucosum can
remain infective in environment for long periods of almost
(5-7) years (Eman-abdeen 2018).

T. verrucosum can grow at 37 C°, while both M. canis and
T. mentagrophytes cannot grow at this temperature. T.
verrucosum needs vitamins requirement such as Thiamine
and inositol (Eman-abdeen 2018). Socioeconomic status,
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lifestyle, migration, and drug therapy are the main causes of
change in the epidemiology of ringworm (Ameen 2010).
Dermatophyte-infection have a several range of host
species, but it is most frequently reported in those areas
where animals are housed in dense groups, particularly
indoors (Radostits et al. 2007). The route of transmission of
the infection is through contact with infected inanimate
objects or direct contact. Furthermore, carrier animals are
the source of infection (Radostits et al. 2007). Fungal
diseases will emerge if the immune system of the host is
weak (Shokri and Khosravi 2016). In addition, the
occurrence and distribution of ringworm is also influenced
by host factors (stress, age, management and transportation),
climate condition and geographic area (Al-Rubiay and Al-
Rubiay 2006). However, the factors such as species,
numbers and age of animal besides environmental aspects
will serve a significant role in the rate of infection (Eman-
abdeen 2018). Furthermore, a study conducted by Marai et
al. (1999) showed that the rate of ringworm infection among
cattle was higher in foreign breed than in native breed.
According to studies conducted by Pascoe (1979) and
Shams et al. (2009) the prevalence rate was higher in the
young animals. Another study by Abd-Elmegeed et al.
(2020) showed higher infection rates in male animals as
compared to female animals (Abd-Elmegeed et al. 2020).
Many studies reported cattle infection with T. verrucosum in
the Asian countries, including Iraq (Hussein et al. 1989;
AL-Samarrae 2009), Iran (Shams et al. 2009; Shokri and
Khosravi 2016), Turkey (Ozkanlar and Kirecci 2009), Saudi
Arabia (Khaled et al. 2015) and Egypt (Abou-Gabal et al.
1976; Bagy et al. 1986; Abd-Elmegeed et al. 2020). The
prevalence of fungal infection were also found significant in
European countries, including United Kingdom (Oldenkamp
1979), Norway (Stenwig 1985), Germany (Berlin et al.
2020), and Italy (Atzori et al. 2012). Season plays a role in
the intensity of the disease transmission, for example (Al-
Ani et al. 2002; Radostits et al. 2007, Dalis et al. 2014; Abd-
Elmegeed et al. 2020) showed that the incidence rate of the
disease was peaked in winter. Table 1 shows the prevalence
rate of bovine ringworm infection in various countries.

Pathogenesis

Dermatophytes invade in the Kkeratinized tissues, chiefly the
hair fibers and stratum corneum, and causing the hydrolysis
of the fiber structure, and breaking off of the hair, which
ultimately leads to alopecia (Radostits et al. 2007). The body
of animal host shows hypersensitivity reaction against the
metabolic products of the pathogen leading to development of
lesion. However, the host mounts an inflammatory response
that is harmful to the fungus, so the dermatophyte moves
away peripherally towards normal skin. It ultimately leads to
the development of circular lesions with alopecia having
healing at the center and inflammation at the edge. (Markey et
al. 2013). The importance of epidermis pH in the growth of
dermatophytosis is usually known (Radostits et al. 2007).
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Clinical Signs

Among cattle, ringworm infection ranges from small focal
lesions to extensive pathogenesis involving the entire body
(OIE 2013). Characteristically, the lesion is a heavy, grey-
white crust that is elevated perceptibly above the skin. The
lesions are circular, almost 3 cm in diameter and are
commonly found on the neck and head, particularly around
the eyes and face. However in severe diseased animals, it
may be observed over the whole body (Apaydin and Atalay
2007). In addition, the clinical signs usually resolve
spontaneously during 2 to 4 months (OIE 2013). However,
according to Guo et al. (2020) the skin lesion was reported
in different body sites. The highest rate was 38.71% in head,
and lowest rate was 9.68% in whole body (Fig. 1).

Diagnosis

The diagnosis of bovine dermatophytosis is generally based
on history, close physical examination, clinical signs, direct
microscopic examination, Wood’s lamp examination and
histology of the tissues ( Apaydin and Atalay 2007; Swa and
Sanka 2012) However, molecular diagnostic test along with
culture results showed as gold standard approaches for
detection of the infection (Abd-Elmegeed et al. 2020).
Traditional method for detection of the infection in
dermatophytes suspected lesions by using 20% KOH (Ellis
et al. 2007). Dermatophyte organisms can be cultured on
several fungal media, including dermatophyte test medium
(DTM) and Sabouraud agar (SDA) (with cycloheximide and
antibiotics). These are wusually incubated at room
temperature (20—-28°C). While, T. verrucosum needs higher
temperatures. However, colonies often become visible
within 7-14 days (OIE 2013). Fungal cultures, is important
to recognize the source of dermatophytosis and targeting
preventive measures appropriately. Culture may also be
needed in either the diagnosis is uncertain, or the infection is
resistant to standard therapy (OIE 2013). T. verrucosum is
usually characterized by very slow growing white, cottony,
non-pigmented reversed side colonies having heaped up,
and button like appearance with folded areas (Dalis et al.
2014; Eman-abdeen 2018). In contrast to microscopical
picture, T. verrucosum-agent appear as septated hyphae and
microconidia with existence of chlamydospores which
arranged in chain (Eman-abdeen 2018). However, molecular
diagnostic test along with culture results showed as gold
standard approaches for detection of the infection (Abd-
Elmegeed et al. 2020). Molecular tests such as PCR have
been efficiently used for investigation of the organisms
which proved to be more specific, accurate and stable than
phenotypic characterization(Graser et al. 2000).

Treatment and Control
Ringworm causes a self-limiting infection showing natural

recovery in mild cases. While, different antifungal such as
topical iodine and Sulphur preparation are applied for
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Table 1: shows the main differentiation between the two genera including Trichophyton spp and Microsporum spp. by microscopic examination.

. Trichophyton spp.

Macroconidium Microconidia

Microsporum spp

@

Microconidia

Macroconidium

Macroconidia Relatively insufficient or lacking among various species. If existing Large thick-walled and separated into numerous
they are elongated and pencil or cigar-shaped. Their walls are smooth cells by transverse septa. They are boat or spindle-

and thin; where distributed by septa into 3-8 cells

shaped.

Microconidia Generally, these are several in number and borne singly along the Moderately insufficient or lacking. If existing these

hyphae or in grape-like clusters.

are tear-shaped and borne singly on the hyphae.

Table 2: Bovine ringworm's prevalence rate in different countries

Locations Prevalence rate References

Central region of Irag 21.2% (Hussein et al. 1989)
Ninevah, Mosul, Iraq 26.5% (Arslan et al. 1998)
Baghdad, Iraq 68 % (AL-Samarrae 2009)
Diyala, Iraq 90 % (Jameel 2015)
Ningxia, China 15.35 % (Guo et al. 2020)
Different parts of Jordan 30.6 % (Al-Ani et al. 2002)
West Bank of Jordan 59.3% (Ali-Shtayeh et al. 1988)
Ankara, Turkey 33.33% (Sever et al. 2017)
Barcelona, Spain 25% (Cabanes etal. 1997)
Nweze, Nigeria 12.6 % (Nweze 2011)
Thamar, Yemen 11% (Golah et al. 2012)
Brazil 58.3 % (Duarte et al. 2013)

treatment of severely affected lesions. Some researchers
also recommended the removal of scales and crust before
applying the ointment preparation. In addition, there are
systemic antifungal treatments but may left some residues
which has harmful or toxic effect on animals or human body
(Aradjo et al. 2009). Furthermore, plant fungicides like
chlorhexidine and captan, iodide shampoos and tinctures, 5
per cent lime sulphur, enilconazole, thiabendazole, sodium
tolnaftate, and fluorides (toothpaste) are also used for
topical treatment. Sodium iodide and T. verrucosum vaccine
may also be used to treat the infection by intravenous and
intramuscular  injection,  respectively. In  addition,
griseofulvin used orally to treat the infection (Pandey 1979;
Apaydin and Atalay 2007). On the other hand, ivermectin
significantly can be used to treat the disease (Jameel 2015).
In recent studies, natural antifungal plants have been
developed, because these are effective, have low cost, easily
applied under field conditions and less toxic. Lemon grass,
garlic, ginger, acacia, datura, atriplex, neem, black seed,
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Fig. 1: Distribution of Ringworm in different body regions

eucalyptus, basil and alfalfa are some types of natural plant.
Recent study by Eman-Abdeen and El-Diasty (2015)
showed that Clove oil proved highly effective antifungal
activity against the infection invitro and can be used as a
topical spray and ointment for treatment of ringworm.
Failure to control an outbreak of dermatophytosis is
frequently due to the widespread contamination of the
environment before treatment is attempted. In addition
isolation, treatment of infected animals, cleaning and
disinfection of stables are need (Radostits et al. 2007).
Vaccination has an important role to prevent the infection
among cattle and horses (Radostits et al. 2007). Both innate
and adaptive immune mechanisms are involved in the
response to the infection. Moreover, it has been found that
antigens of M. canis and numerous species in the genus of
Trichophyton stimulate both humoral and cell-mediated
immune responses (Pier et al. 1992; DeBoer and Moriello
1993). Among cattle, T. verrucosum-agent is the main cause
of the infection; rarely T. equinum, T. mentagrophytes and
M. canis are isolated from lesions of the infected animals
(Stenwig 1985; Radostits et al. 2007). The goal for the
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prevention of cattle dermatophytosis is to obtain an effective
vaccine against T. verrucosum infection. Both live
attenuated and inactivated vaccine" for the agent have been
developed. In most of Europe, there are currently four
available dermatophyte vaccines (Lund and DeBoer 2008).
However, the main common method for assessment of
vaccine safety and efficacy and characterization of the
immune response involves the target animal species. A few
studies have used heterologous challenge strains indicating
some degree of cross reactions(Lund and DeBoer 2008). In
Norway, there is a program to eradicate bovine
dermatophytosis in herds by vaccination, isolation of
infected animals, good hygiene and disinfection of
contaminated stables. In one region of Norway, over a
period of 8 years, where 95% of flocks participated, the
infection rate of the disease reduced from 70% to 0% (OIE
2013).

Conclusions

The disease is commonly known by several names including
ringworm, dermatophytosis, dermatomycoses or tinea. T.
verrucosum is the main cause of bovine dermatophytosis.
The main route for spread of infection from animals to
humans is through direct contact. Molecular assay along
with culturing serve as a gold standard approaches for
diagnosis. The high incidence of the infection is usually
recorded in winter season. The occurrence and distribution
of ringworm is influenced by host factors (stress, age,
management and transportation), climate condition and
geographic area. Vaccination has an important role to
prevent the infection among cattle and horses. Natural
antifungal plants i.e., clove oil proved highly effective
against the infection and can be used as a topical spray and
ointment for treatment of ringworm.
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INTRODUCTION

Red meat allergy, also known as an alpha-gal syndrome
(AGS), is symptomatically associated with the consumption
of glycan galactose-alpha-1,3-galactose (alpha-gal) (Chung
et al. 2008).

Alpha-gal is a carbohydrate present in mammals except for
humans and Old-World monkeys. The gene (GGTA1)
responsible for the synthesis of the enzyme (alpha-1,3-
galactosyltransferase) that is involved in the glycosylation of
alpha-gal is absent in humans and Old-World monkeys.
Therefore, immunocompetent persons can show anti-alpha-gal
antibodies in a natural way Galili et al. 1987; Singh et al. 2021).
Symptoms of red meat or mammalian meat allergy include
angioedema, anaphylaxis, and gastrointestinal (Gl)
symptoms such as abdominal pain, nausea, diarrhea,
heartburn, joint pain and pruritus (lweala et al. 2018;
Mabelane et al. 2018; Wilson et al. 2019). These symptoms
occur 3-8 hours after the consumption of mammalian meat

(beef, pork, or lamb) or other mammalian-derived products
(gelatin, dairy products and pharmaceutical products
containing alpha-gal). The delayed onset of the symptoms is
due to the time taken for the digestion of lipids and protein
containing alpha-gal and entry of alpha-gal into the blood
circulation. Due to the delay in symptoms, it is difficult for
doctors and clinicians to diagnose it as a food allergy
(Flaherty et al. 2017).

Ticks are responsible for different allergic reactions in
different countries across the world. The tick Ambloymma
(A.) americanum is the vector for Rocky Mountain spotted
fever and is also responsible for red meat allergy in the United
States (Van Nunen et al. 2019). Similarly, red meat allergy is
a tick-induced hypersensitivity reaction and is associated
with anaphylaxis, angioedema, and urticaria. In this disease,
IgE antibodies are produced against alpha-gal and cause
hypersensitivity reactions in humans. Red meat allergy is
different from other food allergies as IgE-mediated responses
are produced against a carbohydrate (alpha-gal). While in
other food allergies IgE mediated reactions are produced
against proteins or other ingested allergens. Antibodies
production against alpha-gal in red meat allergy is associated
with tick bites rather than the ingestion of some allergen
(Commins et al. 2011).

Association Between Tick Bites and Red Meat
Allergy

The increased levels of specific IgE and IgG antibodies
against alpha-gal epitope are characteristics of AGS or red
meat allergy patients, and most of the individuals with red
meat allergy who may have withstood the mammalian meat
for several years can develop alpha-gal sensitization after tick
bites (Platts-Mills et al. 2015; Kollmann et al. 2017). It is
discovered that the different tick species, especially the most
abundant Ixodes (1.) ricinus species in Europe, contain alpha-
gal in their cement and salivary glands (Hamsten et al. 2013).
The process of inducing sensitization to this epitope by tick
bites and, ultimately, mammalian meat allergy is not fully
understood yet. It is evident that only the alpha-gal exposure
is not responsible for the IgE response; it may be due to the
ticks’ salivary proteins containing alpha-gal antigens or may
be due to the prostaglandin E2 (PGE2) in the saliva
(Carvalho-Costa et al. 2015).

There is an association between tick bites and red meat
allergy, and is reported worldwide. Concentrations of alpha-
gal IgE in the blood of patients decrease as they avoid the
recurrent tick bites, and the level of decrease varies from
person to person (Commins et al. 2011).
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In the U.S., it was observed that there were similarities in the
geographical distribution of the reported patients of alpha gal
syndrome and Rocky Mountain spotted fever (Commins and
Platts-Mills 2013; Crispell et al. 2019). The tick A.
americanum is responsible for the transmission of the
causative agents of these diseases (Rickettsia and Ehrlichia).
In this preview, it was hypothesized that the lone star tick (A.
americanum) is the cause of sensitization to alpha-gal
(Commins et al. 2009; Commins et al. 2011). Other reports
also give evidence that the high titer alpha-gal IgE is
associated with more than two tick bites, and the titers are low
in the individuals avoiding tick bites, suggesting the relation
of ticks as sensitizing agents (Hashizume et al. 2018). Initially,
it was stated that alpha-gal transmitted to human hosts by
mature ticks is derived from mammals during blood meal, but
latter evidence showed that larval ticks transmitted alpha-gal
that was never fed mammalian blood (Stoltz et al. 2019).

Worldwide Distribution of Ticks-induced
Mammalian Meat Allergy

Alpha-gal in the meat is responsible for the production of IgE
in the human host. Data on the red meat allergy after tick bites
have been reported (Van Nunen et al. 2007).

In Europe, the prevalence of IgE production to alpha-gal has
been found to be 5.5% in Denmark, 15.7% in Spain, and
24.7% in a rural region of northeast Italy (Joral et al. 2022).
More than 5000 cases have been reported in the U.S. The
work about this disease started when a cancer patient in the
U.S. developed a hypersensitivity reaction to cetuximab (a
medicine used in the treatment of cancer). During the clinical
processes, there was a low risk of allergy against the drug but
in the cases from the specific region of the U.S. developed,
severe drug hypersensitivity reactions. Later, researchers
found that the patients, who showed allergic reactions, already
had IgE antibodies that bound with the alpha-gal present in the
murine portion of cetuximab (Chung et al. 2008).

The number of cases increased with hypersensitivity
reactions after eating red meat in the U.S. In these cases,
many individuals who have been consuming red meat for
years never developed symptoms before (Commins et al.
2016). The IgE response developed against the alpha-gal
present in red meat. It was noted that both drug-induced and
meat-induced allergy individuals belonged to the same area
abundant with lone star tick (Steinke et al. 2015).

Fig. 1 shows the occurrence of red meat allergy reported for
the first time in different areas of the world.

Many cases were also reported in Australia having a history
of tick bites. The first research on tick bites causing red meat
allergy in Australia was published in 2007. Starting from
those days, this disease is turning into a global issue and is
influencing almost all continents. In Australia, two species of
ticks I. holocyclus and I. australiensis responsible for causing
red meat allergies (Binder et al. 2021).
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Clinical Features of Red Meat Allergy

The disease shows similar kind of symptoms in children and
adults. Angioedema, GI symptoms and most severe
anaphylaxis causing adverse meat allergies contribute almost
65.6% (Fischer et al. 2016). Nearly 10 % of the cases that are
sensitive to red meat also react to the gelatin obtained from
mammals. Intravenous or intramuscular administration of
gelatin may increase the chances of anaphylaxis and may be
the initiation of red meat allergy. Clinical reactions were
reported when gelatin was administered orally and through the
intravenous route and few cases were reported with positive
gelatin tests and negative red meat tests (Mullins et al. 2012).
The role of co-factors in red meat allergy is very important.
Knowledge about the factors that increase the impact of
mammalian meat allergy is important to know for the safety
purposes. These factors, individually or with the synergism,
increase the severity of alpha-gal sensitivity reactions to red
meat (W6lbing et al. 2013). The major contributing factors of
the disease include consumption of a high amount of allergen,
alcohol intake with food, use of spices (chili & capsicum),
physical activity, use of anti-inflammatory non-steroidal
agents, to be in the premenstrual period, and cooking impacts
(Versluis et al. 2016). Moreover, the level of alpha-gal is
different in many products, such as egg and pork kidneys
have high levels of alpha-gal and increase the chances of
sensitivity. The milk obtained from cows also has alpha-gal,
and the sensitivity of alpha-gal has vanished on heating this
milk. Hence, pasteurization of this milk makes it tolerable
(Commins et al. 2014).

Process of Development of Red Meat Allergy

The development of red meat allergy via tick bites is an
example of the initiation of an allergy. It is a phenomenon in
which climatic change (High tick population, increased tick
bites), inheritance, host immune shifts due to parasites and
the presence of a pathogen in ticks (rickettsiosis) are involved
(van Nunen and Sheryl A 2018).

As it is evident from the fossils that the process of
development of red meat allergy due to tick bites started 28
million years ago. The enzyme responsible for the production
of alpha-gal was inactivated in our ancestors at that time, this
is why the human body gets alpha-gal as a pathogenic
particle, and alpha-gal IgE antibodies are produced, hence
giving defense to the pathogenic bacteria, coated viruses and
protozoa that contain alpha-gal (Galili 2013).

As per available literature, alpha-gal is an external particle
for humans that prepares them after bites from ticks and
initiates the pro-allergy Th2 cells cytokines in the humans
that starts the preparation of anti-alpha-gal antibodies (Abs)
by the IgG and ultimately the IgE Abs from B cells (Ferreira
and Silva 1999). Proteins from the ticks are glycosylated,
which promotes this process leading to an increase in
immunity. So, when IgE class Abs to ticks proteins are
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Fig. 1: Graphical representation of number of cases reported first time in different countries (Van Nunen and Sheryl A 2018).

generated at the same time, alpha-gal IgE Abs are also
produced. The IgE production mechanism is activated by the
tick bites against the alpha-gal, and when this person
consumes mammalian meat, the IgE production starts against
the alpha-gal present in meat, and hypersensitivity reactions
occur, causing red meat allergy (Dorey 1998).

The last important thing in the red meat allergy reactions is
the delay in the occurrence of these reactions. This
procrastination in the appearance of the symptoms is because
of the time required for the transport of alpha-gal from the
gastrointestinal tract to the blood circulations. Glycoproteins,
as well as glycolipids, also contain alpha-gal. The complete
breakdown of lipids takes many hours, and after that, the
absorption of chylomicron having alpha-gal starts in the
small intestine into the lymphatics and then into the
bloodstream stimulating basophil mediators’ production in
the blood (Commins et al. 2014).

Management of Red Meat Allergy

To date, there is no cure for this disease, but to get rid of this
disease, prevention strategies are adopted. Avoidance of
mammalian meat, mammal-derived things, and sometimes
dairy is advised for the patients (Patel and Iweala 2020).
Evidence showed that more tick bites increase the level of
IgE in the blood, and the prevention of tick bites reduces the
amount of IgE in the patients and also the sensitivity to red
meat (Kim et al. 2020). In a study, 12% of patients who
avoided tick bites for nearly five years reduced their IgE level
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to less than 0.1 1U/mL and included red meat in their meals
successfully (Commins et al. 2016).

No study is conducted yet showing the relationship between
the use of red meat and dairy products influencing the levels
of IgE in red meat allergy patients. Another observation also
supports this concept when some patients developed mild or
no symptoms and tolerated red meat on an event, severe
sensitivity reactions to red meat appeared in the same patients
in another event. This difference is not due to the quantity of
meat used but due to the level and quality of alpha-gal present
in meat or may be due to the inclusion of co-factors and
current bites from the ticks (lweala et al. 2018). Following
preventive measure should be taken to reduce the chances of
red meat allergy.

Avoiding Meat from Mammals

Firstly, the new cases reported of red meat allergies are
strictly instructed to skip mammalian meat such as Lamb,
pork, beef, and venison. Organ meat, specifically pork
kidney, also causes sensitivity reactions, so it should be
excluded from the diet (Fischer et al. 2014). Meat rich in fats
is also associated with the severity of reactions and
symptoms. Alpha-gal is not decomposed by heating meat, but
the fat content is decreased, which minimizes the severity of
the reaction (Apostolovic et al. 2014). Other mammalian
meats and products should not be consumed. Some cases also
develop signs of red meat allergy when air droplets arising
from the heating of meat are inhaled, but no document has
been published yet.




Avoiding Dairy Products

Products from dairy, such as cheese and milk, are not
recommended in red meat allergy patients on a daily basis
because nearly 81-90% of cases do not show reactions to these
products (Levin et al. 2019). Some experts’ opinions and
research work suggest the complete avoidance of these
products in the cases who are not consuming meat and still,
there is no significant decrease in symptoms (Commins 2016).

Non-dairy and Mammalian Derived Products

Non-dairy and mammalian-derived products may also pose a
risk of allergy when mammal-derived ingredients are mixed
in these foods. A major risk factor is the availability of non-
labeled products. In the market, some of these items
mentioned that alpha-gal content (cetuximab) is included,
while in some, it is missing (glycerine) because of the reason
obtained from the mammals. Mammalian-derived bovine
serum albumin does not consist of alpha-gal, so being
obtained from mammals does not mean that it consists of
alpha-gal (Thall and Galili 1990).

The occurrence of hypersensitivity reactions in individuals
who have removed all known forms of alpha-gal from their
diets is due to the presence of a hidden form of alpha-gal in
those foods. Special attention is given to foods that contain
high levels of mammalian-derived lipids, particularly when
they are associated with exercise, alcohol, sickness, and
menses etc (Scott 2020).

Foods high in fat and added fats are also linked with the
severity of reactions. Lard is used in food preparations, gravy,
and sauce. It is also used as a flavor enhancer. Mammal-
derived fat such as suet and tallow are also used in food
preparations. Different types of sausages contain casings (a
chemical that contains alpha-gal) obtained from the pig gut.
Turkey and chicken sausages also resulted in sensitivity
reactions in some cases. Carrageenan, as well as gelatin, are
commonly used foods additive obtained from mammals and
contain alpha-gal (Scott 2020). Gelatin is an important
content of gelatin desserts and its sensitivity is common in
patients, but in many cases, it is tolerated if present in low
quantity in daily uses (Caponelto et al. 2013). Carrageenan is
obtained from reddish esculent seaweed and is commercially
used in food preparation as a thickening and stabilizing agent.
The chances of developing symptoms after eating these
products are very low (Chauhan and Saxena 2016). The
problem is that it is a plant-origin food that is alpha-gal-free
foods. So, the cases who are avoiding the diets but still have
sensitivity should be analyzed for carrageenan use.

Medical Therapies of Red Meat Allergy
In the drug therapy, long active oral antihistamine

(fexofenadine) is preferably used two times a day. Another
feasible method that can be used is the application of short-
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active oral antihistamines, as many cases have endured the
Unisom and SleepMelt tablets (Scott 2020). Those cases who
are avoiding specific foods but still showing gastrointestinal
tract signs and symptoms are advised to use oral solutions of
cromolyn. It is recommended four times a day with a dose
range of 100-200 mg (Scott 2020).

Red meat allergy individuals having severe and recurrent
sensitivity with asthma can be treated with oral
corticosteroids. Omalizumab has been used successfully for
the control of continued reactivity in some patients, and those
individuals added small amounts of red meat in their meals
showing no harm (Scott 2020). In a study, six cases were
using Metformin during the preparations of gastric bypass
surgery, started consuming dairy products, and then included
mammalian meat in their meal (Samavedam et al. 2016). In
another research, it is evident that Metformin's impact on the
unfolded protein response can change the cytokine
environment and potentially reprogram the immune system
(Samavedam et al. 2016).

Therapeutic Prevention

Alpha-gal is a component of many drugs and medicines and
can be dangerous in some new therapies for the persons who
are allergic to alpha-gal (Galili 2013).

& Because of the alpha-gal present
dangerous reactions appeared by its intake.
& Vaccines such as measles and mumps as well as zoster
contain alpha-gal can cause allergic reaction in the person
sensitive to alpha-gal (Stone et al. 2017).

& Gelatin is also mammalian derived and is component of
vaccine, tablet, capsule and implants (Mullins et al. 2012).
& Antivenom against snakes, scorpions, spiders, jellyfishes
etc. also contain alpha-gal and cause sensitivity reactions in
the red meat allergy patients when used (Fischer et al. 2017).

in cetuximab,

Expert’s Opinion

Knowledge about red meat allergy to professionals in
healthcare is important to diagnose and manage this disease.
In the regions abundant in the population of ticks and where
bites from the ticks are usual, mammalian meat allergy is in
the process of recognition and diagnosis. Alpha-gal IgE tests
are suggested in these areas. A magazine having mammalian
meat allergy-related information for the patient's families and
healthcare providers should be developed. Similar to other
food allergies, avoid exposure to allergens and tick bites.
Proper labeling of ingredients in the food obtained from
mammals, medicines, drugs, and vaccines is recommended
for mammalian meat allergy cases. Manufacturing of porcine
products with no alpha-gal will give a source of “sensitivity-
free’ food and medicines. A detailed understanding needs to
be developed of the chances of reactivity for the different
products that contain small concentrations of mammal-
derived ingredients (Scott 2020).
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Conclusion

Red meat allergy is different from other conventional food
allergies. Tick bites play a role in triggering this disease, but
this association is not fully proven yet. It has been
diagnosed across the world but is more prevalent in areas
abundant with ticks’ population. The role of alpha-gal in the
development of mammalian meat allergy after tick bites has
strong scientific evidence. The reactions might appear
immediately when the medicines (containing alpha-gal) are
given via the parenteral route, and there is a delay in the
appearance of the symptoms from 3-6 hours if meat from
mammals, dairy, and other mammal-derived products are
consumed via the oral route. The best management of this
syndrome is to avoid further tick bites, mammalian meat,
and other mammal-derived products.
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INTRODUCTION

Psittacosis is a zoonotic infection caused by Chlamydia
(C.) psittaci (Fig. 1), which is an obligate intracellular
bacterium (Hans and Olivia 2016). The term ‘psittacosis’
originated from the Greek word psittakos, which is used for
parrots and was first used by Morange in 1895 (Morange
1895). Direct contact with diseased birds primarily
transmits the infection and induces a broad-spectrum of
symptoms with varying severity. Psittacosis is also
regarded as ‘parrot fever’ and ‘ornithosis’ and the birds are
considered as a prime epidemiological reservoir for this
disease (Fig. 1) Formerly, only the word ‘psittacosis’ was
used but then, another term ‘ornithosis’ was proposed in
order to distinguish the infection in fowls from the
infection in psittacine birds.Both of these conditions are
now considered similar (Andersen and Vanrompay 2008).
Although infection in the birds from the order
Psittaciformes (parakeets, parrots, lories, cockatoos, and
budgerigars) and  Galliformes (chickens, turkeys,
pheasants) are more often observed, but the disease can
infect every bird species. This has been reported in 467
species from 30 different orders of birds (Stewardson and
Grayson 2010). Hence, bird exposure is considered as the
major risk factor for its transmission to humans. The bird
exposure may occur through direct contact with the
diseased birds, or inhalation of aerosolized organisms in
faeces, urine, eye, and respiratory secretions. The bird-
human contact may happen in veterinary hospitals, pet
shops, and bird shows (Halsby et al. 2014), while the
person-to-person transmission of psittacosismay also
happen but is occasional (Stewardson and Grayson 2010).

Etiology

C. psittaci belongs to family Chlamydiaceae, and order
Chlamydiales (Kaleta and Taday 2003). The
Chlamydiaceae family comprises of two genera i.e.
Chlamydophila and Chlamydia. Formerly, genus
Chlamydia was known to have nine species (Laroucau et al.
2009). But according to the revised taxonomy of
Chlamydiaceae family, the genus Chlamydia now consists
of 11 species i.e. C. psittaci, C. pecorum, C. felis, C.
caviae, C. abortus, C. pneumonia, C. suis, C. trachomatis
and C. muridarum and newly discovered species, C. avium
and C. gallinacean (Sachse et al. 2014). C. psittaci, having
multiple genotypes, is gram-negative, obligate intracellular
bacteria that resides in both, birds and mammals.
Successful sequencing of these genotypes by using
genotype-specific real-time PCR can help in detection, as
well as epidemiological research. Being animal host
specific, every genotype can be transmitted to humans and
can induce infection (Stewardson and Grayson 2010).

Epidemiology

Generally, psittacosis is considered sporadic (Grayston et al.
1986; Marrie et al. 1987). But, outbreaks of disease may
occur as Ritter reported the first outbreak of psittacosis
(Jordan and Prouty 1956). He observed seven cases of
atypical pneumonia which occurred after contact with
parrots and finches at his brother’s house. Other early
outbreaks that happened in Europe and Faroe Islands were
found to have a connection with sick parrots and fulmar
petrels (Grayston et al. 1986; Saikku et al. 1985; Palmer
1982). Despite the fact that all groups and genders can be
affected by psittacosis, the incidence of this infection is seen
to attain a peak in middle-aged people having an age of 35
to 55 years (Yung and Grayson 1988). Still, psittacosis is
considered a rare zoonotic infection. Due to this reason,
there is no ample awareness regarding this disease among
the people and health care providers (de Gier et al. 2018).
According to CDC (Centers for Disease Control and
Prevention), psittacosis is a notifiable disease in the United
States. The estimated reported cases are less than 10 per
annum and underdiagnosis and underreporting are thought
to be the reasons behind the reporting of such a small
number of cases. The individuals who are more likely to
have exposure to the birds are generally considered more
susceptible of acquiring infection. Bird exposure may occur
at veterinary hospitals, pet shops and bird exhibitions and
occupational exposure can also occur in the people working
in the poultry industry (de Gier et al. 2018).
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Agent

Chlamydia psittaci

Fig. 1: Facts regarding Psittacosis.

Modes of Transmission

Bird to Bird

Psittacosis is regardedas “Avian Chlamydiosis” (AC) in
birds. C. psittaci is found in nasal discharges and faeces of
birds which harbors the infection. Sickbirds, as well as,
asymptomatic birds may give out the bacteria alternatively
for many months. Birds don’t develop immunity against it
and so, there is a chance to acquire the infection again
(Balsamo et al. 2017).

Bird to Humans

C. psittaci is transmitted through the air passageway. Apart
from the direct transmission through droplets, the indirect
transmission of bacteria may occur by inhaling the aerosol
of faeces of infected birds (Saito et al. 2005). It is reported
that some patients experienced the symptoms without
having ahistory of bird exposure (Ito et al. 2002) and even
momentary exposures can cause symptomatic infection
(Rehn et al. 2013).

Person to Person

It is believed that psittacosis is hardly transferred via direct
human-to-human contact because none of the studies show
evidence regarding its transmission among individuals
(Hughes et al. 1997; Ito et al. 2002; McGuigan et al. 2012;
Wallensten et al. 2014; Ojeda Rodriguez et al. 2022).

Other Animals to Human

Parrots and ornamental birds are usually considered as the
source of psittacosis. However, some other birds and
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Parrot Fever

It is used because
disease is usually
caught from infected
parrols.

Ornithosis

It is used when birds
other than parrots carry
the bacterium.

Chlamydiosis

It is used because the
causative agent belongs
to genus Chlamydia.

animals, like pigeons, poultry species and even mammals,
have also been observed as the source of infection in
humans (Haag-Wackernagel and Moch 2004; Fenga et al.
2007; Verminnen and Vanrompay 2009; Deschuyffeleer et
al. 2012). C. psittaci transmission to humans from non-
avian sources is probably not known, however, it has been
reported in the case studies of some pregnant women who
had a history of exposure to abortion products from sheep,
abattoir workers, shepherds, and laboratory staff members
(Barnes and Brainerd 1964; Anderson et al. 1978; Hyde
and Benirschke 1997; Meijer et al. 2004). There are also
some case reports in which humans who hadcontact with
ill foals were infected with psittacosis (Chan et al. 2017).
Fig. 3 shows various routes from where human may get
the infection.

Pathogenesis

According to recent research employing a bovine model,
C. psittaci initiates infection of the alveolar epithelial cells
upon inoculation to the host (Knittler et al. 2014). The
infection spreads due to the multiplication of bacteria
within the host’s epithelial cells. This elicits a host
immune response resulting in a large inflow of neutrophils
along with the release of chemokine and interleukin-8
(Knittler et al. 2014).

The acute-phase reaction brought about by chemokines
causes the activation of an inflammatory cascade and
reactive oxygen species. This further results in the
recruitment and aggregation of immune cells and
phagocytes from the bloodstream to the site of infection.
This is considered to cause the hematogenous spread of C.
Psittacithrough the disintegration of the alveolar-capillary
membrane and tissue damage (Kbnittler et al. 2014). This
inflammatory cascade and infection hinder the transfer of
oxygen within the alveoli resulting in hypoxemia and
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Fig. 2: A bird eye view of historical background is described.

alveolar hypoventilation (Knittler et al. 2014). The
hematogenous spread of C. psittaci which resulted in
various pathological changes in the body have been shown
in Fig. 4.

Histopathology

The developmental cycle of C. psittaci involves two forms.
The organism comprises of a larger metabolically active
intracellular reticulate body and an extracellular infectious
elementary body (Chu et al. 2022).
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Setal. 19852)

The extracellular infectious elementary body is
endocytosed into the cell when it comes in contact with the
cell membrane receptor of the host cell, dodging the host
immune response. As a result, a metabolically active
reticulate body is formed when the endocytosed
elementary body increases in size (Grimes 1987; Peeling
and Brunham 1996).

The reticulate bodies use host cells’ ATP and form further
new reticulate bodies upon binary fission. These inclusion
reticulate bodies reorganize to form an intermediate state.
Ultimately, elementary bodies are formed and released by
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Fig. 4: Hematogenous spread of C. psittaci resulting in various
pathological changes in the host body

cell lysis and reverse endocytosis and this release of
elementary bodies are considered as a cause of silent and®
chronic infection (Peeling and Brunham 1996).

New host cells are infected with these released elementary
bodies. In this way, the disease cycle propagates and spreads®
to other organ systems of the body via a hematogenous route
(Vanrompay et al. 1995; Khnittler and Sachse 2015). The
infectious cycle of C. psittaci involving the formation of
reticulate and elementary bodies have been shown in Fig. 5.
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History of Patient

Although there is a strong connection between bird
exposure and psittacosis, yet it is not compulsory for
diagnosis. This is considered accuratefor areas where there
is an abundance of undomesticated birds. In Australia, two
outbreakshappened in the areas that were located amidst
large avian flora (Williams et al. 1998; Telfer et al. 2005).
Diagnosis mostly dependson taking adetailed history
involving the medical history, travel history, occupation
andhobbies of the patient, along withstrong suspicion of
infection (Chu et al. 2022).

Clinical Manifestations

Despite the respiratory symptoms of C.psittaci infection in
humans, there can be other clinical manifestations that can
extremely differ. Infection can influence multiple organ
systems as it spreads after replicating in the respiratory
system. The average incubation period of infection is about
5-14 days (Beeckman and Vanrompay 2009).

The onset of symptoms is usually sudden. Headache is
usually mentioned along with fever, nausea, diarrhea, cough
and myalgias (Yung and Grayson 1988). Other signs of
psittacosis  include  disoriented mental  condition,
photophobia, mild stiffness in the neck, hepatomegaly,
splenomegaly and pharyngitis (Stewardson and Grayson
2010). Fig. 6 shows the clinical manifestation of psittacosis
infection in the host.

Diagnosis
Lab Investigations

White Blood Cell Differential count: Slight decrease
inleukocyte count manifest initial phase of infection.
Leukopenia can be noticedin the acute phase of infection
(Longbottom and Coulter 2003).

Red Blood Cell Count: During the course of infection,
hemolysismay lead to anemia (Longbottom and Coulter 2003).
Liver Function Tests: Sometimes, there can be high levels of
aspartate  aminotransferase =~ (AST) and  alanine
aminotransferase (ALT), besides gamma-
glutamyltranspeptidase (GGT) (Longbottom and Coulter
2003). Elevated levels of CRP (C- reactive protein) can also
be observed (Longbottom and Coulter 2003).

Culture: C. psittaci is isolated from respiratory tract
secretions (sputum, throat swab etc.) and can be cultured on
Minimum Essential Medium (MEM) (Favaroni et al. 2021).
Serology: This method is usually applied to confirm
psittacosis. Following serological tests are available for
diagnosis of psittacosis:

Microimmunofluorescence Test: 1gG-specific and
specific antibodies are detected by MIF test.

IgM-
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Fig. 6: Clinical manifestation of psittacosis infection

In the initial stage of diagnosis, there is a positive result of IgM.
The positive rate may reach up to 80-95 % (Mi et al. 2015).
Complement-fixation test (CFT): If paired serum titers
elevate at a four-time speed while detecting specific
antibodies then a diagnosis is required (Mi et al. 2015).
Microimmunofluorescence (MIF) is considered more
sensitive than the complement-fixation test (CFT) (Mi et al.
2015).

Imaging:

o Chest X-Ray: Around 80% to 90% of patients
exhibit abnormal chest x-rays. These involve migratory
infiltrates and pleural effusions (Yamato et al. 1992).
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Magnetic Resonance Imaging (MRI): MRI is usually
advisedfor diagnosing neurological issues associated with
psittacosis (Mi et al. 2015).

Nucleic Acid Amplification

PCR helps in the rapid detection of psittacosis patients as it
allows us to find out the source of infectionby genotyping. It
is highly sensitive only in the acute phase and is mild in
chronic cases (Nieuwenhuizen et al. 2018).

Prognosis

The prognosis of psittacosis may be influenced by the
severity of clinical disease and the comorbidities of the
patient. In addition to this, prognosis also relies on the
duration of treatment and management. (Hogerwerf et al.
2017). The mortality rate is approximately 1%, despite of
antibiotics treatment (Chin 2000).

Treatment

Psittacosis is primarily treated by antibiotics. Tetracycline
and doxycycline are two antibiotics that are usually
recommended and considered effective against this disease
without contraindications. Most patients show improvement
within48 hours (Yung and Grayson 1988). Intravenous
doxycycline can be used in cases where antibiotics cannot
be administered orally. The recommended dosage of
doxycycline is 100 mg PO or IV for 10 to 14 days.
Azithromycin can also be used ininfants. Erythromycin and
azithromycin are recommended for pregnant patients and
can also be wused in cases where doxycycline is
contraindicated (Chu et al. 2022).

Fluoroguinolonescan also be prescribed at times but these
are less effective than tetracyclines and azithromycin (Chu
et al. 2022).

Differential Diagnosis

There aremany disorders which may have similar symptoms
as psittacosis or parrot fever. A comparison can be
beneficial for differential diagnosis. The differential features
of psittacosis infection have been mentioned in Table 1.

Complications

The psittacosis-infected patients may present several
manifestationsas a consequence of its hematogenous spread
after the first inoculation. C. psittaci infection may lead to
respiratory failure, hepatitis, pneumonia, pancreatitis,
endocarditis, DIC (Disseminated Intravascular Coagulation)
and encephalitis. The fulminant course of psittacosis may
lead to multiple organ failures (Chu et al. 2022).
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Table 1: Differential Features of Psittacosis Infection with VVarious Other Disorders

References (Moghadami  (HamidrezaHonarmand 2012; (Ticona et al. 2021; (Penn 1994; Yeni (Yagupsky and
2017) BiyankaJaltotage et al. 2021) Jain et al. 2022) et al. 2021) Baron 2005)
Signs Pericarditis v v v v v
Hepatomegaly X v X v v
Leukopenia X X X X X
Symptoms Myalgia (muscle pain) v v v v
Malaise v v N4 N4 v
Fever and chills v v N4 N4 v
Abdominal pain v V4 v v v
Nausea and vomiting v v v v
Differential diagnosis of Psittacosis Influenza Q fever Pneumonia Tularemia Brucellosis

Prevention and Control

There are no vaccines available so far against this infection
(Stidham et al. 2019). So, for now, strategies for minimizing
the spread of these bacteria are the only way to control the
disease (Smith et al. 2005). Therefore, people should be
guided in dealing with birds and birdhouses in order to
restrictthe spread of disease (Schlossberg et al. 1993). The
use of personal protective equipment (PPE) such as gloves,
masks, etc. must be assured while dealing with diseased
birds and their cages. The veterinarians and healthcare
providers must be consulted if the birds are doubted for
carrying the infection (Chu et al. 2022).

Public Health Significance

Psittacosis, being zoonotic in nature (Gaede et al. 2008;
Andersen and Vanrompay 2000; Seth-Smith et al. 2011),
has distinct importance in public health, as parrots are kept
in our houses, in schools and nursing homes on regular basis
(OIE Terrestrial Manual, 2008). Proper knowledge and
guidance about the clinical signs and course of the
diseaseshould be provided to people who are susceptible of
acquiring disease, along with the healthcare professionals
(Balsamo et al. 2017). This must cover the public awareness
aspect regarding the proper handling of birds, the use of
personal protective equipment, and disposable particulate
respirator usage. In order to figure out the sources of
disease, there should be coordination between the healthcare
personnel and the public health department for the guidance
of industry and the public in tracking down all the dealings
involving birds. The sick birds should be tagged,
quarantined and isolated along with the implementation of
appropriate cleaning and infection preventive guidelines
(Balsamo et al. 2017). All these suggestions highlight the
importance of general public awareness and the role of
health care providers in the control of this zoonotic disease.
So, an initiative involving general public awareness and
cooperation between veterinarians and public health
authorities is highly required for the prevention of this
disease (Chu et al. 2022).
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Future Perspectives

On-time reporting of disease and development of
commercial vaccines are the biggest challenges related to
psittacosis in future, as no human or avian vaccines are
developed and commercialized yet. However, immunization
with genetically modified DNA plasmid consisting of C.
psittaci ompA gene induced partial immunity in SPF
(specified pathogen free) budgerigars and turkeys. DNA
immunization can be done even if maternal antibodies are
present which triggershumoral and cell-mediated immune
responses similar to those in usual body infections. So, it is
high time that safe and effective vaccine against psittacosis
must be developed. Studies have also shown the
effectiveness of ovotransferrin against C. psittaci, when
administered in turkeys. It potentially decreased the
concentration of bacteria in the air and significantly lowered
the mortality rate. So, the administration of ovotransferrin
(OvoTF) in poultry is suggested as it can be a
groundbreaking antimicrobial approachin near future (Van
Droogenbroeck et al. 2011).

Conclusion

Increasing incidence of various zoonotic infections is one of
the burning issues around the globe. However, psittacosis as
a zoonotic disease is still overlooked. It is regarded as a
reportable disease in many countries but still, it is an
underreported condition. Even the wusual laboratory
investigationsdo not involve the diagnostic tests required for
psittacosis. Moreover,the serological tests cannot give
confirmatory diagnosis if a single serum sample is provided.
The proportion of reported cases as compared to the actual
ones is very low. So, we can say that the estimated impact
of psittacosis on public health is still not clear.The bird-
human contact is undeniable as man has been domesticating
birds for ages. Moreover, the expansion of poultry industry
over the past few years has made this contact more often but
bird owners, public, poultry farmers and even medical
practitioners have insufficient understanding of this
infection. Therefore, raising general awareness for
psittacosis is required which will promote the timely
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reporting of this disease. Devising effective vaccines and
specific diagnostic strategies are the needs of time and
required to control this zoonosis.
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INTRODUCTION

Rickettsia (R), is a small obligatory, intracellular gram-
negative bacterium that infect both humans and animals
(Dunning Hotopp et al. 2006). In 1909, Howard Ricketts
was the first person to discover the genus Rickettsia
(Ricketts 1909). On the basis of serological features, it has
been classically classified into three distinct groups
including the typhus group (TG), spotted fever group (SFG),
and the scrub typhus group (STG). Both TG and SFG are
under the genus Rickettsia and the STG is under the genus
Orienia (Tamura et al. 1995; Dumler et al. 2001; BermUdez
2018). There are only two species of TG rickettsiae: R.
prowazekii, which is transmitted by louse; and causes a
disease named epidemic typhus, and R. typhi, which is
transmitted by flea and causes a disease named murine
typhus. While there are more than twenty species of SFG
and all species are transmitted by hard ticks except two
species including R. akari, being transmitted by mites, and
R. felis being transmitted by flea (Greene and Breitschwerdt
1998; Foil and Gorham 2000; Centers for Disease Control
and Prevention, National Center for Infectious Diseases
2002). R. rickettsii, is the causative agent for Rocky
Mountain spotted fever (RMSF) and comes in the group
Rickettsia (Williams et al. 2007).

The differential features of TG and SFG group involve the
polymerization of actin, type of outer membrane proteins
and difference in the optimal growth temperature. The TG
group cannot polymerize the actin and enter the host cell
cytoplasm, have type B outer proteins and show optimal
growth at 35°C while the SFG group can polymerize the
actine and enter the host cell nucleus, have type A and B
outer proteins and show optimal growth at 32°C (Fournier
and Raoult 2007). The last difference is the difference in the
ratio of genomic G-C, which is 29% in case of TG, while it
is 32% -33% in case of SFG (Gillespie et al. 2007).

Like other bacteria, Rickettsiae have both deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA) and they secrete
substances, generate energy and perform all other living
activities. Rickettsiae are transmitted to the host during
biting and the blood meal by the infected ticks. It is
transmitted from the site of bite by the bloodstream to infect
the endothelium and sometimes to the vascular smooth
muscle cells. Rickettsia species in their target cells can
multiply by binary fission and cause direct damage to
heavily parasitized cells (Walker and Ismeil 2008).

Rocky Mountain Spotted Fever (RMSF)

Many studies approved that the RMSF was found in
America before humans arrived there and this is due to the
hard tick that transmits the R. rickettsia through trans-
ovarian way. The hard ticks have acquired the infection
from feeding and biting of infected animals and they lay
infective eggs and the pathogen was transmitted to the
whole generation of tick (Burgdorfer 1963). In North
America, human infections with R. rickettsii have been
recorded, and was named Rocky Mountain spotted fever
(RMSF). It is named as fiebre maculosa Brasileira' in Brazil
and fiebre de Tobia in Columbia (Oteo et al. 2014). RMSF
is an acute fatal bacterial disease that infects humans of
different ages and dogs. It is transmitted by the bite of an
infected hard tick in two ways: by trans-ovarian and trans-
stadial transmission (Walker and Raoult 2000; Savic 2019).
The disease is characterized by fever, chills, rash, and
muscle aches (Warner and Marsh 2002). RMSF is still
considered as the most virulent disease among all human
infectious diseases, mainly in young people in North and
South America (Warner and Marsh 2002; BermUdez 2018).

History of RMSF

Firstly, the RMSF was identified as black measles and was
reported for the first time in the late 1890s, in Idaho and
Rocky Mountain, so it was named Rocky Mountain spotted
fever (Ricketts 1909; Azad and Beard 1998; Centers for
Disease Control and Prevention website 2017). In 1906
Howard Ricketts discovered that RMSF was a bacterial
infection that was transmitted to humans by hard ticks
(Thorner et al. 1998). Initially, the disease was localized at
Rocky Mountain, and then the disease has been observed
throughout different regions of America (Centers for
Disease Control and Prevention 2022). The disease spread
to various countries such as Colombia, Brazil, Mexico,
Costa Rica, Argentina, and Panama (Razzaq and Schutze
2005; Dantas-Torres 2007). Over the past 20 years, the
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incidence of RMSF has been continuously rising in the
United States, reaching a peak in 2012. The mortality rate
has been shown elevated in older patients more than sixty
years of age, in individuals who have been lately diagnosed,
and in those who do not receive doxycycline drug as a
treatment (Holman et al. 2001; Biggs et al. 2016).

Synonyms for RMSF

RMSF disease is also known with various names such as
tick-borne typhus fever, tick fever, black measles, black
fever, Mexican spotted fever, and New World spotted fever
(Harwood and James 1979).

Vector for RMSF

The common vectors for the transmission of RMSF are hard
ticks, mainly Dermacentor (D.) andersoni (Rocky Mountain
wood) and D. variabilis (American dog tick) (Levin et al.
2017; Ismael and Omer 2021). These two species of ticks
are considered as the common species in the northwestern
states and the eastern United States. Ticks need several
factors to complete their life cycle for the hatching of eggs
and molting which include a suitable host, suitable
humidity, oxygen, appropriate temperature, and a proper
place (Estrada-Pefia et al. 2012). Various species of hard
tick act as the vector for RMSF and this depends on the
geographical area for example; there are three common
species of hard ticks in North America including
Rhipicephalus (R.) sanguineus (brown dog tick), D.
variabilis (American dog tick) (Fig. 1) and D. andersoni
(Rocky Mountain wood tick) (Fig. 2). Both Amblyomma and
Rhipicephalus act as the main vectors for RMSF in Central
and South America, mainly in Costa Rica (Oteo et al. 2014;
Levin et al. 2017; Ismael and Omer 2021). Additionally,
several species of hard ticks have been reported in America
such as Amblyomma imitator, Amblyomma parvum,
Amblyomma americanum, Haemaphysalis leporispalutris,
and Dermacentor nitens (Labruna and Mattar 2011).

A hard tick has a complex and long-life cycle; involving
four morphological stages during their life cycle including
the egg, larva, nymph, and adult (Fig. 4). The adult female
lays eggs, which is then converted in to larvae. The process
of converting each stage is called molting. Hard ticks
remain on the host for a short period or during their whole
life cycle. During this time, they consume various numbers
of blood meals during biting (Walker and Raoult 2000;
Golezardy 2006; Williams et al. 2007). The hard tick's life
cycle begins once an engorged adult female tick found a
proper area to lay her eggs. Normally, the hatching of eggs
occurs within one to four weeks. The released larvae are
very small in size, light in color and have six legs. Larvae
are responsible to find a new animal host for feeding on
blood and complete its life cycle (Brumin et al. 2012; Tian
et al. 2020).
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The host is infected with disease, when the larvae attach to
the suitable host and feed on its blood by using its
mouthparts (including chelicerae and hypostome), leading to
the initiation of infective stage into the host blood (Varela-
Stokes et al. 2009). After that, the larvae drop off on the
ground and molt to the second stage of the tick called a
nymph, which may form one or more nymphal stages and
the number of molting differs according to the species of
hard ticks and environmental conditions such as temperature
and optimal humidity (Walker and Raoult 2000; Tian et al.
2020). The nymph stage then feeds on the host and as usual,
they drop off again on the ground and molt to adult males
and females. Both nymph and adult stages are brown and
have eight legs, and an adult female feed on the host till
become engorged. Engorged females lay thousands of eggs
on the ground and these depend on the species of hard ticks
and environmental conditions (Sen et al. 2012).

The Role of Dogs in RMSF

R. sanguineus (brown dog ticks) infect both humans and
animals (Demma et al. 2005; Yaglom et al. 2018). It was
identified for the first time during the RMSF outbreak as a
potential vector of R. rickettsii in North America, and the
role of stray dogs has been suggested as reservoirs and
primary hosts for the Rhipicephalus at the same time
(Demma et al. 2005; Nicholson et al. 2006). In North
America, brown dog ticks that transmit the R. rickettsii can
transmit many other pathogens such as Anaplasma spp.,
Babesia spp, Bartonella spp., and Ehrlichia spp. (Higuchi et
al. 1995; Mathew et al. 1996; Wikswo et al. 2007; Diniz et
al. 2010). Due to these characteristics, there are increasing
outbreaks of RMSF in countries that have a large number of
stray dogs (Yaglom et al. 2018).

Pathogenesis of RMSF

The causative agent of RMSF, R. rickettsii infects and
replicated within the endothelial cells that line the small blood
vessels, causes systemic vasculitis and is the main cause of
skin rash and petechial lesions on the skin (CDC 2019). The
bacteria cause direct injury to microvascular lining and
damage to vascular endothelial cells. The endothelial cells
release more prostaglandins which may increase the vascular
permeability and escape of high amount of fluid into the
neighbor tissues resulting in edema and loss of blood volume
(Rydkina et al. 2006; Zhou et al. 2022). Injury and damage of
blood vessels lead to the inflammation known as vasculitis
and this cause bleeding and clotting in vital organs, mainly
the brain. Many other pathological changes may occur due to
host response to RMSF such as encephalitis, myocarditis, and
interstitial pneumonitis (Sahni et al. 2021; Zhou et al. 2022).
The severity of the infection and clinical signs depend on
several factors including age, sex, body color and history of
chronic disease i.e., diabetes mellitus. (Pearce and Grove
1987; Parola et al. 2003).
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Fig. 1: Adult tick of Dermacentor variabilis (female) (Biggs et
al. 2016)

Fig. 3: Adult of Rhipicephalus sanguineus (Female) (Biggs et al. 2016)
Clinical Symptoms of RMSF

Usually, the incubation period of RMSF ranges from 2 to 14
days following a tick bite. Most tick bites are painless, and
some people may not even remember getting bitten, while in
Brazil one case was reported with an incubation period
ranging between 1-21 days. RMSF is characterized by
nonspecific clinical signs such as fever (37 °C -39°C),
headache, muscle pain, vomiting, and nausea. It may lead to
rash, breathing difficulty, abdominal pain, seizure, and shock
if not treated correctly (Paddock and Childs 2003; Gottlieb et
al. 2018). The typical rash usually appear following 2-4 days
of fever and in some cases may appear between 1-6 days.
The rash initially appeared as small flat, pink papules on the
ankles and wrist and then distributed to the legs, arms, and
body trunk (Fig. 5). By the end of the first week, the rash
develop into a maculopapular rash with central petechiae
(CDC 2000; Regan et al. 2015; Lindblom 2016; Elzein et al.
2020). In RMSF, a skin rash may be not obvious in patients
with dark skin (Kirkland et al. 1995; Rathi and Rathi 2010).

Children also showed similar signs of RMSF as in adults. A
study found a serious case of RMSF in the child sixteen
months old, presented with persistent high-grade fever lasting
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Fig. 2: Adult tick of Dermacentor andersoni (Female)(Biggs et
al. 2016)

HOST

HOST
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Fig. 4: Life cycle of Hard Tick (Varela-Stokes et al. 2009)

longer than a week and a skin rash that dramatically involves
the palms and soles of the feet (Fig. 6 and Fig. 7) (Inamadar
and Aparna 2019). The skin rash appears early in children as
compared to adults (Purvis and Edwards 2000; Murali et al.
2001). The common symptoms in children include facial
swelling, swelling of legs and generalized body edema,
enlargement of the liver and spleen, pneumonia, hyperemia,
and vasculitis of the eyes (Fig. 8) (Azad and Beard 1998;
Chapman et al. 2006; Agahan et al. 2011).

Diagnosis of RMSF

1. Clinical Diagnosis

At the early phase of disease, it is very difficult to
differentiate between RMSF and other diseases that have the
same clinical signs such as high fever, chills, fatigue, and
myalgia. Therefore, its unable to suspect the RMSF at
beginning of the disease, because of no specific signs, while
in the advanced stage of the disease is easy to differentiate
between RMSF and other diseases, because of special
petechial skin rash and eschar formation (Paddock and Childs
2003; Gottlieb et al. 2018).




One Health Triad

Fig. 5 (A & B): Rash on the upper and lower limbs C. Eschar in
the arm (Elzein et al. 2020)

Fig. 6: Sixteen months old child with a clear rash on their palms
(Inamadar and Aparna 2019)

Fig. 7: Sixteen months old child with a clear rash on their foot
soles (Inamadar and Aparna 2019)

The early diagnosis depends on the history of the disease
such as patients having tick bites (specific skin lesion) and
previous exposure to the endemic region where for RMFS
(Chen and Sexton 2008)

2. Laboratory Diagnosis

Serological test such as indirect immunofluorescence
antibody assay (IFA) is considered the main standard test
for the diagnosis of rickettsial specie. Antibodies are
commonly detected after the onset of infection between 7-
10 days. The sensitivity and specificity of IFA are about 94-
100% and 80 % respectively and it depends on the time of
blood collection (before or after 14 days of infection). The
second is enzyme-linked immunosorbent assay (ELISA),
which is also used for the detection of antibodies
(Ehrlichiosis, 2004; Biggs et al. 2006).

Immunofluorescence staining test, is used to detect both
fatal and non-fatal types of RMSF, by taking a biopsy from
the skin rash for detection of R. rickettsii, and it has been
proved by many studies to be sensitive and specific (70%-
100%) respectively (Walker 1995; Demma et al. 2005).
Histopathological method, is used for the detection of skin
rickettsial antigen. It is done by taking a biopsy from the
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Fig. 8: Hyperemia found in the child's eye (Inamadar and Aparna
2019)

skin rash, followed by the preparation of a smear and
staining with eosin and hematoxylin stain. The infiltration
of mononuclear cells which surrounds the vascular system
of skin are shown under the microscope (Sexton 2011).
Immunohistochemical staining test, is another test used for
the detection of RMSF. The sensitivity and specificity of
this test ranges from 70-100 % respectively. It is also used
for the detection of skin rickettsial antigen as in
histopathological method while under the microscope it
appears as focal lesion (Kao et al. 1997; Stewart and Stewart
2021).

The Polymerase Chain Reaction assay (PCR) is highly
effective for detection R. rickettsii DNA in skin rash biopsy
than in blood samples and this is due to R. rickettsii being
concentrated more in skin rash in advanced stages of disease
than in the blood sample (Demma et al. 2005; Institute of
Medicine US 2011; McQuiston et al. 2014).

Treatment of RMSF

The recommended drug for the treatment of all types of
rickettsiae infection is doxycycline which should be
prescribed immediately after RMSF is diagnosed.
Doxycycline is highly effective on intracellular bacteria and
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its use is safe in children, therefore, doxycycline is
recommended as a specific treatment for RMSF by the
American academy of pediatrics community. Rickettsiae has
resistance to many antibiotics that have lower activity on
intracellular bacteria ~ such as cephalosporins,
aminoglycosides and trimethoprim-sulfametoxa- zoleand
penicillins (Todd et al. 2015; Biggs et al. 2016).
Doxycycline is recommended for the effective treatment of
RMSF for adults and children (Minniear and Buckingham
2009; Todd et al. 2015; Biggs et al. 2016).

The recommended dosage of doxycycline, for adults, is
about 100mg every 12 hours which may be given orally or
IV. For children, it is 4mg and should be divided into two
dosages and given every 12 hours (orally or V).
Doxycycline should be given for three days as a minimum,
while in the severe cases, it should be given at least 5-10
days. In the case, of patients allergic to doxycycline,
chloramphenicol is the second drug of choice for RMSF
(Thorner et al. 1998; Thomas et al. 2009; Todd et al. 2015).

Prevention and Control

Till now there is no available vaccine for RMSF. Therefore,
to decrease the morbidity and mortality of RMSF in endemic
regions, it should be diagnosed properly and suspected
patients should avoid to visit endemic areas in spring and
summer seasons (Helmick et al. 1984; Drexler et al. 2014).
Early steps of prevention include the protection from the bite
of ticks, reducing contact with tick population, mainly from
forested, and grassy regions and finally ticks that are adhered
to the body should be removed carefully (Centers for Disease
Control and Prevention Tick Removal 2016).

Conclusion

RMSF is a zoonotic tick-borne disease found worldside that
infects humans (including adults and children) and dogs and
is transmitted by hard ticks. It is considered as one of the
main public health issues because of its high prevalence and
effects. It is not promptly recognized and diagnosed, and
may leads to death. The two factors that leads to death
include the delayed or incorrect diagnosis of the case
because of no early specific sign and the delayed treatment
of cases with doxycycline because if a patient does not
receive doxycycline during the first five days may lead to
many systemic complications. Finally, the suspected
patients who have a history of tick bites, or have fever and
skin rash in an endemic region should be treated carefully.
Save people's life from RMSF in endemic regions, is
depending on the early accurate diagnosis and correct
treatment to prevent the occurrence of fatal complications. It
is the responsibility of the public health sector to prevent
and control the disease in the endemic regions by reducing
the tick population and reducing stray dogs because dogs
play an important role in the RMSF.
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INTRODUCTION

Livestock is one of the most important sources of the
economy for any country. So, it is necessary to ensure the
good health of animals, their development and prosperity
and to preserve it from wasting and death. This is only
possible by the periodic examination to ensure that it is free
from bacterial, viral and parasitic diseases and focus on
giving vaccines on time. Parasitic infections among small
ruminants play a significant role in animal death and
productivity, and Eimeria is one of the parasitic protozoa
with a wide spread epidemiology among all animals,
including small ruminants. The rates of its spread among
animals have increased recently, and the reason for this is
the spread of random grazing and the dependence of
shepherds on feed from contaminated sources. Another
reason for the increased infection is the mixing of animals in
the same barns and lack of ventilation leading to the
massive spread of sporozoites and emergence of new
species that did not exist previously. Therefore, it is
necessary to give the the utmost importance to this subject,
and to follow up on the frequency of Eimeria between this
region, and to find solutions to eliminate the parasitic
infection. The emergence of new types of Eimeria was
noted when it was detected at the molecular level. Formerly,
eimeriosis was thought to be caused by the obligatory
intestine intracellular apicomplexan protozoan parasite
Eimeria spp. (Yakhchali and Rezaei 2010). The disease
rapidly spread throughout the world and afflicted many
animals, costing both individual farmers and the ovine
business very badly (Reeg et al. 2005). Eimeria spp. is a
parasite that infect several domestic animals, with the site of
infection being the gut and occasionally other organs,
including the liver and kidney (Levine 1973).
Taxonomically, Eimeriaspp. has been placed in the
Eimeriidae family including more than 1,000 species and

the genus Eimeria comprising the majority of species
affecting domestic animals as well as birds. There is total 15
species known to infect the sheep, however, Eimeria (E.)
ovinoidalis and E. crandallis are the two most dangerous
species (Catchpole et al.2000). There are 17 species known
to have been found in goats, although the pathogenic species
E. arloingi and E. ninakohlyakimovae are particularly
common (Cavalcante et al. 2012). In life cycle, Oocysts are
excreted in the faeces of infected animals and require
favourable environmental conditions, such as temperature >
15°C and relative humidity > 80%, to mature into Sporulated
oocysts that are capable of infecting other animals in the
same field (Daugschies and Najdrowski 2005). Additionally,
the principal route of transmission of disease between
animals is through the ingestion of contaminated food and
water containing oocysts (Fitzgerald 1980).

Historical Preview

The first discovery of Eimeria spp. was documented in 1674
by Antonie Van LeevnHook, who examined parasitic cysts
in gall bladder ofrabbits. Then, schizogonous stages was
descript by Schneider in 1875.Later, avian Eimeria oocysts
was described by Leuckartin 1879.Schaudinn documented
the whole life cycle of the parasite in 1900; thereafter,
Eimeria was regarded as a distinct species from Eimerian,
and the term Eimeria was first recorded in 1902 by Stiles
and Liihe. The first discovery of Eimeria spp. in goats was
documented by Marotelin 1905, who give it the name
Coccidiaumarloingi having the Micropyle. The pathogenic
aspects were clearly described by Johnson in 1930 and
Tyzzeret al. 1932 (Soulsby 1974).

Eimeria spp.in Sheep and Goats

Different species of Eimeria found and describe in sheep
and goats around the world (Sweeny et al. 2011). In sheep,
Fifteen species of Eimeria was described by Soulsby
(1982), like: E. ahsatawas described by Honess(1942), E.
ovina by Levine and Ivens (1970), E. ovinoidalisby by
Yakimoff (1933), E. crandallis by Honess(1942), E. faurei
by Moussuand Marotel(1902),E. gilruthiby Martin (1909)
and Chatton (1910), E. gonzaelziby Reichenowand Carini
(1937), E. granulosa by Christensen (1938), E. hawkinsi by
Ray (1952), E. intricata by Spiegl (1925), E. pallida by
Christensen (1938), E. parva by Kotlan et al. (1951), E.
punctate by Landers (1955) and E. weybridgensis by Norton
and catchpole (1976). There are several species of goats
have also been reported including E. ninakohlyakimovae, E.
hirci, E. caprina, E. caprovina, E. alijevi, E. africiensis, E.
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christenseni, E. punctatae, E. kocharli E. jolchijevi, E.
apshronica, E. capralis, E. masseynsis, E. charlstoni, E.
minasnsis and E. arloingi. E. arloingiand E.
ninakohlyakimovaeare considered as the highly prevalent
pathogenic species (Silva and Lima 1998; Chartier and
Paraud 2012). In Iraq Leiper (1957) first documented the
Eimeria spp. in sheep, then Mirza (1970) recorded E.
ahsata, E. ninakohlyakimovan, E. intricate, E. faurei, E.
carandailis, E. parva and E. granuolosa. E. ovinoidalis and
E. Pallida was first mentioned by Yakaob et al. (1989).

Geographical Distribution and Prevalence

Eimeria has a worldwide distribution in sheep and goats,
and it is difficult to define a specific geographical split
between a single or numerous genus and species. As a
result, sporadic occurrences of a single species with severe
pathogenic consequences have been seen. Otherwise, some
species have no pathogenic effect under normal conditions,
and several publications have documented the occurrence of
Eimeria spp. in sheep and goats around the world. Factors
such as management, sanitary conditions, temperature,
agroecology, climatic and environmental conditions, and the
immunological response of the host, dosage of infection,
and sampling duration can all affect the occurrence and
distribution of Eimeriosis in different places (Khodakaram-
Taftiand Hashemnia2017).

In Poland, 4.6-60% prevalence of Eimeriaspp. was recorded
in sheep (Gorski et al. 2004), whereas in Austria the
prevalence was 97-100% (Platzer et al. 2005), 43.1% (Reeg
et al. 2005) and 37.61% (Hashemnia et al. 2014) and 74.8%
prevalence was reported in Brazil (Berto et al. 2013). China,
Zimbabwe, and Egypt recorded 91.5% in adult sheep and
lambs, respectively (Kaya 2004; Yakhchali and Golami
2008; Mohamaden et al. 2018). In USA the prevalence of
Eimeriaspp. in goat was 97% (Kahan and Greiner 2013),
while in India it was 96.66% (Kaur et al. 2017), 65.07% in
Egypt (Mohamaden et al. 2018), 55.99% in Pakistan
(Rehman et al. 2011) and 73.91% in Brazil, respectively
(Macedo et al. 2019).

In Iraq, distribution of Eimeria spp. varies according to the
periods, regions and breed of sheep and goats. In Baghdad
province the prevalence in sheep with Eimeriosis was
79.09% (Abd Al-Wahab,2003), while, in Diwaniya province
it was reached to 1% in lambs as recorded by Dawood et al.
(2008). On the other hand, Kalef and Fadl (2011) reported a
prevalence rate of 49% in Baghdad province and
Mohammed (2013) reported a prevalence rate of 67.5% in
sheep in AlMuthana province. In Diyala province, the
infection rate of 86.09% was recorded in sheep and 87.30%
in goat (Mineet 2014), while Al-Sadoon(2018) recorded a
prevalence rate of 84.16% in sheep in Wasit province. The
rate of infection with Eimeriaspp. was affected by the way
the farm was run and the number of cases of was found
lower in large and closed farms. This did not necessarily
mean that these farms had intensive systems, but it's likely
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because these farms used stricter hygiene measures and de-
parasitization methods. Other factors, like differences in
immunological competence due to differences in nutritional
status, could have also played a role (Knox and Steel 1996).
Furthermore, inadequate hygienic sanitation may be
regarded as a risk factor for Eimeriosis, as it can increase
the duration and amount of infection/exposure and the
incidence of infection owing to contaminated food and
water.  Furthermore, stress may also  promote
immunosuppressant conditions. The presence of non-
cemented floors, a closed housing system, and a large herd
size, resulted in the greater contamination of overcrowded
animals and feeding and watering troughs(Altaf and
Hidayatua 2014). Furthermore, there may be statistically
significant differences between a body condition score and
Eimeriaspp. infection; for example, Khan et al. (2011)
found a greater infection rate in sheep with low body ratings
compared to those with superior body ratings. On the other
hand, there are positive connections between conditions
such as temperature and the severity of infection in semiarid
and subhumid regions (Balicka-Ramisz 1999). This
correlation might be related to the effect of temperature on
Eimeriaspp. sporulation rates (Graat et al. 1994). This
correlation explained that temperature effect on sporulation
rates of the Eimeria spp. (Graat et al. 1994). The breed
susceptibility differences also affect the Eimeria spp.
infection. Indigenous goats in Zimbabwe were found to be
resistant to Eimeriosis, while Angora and wild goats were
found to be more likely to get clinical Eimeriosis than dairy
breeds goats (Chhabra and Pandey 1991).

Pathogenicity

Many factors affecting on the Pathogenicity of Eimeria such
as thedose of oocysts ingestion, host cells destruction,
location of parasite in hosttissues, stage of infection, general
condition and age of host, and degree of immunity which
may be acquired or natural (Kaneko et al.2008; Moreet al.
2011). Gregory et al. (1983) looked at sheep that had been
infected with E. crandallis and E. bakuensis. They found
that these parasites can cause the host cell to go through
mitosis and can sometimes divide at the same time as the
host cell. During an E. crandallis infection, parasites can
also divide continuously at the same time along with the
epithelial cells of the host. Cox (2009) discovered that
heavy Eimeria spp. infections result in schizonts found in
mucosa and submucosa cells with high destruction and
haemorrhage when compared to light infections that affect
intestinal mucosa with local absorption. On the other hand,
some Eimeriaspp. infections resulted in superficial
development with villi atrophy, that might be due to a
decrease in epithelial cell lifetime and the surface area
accessible for absorption, resulting in a lower feed
efficiency. Typically, infection with different species of
Eimeria at same time was common in the field and cause a
sever pathological effects (Blood and Radostitis 1989).




Catchpole et al. (1975) detected that mixed Eimeriaspp.
infection in sheep resulted in prolonged patency and
increased oocyst production with or without clinical signs.
In general, E. ovinoidalis is regarded as one of the most
virulent species in sheep (Gregory et al. 1989; Abakar
1996). In goats, E. arloingiand E. ninakohlyakimovae are
the most common pathogenic species (Cavalcante et al.
2012). Stress and environmental variables are key
predisposing factors in Eimeria pathogenesis, and a research
has shown that these factors are linked to recurrent
outbreaks of Eimeriosis (Gul 2007). Sometimes lambs and
kids that treated with corticosteroids can convert subclinical
infections to acute clinical infection (Gasmir 2005). On the
other hand, schizonts growth cause damage in the caecum,
which cause most numerous and mucosal polyps in sheep
(Taylor and Catchpole 1994).

Clinical Signs

Different experimental studies showed different clinical
signs in lambs and kids infected with Eimeriosis without
prominentdifferences when used inoculated doses (Dai et al.
2006).The initial clinical symptom of Eimeriosis infection
include the abrupt acute diarrhoea with bad odours and stools
including mucus and blood, as along with an increasing loss
of body weight (Blood and Radostitis 1989). According to a
study,palemucous membranes, weakness, staggering,
dyspnea, dehydration, andrecumbency were also reported in
diseases animals(Mohamed et al.1990). While Abakar
(1996) noted an appetite, dullness, pale mucous membranes,
and minor pyrexia as clinical indications of acute Eimeriosis,
leading to a disruption of the digestive system resulted in the
release of water, electrolytes, and protein (Reid et al. 2012).
Several lambs may eventually die on dehydration because of
diarrhea and lose of appetite while, some lambs die with
profuse watery diarrhea (Taylor et al.2007).

Diagnosis

Eimeriosis may be diagnosed in sheep and goats based on a
case history, clinical indicators, gross lesions, necropsy
results, and microscopic analysis of faeces by flotation
method using various floatation liquids. So, a necropsyand
recognized schizonts in lesions make a positive diagnosis
(Levinel973). In the acute phase of Eimeriosis, the presence
of a large number of sporozoites may lead to the tissue loss,
resulting in the formation ofmerozoites that are failed to
locate and invade new cells in order to grow before any
oocysts form (Gregory et al.1983). Typically, Eimeria can
easily be diagnosed through faecal examination using
floatation technique (Levine 1961; Menezes and Lopes 1995).

Molecular Characterization of Eimeria spp.

The use of available tools in molecular biology is important
to detect any parasitic infection that may infect human and
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animals and is important in modern Veterinary Diagnostic
Parasitology comparing with the techniques used in past
(Zarlenga and Higgins 2001). So, in the past, studies that
looked for Eimeriaspp. used either traditional characteristics
or a combination of traditional characteristics and other
methods, such as the electrophoretic variation of enzymes in
avian Eimeriaspp., which uses variation in DNA sequences.
The PCR-based assay has also been described, which could
be used to identify Eimeria spp. (Viljoen and Nel 2002).
The development of novel DNA-based diagnostic tests
might expedite and simplify the identification of
Eimeriaspp., while the application of the PCR technique is
changing the detection of pathogens (Erlich et al. 1991).
According to Al-Sadoon (2018), the molecular study
revealed the highest infection rate of Eimeria spp. of sheep
at Wasit-province, Iraq via PCR on sheep faecal samples
(84.16%), and phylogenetic tree analysis of the common
four Eimeria species (E. ovinoidalis, E. crandalis, E. ahsata,
and E. weybridgensis) has been disclosed employing
multiplex PCR. The total infection rate of Eimeria spp.
through PCR analysis showed a significant increase between
species and included 57.42% positive samples, with E.
ahsata having a higher infection rate (53.44%) followed by
E. ovinoidalis (29.31%), E. weybridgensis (12.93%) and E.
crandallis (4.31%), respectively.

Molecular characterization of Eimeria spp. by
Shaheed (2021) in Basrah Province, Iraq

This study foundeleven Eimeria spp. in sheep and six
Eimeria species in goats, respectively. This recognition
depends on the shape and structure of isolated oocysts under
microscope as: E. ovinoidalis, E. crandallis, E. ahsata, E.
weybridgensis, E. bakuensis (ovine), E. intricata, E. faurei,
E. pallida, E. granulosa, E. parva and E. marsicain sheep,
while E. arloingi, E. ninakohlakimovae, E. hirci, E.
christenseni, E. aspheronicaand E. capralisin goats.
Sporulation time of isolated oocysts was recorded by using
Sugar solution in flotation, maturation, growth and
diagnosis of Eimeria as a substitute method to potassium
dichromate and formalin, that usually use in sporulation of
Eimeria spp. The sugar is known as a nutritional substance
with no caution or side effects compared to the potassium
dichromate which is a carcinogenic substance while the
formalin is also reported to be a harmful chemical to the
human respiratory system. The results were astonished by
using the sugar solution, as the rate of sporulation was
estimated of 100% compared to the potassium dichromate
which was observed giving a lower rate of only 30% of
sporulation. In addition, the characteristic of Eimeria were
very clear as a cyst that sporulated in the sugar solution
compared to the cysts where sporulated in the potassium
dichromate which was unclear under light microscope.The
time of sporulation was continued from 1 day to 5 weeks
with sugar solution, in comparison to 7 to 12 days with
potassium dichromate. The result showed E. bakuensis and
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E. parva of sheep and E. arloingi, E. ninakohlakimovae, E.
hirci, E. christenseni, E. capralisof goats need three days or
more to begin sporulation, while the other Eimeria species
need less than three days to begin sporulation. According to
the result of phylogenetic analysis there were nine Eimeria
spp. recognized from twenty-five PCR positive fecal sample
of sheep. E. ovinoidalis, E. ahsata, E. crandallis, Eimeria
spp. voucher and E. bovis infected the cattle, E.hirci and E.
christenseni infected the goats and Eimeria labbeana-like
infected the birds and were recorded as a new species, and
sheep infected with nonspecific species which was first
record as a new species of Eimeria at Basrah province. It
can be noticed that all isolates of Eimeriaspp. showed
92.54-99.51% similar identity with Eimeriaspp. isolated
from different countries and recorded in GenBank, and it
showed close association with the isolates detected from
Iran and Jordon.

A- Evolutionary Relationships of Eimeria spp.
Isolated in BasrahProvince, Iraq

The Neighbor-Joining method was applied to generate an
estimate of the evolutionary history of the taxa that were
investigated, and the bootstrap consensus tree that was
derived from 500 different iterations of the analysis was
selected in order to symbolize the evolutionary history of
the species. When a bootstrap replicate is done, branches
that belong to partitions that haven’t been replicated in more
than 50% of them are collapsed. Next to the branches are
the percentages of duplicate trees in which related taxa were
grouped together in the bootstrap test (500 times). The
evolutionary distances were calculated using the Jukes-
Cantor method. The research used 24 nucleotide sequences
with codon locations 15+2"%+3+Noncoding in units of the
number of base substitutions per site. All spots with blanks
or missing information were taken out. In the end, there
were a total of 268 locations in the dataset. MEGA7 was
used to do an analysis of evolution. Fig. 1 shows
phylogenetic analysis of Eimeria spp. isolated from small
ruminants by using bootstrap consensus tree and Fig. 2
shows phylogenetic tree by using Neighbor-Joining method.
Molecularly, all species found and recorded for the first
time inBasrah province by using novel primers. Likewise,
the normal host of E. labbeanaare birds but it was isolated
from sheep showing greater similarity with other strain
submitted at GenBank from Iran, Jordon and Turkey. The
results showed that these were neighboring countries and
movement of animal in these countries by following import
and export laws allowed the transmission of Eimeria and
other parasitic infections.The evolutionary history of the
studied taxa was figured out by using Neighbor-Joining
method (Saitou and Nei 1987). The history of detected
isolates was shown by the bootstrap consensus tree figured
out from 500 replicates (Felsenstein 1985) and evolutionary
distances were found using the Jukes-Cantor method (Jukes
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and Cantor 1969). Table 1 shows the percent identity of
detected isolates with sequences available in GenBank.

B- Eimeria species detected in sheep

Eimeria ovinoidalis: Oocysts with an ellipsoidal form,
smooth wall, colourless to pale-yellow, no polar cap, present
inconspicuous micropyle, mean size 26.5+0.8x 20.3+0.8
having range 27.5 — 20 x 21.5 — 15 pum with sporulation
period 1-3 days (Fig. 3).

Eimeria crandallis: Oocysts are subspherical to broadly
ellipsoidalshape and has smooth wall, with a micropyle,
which may be distinct or indistinct and a micropylar cap,
pale yellowish in color. Mean size 25.0+1.1x19.1+0.8
having range 27.5 — 18.5) x (20 — 12.5 pm and 1-3 days
assporulation time (Fig. 3).

Eimeria weybridgensis: Oocysts are ellipsoidal to
subspherical shape,a smooth wall, colorless or pale yellow.
micropyle and polar cap  presentmean  size
31.041.5%20+0.7, with range 34.5 —24.5 x 24 — 20 pm, and
1-3 days as sporulation time (Fig. 4).

Eimeria parva: Oocyst’s shape is spherical to subspherical,
smoothwall colorless to pale yellow, Polar cap absent,
Micropyle absent, mean size 18.9+1.0x 15.6+1.0, with range
22-10 x 18-7.5 um and 3-5 days as sporulation time (Fig. 4).

Eimeria ahsata: Oocysts are ellipsoidal shape, a smooth
wallyellowish brown color, with distinct polar cap, and
micropyle. mean size36.4+1.8x 24.1+1.3, with range 42.5-
27.5%25-22.5 um and 2-3 days as sporulation time (Fig. 5).

Eimeria faurei: Oocyst is oval, pale-yellowish-brown in
colour, coated with a smooth layer, no polar cap and
prominent micropyle, mean size 32.1+0.6x 23.2+0.7, with
range 37-22.5%27-20 um and sporulation period 1-3 days
(Fig. 5).

Eimeria bakuensis: Oocysts are ellipsoidal shape, pale
yellowishbrown, micropyle and micropylar cap present,
sporozoites lying head to tail in sporocyst, mean size
31.4+0.9x 18.940.6, with range 36 —20 x 24 — 15 pm, and
2-4 days as sporulation time (Fig. 6).

Eimeria marsica: Oocysts are ellipsoidal shape, colorless
slightlygreyish or pale yellow with smooth wall, with
micropyle (indistinct) which may have an inconspicuous
micropylar cap, mean size 22.7+0.4 x 15.7+0.7, with range
22.5-18.5x15-8 um and 3 days as sporulation time (Fig. 6).

Eimeria intricata: Oocyst are ellipsoidal shape or slightly
ovoid, brownish yellow to dark brown in color, with thick
wall that is granular and transversely striated, micropyle in
the outer layer, a micropylar cap, mean size 48.0+2.3x
37.7+1.8, with range 56 — 40 x41 — 30 um, and 1-3 days as
sporulation time. (Fig. 7).

Eimeria granulosa: Oocysts are urn-shaped, with a large
micropleand micropylar cap at the broad end, yellowish-
brown in color with twosmooth layers, mean size
33.6+1.4x22.1+1.4, with range 35 - 22 x 25 - 17.5 um, and
1-2 days as sporulation time. (Fig. 7).




Table 1: Sequence identity with Accession number of strain in GenBank
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Student code Sequence code Identity  Eimeria spp. Accession number At GenBank
1 G2 C2 92.45% Eimeria bovisHS02; HS18 MZ562402.1
MZ562419.1
2 G18 M2 93.30% Eimeria ahsata HS06; HS01 MZ562403.1
MZ562406.1
3 G6 M3 99.28% Eimeria crandallis HS03; HS10; HS16 MZ562407.1
MZ562412.1
MZ562417.1
4 G116 M4 99.28% Eimeria crandallis HS07; HS08; HS09 MZ562409.1
MZ562410.1
MZ562411.1
5 G5 M5 99.05% Eimeria crandallis HS21 MZ562421.1
6 G19 M11 98.02% Eimeria christenseni HS17 MZ562418.1
7 G20 M12 99.46% Eimeria hirci HS11 MZ562413.1
8 Gl12 M13 99.01% Eimeria christenseni HS23 MZ562405.1
9 C3 M14 97.98% Eimeria faure HS05 MZ562408.1
10 C4 M15 98.47% Eimeria ovinoidalis HS12 MZ562414.1
11 06 M17 96.92% Eimeria sp. RY-2016a HS04; HS13; HS14; HS20; HS22 MZ562400.1
MZ562401.1
MZ562415.1
MZ562420.1
MZ562422.1
12 S1 M19 93.80% Eimeria christenseni HS15 MZ562416.1
13 4 M20 99.28% Eimeria ovinoidalis HS19; HS24 MZ562404.1
MZ562423.1
7 p
, % bl g r
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et et S Fig. 1: Phylogenetic tree
analysis (bootstrap
consensus tree)

Eimeria pallida: Oocysts are ellipsoidal, smooth wall
colorless topale yellow or yellowish green, Polar cap absent,
Micropyle absent, mean size 19.8+0.6x16.8+1.2, with range
20-12 x 15 - 8 um, and 1-3 days as sporulation time (Fig. 8).

Eimeria Species Detected inGoats

Eimeria ninakohlyakimovae: Oocysts are ellipsoidal or
slightly  subspherical, thin-walled, colorless, without
micropyle or micropyle cap mean size 23.5+1.0x16.0+1.2,
with range 24.3-20%19.5-14 wm and sporulation time is 1-4
days (Fig. 9).

Eimeria christenseni: The oocysts are ovoid or ellipsoidal,
colorless topale yellow, with a micropyle and micropyle
cap. mean size30.1+1.6x17.1+0.3, with range 44-27x31-17
pum and sporulation time is 3-6 days (Fig. 9).
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Eimeria aspheronica: Oocysts are ovoid, greenish to
yellow brown,with a micropyle but without a micropyle cap,
mean size 24.6+0.3x17.5+1.2, with range 37-24 x26-18 um,
and sporulation time is 1-2 days (Fig. 10).

Eimeria hirci: Oocysts are ellipsoidal to subspherical, light
brown tobrownish yellow, with a micropyle and micropyle
cap, mean size22.8+0.3x14.2+1.1, with range 23-18x19-14
um, and sporulation time is 1-3 days (Fig. 10).

Eimeria arloingi: Oocysts are ellipsoidal or slightly ovoid,
with athick wall. a micropyle and micropyle cap present,
mean size 29.2+1.6x17.1+1.1, with range 42-17x19-14 pm
and sporulation time is 1-4 days (Fig. 11).

Eimeria capralis: Oocysts are ellipsoidal with a distinct
micropylecap, but without micropyle having mean size
29.5+1.5x19.6+0.3, with range 34-25x 24.5-19.5 pmand 5
days as sporulation time (Fig. 11).
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Fig. 3: Sporulated andnon sporulated
Oocyst of E. ovinoidalis andE. cran

Fig. 4: Sporulated andnon sporulated
Oocyst of E. parva and
E.weybridgensis (40X)

Fig. 5: Sporulated andnon sporulated
Oocyst of E. faurei and E. ahsata

(40X)
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Fig. 6: Sporulated and non
sporulated Oocyst of E. bakuensis
andE.marsica (40X)

Fig. 7: Sporulated and non
sporulated Oocyst of E. granulosa
and E. intricata (40X).

Fig. 8: Sporulated and non
sporulated Oocyst
ofE.pallida(40X)

Fig. 9: Sporulated and non
sporulated  Oocyst of E.
christenseni and E.
ninakohlyakimovae (40X)

Fig. 10: Sporulated (100X) and
non sporulated (40X) Oocyst of E.
aspheronica and E. hirci(40X)
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INTRODUCTION

Ehrlichiosis or especially canine ehrlichiosis is an important
tick-borne disease with worldwide distribution ranging from
Brazil to the United States of America (Dumler et al. 2001;
Dumler et al. 2007; Heitman et al. 2016). Ehrlichia canis was
first identified in Algeriain 1935 by Donatien and Lestoquard
(Harrus et al. 1998). It was discovered upon examination of
dogs showing signs of anemia and fever. Formerly, it was
called Tropical Canine Pancytopenia, but later more
appropriately renamed to Canine Monocytic Ehrlichiosis
(Huxsoll et al. 1970). Commonly ehrlichiosis is associated
with signs including fever, fatigue and myalgia (Buller et al.
1999; Dumler and Walker 2014). In this chapter, various
aspects of Ehrlichia like its history, life cycle, transmission,
pathogenesis, clinical signs, symptoms, treatment, control,
and prevention of ehrlichiosis are discussed in the following
sections.

An Ehrlichia infection affecting platelets was first identified
in the US in 1978. Its causative agent was identified to be
Ehrlichia platys which was later renamed Anaplasma platys.
It caused a clinical syndrome of cyclic infectious
thrombocytopenia in canines (Harvey et al. 1978).

Several species of E. canis were discovered in dogs over the
span of the 1980s to 1990s. However, improvement in
molecular genetics later proved that these were species of
Anaplasma or Neorickettsia (Dumler etal. 2001). That is why

to date only E. canis is the single species that has been
isolated from dogs in Europe (Keysary et al. 1996; Aguirre et
al. 2004). Many other species of Ehrlichia including E.
chaffeensis, E. ewingii, E. muris, and E. ruminatum out of
which only E. muris was found in Ixodes ticks in Russia and
Slovakia (Shpynov et al. 2006; Spitalska et al. 2008).

E. chaffeensis is a major etiologic agent that causes
ehrlichiosis in humans (CDC, 2010). It has been identified as
the most-wide spread tick-borne disease of humans in the
Southern United States (Beall et al. 2012). A few cases of E.
ewingii infection are also reported infrequently and most of
them were discovered in patients already having a history of
immune incompetence (Buller et al. 1999; Chapman et al.
2006; Thomas et al. 2007; Allen et al. 2014; Dumler and
Walker 2014).

The life cycle of Ehrlichia has been outlined in Fig. 1 & 2.
Briefly, Ehrlichia is not transmitted from adult female ticks
to the eggs. The newly laid eggs of the ticks are uninfected.
These eggs grow into uninfected larvae. When these larvae
grow on infected reservoir hosts they become infected after a
blood meal. Infected nymphs are formed from these
uninfected larvae. These nymphs have the ability to infect a
new host and they can accidentally affect human hosts too.
After infecting new hosts, the infected nymphs grow into
infected adults. These adults can transmit infections to new
hosts. When residing on a host the adult female ticks lay
uninfected eggs on the hosts nullifying the expression of
vertical transmission of Ehrlichia in ticks.

The Ehrlichia are taken up by ticks through blood meal as
elementary bodies (Fig. 2). These elementary bodies reside in
the gut and then migrate to the salivary glands of the tick.
When this tick bites a healthy person the Ehrlichia are
transmitted to the host as elementary bodies. These
elementary bodies are phagocytosed by neutrophils. Inside
neutrophils, these elementary bodies are developed in
morulae with reticulate bodies. The reticulate bodies keep
developing until the cell bursts releasing elementary bodies
into the blood of the host from where it is once again taken
by the ticks (Ganguly and Mukhopadhayay 2009).

Disease in Animals

Ehrlichia canis can cause disease in dogs of all breeds
irrespective of their sex, age or breed. However, German
Shepherds and Siberian Huskies are found to be more prone
to ehrlichiosis. These breeds also show poor prognoses for
recovery (Nyindo et al. 1980; Harrus et al. 1997). Different
strains of ehrlichia cause disease in both animals and humans
as shown in Table 1.
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Table 1: Etiological agents of different types of Ehrlichiosis in different hosts.
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No. Diseases Host Pathogen References

1. Human Granulocytic Ehrlichiosis  Human Ehrlichia chiffeensis, Ehrlichia ewingii  (Ganguly and Mukhopadhayay 2009)
2. Human Monocytic Ehrlichiosis Human Ehrlichia chiffeensis, Ehrlichia ewingii  (Ganguly and Mukhopadhayay 2009)
3. Canine Monocytic Ehrlichiosis Dogs Ehrlichia canis (Harrus et al. 1997)

4 Heartwater Ruminants  Ehrlichia ruminantium (Allsopp 2010)
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monocytic cells are found to be affected due to an infection

but several other cells have also been described by many

The E. chaffeensis pathogen mainly affects vertebrates. This

pathogen targets the mononuclear phagocytic cells. Mostly, The other cells
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metamyelocytes, lymphocytes, promyelocytes, atypical
lymphocytes, and band and segmented neutrophils (Maeda et
al. 1987; Abbott et al. 1991; Dumler et al. 1993; Paddock et
al. 1997). The morulae of Ehrlichia are found in the cells of
an infected person. There may be 1 or 2 morulae in a cell.
This number can go up to 15 morulae in the leucocytes of a
person with below-average immune competence (Paddock et
al. 1993; Barenfanger et al. 1996; Martin et al. 1999).
Histopathologically, bone marrow is the most researched
tissue for checking the pathogenic effects of Ehrlichia but no
consistent pathogenic patterns have been seen in this disease
until now. However, researchers have found the bone marrow
in a normocellular or hypercellular state along with myeloid
hyperplasia or megakaryocytes, both may also occur together
sometimes (Standaert et al. 1998; Dumler et al. 1993; Grant
et al. 1997).

In human monocytic ehrlichiosis (HME), the cytopenia
associated with diseases is not a direct result of infection. The
disturbed cell count is rather attributed to peripheral events
like sequestration, cellular destruction mostly by phagocytosis
of infected and some non-infected cells too and consumption
of the cells (Harkess et al. 1989; Dumler et al. 1993).
Pathological signs seen in Ehrlichia are often found in
patients suffering from some immune-compromising
disorders along with Ehrlichia. These signs include edema of
the lungs, diffuse alveolar damage, interstitial alveolar
hemorrhage, and intra-alveolar hemorrhage (Dumler et al.
1991; Paddock et al. 1993; Marty et al. 1995; Paddock et al.
1997; Fordham et al. 1998). Perivascular infiltrates may also
be found in several organs including meninges without any
evidence of endothelial damage or thrombosis.
Lymphohistiocytic infiltrates are the dominant type of
infiltrates often found in organs (Marty et al. 1995; Paddock
et al. 1997; Walker and Dumler 1997).

Focal necrosis may also be seen in the liver, spleen, and lymph
nodes in the bodies of patients suffering from Ehrlichia
chaffeensis (Dumler et al. 1991; Paddock et al. 1993). Diffuse
hemorrhages may also be discovered in visceral organs
including the urinary bladder, Kkidneys, meninges, and
diaphragm (Marty et al. 1995; Paddock et al. 1997).

Signs

E. canis infection can produce a variety of clinical signs in
dogs after infection depending upon the strain that has
infected the animal. The signs may also vary according to the
immune response produced by the host’s body. Infestation
with ticks and other flea-borne pathogens can also cause the
signs to deviate from the typical ones or may affect the
severity of the infection. Even sometimes it happens that
sometimes dogs do not show any clinical signs or laboratory
findings related to the diagnosis of Ehrlichia infection despite
being carriers of E. canis (Harvey et al. 1978; Greig et al.
1996; Egenvall et al. 1997; Harrus et al. 1997; Varela et al.
1997 Breitschwerdt et al. 1998; Egenvall et al. 1998;
Goldman et al. 1998; Lilliehdok et al. 1998; Neer 1998;
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Breitschwerdt 2005; Leiva et al. 2005; Komnenou et al. 2007;
Diniz et al. 2008; Tabar et al. 2009; Little 2010).

Diagnosis

Ehrlichia canis aggregates or morulae are rarely detected
through blood smear microscopy. Only 4- 6% of clinical
cases of ehrlichiosis were found to have blood smear morulae
discovered by microscopy. However, the likelihood of
detecting morulae increases if microscopy of the buffy coat
is performed instead of whole blood (Mylonakis et al. 2003).
Further confirmation techniques like PCR must be used for
surefire identification of Ehrlichia. An expert cytologist may
also be able to identify Ehrlichia morulae by microscopy of
lymph node aspirates under oil immersion field views. This
technique is also not very effective for diagnosis and has only
a 50% chance of success (Mylonakis et al. 2003; Mylonakis
et al. 2011). Different diagnostic tools for Ehrlichia are whole
blood smear microscopy, buffy coat smear microscopy,
cytology of lymph nodes, and PCR technique (Fig. 3).

Transmission

Many of the ticks found in homes, gardens, and pastures are
also responsible for Ehrlichia transmission. Out of many
examples of such agents involved, Rhipicephalus sanguine
complex of ticks is the top suspect. It is one of the ticks
mostly found indoors. It may also be common in many other
places. Other ticks may also be involved in Ehrlichia
transmission in other places like gardens and grassy areas.
This suggests that the dogs can become infected with
Ehrlichia being transmitted through these ticks at any time
and in any place. Even in the backyard, gardens, and grassy
places found near houses, there is a risk that there might be a
population of ticks there that can transmit Ehrlichia. So,
whenever a dog is involved in any activity that demands
going to or being near a grassy area, it is at risk of getting in
contact with ticks and hence becomes a target of Ehrlichia
infection (Bremer et al. 2005).

E. canis can be also transmitted among dogs through the bite
of brown dog ticks R. sanguineus (Bremer et al. 2005).

Treatment

The tetracycline group of antibiotics shows promising results
when used for treating ehrlichiosis in dogs or canine
monocytic ehrlichiosis. The drug of choice from this to be
used against Ehrlichia is doxycycline. Two dosing methods
can be used to administer doxycycline to the dogs. The first
method is a once-a-day dosing system. A single dose of 10
mg/kg should be given to the dog orally once a day. The
second method is a twice-a-day dosing system. In this system,
the per day 10 mg/kg dose of doxycycline for the dog is
divided into two parts of 5 mg/kg. This dose is then two times
a day with an interval of 12 hours between two doses instead
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of giving one single dose for 24 hours. These doses either as a
single per day dose or twice per day doses should be continued
for at least 4 weeks for complete recovery of dogs from
Ehrlichia. This treatment regime for Ehrlichia promises a good
prognosis. Hence, effective response can be seen in Ehrlichia
sick dogs once this treatment protocol is implemented (Harrus
et al. 1998; Harrus et al. 2004; McClure et al. 2010).

The prolonged treatment time of 4 weeks is strictly
recommended to completely cure the dog from ehrlichiosis.
During experimental investigations, it was proved that
shortening this treatment period causes unforeseen
circumstances in terms of prognosis and recovery. Several dogs
that were experimentally infected with Ehrlichia and given
doxycycline for a shorter period even at recommended doses,
did not recover completely. Instead of recovering completely,
these dogs became subclinical carriers of Ehrlichia (Wen et al.
1997; Breitschwerdt et al. 1998; McClure et al. 2010).

Prevention

Until the present time, researchers have been unable to create
a definitive vaccine against Ehrlichia in dogs for its sure-fire
prevention in felines. Especially the topic of prevention of E.
canis infection has seen a lot of debate but chances of a
vaccine coming up against infection of this pathogen are still
slim. However, recent studies have shown some hope. A
certain strain of E. canis has shown promising results as a
vaccine when in attenuated form. It is expected that in near
future a vaccine will be made from this strain for commercial
use (Rudoler et al. 2012).

Quick action upon discovering that a dog has become infested
with ticks can also help in saving the dog from getting infected
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with Ehrlichia. Under normal conditions, it is a general
consideration that the infectious agents take 24-48 hours to
travel from the salivary gland of ticks to the host’s bloodstream.
Hence an injection of a preventive drug at that time will save
the dog from getting infected with Ehrlichia (Nicholson et al.
2010). However, recent studies have brought us the bad news
that some Ehrlichia agents like E. canis are transmitted from the
tick’s salivary glands to the host’s bloodstream more rapidly
than the other pathogens that follow the general 4-48 hours
transmission time rule (Gray et al. 2013). E. canis is also a
problematic pathogen as it can re-infect dogs even after they
have recovered from the infection once. This happens because
no persistent immunity is developed against this pathogen in the
host’s body (Harrus et al. 1997).

Control

To prevent dogs from getting ehrlichiosis the focus must be
shifted to control of its transmission agents. So, the control of
tick populations that are transmitting Ehrlichia will
ultimately control the prevalence of these diseases in dogs.
To save a dog from getting Ehrlichia infection, it is necessary
to save them from getting in contact with these Ehrlichia-
transmitting ticks. Some measures to be taken for saving dogs
from the attacks of these ticks are:

° Keep the dogs away from large fields. Large fields
usually have a high chance of having ticks. Once a dog gets
infested with even a single tick then this tick will be
transmitted to indoor housing areas and its population will
grow into large numbers rapidly. This will not only make the
infested dog sick, but it will also pose a threat to other dogs
living in nearby areas (Sainz et al. 2015).
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Table 2: Vectors involved in Ehrlichia transmission.

No. Common name Scientific name Reference(s)
1. Dog tick Dermacentor variabilis Anderson et al. 1993; Roland et al. 1998; Kramer et al. 1999
2. Western Black-legged tick Ixodes pacificus Kramer et al. 1999
3. Castor bean tick Ixodes ricinus Alekseev et al. 2001
° Dogs should be prevented from getting infested by ~ the highest. This tick is most commonly found in

ticks even if they live in an area where the tick population is
abundant. This objective is harder to achieve but it can be
achieved by regularly treating dogs with acaricidal drugs
(Torres 2008; Pereira et al. 2009).

° Registered tick repellents like pyrethroids and
several preparations of diazinon can be used to keep the ticks
away from dogs (Sainz et al. 2015).

Control of these ticks is also possible by keeping in mind the
temperatures at which the ticks are active and keeping the
dogs indoors at that time to prevent them from getting
infested with the ticks. In the case of R. sanguineus ticks, they
are active only when the temperature is above 10-12 °C but
below this temperature, these ticks are mostly inactive.
Hence, at lower temperatures dogs are somewhat safe from
the infestation of these ticks and in turn from Ehrlichia
infection (Sainz et al. 2015).

Similarly, 1. Ricinus ticks become active when the
temperature rises above 6°C. So, these ticks are more active
as compared to the R. sanguines ticks and hence require more
intense measures for saving dogs from being infested with
them (Gray et al. 2013).

Disease in Humans

Zoonotic ehrlichiosis in humans is a potentially fatal tick-
borne disease. In humans, ehrlichiosis can be caused by
infectious agents like Ehrlichia chaffeensis or Ehrlichia
ewingii. The first case of human monocytic ehrlichiosis was
diagnosed in 1991 and its etiological agent was discovered to
be E. chaffeensis (Dawson et al. 1991). Later in the year 1992
cases of granulocytic ehrlichiosis were also diagnosed and
reported. These cases of ehrlichiosis were different from the
ones reported in the past because the infectious agent
involved in causing diseases this time was found to be E.
ewingii (Dawson et al. 1991; Fishbein et al. 1994; Paddock
and Childs 2003; Chapman et al. 2006).

Transmission

Centers for Disease Control and Prevention in 2010 and 2014
reported that in humans, ehrlichiosis is majorly transmitted
only through tick bites. The main culprit involved in the
transmission of ehrlichiosis in humans is a tick named the
lone star tick along with several other species of ticks as
shown in (Table 2). The scientific name of this tick is
Amblyomma americanum. Transmission of Ehrlichia solely
happens through bites of this tick and hence Ehrlichia is most
prevalent in the regions where the lone star tick population is
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southeastern, south-central, and northeastern parts of the
United States (Paddock and Childs 2003; Beall et al. 2012).

These lone star ticks are particularly very effective agents of
Ehrlichia transmission. Their effectiveness increases because
of characteristics like being aggressive non-selective feeders
and having the ability to bite and transmit infections
throughout all stages of life (Childs and Paddock 2003).
Centers for Disease Control and Prevention in 2010 stated
that the adult and nymph stages are however the major
culprits of Ehrlichia transmission. The feeding seasons of
these stages coincide with the peak infection seasons of
Ehrlichia. This peak is achieved during hot weather ranging
from the month of May to July (Paddock and Childs 2003;
Dumler and Walker 2014).

American Academy of Pediatrics in 2015 released a
statement claiming that transfusion and transplantation of
organs like liver and kidney have also been reported as a
medium for transmitting E. chaffeensis (Antony et al. 1995;
Paddock and Childs 2003; Dumler and Walker 2014;
Sachdev et al. 2014). Only one such case of Ehrlichia ewingii
transmission has been reported to occur when a young boy
went through the transfusion of platelets (Regan et al. 2013).

Zoonosis

Many wild and domestic animals serve as reservoirs for
Ehrlichia pathogens. These animals then serve as the basis for
the zoonotic transmission of Ehrlichia to humans through
ticks. An example of such a wild reservoir animal is the
white-tailed  deer scientifically named Odocoileus
virginianus. This deer has been found to be naturally infected
with E. chaffeensis and is thus involved in maintaining its
enzootic cycle (Yabsley et al. 2002; Childs and Paddock
2003; Paddock and Yabsley 2007). Similarly, just like the
white-tailed deer, domestic dogs are also involved in the
zoonaotic transmission of Ehrlichia by serving as reservoirs
maintaining the enzootic life cycle of the pathogen. Domestic
dogs are majorly found to be the reservoirs of E. ewingii
(absley et al. 2002; Beall et al. 2012). The dogs can also
serve as transport carriers. The pet or stray dogs once infected
can carry the pathogen closer to human populations making
them more prone to being infected with Ehrlichia (Childs and
Paddock 2003; Paddock and Childs 2003).

Along with Ehrlichia, some animals can also serve as
potential hosts for the lone star ticks making the transmission
of Ehrlichia from animals to humans possible. This category
includes a large number of animals. Some examples of such
animals are domestic dogs, birds, rabbits, goats, wild turkeys,
red foxes, opossums, canids, and raccoons (Childs and




Paddock 2003; Paddock and Childs 2003; Paddock and
Yabsley 2007).

Signs and Symptoms

In humans, ehrlichiosis has non-specific symptoms that begin
to appear after 7 to 14 days of incubation period post-
exposure to the infectious agent (Dumler and Walker 2014).
In humans, the commonly observed signs of Ehrlichia
include fever, headache, chills, nausea, myalgia, and malaise
(Buller et al. 1999; Dumler and Walker 2014).

Severe illness in the case of ehrlichiosis is indicated by some
characteristic signs. In adults, the signs seen with increasing
severity of ehrlichiosis usually included confusion,
lymphadenopathy, diarrhea, and cough. However, the signs
of severe illness were seen to differ in children as compared
to adult patients. In children, the severity of ehrlichiosis was
marked by the appearance of edema on the hands and feet.
When laboratory diagnostic tests for further studying the
pathological effects of Ehrlichia infection were conducted,
some new facts were unveiled for the researchers. Ehrlichia
also affected the blood profile of its hosts. This disturbance
was seen as leukopenia and thrombocytopenia during the
blood analysis of the patients. Along with these blood tests,
the conduction of serum analysis also revealed increased
serum levels of hepatic aminotransferase (Dumler and
Walker 2014).

According to reports from the Centers for Disease Control
and Prevention 2010, a large number of cases of E.
chaffeensis infection in children were marked with the
appearance of a rash. The rash was seen in less than 1/3" of
the ehrlichiosis cases of adults. The rash seen in ehrlichiosis
started as a maculopapular rash in the early stages of
infection. However, as the infection progressed the rash also
changed its state from maculopapular to petechial (Harkess
et al. 1991; Paddock and Childs 2003; Chapman et al. 2006;
Dumler and Walker 2014). American Academy of Pediatrics
2015 confirmed in its reports that the rash had some
characteristic appearance areas on the human body. The rash
was typically seen on the trunk. The rash started to appear 7
days after symptoms developed in the patient. The rash often
kept itself limited to the trunk and did not spread to the hands
or feet of the patient (Chapman et al. 2006). It was also
observed during diagnostic studies that the rash is commonly
seen during E. chaffeensis infections. Rashes were rather rare
to be seen when a person was diagnosed to be infected with
E. ewingii (Chapman et al. 2006).

E. chaffeensis infections lead to the appearance of severe
signs. E. chaffeensis infections have been reported to lead to
death in 1 to 3% of cases out of all E. chaffeensis infections.
The death of a patient can occur as early as during the second
week of infection by E. chaffeensis (Paddock and Childs
2003; Chapman et al. 2006). However, E. ewingii infections
are much less severe than E. chaffeensis infections. E. ewingii
causes milder signs during infection. There are no deaths
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reported due to E. ewingii infection (Paddock and Childs
2003; Dumler and Walker 2014).

Treatment

Ehrlichiosis usually appears like any other infection and the
signs can vary from mild to moderate and severe. Generally,
people are hospitalized for treatment of Ehrlichia depending
upon the severity of signs. Around 50 to 70 % of the people
infected with Ehrlichia are hospitalized for treatment
(Fishbein et al. 1994; Paddock and Childs 2003; Chapman et
al. 2006).

According to the American Academy of Pediatrics 2015, it is
necessary to begin the treatment of Ehrlichia as soon as the
signs and symptoms appear. Laboratory confirmation should
not be regarded as a reason to delay the treatment (Chapman
et al. 2006; Todd et al. 2015). American Academy of
Pediatrics 2015 has recommended beginning treatment
within 5 days after post appearance of signs of Ehrlichia
infection to expect a better prognosis for the recovery of the
patient as compared to the situation where treatment is
withheld or delayed beyond this time frame (Fishbein et al.
1994).

Unjustified delay in treatment or giving no treatment to an
Ehrlichia patient at all can lead to severe consequences as the
disease progresses. It can lead to the failure of important
organs like kidneys. The nervous may also be affected due to
Ehrlichia infection. It can also lead to issues like Adult
Respiratory Distress Syndrome (ARDS) and Disseminated
Intravascular coagulation-like syndrome (Dahlgren 2011;
Dumler and Walker 2014).

Prevention

Since the main agents for Ehrlichia transmission in humans
are the ticks, the main efforts of reducing ehrlichiosis depend
on the effective control of tick populations and the
elimination of its reservoirs (Childs and Paddock 2003).
Dogs can also serve as reservoirs for both ticks and E. ewingii
so it is recommended for pet dog owners to be careful that
their dogs should not come in contact with infection or
become a reservoir of ticks. This objective can be achieved
by using acaricide-containing collars, veterinary ectoparasite
control drugs, or by using topical applicants against tick
attachment and infestation (Pereira et al. 2009).

The American Academy of Pediatrics has recommended in
2015 that starting treatment of Ehrlichia-infected patients at
the earliest opportunity after appearance signs is a good
measure to save human lives but prevention is still better than
cure. The best option to prevent ehrlichiosis infections in
humans is to avoid tick bites. The people and pets visiting
Ehrlichia endemic and tick-infested areas should be checked
for ticks to prevent the transfer of ticks. Regular checkups of
people and pets should be made customary as a preventive
measure for reducing Ehrlichia transmission. As there is no
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vaccine or prophylactic drug against Ehrlichia, it is necessary
for humans to reduce their exposure to ticks to prevent
infection. An important measure that people can adopt to
prevent tick bites is to wear full-covering clothing
impregnated with permethrin. Furthermore, using repellents
n,n-diethyl-m-toluamide (DEET) is also effective to avoid
tick bites (Chapman et al. 2006; Brett et al. 2014).

Conclusion

Ehrlichia might seem a moderate disease but can result in
fatality if left untreated. Ehrlichia affects a wide variety of
animals. The major impact of Ehrlichia is seen in our beloved
pet dogs. This disease can not only kill a dog, but it can also
lead to disease in humans too if the dog is affected by an
Ehrlichia strain with zoonotic potential.

Such a situation makes it necessary for humans to take special
care of preventing Ehrlichia transmission from infected dogs.
In absence of a vaccine, the best method for preventing
Ehrlichia infection is by preventing tick infestation in dogs.
If there is no agent to transmit Ehrlichia then there will be no
spread of infection. This prevention is far better than a
medicinal cure because even after a dog has fully recovered
from Ehrlichia, it still remains a carrier of Ehrlichia. This puts
the other dogs, animals, and even humans around it at risk of
an Ehrlichia infection.
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INTRODUCTION

Fascioliasis is a zoonotic disease caused by a trematode
parasite belongs to the genus Fasciola (Bargues et al. 2016).
It has a wide range of geographical distribution and found
across the world (Charlier et al. 2020). Fasciola species are
commonly known as liver flukes, as they are leaf shaped
(David 1990). The flukes are hermaphrodite and are mainly
confined to the bile ducts of the liver or gall bladder of
infected hosts. They cause liver-rot in ruminant hosts, that
may lead to the death (Khoramian et al. 2014).

Fascioliasis has been listed as a neglected zoonotic disease by
the World Health Organization (Mas-Coma et al. 2018). It
has a predictable impact on livestock production (Kalu 2015).
According to an estimate, over 600 million animals were
infected with it worldwide, having an annual estimated
economic loss to nearly $3 billion (Toet et al. 2014). The
public health risk with Fascioliasis among people was
estimated to be about 17 million cases worldwide (Mas-
Coma et al. 2009a), and up to 180 million at risk of infection
(Mas-Coma et al., 2018).

The global increase in human fascioliasis prevalence rates are
greatly correlated with a high proportion of infected ruminant
hosts (Ashrafi et al. 2014; Diyana et al. 2019).

Flukes of the genus Fasciola has complex life cycle. Their
larval stages depend on Lymnaeids snails as an intermediate
host for their growth and development (Munita et al. 2019). A
wide range of mammals including cattle, sheep, goat, horse
(Taylor et al. 2013), buffalo, camel, deer and human serve as
the definitive host (John et al. 2019). Donkey and mules can
also harbor the flukes and become a reservoirs host (Meray
Sierra 2020). In addition, the fluke was reported from pigs,
alpacas, kangaroos, wallabies, and rabbits (Alemneh 2019). The
occurrence of Fasciolaiasis depends on several factors related
to the biology of vectors and parasites, and the management of
animal herds (Khoramian et al. 2014). The distribution of each
Fasciola species depends on the availability of intermediate
hosts of Lymnaeid snails (Prasad et al. 2008).

Fascioliasis appears in two forms, acute or chronic,
depending on the extent of the disease and the required time
for its occurrence (Radiostis et al. 2007). The main economic
impact of fascioliasis is the condemnation of the infected
liver, along with a decrease in productivity and a reduction in
the growth rate of infected animals (Usip et al. 2014).
Fascioliasis is an emerging disease in many countries,
especially when there is a tradition of eating uncooked
vegetables harboring the infective metacercarial stage (Ashrafi
etal. 2006a). So, it is regarded as one of the foodborne diseases
with greater pathogenic effects mostly in the acute phase of
infection during 3-4 months (Chen and Mott 1990). Global
changes appear to have a correlation with the emergence of
fascioliasis such as importation/exportation and livestock
management (Mas-Coma et al. 2009b), environmental
anthropogenic modifications, travel (Ashrafi et al. 2014) and
alteration in human diet traditions (Ashrafi et al. 2006a).

Etiology

Fascioliasis is considered as food and water borne zoonotic
infection caused by digenean trematodes of the genus
Fasciola (Alemneh 2019). Fasciola (F.) hepatica (Linnaeus
1758) and Fasciola (F.) gigantica (Cobbold 1856) are the
common and more prevalent flukes causing infection in
human and animals (Admassu et al. 2015; Amer et al. 2016).
F. hepatica is nearly distributed throughout all continents,
while F. gigantica is mostly restricted to the parts of Asia and
Africa (Meray Sierra 2020).

Taxonomy

The parasitic tapeworms belong to the Phylum
platyhelminths involve two classes: Class Cestoda (the
tapeworms) and Class Trematoda (the flukes). The class
Trematoda is further divided into two main subclasses,
Monogenea (direct life cycle) and Digenia (involving
intermediate host). The trematodes belong to the family
Fasciolidae comprising of the parasites of major veterinary
importance. According to Urquhart et al. (1996) the
taxonomic classification of Fasciola is as follows;

Kingdom: Animalia

Phylum: Platyhelminthes

Class: Trematoda

Subclass: Digenia

Order: Echinostomida

Family: Fasciolidae

Genus: Fasciola

Species: F. hepatica, F. gigantica
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Fascioliasis

Morphology

F. hepatica and F. gigantica can be distinguished
morphologically based on characteristics of their body length
and width (Ashrafi et al. 2006b; Itagaki et al. 2009). The adult
fluke of F. hepatica is large flattened and leaf-like, anteriorly
provided with cone shaped projection followed by a pair of
prominent shoulder, with wider and rounded posterior end
(Hendrix and Robinson 2006). Flukes are grayish brown in
color changing to gray when preserved (Wagari 2021). The
adults possess two suckers for attachment. The oral sucker at
the anterior end surrounds the mouth and the ventral one,
situated on fluke’s ventral surface (Urquhart et al. 1996). The
flucks” tegument is absorptive and armed with backward
directed spines, together with the suckers, assist to preserve
the parasitic position in the bile ducts by an effective
mechanism (Smyth 1994). The muscles lie directly under the
tegument, and the organs are packed in a parenchyma since
they lack the body cavity. The digestive system starts with oral
opening leading into a pharynx, esophagus and a pair of
blindly branched intestinal ceca. A large number of ciliated
flame cells together forms the excretory system, and the waste
metabolic products pass through a connected tubular system
and exposed externally. The simple nervous system consists
of two anterior ganglia and a pair of longitudinal trunks arising
from them (Urquhart et al. 1996; Rickard 2001).

Based on geomorphology, F. hepatica is short and possess
broad shoulders, whilst F. gigantica is elongated and with
narrower body (Mas-Coma and Burger 1997; Lotfy and
Hiller 2003). F. hepatica measures “30- 20 mm x 10 mm”
and F. gigantica measure “27 to 75mm” x 12mm” (Brown
1980). When hybridization of both species occurs within the
host's body, subsequent offspring have intermediate
phenotypes (Vara-Del Rio et al. 2007; Beesley et al. 2018).
Due to the presence of the intermediate form combining of
morphological and molecular techniques for distinguishing
of Fasciola species is critical especially in regions where
fluke species overlap (Haridwala et al. 2021). Both species
have the ability to reproduce sexually or through self-
fertilization (Shoriki et al. 2014).

Egg

The eggs of Fasciola spp. are large in size, oval, yellow
brown in color, with a thin shell and possess a distinct
operculum. The eggs of F. hepatica measure up to “130 to
150 um” by “60 to 90 wm” (Hendrix and Robinson 2006),
and in F. gigantica measures up to “120 -180 um” by “80 -
110 um” (Phalee et al. 2015). Eggs consist of a fertilized
ovum with vitelline cells surrounded with proteinous shell
(Andrews 1999). The ova contain one cell stage embryo
surrounded by a group of oval body yolk cells. Development
of eggs to reach maturation in both Fasciola species required
12-16 days, and the miracidia hatch within 4 days after
maturation (Hussein et al. 2020).
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Miracidium

It has an elongated conical body with a broad anterior end
and tapering posterior end, and swims at great speed (Malek
1980). The outer surface cover with numerous cilia, except in
lateral connection regions of epidermal plats. These cilia
appear longer on the apical parts of both anterior and
posterior end than the rest parts of the body, and remain
viable for about 9-12 hours (Hussein et al. 2010).

Cercaria

It has a large heart shaped body and simple long tail. The
body covered with thick wall and is surrounded by tiny spines
all over its surface (Hussein et al. 2010).

Metacercaria

It is spherical white color cyst directly infective to the
definitive host. With time it becomes yellow and darker in
color after 1 or 2 days, the cyst measures up to “0.26 to 0.30
mm” in diameters, and protected by thick wall capsules of
double outer and inner layer for protection against
environmental impacts (Phalee et al. 2015).

Transmission

The transmitted vectors for Fasciola spp. are amphibious
freshwater lymnaeid snhails (Mas-Coma et al. 2009a). It was
estimated that nearly 30 species of lymnaeid snail are
recognized as intermediate hosts for Fasciola spp. globally
(Vazquez et al.2018). Galba truncatula is the common
lymnaeid act as a transmitter for F. hepatica in endemic
temperate and subtropical areas (Artigas et al 2011; Bargues
et al 2020).

Different Lymnaea species including: L. cousin, L. columella,
L. ollula, L. natalensis, and L. viridis act as an intermediate
host for Fasciola spp. (Hussein and Khalifa 2008). Both
Radix (R.) auricularia and R. natalensis lymnaeid snails that
live in the subtropical and tropics area, can transmit F.
gigantica (Mas-Coma et al. 2009b). Biomphalaria
alexandrina has also been reported as a transmitter for F.
gaigantica (Farag and El Sayad 1995).

Other cosmopolitan freshwater lymnaeid snails which are
responsible for transmission of Fasciola spp. in different
areas include: Radix rubiginosa, Austropeplea tomentosa,
Pseudosuccinea columella, Stagnicola corvus, and Hinkleyia
caperata (Vazquez et al. 2018). The high transmission
capacity of vectors is connected to the duration and
persistence of the life span of the infected snails after
infection (Mas-Coma et al. 2001).

Humans act as the incidental hosts for liver flukes (Alemneh
2019). Ingestion of freshwater wild plants including
watercress is the main source of infection to humans (Mas-




Coma et al. 2018). In spite of watercress, various freshwater
plant species might be involved in Fasciola transmission and
human infection, which depend mainly on geographical
distribution of those plants and the dietary traditions of
peoples in that region (Mas-Coma et al. 1999). Water had
been mentioned as another source for infection in human,
either directly by drinking or indirectly by contaminating
vegetables, fruits, and kitchen utensils (Chen and Mott 1990).
Humans also become infected with fascioliasis after eating
raw dishes prepared freshly from an infected liver with
immature flukes (Taira et al. 1997).

Epidemiology

Previous studies revealed that fascioliasis has a higher
spreading capacity, which is greatly related to the biological
ability of intermediate lymnaeid hosts and the fluke adaptation
capacity (Mas-Coma et al. 1999). Due to the ability of
parasites and snails to develop in diverse adaptation strategies,
the transmission rates become higher (Mas-Coma 1996).

F. hepatica is distributed commonly in Europe (Robinson
and Dalton 1999), temperate regions of Asia, Africa, Oceania
and America, while F. gigantica is mainly restricted to Africa
and Asia (Lotfy and Hillyer 2003; Mas-Coma et al. 2009a).
Both fluke types appear to be present in the same
geographical areas especially in some subtropical and warm
temperate regions in Africa and Asia (Mas-Coma et al.
2009b; Kalu 2015).

The larval stages of fasciolids species as well as their
intermediate host snails, are highly dependent on climate
features, so changes in environmental conditions have an
impact on liver fluke infection (Fuentes et al. 2001). The
dissemination of fascioliasis to a new geographical area is
essentially related to the distribution of intermediate
lymnaeid hosts, the presence of an infected definitive host,
and the presence of appropriate environments for the snail
vector. High lands areas with acid soils, poorly drained
marshy grazing field and waterlogged are frequently
estimated to be appropriate for their propagation and
providing high endemic areas for the development of
fascioliases (Ayele and Hiko 2016).

Up to 50% of infective overwinter metacercariae might
remain viable on pasture and infect grazing livestock and
capable to infect livestock hosts following grazing in next
spring (John et al. 2019). Their survival is mainly dependent
on dampness and diffident temperature, as they can tolerate
repeated freeze-thawing action (Boray and Enigk 1964).
Metacercariae of Fasciola species might remain viable for
more than one year, occasionally for up to two years with
infectivity to induce infection in definitive hosts.
Additionally, metacercariae from different livestock species
origins do not show significant differences in definitive host
infectivity (Valero and Mas- Coma 2000; Valero et al. 2002).
The occurrence of fascioliasis in humans has increased in the
past 20 years, due to the global increase in the number of
infected humans and animals (Alemneh 2019). Previous
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studies have demonstrated the significant role of human in
the spreading of fascioliasis, especially in hyperendemic
zones (Esteban et al. 1997), particularly where outdoor
defecation is practiced (Mas-Coma et al., 1999), or where the
correct services for waste and sewage disposal are absent
(Hillyer and Apt 1997).

Life cycle

Fasciola spp. have a complex life cycle requiring the
mammalian definitive hosts and a freshwater snail as an
intermediate host (VVazquez et al. 2018). In subtropical areas,
infection persist during the whole year but significantly slow
down during winter (Lopez Lemes et al. 1996). The essential
point in trematode life cycle is that, one egg of trematode
ultimately develops into hundreds of adults, when it passes
through paedogenesis phenomenon in the body of snail
intermediate hosts (Alemneh 2019).

The flukes are oviparous: the mature adult in bile ducts of
definitive host lay eggs with an operculum. Eggs are
transported from the bile medium to the small intestine where
they mix up with feces (Nyindo and Lukambagire 2015).

In ruminant, eggs are dropped with feces on to the pasture,
and undertake embryonation to the pyriform ciliated larva
called a miracidium. Hatching of embryonated eggs can
happen in response to the outside stimuli such as light,
humidity and temperature (Vazquez et al. 2018). The
developing free-swimming ciliated miracidia must find a
suitable lymnaeid snail intermediate host for its further
development (Urquhart et al. 1996; Graber et al. 2005). It was
believed to use chemotactic and phototactic movements for
vector finding in less than 24 hours (Vazquez et al. 2018).
Upon contact, the miracidia mechanically attack the soft
tissues of snail hosts by the effects of proteolytic enzymes
and their penetrating styles (Zhang et al. 2019).

The entire penetration process occurs within thirty minutes and
later on the miracidium loss its tail and cilia and changes to an
elongated saclike structure named sporocyst, that contain a
number of germinal cells. These cells undergo a development
to the next stage, the redia which migrate to the hepato-
pancreatic region of the snail and ultimately leads to the
formation of cercaria. The second generation of redia may form
during unfavorable environmental conditions. The cercaria is
the young flucks with long tail arises actively from the snail in
considerable numbers. The majority of infected snails die
prematurely due to the disruption in their hepato- pancreas
(Urquhart et al. 1996; Rickard 2001; Graber et al. 2005).

The development of flukes inside the snail required about 6
weeks depending on the environmental temperature (Beesley
et al. 2018). The asexual development of parasite inside the
snail refers as “clonal expansion”; a single miracidium can
produce nearly ten to seventy hundred cercaria (Graczyk and
Fried 1999).

Finally, the cercaria locates the wet leave of vegetations
by negative geotactic movements and attach themselves,
shed their tail and metamorphose into metacercariae.
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Fig. 1: Life cycle of Fasciola spp.

Encysted metacercariae have a great possibility of survival
(Nyindo and Lukambagire 2015).

Metacercariae are the infective form of flukes and upon
ingestion by suitable definitive hosts, an immature fluke
might liberate. During mastication the outer cyst layer is
removed, and inner cyst ruptured in the intestine depending
on the enzymatic hatching mechanism, which is activated by
suitable oxidation reduction and CO; system provided by
intestinal environment (Urquhart et al. 1996; Rickard 2001;
Graber et al. 2005).

The juvenile flukes burrow through the wall of the small
intestine and temporarily settle in the peritoneal cavity for
several hours (Atalabi and Lawal 2019). Afterward it
migrates and penetrate the liver during four to six days,
wounder there for another four to seven weeks leading to the
entrance in the bile ducts, settle down and lay eggs after
sexual reproduction. The life cycle reinitiates, when it lives
for several years (Urquhart et al. 1996; Rickard 2001; Graber
et al. 2005). The adult worm produces various number of
eggs per day in different definitive hosts; reports have shown
that in cow, it extruded 25,000 eggs and in sheep 12,000 eggs
(Valero et al. 2002). Fig. 1 demonstrate different life cycle
stages of Fasciola spp.

Pathogenesis

Pathogenesis occurs in two phases: the first phase is acute
fascioliasis that occurs after liver penetration by enormous
parasitic stages within a short period of time, and migration
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through the liver parenchyma. Its outcome is the severe liver
damage and hemorrhage with subsequent sudden death
mainly in sheep. The second phase is chronic fascioliasis,
happen when fewer numbers of fluke result in infections over
the long period of times even in weeks or months. The adult
flukes reach the bile ducts, and result in the damage of the
biliary mucosa by their cuticular spines. Sometimes, acute and
chronic infections can occur simultaneously. The subclinical
form is a common type of fasciolosis, occurring as a result of
infection with low numbers of fluke, which accompanying
reduction in weight gain and wool quality (Hayward et al.
2021). In both acute and chronic phases, the disease
demonstrates high pathogenicity and immunosuppressive
capacity (Valero et al. 2003; Girones et al. 2007).

Other pathogenic effects concurrent with fascioliasis include
traumatic hepatitis and hemorrhage caused by juvenile flukes
and fibrosis of the migratory tracts that eventually calcifies,
caused by adult flukes. Moreover, anemia and
hypoalbuminemia might occur (Roberts and Suhardono
1996; Javid et al. 2011).

In humans, the complexity of fascioliasis is sometimes
related to the capability of the flucks to invade vital organs,
leading to the significant outcome and even death of the
patient (Mas-Coma et al. 2014).

Furthermore, the metabolites release from the liver flukes into
the host circulatory system associated with anemia, increases
the concentration of serum enzymes and dysfunction of the
adrenal and thyroid glands (Sharma et al. 2011).

The pathogenicity of liver fluke infection can be affected by
numerous factors including the breed of host, body




condition, dietary status and the burden of infection
(Chauvin et al. 2001).

Clinical Signs

Fascioliasis is associated with significant morbidity and
mortality in livestock (Hosseini-Safa et al. 2019). Acute
phase often distinguished by sudden death of up to 10% of
the flock, due to high levels of blood loss from physical
damage to the liver. Typical clinical signs primarily in sheep
and goats include reduced appetite, abdominal pain,
depression, anemia, weight loss, and sudden death in a few
days. Secondary bacterial infection of liver by Clostridium
noyvi, during the acute phase resulting in clostridial necrotic
hepatitis (Lalor et al. 2021).

During the chronic phase, additional clinical signs appear, such
as inappetence and lower weight gain, anemia, and ascites
(Urquhart et al. 1996; Rickard 2001), decrease in milk yield,
diarrhea, and submandibular edema (Fufa 2009). Emaciation
during chronic fascioliasis is prominent, especially in more
susceptible animals and ewes during the advanced gestation
period. The Inflammatory mediators arising from liver damage
could have an effect on early pregnancy (Sargison and Scott
2011). Liver fluke infection is also considered as a
predisposing risk factor for mastitis (Mavrogianni et al. 2014).
The flukes incidentally infect the peritoneal cavity, lungs,
subcutaneous tissue, lymph nodes, eye and other locations
(Hosseini-Safa et al. 2019). In humans, various complex
clinical disorders appear including severe neurological,
psychiatric and ophthalmological conditions (Mas-Coma et
al. 2014), during the acute phase of infection caused by
migration of numerous juvenile parasitic stages (Gonzalez-
Miguel et al. 2019).

Diagnosis

In endemic areas, rapid and accurate diagnosis for animal
fascioliasis is considered as a successful prevention and
treatment measure. Although there is significant progress in
the application of new therapeutic agents, little attention has
been paid to confirm the diagnosis of fascioliasis in animals
(Amiri et al. 2021). Fascioliasis has been diagnosed by
parasitological, immunological and molecular methods
(Atalabi and Lawal 2020).

Generally, fascioliasis is diagnosed by fecal testing and
finding eggs of parasitic flukes in stool, bile or duodenal fluid
through wet mount and/or concentration techniques such as
formalin- ether.

The expertise of the examiner and the number of parasite
eggs in the stool sample are the main disadvantages
associated with previous diagnostic techniques. In addition, a
number of serologic procedures such as IFA, IHA and ELISA
are relevant for diagnosis of fascioliasis during different
stages of the disease (Hamoo et al. 2019).

Serological methods give the advantages for early diagnosis
of fascioliasis, however circulating antibodies could persist
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in the blood for several months after effective treatment
(Salimi-Bejestani et al. 2005; Arifin et al. 2016).

Moreover, the nucleic acid-based techniques appear to be
expectant for diagnosis of recent fascioliasis (Rojas 2014;
Davies Calvani et al. 2018). Various molecular procedures
are applicable for diagnosis of fascioliasis, i.e., nested PCR
provide higher sensitivity than existing diagnostic methods,
when fascioliasis could be detected in the feces of infected
sheep two weeks post infection (Martinez-Perez 2012;
Beesley et al. 2018). Furthermore, sequencing the whole
genome, and polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) assay can also be used
for diagnosis (Hamoo et al. 2019). Loop mediated isothermal
amplification (LAMP) is an alternative technique, because
molecular diagnostic techniques using PCR are not available
everywhere (Martinez-Valladares and Rojo-Vazquez 2016).
It is with low-cost and simple performing test, which permits
quick amplification of small amount of DNA with high
sensitivity (Amiri et al. 2021) and can be applied for
diagnosis of a variety of zoonotic helminths including
Fasciola species (Ai 2010). It has been recognized to be
more sensitive and specific by detecting fascioliasis one-
week post infection in experimentally infected sheep
(Martinez-Valladares et al. 2016).

Treatment

The recommended treatment depends on the nature of the
disease. Some of the existing anti helminthic drugs are not
effective against immature flukes, so these are not
recommended during acute flukes outbreak. The commonly
used flukicides is Triclabendazole, which is effective against
both immature and adult flukes (Ahmed et al. 2005).
Triclabendazole is also an efficient drug available for human
treatment (Gandhi et al. 2019).

Control

The control strategy should be directed at the application of
preventive measures rather than a curative basis. The effective
control measures include the treatment with appropriate
anthelmintics drugs to decrease the number of parasitic flukes
in the host body and the number of fluke eggs in the pasture,
reduction in the number of snail intermediate host by using
mollucicided and improvement of drainage (Ahmed et al.
2005; Fufa 2009). Other control measures include the
development of management system (housing, grazing
practice and animal watering), reduce snail population by
drying the marshy or wet areas or using biological control
methods like, introducing the frogs and birds (Alemneh 2019).

Conclusion

Fasciolosis is a common parasitic infection which affects the
ruminant productivity by its direct or indirect losses.
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Different factors including change in climatic condition and
human activities play a role in further spread and distribution
of liver flukes. Great concerns should be directed against
resistance to flukicides to reduce the number of parasites that
led to restrictions in their use. The drug residues in animal
products i.e., meat and milk are another issue that restricts
anthelmintic usage at any time, due to the long withdrawal
period of some products. Moreover, increase in the frequency
of liver fluke infection among animals adversely leads to rise
the infection rates in human at different regions of the world.
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INTRODUCTION

Human taeniasis is zoonotic cestodal infection caused by
worms from the Taeniidae family. Although the disease has
widespread distribution, communities in the developing
nations bear the most of its burden. Taeniidae family
possesses three species that may infect people; Taenia (T.)
asiatica (also known as the "Asian tapeworm"), Taenia (T.)
solium ("pork tapeworm™) and Taenia (T.) saginata
(sometimes called "beef tapeworm™) (Ito et al. 2004).

The adult tapeworm of these three species is exclusively
found in the small intestine of humans. For T. saginata, cattle
serve as the intermediate host, whereas pigs are the larval
hosts for Asian tapeworm and pork tapeworm. Humans
develop disease by eating T. solium eggs from their
environment and act as aberrant intermediate host. Although
pain in abdomen and loss of weight have been observed,
human taeniasis is mostly asymptomatic (Garcia et al. 2003;
Flisser et al. 2011; Tembo and Craig 2015), though carriers
may experience some discomfort when they see segments in
their feces, particularly of motile T. saginata (Garcia et al.
2003). Perforation in gall bladder, swelling of appendix, and
bowel blockage are infrequent complications of intestinal
taeniasis (Hakeem et al. 2012; Kulkarni et al. 2014; Atef and
Emna 2015; Li et al. 2015).

Human health burden is caused by larval infection of swine
cestode (T. solium). Ingestion of fertile eggs of T. solium
causes an abnormal cyst formation in numerous regions of
the body of human. Cysts most commonly appear in the
subcutaneous tissue, muscles, ocular system, and brain. The
formation of asingle or multiple cysts within the central
nervous system - often the brain — are responsible for
inducing nervous signs (Garcia et al. 2014).

According to a study conducted in various regions of world
in 2010, disease in humans produced by swine tapeworm was
culpable for 503,000 disability-adjusted life years (DALY'S)
lost per year (Murray et al. 2012). This is certainly an
understatement of the total burden, considering that NCC
may be responsible for thirty percent epilepsy occurrences in
the prevalent regions (Rajshekhar et al. 2006; Ndimubanzi et al.
2010; Bruno et al. 2013). Swine tapeworm is also predicted to
be the cause of 28,000 (95% CI 21,000-37,000) fatalities
worldwide each year (Torgerson et al. 2015). Human taeniasis
prevention and care are essential to control human cysticercosis,
which will lead to decrease in epilepsy cases (Garcia et al. 2014).

Global Distribution

In the majority of North America, Australia, Europe, and New
Zealand, T. solium has been successfully retained; although,
disease transmission has been documented from some regions
of Europe and North America (Sorvillo et al. 2011,
Zammarchi et al. 2013; Devleesschauwer et al. 2017). Swine
tapeworm is most prevalent in the developing nations, with
the parasite endemic throughout African, and Asian countries,
aswell as in Latin America (Braae et al. 2015; Coral-Almeida
et al. 2015). T. saginata is more widely distributed, including
findings from Europe (Dorny and Praet 2007), New Zealand,
Australia (Howell and Brown 2007), and other parts of the
developing countries (Flisser et al. 2011).

Human taeniasis prevalence varies greatly across endemic
countries, with a current meta-analysis indicating prevalence
of 13.9% in Africa, 17.25% in Latin America, and 3% in
Asia (Coral-Almeida et al., 2015). Prevalence of human
taeniasis is low in USA, Canada and Australia, but the disease
is re-emerging (Fig.1).

Diagnosis of Cases of Human Taeniasis

These estimates were made on the basis of a number of
different diagnostic techniques. These have varying degrees
of specificity (Sp) and sensitivity (Se) in the detection of
taeniasis (Allan et al. 2003).

Adult Taenia carriers are traditionally diagnosed with the aid
of microscope by observing ejected eggs in the feces. Despite
the ease of this diagnostic procedure in resource-poor
situations, a key disadvantage is the microscopy sensitivity,
which is limited due to the irregular nature of released eggs.
The reported sensitivity estimates vary from 3% (Allan et al.
1996) to 52% (Praet et al. 2013). Moreover, while
microscopy has a high species specificity, speciation needs
the examination of ejected proglottids, as Taenia eggs seem
similar underneath the light microscope (Wilkins et al. 1999;
Allan and Craig 2006).
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Fig. 1: Cosmopolitan distribution of human taeniasis

Fecal antigen (copro-Ag) detection is based on the
identification of unique antigens in feces and, does not
depend on active release of eggs or proglottids like
microscopy to identify infection. Ithas now been
effectively proved to diagnose Taenia spp. carriers in a
range of settings. In a field experiment in Mexico, copro-
Ag ELISA had a specificity/sensitivity (Sp/Se) of
99.0%/98.0%, whereas microscopy had a sensitivity of
38.0%, respectively (Allan et al. 1996).

One disadvantage of the presently offered fecal ELISAS is
that they cannot distinguish between pork and beef
tapeworms (Allan et al. 1996). Furthermore, cross-reactions
with other gastrointestinal parasites such as, Trichuris
trichiura, Ascaris lumbricoides, and some protozoa have
been documented (Praet et al. 2013). DNA-based diagnostics
have now been developedto provide species-specific
diagnosis. A quick nested PCR test that used markers based
on the reported T. solium oncospheral protein (Tso31) gene
sequences exhibited 97%-100% sensitivity and 100%
specificity, even under field settings (Mayta et al. 2008).
Given the fundamental challenges involved with diagnostic
tests using faecal material, particularly in terms of health
hazards and public acceptance, serological identification of
mature Taenia carriers has a clear position. This was
accomplished using an immunoblot technique for detecting
antibodies against excretory and secretory antigens of swine
tapeworm. When employed to test sera with confirmed
infection status, including sera from beef tapeworm carriers
and Echinococcus infected persons, the assay obtained a
Se/Sp of 95%/100%, respectively (Wilkins et al. 1999).
However, use of local antigens limited the test's
applicability outside the laboratory, and antigens have
recently been generated in a baculo-virus system for
application in different tests (Levine et al. 2004). rES33 and
rES38 proteins are now being employed in an enzyme-
linked immunoelectrotransfer blot (EITB) format in a
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current eradication programme against cysticercosis in
Peru, with both demonstrating great sensitivity of 97.0%
and 98.0% (rES33) and specificity of 100% and 91.0%
(rES38), in field testing (Levine et al. 2007).

Treatment of Human Taeniasis

Adult Taenia spp. infections respond to the common
anthelmintic medicines including tribendimidine (200 mg
one per-oral dosage) (Steinmann et al. 2008), niclosamide (2
g/person), praziquantel (5-10 mg/kg, single per-oral dose)
(Pearson and Guerrant 1983; Pearson and Hewlett 1985) and
albendazole (3400 mg/person for three successive days)
(Steinmann et al. 2011). Three times dose of albendazole can
completely cure Taenia spp. cases, while praziquantel and
niclosamide had effectivity rates of 95% and 85%,
respectively (Pawlowski et al. 2005).

Praziquantel and niclosamide arethe most effective
antiparasitic medications against Taenia infection, and
praziquantel seems to be an economical option @ $0.05-0.1
for a man/woman as a single dose (Engels et al. 2003). A few
adverse outcomes of praziquantel have been reported,
including stomach discomfort, laziness, and diarrhea (Raso et
al. 2004); nevertheless, it is revealed that it may be due to
potential of praziquantel to penetrate within brain, there may
be nervous implication due to stimulation of undetected latent
NCC (Flisser et al. 2003). In spite of the findings, no adverse
outcomes were recorded in a research conducted in Tanzania
in which school students were given the drug (praziquantel)
in the region where schistosomiasis and cysticercosis were
co-endemic (Braae et al. 2017). Albendazole therapy, which
also crosses the blood brain barrier, may result in
neurological adverse effects (Sotelo and Jung 1998); while
niclosamide has low systemic penetration and hence has no
impact on NCC (Pawlowski 2006).




Control Strategies of Human Taeniasis

Preventive chemotherapy refers to the taeniasis treatment to
reduce the parasite load in a specified population and could
be executed in three different ways. 1) Mass drug
administration (MDA is the treatment of entire population of
a designated region at specified periods, regardless of
physical state. 2) Targeted chemotherapy treats the specified
risk group areas at specific intervals, whereas 3) selective
chemotherapy examines persons and cures them based on
their clinical state (Gabrielli et al. 2011). Many studies that
have been conducted to examine the application of MDA for
pork tapeworm (Keilbach et al. 1989; Diaz et al. 1991; Del
Brutto et al. 1996; Allan et al. 1997; Sarti et al. 2000; Garcia
et al. 2006; Wu et al. 2012; Ash et al. 2015). Most studies
were found a decrease in taeniasis occurrence, while the
impact on cysticercosis (human as well as porcine) were more
diverse (Thomas 2015).

Data from modelling indicate that one-time MDA
programmes rarely results in long-term suppression of T.
solium, with fast reductions in frequency accompanied by a
rapid recovery to earlier levels (Kyvsgaard et al. 2007).
However, when MDA was used in conjunction with other
techniques such as pig immunization and/or oxfendazole
therapy, a persistent decline in porcine cysticercosis and
human taeniasis was documented (Kyvsgaard et al. 2007;
Assana et al. 2010; Okello et al. 2016).

Selective chemotherapy is considered as an important part of
pork tapeworm control (Montresor and Palmer 2006;
Pawlowski 2008; Penrith 2009), particularly with more
health coverage (Sarti and Rajshekhar 2003) and with
modeling data indicating that this treatment results in
significant decrease in disease frequency (Kyvsgaard et al.
2007). Two trials in the field have been conducted till now
that involve selective chemotherapy. Both of these trials were
undertaken in combination with targeted MDA in school. A
significant reduction in neurocysticercosis was observed in
research conducted during eight-year interval (Medina et al.
2011). Another survey in Tanzania revealed more than 77%
decrease in occurrence of Taenia infection within 22 months
(Braae et al. 2017).

Vaccination against T. solium larval invasion in the swine
host have been developed now, and two of them including
SP3VAC and TSOL18, displaying great effectiveness
in swines from both natural and experimental threats
(Lightowlers 1999; Plancarte et al. 1999; Huerta et al. 2001;
Gonzalez et al. 2005; Sciutto et al. 2007a; Sciutto et al.
2007b; Morales et al. 2008; Silva and Costa-Cruz 2010;
Lightowlers 2010; Morales et al. 2011; Jayashi et al. 2012).
One disadvantage of available vaccine choices is that none
kills preexisting cysts; consequently, it is advised that swine
vaccination must be administered in combination with
oxfendazole at a dosage of 30.0 mg/kg to influence porcine
cysticercosis illnesses established pre-immunization.

When employed in a field study in Cameroon, this combo of
TSOL18 immunization and high therapeutic dose

Unigque Scientific Publishers

One Health Triad

of oxfendazole treatment provided full protection from
infection (Assana et al. 2010). TSOL18 vaccine (Cysvax)
has been marketed with cooperation from the University of
Melbourne, GALVmed, Indian Immunologicals Limited,
and commercial manufacturing has begun. Permission for its
usage in India is now in process, with certification across
Africa likely by 2020 (Thomas 2015). Cattle vaccination
against T. saginata has some efficacy with the TSA9/TSA18
vaccine displaying excellent effectiveness in preventing
cattle from infection (Rickard et al. 1981; Lightowlers et al.
1996; Lightowlers et al. 2000; Harrison et al. 2005).
However, this vaccine is not presently explored on
commercial scale since the existing clues do not reveal that it
is financially feasible (Lightowlers 2006).

Anthelmintic therapy can be used to treat the larval form of
T. solium and using oxfendazole (30 mg/kg) exhibits the
highest effectiveness (Gonzales et al. 1996; Gonzalez et al.
1997; Gonzalez et al. 1998; Gonzalez et al. 2001; Sikasunge
et al. 2008). Oxfendazole have no recorded negative effects
(Gonzalez et al. 1998), andis now approved in several
countries, and presently being manufactured particularly
for pigs as Panthic 10% (Thomas 2015). Bovine cysticercosis
responds to praziquantel (Thomas and Gonnert 1978;
Pawlowski et al. 1978; Harrison et al. 1984), and protection
over re-infection seems to extend at least 3 months. Despite
its effectiveness in bovines, praziquantel has still not been
prepared for large ruminants.

Multi Host Intervention as One Health Approach

There are several waysto combat both beef and pork
tapeworm using approaches that address human as well
as animal hosts (WHO 2015). Pig vaccination along with
MDA result in rapid and consistent reduction in prevalence
of Taenia infection in humans as well as in pigs (Kyvsgaard
et al. 2007).

Pigs were followed employing EITB strip diagnostic tests for
18 months (US Centers for Disease Control, Atlanta, GA,
USA). The findings showed that living in a treated area after
the interventions was an important measure against porcine
cysticercosis (Garcia et al. 2006). Recently, The Bill &
Melinda Gates Foundation funded a wide-scale experiment
to eradicate pork tapeworm from a vast region of remote
Peru. Human MDA (2 g nicolsamide, three rounds per year)
is provided in conjunction with pig vaccination (TSOL18)
and antiparasitic therapy effectively removed swine
tapeworm from the pig host in (105/107) experimental rural
areas and parasitic elimination persisted for one year post-
treatment (Garcia et al. 2016).

Porcine vaccine (TSOL18) and antiparasitic therapy were
recently paired with MDA programme of humans (triple
albendazole dose 400 mg in two rounds) in Lao PDR, where
an earlier quick decrease in human Taenia infection was
persisted during the two years of research (Ash et al. 2015;
Okello et al. 2016).
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Conclusion

There are numerous critical elements of human taeniasis
treatment and control, exploring significant potential and
problems of existing therapeutic and diagnostic techniques.
There is a need for further scaling-out of successful pilot
control programs in order to assess their long-term impact
and cost-effectiveness in good way, primarily in Asian and
African countries. There is a dire need of integrating research
findings into government policy and community-level action,
allowing vulnerable communities throughout the globe to
address the effects of taeniasis in a better way.

REFERENCES

Allan JC and Craig PS, 2006. Coproantigens in taeniasis and
echinococcosis. Parasitology International 55: 75-80.

Allan et al., 2003. Immunodiagnostic tools for taeniasis. Acta
Tropica 87: 87-93.

Allan JC et al., 1996. Field trial of the coproantigen-based diagnosis
of Taenia solium taeniasis by enzyme-linked immunosorbent
assay. American Journal of Tropical Medicine and Hygiene 54:
352-356

Allan JC et al., 1997. Mass chemotherapy for intestinal Taenia
solium infection: effect on prevalence in humans and pigs.
Transactions of The Royal Society of Tropical Medicine and
Hygiene 91: 595-598.

Ash A et al., 2015. Controlling Taenia solium and soil transmitted
helminths in a northern Lao PDR village: impact of a triple
dose albendazole regime. Acta Tropica 174: 171-178.

Assana E et al., 2010. Elimination of Taenia solium transmission to
pigs in a field trial of the TSOL18 vaccine in Cameroon.
International Journal of Parasitology 40: 515-519.

Atef M and Emna T, 2015. A rare cause of intestinal obstruction.
Journal of Clinical Case Reports 5: 2.

Braae UC et al., 2015. Taenia solium taeniosis/cysticercosis and the
co-distribution with schistosomiasis in Africa. Parasite and
Vectors 8: 323.

Braae UC et al., 2017. Effect of repeated mass drug administration
with praziquantel and track and treat of taeniosis cases on the
prevalence of taeniosis in Taenia solium endemic rural
communities of Tanzania. Acta Tropica 165: 246—251.

Bruno E et al,, 2013. Epilepsy and neurocysticercosis in Latin
America: a systematic review and meta-analysis. PLo0S
Neglected Tropical Diseases 7: 2480.

Coral-Almeida M et al., 2015. Taenia solium human cysticercosis:
a systematic review of seroepidemiological data from endemic
zones around the world. PLoS Neglected Tropical Diseases 9:
0003919.

Del Brutto O et al., 1996. Proposal of diagnostic criteria for human
cysticercosis and neurocysticercosis. Journal of the
Neurological Sciences 142: 1-6.

Devleesschauwer B et al., 2017. Taenia solium in Europe: still
endemic? Acta Tropica 165: 96-99.

Diaz CSP et al., 1991. Epidemiologic study and control of Taenia
solium infections with praziquantel in a rural village of Mexico.
American Journal of Tropical Medicine and Hygiene 45: 522—
531.

Dorny P and Praet N, 2007. Taenia saginata in Europe. Veterinary
Parasitology 149: 22-24

Unigque Scientific Publishers

Engels D et al., 2003. The control of human (neuro)cysticercosis:
which way forward? Acta Tropica 87: 177-182.

Flisser A et al., 2003. Neurocysticercosis: regional status,
epidemiology, impact and control measures in the Americas.
Acta Tropica 87: 43-51.

Flisser A et al., 2011. Cysticercosis and taeniosis: Taenia solium,
Taenia saginata and Taenia asiatica. In: Palmer SR, Soulshy
L, Torgerson P, Brown DWG, editors. Oxford Textbook of
Zoonoses: Biology, Clinical Practice, and Public Health
Control: Oxford University Press; pp: 625-642.

Gabrielli AF et al., 2011. Preventive chemotherapy in human
helminthiasis: theoretical and operational aspects. Transactions
of The Royal Society of Tropical Medicine and Hygiene 105:
683-693.

Garcia HH et al., 2003. Taenia solium cysticercosis. Lancet 362:
547-556.

Garcia HH et al., 2006. Combined human and porcine mass
chemotherapy for the control of T. solium. American Journal
of Tropical Medicine and Hygiene 74: 850—-855.

Garcia et al., 2014. Clinical symptoms, diagnosis, and treatment of
neurocyssticercosis. Lancet Neurology 13: 1202-1215.

Garcia HH et al., 2016. Elimination of Taenia solium transmission
in Northern Peru. The New England Journal of Medicine 374:
2335-2344

Gonzales AE et al., 1996. Effective, single-dose treatment or
porcine cysticercosis with oxfendazole. American Journal of
Tropical Medicine and Hygiene 54: 391-394.

Gonzalez AE et al., 1997. Treatment of porcine cysticercosis with
oxfendazole: a dose-response trial. The Veterinary Record 141:
420-422.

Gonzalez AE et al., 1998. Time-response curve of oxfendazole in
the treatment of swine cysticercosis. American Journal of
Tropical Medicine and Hygiene 59: 832.

Gonzalez AE et al., 2001. Protection of pigs with cysticercosis from
further infections after treatment with oxfendazole. American
Journal of Tropical Medicine and Hygiene 65: 15-18.

Gonzalez AE et al., 2005. Vaccination of pigs to control human
neurocysticercosis. American Journal Tropical Medicine and
Hygiene 72: 837.

Hakeem SY et al., 2012. Taenia saginata: a rare cause of gall
bladder perforation. Case Reports in Surgery 2012: 572484,

Harrison L et al., 1984. Absorption of cysticerci in cattle after
treatment of Taenia saginata cysticercosis with praziquantel.
Research in Veterinary Science 37: 378-380.

Harrison L et al., 2005. Ag-ELISA and PCR for monitoring the
vaccination of cattle against Taenia saginata cysticercosis
using an oncospheral adhesion protein (HP6) with surface and
secreted localization. Tropical Animal Health and Production
37:103-120.

Howell J and Brown G, 2008. Gastrointestinal: beef tapeworm
(Taenia saginata). Journal of Gastroenterology and
Hepatology 23: 1769-1769.

Huerta M et al., 2001. Synthetic peptide vaccine against Taenia
solium pig cysticercosis: successful vaccination in a controlled
field trial in rural Mexico. Vaccine 20: 262—-266.

Ito A et al., 2004. Cysticercosis/taeniasis in Asia and the Pacific.
Vector Borne Zoonotic Diseases 4: 95-107.

Jayashi CM et al., 2012. Successful immunization of naturally
reared pigs against porcine cysticercosis with a recombinant
oncosphere antigen vaccine. Veterinary Parasitology 188: 261
267.




Keilbach NM et al., 1989. A programme to control taeniasis-
cysticercosis (T. solium): experiences in a Mexican village.
Acta Leidensia 57; 181-189.

Kulkarni AS et al., 2014. Appendicular taeniasis presenting as acute
appendicitis a report of two cases with review of literature.
International Journal of Health Science and Research 4: 194—
197.

Kyvsgaard NC et al., 2007. Simulating transmission and control of
Taenia solium infections using a Reed-Frost stochastic model.
International Journal of Parasitology 37: 547-558.

Levine MZ et al., 2004. Characterization, cloning, and expression of
two diagnostic antigens for Taenia solium tapeworm infection.
Journal of Parasitology 90: 631-638.

Levine MZ et al., 2007. Development of an enzyme-linked
immunoelectrotransfer blot (EITB) assay using two
baculovirus expressed recombinant antigens for diagnosis of
Taenia solium taeniasis. Journal of Parasitology 93: 409—417.

Li P et al., 2015. Taeniasis related frequent intestinal obstruction:
case report and mini-review. Journal of Gastroenterology and
Hepatology Research 4: 1455-1458.

Lightowlers M et al., 2000. Vaccination against cysticercosis and
hydatid disease. Parasitology Today 16: 191-196.

Lightowlers M, 2006. Cestode vaccines: origins, current status and
future prospects. Parasitology 133: 27-42.

Lightowlers MW et al., 1996. Taenia saginata: vaccination against
cysticercosis in cattle with recombinant oncosphere antigens.
Experimental Parasitology 84: 330-338.

Lightowlers MW, 1999. Eradication of Taenia solium cysticercosis:
a role for vaccination of pigs. International Journal of
Parasitology 29: 811-817.

Lightowlers MW, 2010. Eradication of Taenia solium cysticercosis:
a role for vaccination of pigs. International Journal of
Parasitology 40: 1183-1192.

Mayta H et al., 2008. Nested PCR for specific diagnosis of Taenia
solium taeniasis. Journal of Clinical Microbiology 46: 286—289

Medina MT et al., 2011. Reduction in rate of epilepsy from
neurocysticercosis by community interventions: the Salamd,
Honduras study. Epilepsia 52: 1177-1185.

Montresor A and Palmer K, 2006. Taeniasis/cysticercosis trend
worldwide and rationale for control. Parasitology International
55: 301-303.

Morales J et al., 2008. Inexpensive anticysticercosis vaccine:
S3Pvac expressed in heat inactivated M13 filamentous phage
proves effective against naturally acquired Taenia solium
porcine cysticercosis. Vaccine 26: 2899-2905.

Morales J et al., 2011. Recombinant S3Pvac-phage anticysticercosis
vaccine: simultaneous protection against cysticercosis and
hydatid disease in rural pigs. Veterinary Parasitology 176: 53—
58.

Murray CJL et al., 2012. Disability-adjusted life years (DALYSs) for
291 diseases and injuries in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease Study
2010. The Lancet 380: 2197-2223

Ndimubanzi PC et al., 2010. A systematic review of the frequency
of neurocysticercosis with a focus on people with epilepsy.
PLo0S Neglected Tropical Diseases 4: 870.

Okello AL et al., 2016. Assessing the impact of a joint human-
porcine intervention package for Taenia solium control: results
of a pilot study from northern Lao PDR. Acta Tropica 159:
185-191.

Unigque Scientific Publishers

One Health Triad

Pawlowski Z et al., 1978. The efficacy of mebendazole and
praziquantel against Taenia saginata cysticercosis in cattle.
Veterinary Science Communications 2: 137-139.

Pawlowski Z et al., 2005. Control of Taenia solium taeniasis/
cysticercosis: from research towards implementation.
International Journal of Parasitolology 35: 1221-1232

Pawlowski ZS, 2006. Role of chemotherapy of taeniasis in
prevention of neurocysticercosis. Parasitology International
55: 105-109.

Pawlowski ZS, 2008. Control of neurocysticercosis by routine
medical and veterinary services. Transactions of The Royal
Society of Tropical Medicine and Hygiene 102: 228-232.

Pearson RD and Guerrant RL, 1983. Praziquantel: a major advance
in anthelminthic therapy. Annals of Internal Medicine 99: 195—
198.

Pearson RD and Hewlett EL, 1985. Niclosamide therapy for
tapeworm infections. Annals of Internal Medicine 102: 550—
551.

Penrith ML, 2009. Cysticercosis Working Group in Eastern and
Southern Africa — 6th General Assembly. Journal of the South
African Veterinary Association 80: 206—207.

Plancarte A et al., 1999. Vaccination against Taenia solium
cysticercosis in pigs using native and recombinant oncosphere
antigens. International Journal of Parasitology 29: 643-647.

Praet N et al., 2013. Bayesian modelling to estimate the test
characteristics of coprology, coproantigen ELISA and a novel
real-time PCR for the diagnosis of taeniasis. Tropical Medicine
and International Health 18: 608-614.

Rajshekhar V et al., 2006. Active epilepsy as an index of burden of
neurocysticercosis in Vellore district, India. Neurology 67:
2135-2139.

Raso G et al., 2004. Efficacy and side effects of praziquantel against
Schistosoma mansoni in a community of western Céte d’Ivoire.
Transactions of The Royal Society of Tropical Medicine and
Hygiene 98: 18-27

Rickard M et al., 1981. A preliminary field trial to evaluate the use
of immunisation for the control of naturally acquired Taenia
saginata infection in cattle. Research in Veterinary Science 30:
104-108.

Sarti E and Rajshekhar V, 2003. Measures for the prevention and
control of Taenia solium taeniosis and cysticercosis. Acta
Tropica 87: 137-143.

Sarti E et al., 2000. Mass treatment against human taeniasis for the
control of cysticercosis: a population-based intervention study.
Transactions of The Royal Society of Tropical Medicine and
Hygiene 94: 85-89.

Sciutto E et al., 2007a. Further evaluation of the synthetic peptide
vaccine S3Pvac against Taenia solium cysticercosis in pigs in
an endemic town of Mexico. Parasitology 134: 129-133.

Sciutto E et al., 2007b. Improvement of the synthetic tri-peptide
vaccine (S3Pvac) against porcine Taenia solium cysticercosis
in search of a more effective, inexpensive and manageable
vaccine. Vaccine 25: 1368-1378.

Sikasunge CS et al., 2008. Taenia solium porcine cysticercosis:
viability of cysticerci and persistency of antibodies and
cysticercal antigens after treatment with oxfendazole.
Veterinary Parasitology 158: 57—66.

Silva CV and Costa-Cruz JM, 2010. A glance at Taenia saginata
infection, diagnosis, vaccine, biological control and treatment.
Infectious Disorders- Drug Targets 10: 313-321.




Global Review of Human Taeniasis

Sorvillo F et al., 2011. Public health implications of cysticercosis
acquired in the United States. Emerging Infectious Diseases
17: 1.

Sotelo J and Jung H, 1998. Pharmacokinetic optimisation of the
treatment of neurocysticercosis. Clinical Pharmacokinetics 34:
503-515.

Steinmann P et al., 2008. Tribendimidine and albendazole for
treating soil-transmitted helminths, Strongyloides stercoralis
and Taenia spp.: open-label randomized trial. PLoS Neglected
Tropical Diseases 2: 322.

Steinmann P et al., 2011. Efficacy of single-dose and triple-dose
albendazole and mebendazole against soil-transmitted
helminths and Taenia spp.: a randomized controlled trial. PLoS
One 6: 25003.

Tembo A and Craig P, 2015. Taenia saginata taeniosis: copro-
antigen time-course in a voluntary self-infection. Journal of
Helminthology 89: 612—619.

Thomas H and Gonnert R, 1978. The efficacy of praziquantel
against experimental cysticercosis and hydatidosis. Zeitschrift
fur Parasitenkunde 55: 165-179.

Unigque Scientific Publishers

Thomas LF, 2015. World Health Organization, Landscape Analysis:
Control of Taenia solium. Geneva, Switzerland.

Torgerson PR et al., 2015. World Health Organization estimates of
the global and regional disease burden of 11 foodborne
parasitic diseases, 2010: a data synthesis. PLoS Medicine 12:
1001920.

WHO, 2015. The Control of Neglected Zoonotic Diseases: From
Advocacy to Action: Report of the Fourth International
Meeting Held at WHO Headquarters 19-20 November 2014.
Geneva, Switzerland.

Wilkins PP et al., 1999. Development of a serologic assay to detect
Taenia solium taeniasis. American Journal of Tropical
Medicine and Hygiene 60: 199.

Wu W et al., 2012. A review of the control of clonorchiasis sinensis
and Taenia solium taeniasis/cysticercosis in  China.
Parasitology Ressearch 111: 1879-1884.

Zammarchi L et al., 2013. Epidemiology and management of
cysticercosis and Taenia solium taeniasis in Europe, systematic
review 1990-2011. PLoS One 8: 69537.




Giardiasis: Aqua-borne Ailment

AUTHORS DETAIL

A A A D

Muhammad Ifham Naeem®*, Shahid Hussain Farooqi2,
Tayyaba Akhtar, Muhammad Younus3, Qamar un Nisa*,
Umair Alit, Tayyaba Ameer! and Shamreza Azizt

1KBCMA College of Veterinary and Animal Sciences,
Narowal, Sub-campus UVAS Lahore, Pakistan.
2Department of Clinical Sciences, KBCMA College of
Veterinary and Animal Sciences, Narowal, Sub-
campus UVAS Lahore, Pakistan.

3Department of Pathobiology, KBCMA College of
Veterinary and Animal Sciences, Narowal, Sub-
campus UVAS Lahore, Pakistan.

“Department of Pathology, University of Veterinary
and Animal Sciences-Lahore.

*Corresponding author: afhamnaim4@gmail.com

Received: Sept 24, 2022 Accepted: Oct 9, 2022

o

INTRODUCTION

Giardia is a genus of flagellate protozoan parasites. It is one
of the most common parasitic agents affecting the GIT tract
in both animals and humans. It is a cause of waterborne
diarrhea worldwide. The disease caused by Giardia is known
as Giardiasis or lambliasis. Giardiasis may manifest as
asymptomatic colonial growth of protozoa and acute or
chronic diarrhea. The common model organism of Giardia
observed for studies is Giardia lamblia (Leung 2011). It is
also the protozoal pathogen most commonly isolated from
intestines, worldwide (Eisenstein et al. 2006; Daly et al.
2010). Giardia species like Giardia (G.) duodenalis inhabit
portions of several mammals' small intestines like the
duodenum and jejunum. This species has 8 genetic groups
ranging from A to H. These groups are separated by host
distribution and specificity (Caccio and Lalle 2015; Kirk et
al. 2015). G. duodenalis is another name used for the same
organism called G. lamblia and G. intestinalis (Boutrid et al.
2018; Vivancos et al. 2018; Horton et al. 2019). A
characteristic lesion manifested by the Giardia infection is
atrophy of intestinal villi (Dawson 2005; Huang and White
2006; Halliez and Buret 2013; Robaei et al. 2014; Liu et al.
2018; Bartelt and Kaplan 2018). This leads to the
characteristic sign of giardiasis i.e., diarrhea (Naz et al.
2018).

Etiology

The causative agent of Giardiasis in humans is Giardia (G.)
lamblia. It has two forms in terms of morphology. These
forms include trophozoite and cyst. The trophozoite has a
median body with two symmetric nuclei placed at the anterior
end of the body. It has four pairs of flagella. The surfaces of
the median body of trophozoite are dorsally convex and
ventrally flat. The ventral surface of trophozoite also contains
an adhesive disc also known as a spiral organelle (Einarsson
et al. 2016). The trophozoite has a pear-like shape. It is 5 to
10 pm wide and 12 to 20 um long. The Giardia cyst is a
smooth-walled structure with an ovoid shape. The width of
the cysts ranges from 7 to 10 um while its length is about 8
to 12 pm (Leung 2011).

Out of eight genotypes of G. lamblia ranging from A to H
(Fink and Singer 2017; Burnett 2018; Leder and Weller 2019)
the first two (A and B) parasitize both animals and humans,
While the last six genotypes (from C to H) are only found in
animals. Animals affected by A and B genotypes include pets
like cats and dogs, livestock animals, and wild animals too.
Similarly, the genotypes from C to H are a cause of Giardiasis
in livestock cattle, beavers, and pet animals like cats and dogs
(Cama and Mathison 2015; Minetti et al. 2016; Fink and
Singer 2017; Burnett 2018; Leder and Weller 2019).

Life Cycle

Depending upon its morphological forms (Fig. 2) the life

cycle of giardia is also divided into two distinct phases (Fig.

1). These two phases include a proliferating stage of the

trophozoite phase and an infectious stage of the cyst (Fink

and Singer 2017).

1. The hosts ingest the cysts of giardia either through
contaminated faeces, food, water, or any other edible.

2. These cysts then hatch into trophozoites in the small
intestine followed by its replication

3. The life cycle of giardia completes when these
trophozoites mature into cysts and are shed through feces
to be taken up by another animal (Adam 2001).

Pathogenesis

The pathogenic potential of Giardia cysts is too high that
even with ingestion of a small number of cysts, the clinical
disease may occur (Kucik et al. 2004; Burnett 2018). Once
the cyst is ingested its excystation happens in the duodenum
section of the small intestine (Lebwohl et al. 2003; Kucik et
al. 2004; Kalyoussef and Goldman 2010) possibly due to its
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exposure to the strong gastric acid from the stomach, bile, and
proteases from the pancreas (Lebwohl et al. 2003; Robaei et
al. 2014). A nuclear division already happened during the

Unique Scientific Publishers

maturation of the cyst before excystation, so excystation
results in the production of two motile trophozoites (Halliez
and Buret 2013; Bartelt and Kaplan 2018).

The main predilection site for these trophozoites is the
proximal part of the intestine so they are found in the
duodenum and jejunum (Fig. 3). Usually, these trophozoites
attach themselves to the enterocytes with the help adhesive
discs found on the ventral surface of their bodies (Romero et
al. 2015). Although uncommon but presence of trophozoites
in the terminal portion of the intestine, the ileum, has also
been reported (Heagley and Jakate 2012).

The pathogenic action of Giardia begins in its trophozoite
stage. This happens because the trophozoite begins damaging
the intestinal lumen wall. Giardia destroys the intestinal
mucosa leading to the shortening of the brush border of
microvilli. Microvilli brush border shortening may or may
not be accompanied by villous atrophy during giardiasis. A
deficiency of disaccharides began to appear and the host
immune response is also activated. Activation of immune
response results in increased permeability of intestines. An
increased intestinal permeability leads to an increase in anion
and fluid secretion into the intestines which in turn affects
and changes the microflora of the intestine. Modified
microflora serve as a stimulatory factor for enhancing the
pathogenicity of Giardia. This results in the apoptosis of
enterocytes leading to the loss of function of the intestinal
barriers (Dawson 2005; Huang and White 2006; Halliez and
Buret 2013; Robaei et al. 2014; Liu et al. 2018; Bartelt and
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Kaplan 2018). The main agent suspected to be the cause of
all this destruction is an enzyme secreted by trophozoite, the
cysteine protease (Liu et al. 2018). Mainly Giardia
trophozoites are extracellular parasites. This means they do
not damage the cells lining the small intestine (Adam 2001;
Halliez and Buret 2013; Einarsson et al. 2016) instead they
tend to proliferate while being attached to the microvilli
(Adam 2001). The trophozoites disrupt the epithelial cell
junctions of the intestine altering the gastro-intestinal
motility. They also release lectins and thiol proteinase
enzymes that have a cytopathic effect on intestinal cells
(Leung et al. 2019) In the small intestine, the trophozoites
double their numbers within 9 to 12 hours by reproducing
through binary fission (Lebwohl et al. 2003; Leung 2011).
After maturation, these trophozoites are passed from the
small intestine to the colon along with the ingesta. In the
colon, these trophozoites then encyst (Fink and Singer 2017).
These cysts are then readily ejected from the body along with
faeces. These are actively infective right after their ejection
from the host’s body. Hence, they are responsible for the
further transmission of Giardia (Adam 2001; Naz et al.
2018). The cyst wall is a very useful structure for surviving
in harsh environmental conditions outside the host’s body.
The cyst can survive for weeks to about a month while facing
harsh conditions such as moist weather and water as cold as
4°C (Adam 2001; Naz et al. 2018).

Clinical Signs

After a Giardia cyst enters the body of the host, it takes about
3 weeks for the signs to appear (Kucik et al. 2004; Dawson
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2005; Biggs et al. 2016). Usually, the Giardia infection
progresses asymptomatically. Clinical signs may appear in
25% to 50% of the infected hosts (Lebwohl et al. 2003; Biggs
et al. 2016; Leder and Weller 2019). Clinical signs are usually
seen in young ones infected with Giardia. Infection in adult
hosts progresses without any clinical signs in most of the
cases (Biggs et al. 2016). The asymptomatic carriers keep
shedding its cyst for 6 months post-infection (Pickering et al.
1984; Romero et al. 2015). Clinically affected individuals
present a typical sign of acute or chronic diarrhea. At the
beginning of the infection, the stools are just loose and watery
but as the disease progresses the odor of stool becomes foul
and its consistency turns to greasy (Naz et al. 2018).

Some general signs of disease include;

e Fatigue (shown by lethargy)

Anorexia

Abdominal pain

Flatulence

Asthenia

Bloating

Weight loss (Adam 2001; Pietrzak et al. 2005; Naz et al.
2018).

The signs like abdominal aches and asthenia are more
commonly observed in younger patients as compared to
adult ones (Almirall et al. 2013). Symptoms like headache,
chills and fever may also appear during Giardiasis although
these are rarely seen (Leung 2011). The appearance of
blood, mucus or leucocytes in faeces has never been
observed (Leung 2011; Minetti et al. 2016). These
symptoms usually subside in 2 to 4 weeks after the
appearance of the first clinical signs (Lebwohl et al. 2003;
Leder and Weller 2019).
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Diagnosis

Giardiasis can be confirmed by a faecal examination of the
suspected individual. If Giardia trophozoites or cysts are seen
during the microscopic examination of the stool sample,
infection is confirmed (Leung et al. 2019). Usually, stool
examination gives 50% to 75% sensitivity because the
sample is taken once while cysts are excreted at irregular
intervals. This sensitivity can be increased by over 90% by
taking multiple samples for 2 to 3 days (Kucik et al. 2004;
Leung 2011; Minetti et al. 2016). Real-time PCR can be also
used for diagnosing Giardiasis as it gives 100% specificity
and 98% sensitivity (Soares and Tasca 2016; Mero et al.
2017; Par¢ina et al. 2018).

Treatment

For treating giardiasis, the primary effort should be to correct
dehydration and imbalance of electrolytes. Actively
providing symptomatic treatment against giardiasis helps in
the alleviation of clinical signs and reducing their duration,
which in turn prevents complications from occurring while
reducing disease transmission at the same time (Leung et al.
2019). European Scientific Counsel Companion Animal
Parasites reported in 2018 that a 25 mg/kg oral dose of
Metronidazole twice a day for 5 days has been proven
sufficient to treat giardiasis in cats and dogs (ESCCAP 2018).

Disease in Humans
Introduction

Giardiasis is one of the most common protozoal infections in
humans. Its causative agent is Giardia (G.) lamblia. Some
common conditions caused by Giardiasis include water-
borne diarrhoea, food-borne diarrhea, traveler’s diarrhea, and
day care center outbreaks. According to the World Health
Organization giardiasis is one of the most neglected diseases
that are associated with unhygienic conditions and poverty
(Savioli et al. 2006).

Etiology

Only two genotypes or assemblages of G. lamblia namely A
and B are generally presumed to be culprits of giardiasis in
humans (Halliez and Buret 2013). This general assumption
was proved to be untrue when some recent reports proved the
role of the E genotype in human giardiasis. These reports
came from Australia, Brazil, and Egypt (Moein and Saeed
2016; Fantinatti et al. 2016; Zahedi et al. 2017). The
assemblage C was also found in giardiasis patients in
Slovakia and China (Liu et al. 2014; Strkolcova et al. 2015).
The assemblage F was reported in human infection in
Slovakia (Pipikova et al. 2020). The assemblage D was also
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reported in some travellers from Germany after they visited
the South-eastern parts of Asia (Broglia et al. 2013).

Transmission/ Zoonosis

Giardia is usually transmitted to human via faeco-oral route
and direct contact. Zoonotic transmission of disease can also
happen but rare cases have been reported so far (Hlavsa et al.
2005). Giardiasis infection begins in humans when cysts are
ingested from contaminated water bodies or through direct
contact with an infected person. Lack of proper hygiene
management and application of sufficient sanitation
measures also plays a vital role in transmission. Recently it
has been observed that the day cares for children are serving
as shelters for Giardia populations to flourish and transmit
into new hosts. This transmission happens when the day care
nurses tend to handle babies and change their diapers without
properly maintaining hygiene and handwashing protocols
(Reses et al. 2018).

Prevalence

In developing countries, the prevalence of giardiasis is too
high that about 33% population of these countries is affected
by it. The prevalence of Giardiasis for different age groups is
given in Table 1.

From the aspect of development status of a country, the
prevalence of giardiasis is given in Table 2.

Even in well-developed countries, some specific groups of
people have been identified as at-risk individuals for getting
infected with Giardia as given in Table 3.

Clinical Signs / Symptoms

In humans, the incubation period of Giardia is about 2 weeks
after that the clinical signs begin to appear. The severity of
giardiasis is highly variable in humans and sub-clinical
infection is also common. The appearance of signs in
different states of infections is given in Table 4.

Treatment

Firstly, restoring the optimal hydration and electrolyte
balance of the patient is important. This minimizes the
severity and duration of infection. Patients of very young or
very old age are less tolerant to fluid loss and electrolyte
imbalance so they require extra care. One way of achieving
this rehydration besides IV infusions is with oral rehydration
solutions (Leung et al. 1987; Leung and Robson 1989;
Issenman and Leung 1993; Chow et al. 2010).

Along with managemental protocols, a regime of drug-based
treatment should also be followed to treat giardiasis. This
regime includes the drugs of choice against Giardia as given
in Table 5.
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Table 1: Giardiasis prevalence according to age groups (Zajaczkowski et al. 2018)

No. Age Group Percentage of Giardia infected
1 Children 8%
2 Adults 2%

Table 2: Giardiasis prevalence in different economic conditionsn (Dixon et al. 2011)

No. Type of Country Prevalence Rate
1 Developed 2% - 7%
2 Developing 20% - 30%

Table 3: Risk of contracting giardiasis among different groups of people (Coffey et al. 2021).

No.  Group of people Risk of getting in contact with faeces
1 People with gay sexuality During sexual activity
2 Day care workers While changing diapers and handling children
3 Professionals dealing with human faecal material like lab  While performing their duties
workers, prostate examiners
4 Wilderness travellers May come in contact with faeces of animals
5 International travellers May come in contact due to unhygienic conditions during traveling

Table 4: Signs and symptoms in different states of giardiasis

No. State of Disease  Signs and Symptoms

Reference

1 Acute

2 Chronic With acute clinical signs

Or without any clinical signs and symptoms

Diarrhoea, Nausea, Cramps, VVomiting, Fatigue and Weight loss

(Caccio and Lalle 2015)
(Muhsen and Levine 2012; Escobedo et al.
2014)

Table 5: Dose regimen of different drugs for the treatment of giardiasis (Petri 2005; Robertson et al. 2010; Bartelt and Kaplan 2018)

No.  Drugs Generic name (Brands) Dose Dose Frequency Route
1 Metronidazole (Flagyl) 15 mg/kg/day (Max 750 mg/day) Twice a day for 5 to 10 days Oral
2 Tinidazole (Tindamax, Fasigyn) 50 mg/kg (Max 2 g) Single dose a day Oral
3 Nitazoxanide (Alina, Allpar) 7.5 mg/kg Twice a day for 3 days Oral

Tinidazole has less side effects than other drugs on this list,
so it is considered safe for use in children of age 3 years and
above (Leung 2011; Biggs et al. 2016).

Control Methods

Controlling Giardia is not very easy because its cysts are
well-built to last in harsh environmental conditions. The cysts
also remain unaffected by disinfecting agents like chlorine
used for cleaning water. However, lodine can be used against
cysts but it needs 8 hours to make the water safely
consumable. Boiling water for 10 minutes is an easy method
to eliminate the cysts. Travelers that do not have the facilities
to boil water may use National Safety Foundation standard
rated 53 or NSF standard-rated 58 filters to make water safe
for drinking by reducing cysts in the water (Adeyemo et al.
2019).

Conclusion

Giardiasis is an important disease of both animals and
humans marked by diarrhea and weight loss. Usually, it is
asymptomatic in adult patients but despite showing no
clinical signs the infected person can shed cysts in their
faeces for several months. Such characteristics make it
difficult to control the spread of Giardiasis. It is more
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prevalent in developing countries where they have fewer
resources to maintain proper sanitation and hygienic
protocols. The control of giardiasis is very difficult because
it is transmitted through edibles and develops strong cysts to
survive in harsh conditions. Still, the use of simple hygienic
measures like boiling water for 10 minutes before
consumption can eliminate the protozoal cysts.
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INTRODUCTION

Dermatophytosis is a chronic contagious disease caused by a
class of pathogenic fungus called dermatophytes (Bitew
2018). It is also known as ringworm when the lesion takes the
shape of a circle in which the center of the lesion is clear and
surrounded by the inflammatory reaction. Tinea is an
alternative name of dermatophytosis based on the affected
body site, such as Tinea unguium where dermatophytes
infected nail (Chang et al. 2022). Dermatophytosis is
commonly cutaneous in nature and limited to the superficial
layer of skin, nails and hair of human (Vishnu et al. 2015) due
to the inability of the fungi to tolerate human body
temperature (37°C), acidic properties of skin (pH 4.7) and the
antifungal activity of blood proteins in immunocompetent
individual (Martinez-Rossi et al. 2012; Al-Janabi 2014).

Currently, dermatophytosis is a significant disease across the
world with a public health issue in numerous countries
mainly in third world countries (Nweze and Eke 2016).
Several factors considered as risk factors for the occurrence
of the dermatophytosis in developing countries, including
crowding, low socio-economic position, insufficient health

services, poor hygiene, and the exchange of footwear,
clothing and barbershop supplies among people (Moto et al.
2015). Dermatophytosis can be caused by almost 40 species
of fungus typically in the genera Microsporum, Trichophyton
and Epidermophyton. It is transmitted directly through
contact with infected humans or/and animals or indirectly via
contact with fomites (Degreef 2008; McBain et al. 2016).
The lesion of the dermatophytosis typically, is an itchy,
erythematous, scaly, circular plaque on the skin (Mora-
Montes and Lopes-Bezerra 2017). Clinical symptoms of
dermatophyte infections may be mild to severe based on the
virulence factors of the species, the immunological status of
the host, the affected region, and the external environmental
factors. These fungal infections are associated with high
morbidity however, they are rarely related to a fatal
consequence (White et al. 2008; Bitew 2018). Eventually,
most cases of dermatophytosis require about 2-4 weeks to be
treated and may take many months in cases of
onychomycosis (nail infection) and tinea capitis (Hay 2018).

Etiology

Dermatophytes are filamentous, keratinophilic fungi
naturally found in soil (Zhan and Liu 2017). Dermatophytes
species have the ability to produce different enzymes such
as keratinases, adhesins, lipases, phosphatases, DNases, and
non-specific proteases playing an essential role in
attachment and invasion to the stratum corneum of skin
(Martinez-Rossi et al. 2012).

In the past, dermatophytes were divided into three genuses,
namely Trichophyton (T), Epidermophyton (E), and
Microsporum (M), however, with the new diagnostic tools,
three new genera of the dermatophytes were discovered
namely Nannizzia, Lophophyton, and Arthroderma (Begum
et al. 2020). The Trichophyton and Microsporum species
can cause infections in human and animals. Although, the
only pathogenic species of the Epidermophyton genus
recognized to cause dermatophytosis is a E. floccosum,
which only infects human. The term "dermatophytoids"
refers to species of the genera Trichophyton, Microsporum
and Epidermophyton that live in soil and are rarely or never
known to cause infection, for example T. terrestre
(Distribution 2005).

On the other hand, the dermatophytes can divide into three
groups based on their usual niche (Fig. 1). The first group is
anthropophilic which is transmitted from one person to
another by direct contact, i.e., Microsporum langeronii and
Trichophyton interdigitale. Occasionally, some
anthropophilic species cause ringworm infection in animals
such as Trichophyton rubrum has been reported to cause an
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Classification of Dermatophytes ‘

]
| Based on morphology and site of infection ‘ Based on natural niche
‘ Microsporum ‘ Trichophyton ‘ Epidermophyton ‘
[ M. audouinii T. rubrum [ E. floccosum | P
M. langeronii T. schoenleinii
T. tonsurans
T. mentagrophytes
T. violaceum
T. soudanense
T. interdigitale
M. canis T. mentagrophytes & | Zoophilic
M. equinum T. verrucosum
M. gallinae T. equinum
M. persicolor T. bullosum
T. simii
T. erinacei
T. benhamiae
M. gypesum [ T. ajelloi [ E. stockdalene ‘ P Geophilic
M. nanum

Fig. 1: Classification of dermatophytes according to the morphological characteristics and usual habitat

infection in dog (Georg 1960; Simpanya 2000). The second
group is zoophilic which is transmitted from animals to
human or other animals such as Microsporum canis and
Trichophyton mentagrophytes which generally affect dogs
and cats. The last group is geophilic which as saprophytes
living on the keratinous resources in soil, and transmitted to
person through contaminated soil i.e., Microsporum
gypseum (Mancianti et al. 2003).

Epidemiology

Dermatophytosis, as a common superficial skin infection, is
distributed around the world, with a higher prevalence in
tropical and subtropical regions because of high temperature
and humidity (Jartarkar et al. 2022). Nevertheless, it is
commonly approved that between 20-25% of people
worldwide are affected by dermatophytosis (Ameen 2010).
The ascending of recalcitrant dermatophytosis might be
associated with epidemiological change in pattern of growth
of the pathogens resulting in enhancing persistence and the
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evolution in the dermatophytes genotypes which is
increasing their virulence as well as pathogenicity, and
drug-resistant species dramatically have appeared due to the
widespread use of inadequate dosages of potent antimycotic
drugs (Agarwal et al. 2014; Jartarkar et al. 2022).

Over the past few year’s studies concluded that the
prevalence and spectrum of infection have increased
simultaneously with changing of migration, tourism
patterns, socioeconomic conditions, and interaction with
animals. In addition, rare species have been isolated in
different countries (Lakshmanan et al. 2015). For instance,
endemic dermatophytes to Asia and Africa (T. soudanense,
T. violaceum, M. audouinii) increased in occurrence in
North America and Europe because of the migration.
Furthermore, tinea pedis is most common in Northern
Europe and Central America, and in contrast, M. canis or T.
verrucosum (zoophilic dermatophytes) are more frequent in
Europe and Arab countries. Moreover, the frequency of M.
canis infection in Mediterranean countries have increased
which causes tinea capitis in infants (Mora-Montes and
Lopes-Bezerra 2017). In the developing countries few
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studies focused on the etiology of the dermatophytes
infection as less data about epidemiological changes is
available. Subsequently, findings from a specific location of
a country cannot regard as a precise reflection of the total
dermatophytosis of that country. It is challenging to make
an accurate assessment of the dermatophytes prevalence in
overall countries of the world (Ameen 2010).

Predisposing Factors

The ability of dermatophyte species to produce different
proteolytic enzymes (i.e., keratinases and mycelium) and the
contagiousness of dermatophytosis which can spread
through direct contact with animals and fomites are the
major predisposing factors to cause infection (Stollery
2007). Some extrinsic factors can also relate to the high
incidence of dermatophytosis, such as low socioeconomic
status increases the risk of infection by these fungi
compared to high socioeconomic status which is likely
associated with poor hygiene and poor medical care.
Superficial infection of human skin is stimulated by humid
and high temperature in tropical and subtropical regions and
are exaggerated by the sweating, wearing of occlusive
clothing and footwear. The occurrence of infection is related
to the type of geographical location i.e., infection is mostly
developed in rural areas than in urban areas (Coulibaly et al.
2018). The prevalence of onychomycosis due to T. rubrum
increased by chronic diseases or disorders as reported in
chronic venous insufficiency and diabetic patients (Da Silva
et al. 2014; Eba et al. 2016). The use of antibiotics, steroid
drugs and advanced age, are also enhancing the skin
infection. Moreover, there are evidences of a genetic or
family susceptibility to dermatophytosis, as some of these
peoples have autosomal recessive (caspase recruitment
domain containing protein 9) CARD9 deficiency
(Lanternier et al. 2013). According to a study,
dermatophytes have the capacity to infect deep layers of
skin and other adjacent organs, such as lymph node. The
majority of these deeply infection cases has been reported in
patients with human immunodeficiency virus syndrome
(HIV) and patients who are taking immunosuppressive
therapy. Eventually, with the same factors all individuals are
not equally predisposed to infection (Da Silva et al. 2014).

Dermatophytosis

In humans, dermatophytosis is also referred as tinea or
ringworm, and is named according to the sites of the body
affected as shown in Table.1. For example, tinea manus
and tinea pedis referred to the hands and feet infections,
respectively (Warnock 2012). Additionally, infection can
transmit from one site of the body to another, i.e., tinea
capitis (scalp dermatophytosis) can transmit to facial
region and causes tinea faciei (facial dermatophytosis)
(zhan and Liu 2017).
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Transmission

Dermatophytes are transmitted to the hosts through penetration
in the injured skin, burns, and scars. Dermatophytes are
abundant in different ecological niches and all three groups of
dermatophytes can infect humans and produce dermatophytosis
(Segal and Frenkel 2015). Zoophilic and anthropophilic
groups are generally transmitted among hosts by conidia or
arthrospores. It has been reported that some spores can
survive in salt water for at least one year and in suitable
environments for up to 1-2 years (Distribution 2005).

The zoophilic group are transferred from animal to people
by direct contact with subclinically infected or sick animal,
mostly pet animals (dog, cat). In sick animal, the shaft of the
affected hair is fragile and hair fragments comprising
arthrospores are powerful in increasing dermatophytes
infection. Furthermore, non-infected pet animals can
passively transmit arthrospores on their hair. Indirect
transmission may arise by contaminated toys, brushes, and
collars. Arthrospores are widely spread by dust particles,
even in room without entering pet animal (Frymus et al.
2013). This type of skin disease is an occupational infection
of Veterinarians, abattoir and tannery workers, farmers, and
pet owners particularly the teenagers who care the infected
cat and dog (Samanta 2015). Animal is commonly an
asymptomatic carrier of dermatophytes because of the
pathogen adaptation to the immune system of the host
subsequently; zoophilic species cause severe inflammatory
reactions. Most species are specific to only one host, like T.
verrucosum to cattle, M. canis to cat, or T. erinacei to
hedgehog (Graser et al. 2018). As a result of improvement
of hygiene, new lifestyle, and generalization of animals
domestication, it is possible that, these pathogens will shift
from zoophilic (T. mentagrophytes, M. canis) to
anthropophilic species (T. rubrum, T. tonsurans, and T.
violaceum), which are transmitted by unknown methods and
cause mild infection in human (Zhan et al. 2015).

From human to human, the indirect transmission of
dermatophytes such as T. schoenleinii via lost hair strands
and desquamated skin cells is most common than the direct
transmission. The transmission may happen through
contaminated hats, combs, and hairbrushes. The transmission
among family members may occurred horizontally between
household members or vertically between the generations
(from mother to grandchild). The vertical transmission of
infection is much more common than the horizontal spread.
T. schoenleinii can survive in homes for numerous
generations without appropriate cleaning (Samanta 2015). It
has been shown that shared wet surfaces (patios, balconies,
showers, bathtubs) and shared tools may contribute to the
transmission of dermatophytes among family member, as
dermatophytes groups can persist on a variety of surfaces for
up to 18 months (Jazdarehee et al. 2022). Other sources of
infection are fitness studios, mats in sports facilities, public
pools, hotels, and mosques (Tlougan et al. 2011; Yenisehirli
et al. 2012; Watanabe et al. 2017).
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Table 1: Clinical manifestations of dermatophytosis

One Health Triad

Type of tinea Sites of infection Clinical features

Causative agents  References

Tinea capitis
(scalp ringworm) shaft

Tinea faciei Glabrous Erythematous, itchy,
(Facial (hair less) skin of lesions with healing of the foci in the center
ringworm) the face

Tinea corporis

Scalp and hair Well demarcated or irregular alopecia and scaling. When T. tonsurans
affected hairs break a few millimeters from the scalp M. ferrugineum
black dot alopecia is made. Follicular pustules with T. violaceum
extensive purulent discharge, mainly when zoophilic T. soudanense
species invade hair follicles deeply

disc-shape,

Glabrous skin of Redness, scaly, erythematous papulosquamous lesions M. canis

(Havlickova et al.
2009; Fuller et al.
2014; Lova-Navarro et
al. 2016)

M. canis

M. audouinii
scaling T. rubrum,

T. mentagrophytes

peripheral (Stollery 2007)

(Havlickova et al.

(Body ringworm) the arms, legs, with central sparing and accentuated margins T. rubrum 2009; Segal et al.
and trunk T. verrucosum 2013)
T. tonsurans
Tinea pedis Foot Interdigital form (most popular): peeling, maceration, T. interdigitale (Degreef 2008)

(Foot ringworm,

Athlete’s Foot) fourth digits.

erosion, fissures chiefly in the space between third and T. rubrum

E. floccosum

Squamous hyperkeratotic form: dry, diffuse scaling, and
non-inflammatory keratosis of the entire foot sole

Tinea manus

Dorsum, or palm, On the palm, there is a fine, partially collarette-like T. rubrum

(Stollery 2007)

(Hand ringworm) interdigital folds scaling, which highlights lines of the palm. On the
of one or both dorsum and fingers the lesion similar to tinea corporis

hands
Tinea
(Onychomycosis, nails
nail infection)

complete crumbly decay of it

Tinea barbae
area

with erythemato-squamous lesions
unguium Toe and finger Small yellowish discoloration of the nail plate to T.tonsurans

Beard, mustache Erythema with superficial inflammation, scaling, and T. verrucosum
and pustules quickly penetrates into the hair follicles deeply, T. mentagrophytes Vazheva and Zisova
eyebrows of adult creating soft, infiltrated, furunculoid nodules. The lesion

(Degreef 2008;
T. rubrum Havlickova et al.
T. violaceum 2009)
M. gypseum
T. soudanense
E. floccosum

T. interdigitale
(Tosti et al. 2015;

2021)

man is covered with follicular pustules
Tinea cruris Inguinal region, Itchy and enflamed rash in the inguinal area. It is T.rubrum (Stollery 2007;
(Groin ringworm, sub-mammary  frequently found in young men of tropical area. Axillary T. mentagrophytes Degreef 2008;
“jock itch™) folds in fatty infection can be seen as an analogous tinea form in E. floccosum Havlickova et al.
women woman 2009)
Tinea Incognito  Face and Erythematous, well demarcated lesions with pustules and M. gypseum (Jacobs et al. 2001;
intertriginous a squamous margin. It modified case of T. rubrum Yu et al. 2010; Dutta
areas dermatophytosis following the use of systemic or topical et al. 2017)
steroids
Tinea nigra Palms, soles and A single brown to black non-scaling macule. T. rubrum (Degreef 2008)

elsewhere

Incubation Period

Incubation period of disease ranges from one to two weeks
in human (Distribution 2005).

Diagnosis

The rapid and proper diagnosis of etiological agents and
mode of infection is crucial for accurate treatment and
inhibition of further spread (Rezaei-Matehkolaei et al.
2013). Diagnosis is made using the patient history, physical
inspection, microscopic investigation of skin scrapings and
hairs from the lesions, fungal culture, Wood’s lamp
examination, and histopathological inspection of the tissues
(Distribution 2005; Tosti et al. 2015).
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Potassium Hydroxide (KOH) microscopy (Wet
mount preparation)

The direct visualization of hyaline, septate, and branching
hyphae under the light microscope is an essential method for
the diagnosis of dermatophytes. Scrapings of kin should be
obtained from the active border of the lesion, nail scrapings
are usually taken from the subungual debris, and hairs
sample should be pulled from the affected area without
breakage. The hairs that are scaly, broken, and glow under a
Wood's lamp are the ideal ones for collection (Distribution
2005). The small fragments of the specimen are placed on a
clean microscope slide, a coverslip is placed, and heated to
remove non-fungal materials as heating accelerates the
maceration of the skin scale and makes it easier to see the
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hyphae among the keratinocytes. A few drops of 10- 20%
KOH put to the edge of the coverslip (Ponka and Baddar
2014). The wet mount preparation is then inspected under a
microscope. Hyphae rounding up into arthroconidia are
diagnostic, but hyphae alone could be caused by other fungi,
including contaminants. On the surface of the affected hairs
shaft, arthroconidia can be visualized externally (ectothrix)
or internally (endothrix) (Mohamed Shalaby et al., 2016).

Fungal Culture

If Potassium Hydroxide microscopy does not provide
adequate information, culture is the most reliable test for
accurate diagnosis of dermatophyte species. Specimens for
culture involve skin, hair, and nails. During identification of
asymptomatic carriers, other methods such as, hair brushing,
using adhesive tape for sample collection, or rubbing the
lesion with a sterile toothbrush or moistened cotton swab
may also be effective. Colonies develop in five days to four
weeks, based on the pathogens (Distribution 2005).
Morphology of colony can differ with the medium.
Sabouraud peptone-glucose agar (Emmons’ modification)
amended with cycloheximide and chloramphenicol is
commonly used (Weitzman and Summerbell 1995). Species
of dermatophyte can be distinguished by their colonial
characteristics (the appearance of microconidia and
macroconidia) on Sabouraud glucose agar, range of growth
temperature, limited nutritional tests, cycloheximide
resistance, and biochemical test such as urease production.
Differential media as bromocresol purple-milk solids
glucose and phytone yeast extract agar can be helpful during
differentiation from negative result (Distribution 2005;
Dowd, 2007: Vermout et al. 2008). Dermatophyte test
medium (DTM) is another isolation medium containing a
pH indicator-phenol red. After incubation at room
temperature for 5-14 days, the color of the media turns from
yellow to bright red when the dermatophytes utilize proteins
resulting in ammonium ion release and an alkaline
environment (Jartarkar et al. 2022).

Wood’s Lamp Examination (Ultraviolet light, Black
light)

Wood’s lamp examination may be useful in making the
diagnosis of some dermatological disorders. In addition, it
has lately been used as a diagnostic tool for certain skin
cancers. Robert Willams Wood made Wood’s lamp in 1903
and for the first time, it was used in dermatological practice
for the finding of hair fungal infection (Gupta and Singhi
2004). Wood’s lamp produces an invisible long-wave
ultraviolet radiation which is named black light at the
wavelength of 340-450 nm (Suraprasit et al. 2016).
Dermatophytes that cause fluorescence mostly belongs to
the Microsporum genus. For example, M. audouinii, M.
canis, M. ferrugineum, and M. distortum shows blue-green
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light, while, M. gypseum shows dull-yellow light (Gupta
and Singhi 2004). A value of Wood’s lamp is limited in
detecting some dermatophytes like T. rubrum, T.
metagrophytes, and T. violaceum in tinea capitis as they are
non-fluorescent under wood’s lamp. For that reason, the
lack of fluorescence does not certainly eliminate tinea
capitis as most Trichophyton members, are non-fluorescent
with the exception of T. schoenleinii, which shows dull-blue
light (Suraprasit et al. 2016). Some practical caution should
be kept in mind to avoid misdiagnosis in use of a Wood’s
lamp. The lamp must perfectly be allowed to warm up for
about one minute. The examination lab should be totally
dark and the inspector should get dark adapted in order to
see the contrast obviously. The light source should be 10 cm
away from the lesion. Avoid washing the affected area or
applying topical medicaments before exposing it for Wood’s
lamp examination as it may produce false negative results
(Gupta and Singhi 2004).

Histopathological
biopsy)

Examination (Skin and nails

Histopathological examination of the affected area is
occasionally  helpful, especially in  onychomycosis.
Microscopically, the species of dermatophyte cannot be
detected. There is no distinctive histopathological lesion
related to dermatophytes. The microscopical section reveals
the degenerating and dead mycelium, cellular debris at the
centre, and hyphae at the peripheral of the lesion. In T.
schoenleinii infection, the concave, cup-shaped yellow crust
(scutulum) is observed on the atrophic epidermis. The
epidermis may appear unaffected to mildly hyperkeratotic
with patchy parakeratosis. Spongiosis and microabscesses in
the stratum corneum may be seen. A perivascular infiltration
of inflammatory cells can be present in the upper dermis,
depending on the infecting species. Branching, septate hyphae
can be visualized best in the stratum corneum with a special
stain such as periodic acid-Schiff (PAS) with diastase
predigestion, Grocott methenamine silver and calcofluor
white (CFW) stains (Jartarkar et al. 2022), Although, they
may also be seen in Hematoxylin and Eosin stained
preparations. The diagnostic sensitivity can be increased with
biopsy which is not always possible to conduct especially in
human patients suffering with diabetes (Samanta 2015).

Molecular Biology

Molecular methods have been established to provide more
fast and precise alternatives to pre-existing diagnostic
methods due to overlapping phenotypic characteristics,
variability, and pleomorphism (Li et al. 2008). According to
a number of studies, the rate of dermatophytosis detection is
increased by 10-19.5% when Polymers Chain Reaction
(PCR) techniques were used instead of the fungal culture
approach. However, the result of the PCR assays may differ
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Table 2: Summary of systemic antifungals in dermatophytosis

One Health Triad

Class Active agents Mechanism of action Dose (adult) Duration of use Contraindications
Imidazole  Ketoconazole gjock Janosterol  14-o demethylase 200-400 3-6 weeks (Tinea ca.pitis) - Ac_ute_ or chronic
(Azoles) resulting in the inhibition of synthesis mg/day 4 weeks (T!nea CI’UI’.IS) hepatic disorders
o 4 weeks (Tinea pedis) - Adrenal
of ergosterol, and impairment of h h . insuffici
fungal cell membrane permeability 6 months (onychomycosis) INsutticiency
-Hypersensitivity
reaction to
ketoconazole
Triazoles  Fluconazole gjock [anosterol 14-a demethylase 190490 3-6 weeks (Tinea capitis) - Severe liver disease
(Azoles) mg/week 2-4 weeks (Tinea cruris) - Use with
4-6 weeks (Tinea pedis) caution in patients
3 months (fingernails) and 6 sensitive
months (toenails) to other azoles
onychomycosis
Triazoles  Itraconazole pgjock lanosterol 14-a demethylase 200 mg/day  4-8 weeks (_Tinea ca_pitis) Patient _ with
(Azoles) 1 weeks (Tinea cruris) congestive heart
1 week (Tinea pedis) failure (CHF)
1 week/months
(onychomycosis)
Allylamine Terbinafine Inhibiting the enzyme squalene 250 mg/day  3-4 weeks (Tinea capitis) None
monooxygenase which is involved in 1 weeks (Tinea cruris)
the synthesis of sterol in fungi. This 2 weeks (Tinea pedis)
inhibits fungal sterol biosynthesis by 6-12 weeks (onychomycosis)
decreasing ergosterol levels
Benzofurane Griseofulvin Disruption of mitotic spindle and 500 mg/day 6-8 weeks (Tinea capitis) Patients with
inhibition of fungal mitosis 2-4 weeks (Tinea cruris) porphyria or

4 weeks (Tinea pedis)
6-9 months (fingernail) and 12-

18 months (toenail)
onychomycosis

hepatocellular failure

The data from (Finkelstein et al. 1996; De Beule and Van Gestel 2001; Johnson and Kauffman 2003; Stollery 2007; Newland and Abdel-
Rahman 2009; Pires et al. 2014; Fuller et al. 2014; Kaul et al. 2017; Hay 2018; Sonthalia et al. 2019; Jartarkar et al. 2022).

based on the origin of the clinical sample, sample
preparation, selection of the target sequence, and laboratory
conditions (Gordon et al. 2016). The rapid detection of
etiological agents accurately in clinical cases relating to
dermatophytosis occurred by employing specific primers,
followed by interpretation of the results based on the
amplicon size in agarose gel (Verrier and Monod 2016).
Conventional PCR technique is a simple and low cost
molecular technique for application. Real-time PCR-based
methods expand the possibilities of multiple simultaneous
species recognitions and limit the risk of contamination,
whereas methods employing post-PCR techniques prolong
the turnaround time and may increase the contamination risk
(Jensen and Arendrup 2012).

Treatment

Dermatophytosis is treated with different topical and
systemic antifungal drugs (Gupta and Cooper 2008). Topical
treatments are indicated for localized and mild
dermatophytes infections while systemic drugs (Table 2) are
recommended for more extensive (chronic) infections or
where application of a topical drug is not possible.
Combination of local and systemic treatments is preferred to
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obtain a better clinical and mycological therapy. In addition,
for preventing the appearance of drug resistance different
group of antifungals can be used (Jartarkar et al. 2022). For
the accurate treatment, asymptomatic dermatophytosis such
as onychomycosis or tinea pedis should be considered
specifically, individual with tinea capitis and tinea corporis
should be closely inspected for possible infections or as
carriers of an animal source such as those found on pets, in
order to ensure that the optimal therapeutic measures are
taken (Zhan et al. 2015). A wide variety of topical
medications are available, in shampoo, lotion, gel, and cream
formulations. A majority of the agents are of the ‘azole’ and
‘allylamine’ family. Families of these agents are known for
their high efficacy against the dermatophyte infection.
Topical drugs applied once or twice daily (Gupta and Cooper
2008). An ideal treatment should have a low cost, rapid onset
of effect, low relapse rate, high cure rate, high anti-
inflammatory action, minimal systemic absorption, minimal
side effects, and safe to be used in lactation, pregnancy, renal
and hepatic failure (Jartarkar et al. 2022).

Conclusion




Dermatophytosis

Dermatophytosis is a frequent skin disease causes by
keratinolytic fungi called dermatophytes. Causative agents
responsible for dermatophytosis are generally classified into
anthropophilic, zoophilic, and geophilic groups from the
Trichophyton, Epidermophyton, and Microsporum genera.
Recently, due to immigration from tropical areas, increased
international tourism, and interaction with animals
(particularly dog and cat) the frequency of dermatophytosis
in humans has dramatically increased during the past 20
years. Additionally, taking immunosuppressive drugs is a
predisposing factor that makes people more susceptible to
developing dermatophytosis. The frequency and severity of
each dermatophyte infections are variable in a particular
region based on the host, pathogens, and environmental
conditions. It is essential to note that due to the
contagiousness of the dermatophyte infection, spreading can
occur from person to person, from animal to human, even
from one area to another within the same body of an
infected person. The flaky, annular with central clearing
appearance is a typical lesion in an immunocompetent
individual; however, the lesions can be deep and extensive
in immunocompromised person. In general, treatment of
dermatophytosis requires long duration to acquire effective
result. Various antifungal drugs are used in the treatment of
dermatophytosis. However, the most vital factor for control
of the infections is maintenance of appropriate hygienic
conditions. Almost all varieties of dermatophytosis require
at least 2-4 weeks to be treated, whereas onychomycosis and
tinea capitis could take up to 6 months.
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INTRODUCTION

Reproductive diseases are a significant cause of reduced
productivity in cattle breeding systems. Infectious diseases
are usually endemic and result in less efficient reproduction,
infertility, miscarriage, and reduced productivity. These
diseases are typically asymptomatic or subclinical,
complicating their identification (Campero et al. 2003).
Trichomoniasis is one of the livestock's most common
protozoal diseases, and the most widely known trichomonad
in veterinary medicine is Tritrichomonas (T.) foetus, the
etiologic agent of bovine trichomoniasis.

Bovine trichomoniasis is a venereal protozoan disease that
occurs in many geographic areas worldwide, with most cases
occurring in intensively managed cattle farms (Florin-
Christensen and Schnittger 2018). This causative agent is T.
foetus, a flagellated protozoan that occurs solely in cattle
genitalia (Yao 2013). In infected cattle, there is vaginitis,
endometritis, infertility, miscarriage, and early embryonic
death (Martin et al. 2021). Mazzanti first discovered it in
1900, and since then, much work has been done on its
incidence, especially in the United States and Britain.
Emmerson (1932) reported the first case of bovine
trichomoniasis in Pa McNutt in the U.S.A., and Walsh and
Murray reported the disease in lowa in 1930 (Danan and
Teschke 2015). Several protozoan species occur in the bovine
reproductive system, like the preputial cavity in bulls. These
protozoa include T. foetus, which may be zoonotic, and cause
opportunistic infections in humans (Yao 2012).

The trophozoites of T. foetus are transmitted among bulls and
cows during coitus, causing metritis and early embryonic
death in cows, but infected bulls typically are without clinical
signs (Parthiban et al. 2015). Infected cattle with

trichomoniasis might experience mild "vaginitis" or
"endometritis,” or the infection can be as serious as causing
severe inflammation throughout the whole reproductive tract.
Other complications may include pyometra in pregnant
cattle, inability to be pregnant, and decreased calving ratio
(Alobaidii et al. 2021). Sexual intercourse is the primary
transmission mode of T. foetus from infected to healthy
animals, most commonly via natural mating (BonDurant
2005). The bulls get infected while breeding infected cows
and stay symptomless carriers of the infection (Fig. 1).
However, the protozoan can subsist in the raw and processed
semen of breeder bulls and be transmitted via artificial
insemination (Al) (Eaglesome et al. 1995). Also, the
protozoan endures freezing in liquid nitrogen, where the
protozoa-contaminated semen is preserved (Yao et al. 2011).
Hence, artificial insemination cannot eliminate the disease
but can reduce the prevalence rate, as reports indicate that Al
substantially reduced the incidence of trichomonosis and
other venereal infections (Van Bergen et al. 2006). Other
means of transmission are also possible. For example,
Goodger and Skirrow (1986) reported that unsanitary estrus
detection through vaginal examinations led to the transfer of
T. foetus, carried via contaminated gloves, from infected to
non-infected cows.

The transmission of T. foetus by insects, such as flies, was
reported by Clark et al. (1977), as insects can transmit infection
among cows. Also, infection is possible through direct contact
between a healthy cow's vulva and that of an infected cow and
passive transmission through a healthy bull's penis. Some
females maintained infection up to 9 weeks postpartum
through a normal pregnancy (Skirrow et al. 1985). T. foetus
decreases cattle productivity by increasing reproductive
losses and reducing conception rates. Bovine trichomoniasis
causes a sustained breeding season (Adeyeye et al. 2012).
The protozoa were also documented to cause human
infections in immunocompromised and immunosuppressed
individuals, including meningoencephalitis and peritonitis
(Yao 2012), as mentioned in Fig. 1.

Differential diagnoses of bovine trichomoniasis include
anaplasmosis,  bovine viral diarrhea, brucellosis,
campylobacteriosis, chlamydiosis, infectious bovine
rhinotracheitis, leptospirosis, and neosporosis.

These diseases may cause clinical signs, including infertility,
vaginitis, pyometra, abortions, and vaginal discharge, which
should be excluded (Florin-Christensen and Schnittger 2018).

Morphology of the Agent
T. foetus has a pyriform or ovoid trophozoite stage about 8—

18 um long and 4-9 wm wide (Issa 2014). The locomotive
activity of the trophozoite occurs via several structures,
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Fig 2: A Trichomonas foetus trophozoite.

like the undulating membrane and four flagella. The flagella
are located in the cell’s apical pole and originate from the
basal bodies or kinetosomes. Three similar-length flagella are
directed forward, while the fourth flagellum (the recurrent
flagellum) is directed toward the cell’s posterior part, is
associated with the undulating membrane, and stretches
beyond the undulating membrane’s posterior end (Benchimol
2004). Cattle (Bos indicus and B. taurus) are the usual hosts
of T. foetus. The number of flagella after examination under
a phase contrast microscope or after staining is an essential
morphological feature that can assist in differentiating T.
foetus from other flagellated bovine parasites.

Nevertheless, non-T. foetus trichomonads are invariably
challenging to distinguish from T. foetus, depending on
morphology (Pereira-Neves et al. 2003). Trichomonads are
highly motile and are about the size of leukocytes.
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Trichomonas vaginalis has four flagella on the anterior side,
while T. foetus has three anterior flagella and one recurrent
flagellum (Benchimol et al. 2006) (Fig. 2).

Prevalence

Bovine trichomoniasis is a significant problem worldwide. In
Irag, T. foetus infection was first reported in cows in Nineveh
province, with a higher infection rate in >2—4-year-old cows
and early embryonic death (Alobaidii et al. 2021). The
protozoan disease is widespread, affecting many cattle herds
in North and South America, parts of Europe, Africa, Asia,
and Australia (Guven et al. 2013; Yao 2013; de Oliveira et al.
2015). Trichomoniasis is prevalent in Argentina, reducing
pregnancy rates by 15%-25% (Campero et al. 2003). The
within-herd prevalence rates of trichomoniasis in bulls are
26.4% in South Africa (Pefanis et al. 1988), 30.6-50.0% in
Australia, and 5.8-38.5% in California (Skirrow et al. 1985).
Many studies have reported infected bulls with T. foetus in
the United States of America (Szonyi et al. 2012), Argentina
(Mardones et al. 2008), Spain (Mendoza-Ibarra et al. 2012),
Austria (McCool et al. 1988), the Republic of Transkei
(Pefanis et al. 1988), Colombia (Griffiths et al. 1984),
Tanzania (Swai et al. 2005), Nigeria (Bawa et al. 1991),
Canada (Waldner et al. 2013), and Argentina (Molina et al.
2013). Australian surveys have shown infection rates of about
8.4%. About 10.7% of cows were infected with T. foetus in a
sizeable Californian dairy farm (Goodger and Skirrow 1986).
Northern Spain was considered a hotspot of infection since
natural breeding is still implemented (Mendoza-Ibarra et al.
2012). Compared to other livestock diseases, The rate of T.
foetus infection is expected to be low in the United States.
Hence, control of the disease is not unified at the federal
level, leading to the enactment of different regulations among
states (Martin et al. 2021). Twenty-six states had
trichomoniasis control/management program regulations in
place to curtail the spread of this disease as of 1 April 2014
(Yao 2015). The herd size and bull:cow ratio are vital for
infection prevalence (Mardones et al. 2008). Factors
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associated with a high bovine trichomoniasis rate in a herd
include the herd size. So, the infection hazard is higher in
large herds that share grazing, have a significant number of
bulls with a high ratio of 4 years or older bulls, and a high
ratio of bulls to cows (Szonyi et al. 2012).

Pathogenesis and Pathology

The underlying factors affecting the loss of the embryo or
fetus are not accurately identified. However, some of these
mechanisms include the adverse effects of enzymes released
by the protozoan, the effect of antiparasitic inflammatory
reactions in the uterus, and the parasite’s direct mechanical
activity (Campero and Cobo 2006). Cyto-adherence and
cytotoxicity are thought to be the principal mechanisms
(Petropolis et al. 2008).

The concentration of T. foetus in the cervicovaginal mucus
changes during the estrus cycle, and the highest concentration
is observed a few days prior to the estrus phase (Schuster and
Schaub 2001). The uterus was believed to be the primary
infection site, but several studies of naturally infected cows
indicate that the os cervix is the preferred site. Placentitis and
a uniform pattern of placental and fetal lesions are also seen.
The fusional stage of abortion is associated with variation in
the pathogenicity of T. foetus strains. The infective threshold
number of organisms or the host's immune condition is
unknown and should be further studied. Bovine
trichomoniasis causes abortion, usually during early
gestation (BonDurant 2005). A scant purulent preputial
discharge may be observed within the first two weeks of
infection. Older bulls seem to become permanent T. foetus
carriers, possibly due to the growth of epithelial crypts in the
preputial cavity (Walker et al. 2003). It is rare for abortions
due to T. foetus to occur after six months of gestation. The
cow or heifer usually recovers spontaneously when the
placenta and fetal and placental membranes are eliminated
following abortion. However, chronic catarrhal or purulent
endometritis, which may cause permanent sterility, may
occur if a part of the placenta or membrane remains.
Sometimes, the abortion fails to occur following fetal death,
and maceration results in the uterus (Schlafer and Foster
2016). There is a lack of research on how T. foetus affects the
conceptus and causes abortion. However, there is a possible
role of tumor necrosis factor (TNF) in malaria-induced
abortion, and lymphokine-mediated cytotoxicity is perhaps
essential in bovine trichomoniasis (Yule et al. 1989).
Microscopic lesions in aborted fetuses consist of
pyogranulomatous bronchopneumonia and necrotizing
enteritis with trichomonads invading the tissues. Specifically,
pulmonary air passages contain many neutrophils,
macrophages, multinucleated giant cells, meconium, and
trichomonads located extracellularly and phagocytized.
Small focal collections of lymphocytes and plasma cells are
observed in the interstitium. Multiple trichomonads are
dispersed in the aborted fetuses’ interlobular septal
connective tissue and aggregated in the fetuses' interlobular
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septal and subpleural vessels. Additionally, fetuses may have
pronounced focal hemorrhage in interlobular septa and
airways of some pulmonary lobules. Mild focal epithelial
degeneration to diffuse necrosis and loss of epithelium might
occur in the gastroenteric tract. Fetuses may have marked
mucosal, submucosal, and subserosal hemorrhage. Also, the
forestomach, abomasum, and small and large intestines may
contain thrombotic lesions. Multiple large intraepithelial
vesicles comprising fibrin strands and erythrocytes occur in
the mucosa of the rumen and omasum overlying hemorrhagic
foci (Schlafer and Foster 2016).

Tritichomonas foetus in Bulls

Infection with T. foetus is limited to the reproductive system
and, in bulls, the preputial cavity and urethral orifice (Michi
et al. 2016). Bulls are the natural carriers of the parasite
(Higgins 2006). Young bulls are either more tolerant to T.
foetus or can eliminate the infection more efficiently. Bulls
1-2 years old are refractory to infection (Michi et al. 2016).
The parasite survives in fresh, pure, or diluted semen that has
been refrigerated and can resist cryopreservation, and
transmission through Al with contaminated semen is
probable (BonDurant 2005). Feces are commonly found in
the preputial cavity of bulls since they tend to mount each
other. The feces may comprise trichomonad species other
than T. foetus, such as Pentatrichomonas hominins and
nonpathogenic species of Tetratrichomonas (Campero et al.
2003). The possibility of T. foetus contagion between males
is considered very low.

Chronically infected bulls are considered asymptomatic
carriers for years since the clinical signs of the disease are not
apparent, but bulls infected with the acute form have lesions
and discharge in the genital organs for a short time
(Gonzalez-Carmona et al. 2012). Unlike female cattle,
histopathological changes in bulls are absent, and unlike
female cattle, bulls do not self-cure without prior vaccination
(Higgins 2006). Previous studies have been unable to detect
lesions associated with T. foetus infection. Tests such as the
mucus agglutination test and the ELISA test have limited use
in diagnosing the parasite since they are not adequately
sensitive and specific, and infected bulls do not develop
enough immune responses for serological diagnoses (Voyich
et al. 2001).

Rhyan et al. (1999) detected T. foetus in the superficial layers
of the penile and preputial epithelium in histological sections
of the reproductive tracts of bulls infected with T. foetus.
However, they failed to detect the parasite’s invasion of these
structures' basement membrane or dermis. The absence of the
parasite’s invasion of these tissues may explain the limited
immunologic reaction in T. foetus-infected bulls.
Significantly higher amounts of specific antibodies in the
preputial secretions of infected bulls than non-infected bulls
resulted from local antigen uptake, processing, and antibody
deposition. The absence of pathologic changes and the
immune response’s inability to eliminate the parasite from
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the preputial cavity led to chronic infection, particularly in
older bulls.

Several studies have tried to determine the correlation
between the age of bulls and infection risk and concluded that
as the bull ages, the chance of T. foetus infection increases
(Rae et al. 2004). Investigators of T. foetus have likewise
argued that the growth of crypts in old bulls is a cause of age-
related vulnerability to T. foetus (BonDurant and Honigberg
1994). Several studies have proposed different susceptibility
levels of cattle breeds to T. foetus infection (Rae et al. 2004).

Tritichomonas foetus in Cows

Cows are more susceptible to T. foetus infection as only 103
trichomonads are required to establish infection in female
bulls (Higgins 2006). It was shown that an infected bull could
infect previously uninfected susceptible nulliparous cows by
a single service with a 95% infection rate. Transmission from
infected cows/heifers to bulls appears less efficient (Yao
2015). The late-gestation abortion by trichomonads supports
the observed occurrence of "carrier cows." The cows can
deliver normal calves and maintain infection throughout
pregnancy and six to nine weeks postnatal, becoming an
infection source for bulls (Yule et al. 1989).

Infection can be self-limiting in cows, and the parasites can
be cleared from the reproductive tract after about three
months (Yule et al. 1989). Most gestations are lost
approximately 2.5 weeks postconception when maternal
recognition has taken place, but embryonic death might
happen at any time until five months of gestation (BonDurant
1985). However, later in gestation, embryonic or fetal loss
results in abnormally long interservice intervals (2-5
months). Fetal deaths at approximately 50 to 70 days post-
coitus have been reported, and deaths as late as eight months'
gestation may occur (BonDurant 1985). After a variable
period of infertility after the initial exposure, cows regain
their fertility, even though infected bulls breed them. This
suggests that infected cows develop an immune response to
the parasite that reduces their susceptibility to subsequent
infection for some time, possibly as long as six months, the
fetal membranes are retained, and a chronic catarrhal or
purulent endometritis usually results (Anderson et al. 1994).
After the parasite has initially multiplied in the vagina, it
remains in the uterus, and the cells’ number in the vagina may
change during the estrous cycle. This fluctuation may be
influenced by the cycle type, regular or prolonged (Mancebo
et al. 1995). Chronically infected cows with Tritrichomonas
foetus were carriers of the infection for as long as ten months
(Mancebo et al. 1995). Also, chronic infections were
observed throughout normal pregnancies, with the ability to
isolate T. foetus for as long as nine weeks.

Diagnosis

Due to the insidious nature of T. foetus infection, the parasite
occurrence on cattle farms often goes undetected until a
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substantial loss has already occurred. Infection in females
often goes undetected due to early abortion resulting in re-
exposure of females to males, increased calving to conception
intervals (BonDurant 2005), and smaller, less developed
calves due to the shortened weaning season. The most
common practice for detecting infection within a herd is the
demonstration of a live T. foetus by culture scrapings from
the preputial smegma in sexually rested bulls (Higgins 2006).

1. Causative agent identification

The tentative diagnosis of trichomoniasis as a reason for
reproductive failure on a farm depends on the clinical history,
signs of early miscarriage, and recurrent or irregular estrous
cycles. However, the infection is confirmed by the
manifestation of T. foetus in placental fluid, an aborted fetus’s
stomach contents, vaginal mucus, endometrial washings,
inflammatory discharge due to pyometra, or preputial
smegma. The most dependable sample to diagnose infected
herds is the washings or scrapings of the prepuce or vagina
(Corney 2013). The most common diagnostic method is the
visualization of motile trichomonads in a saline preparation
of the vaginal fluid, which must be done after 10 to 20
minutes of sample collection. Otherwise, the trichomonads
will die. The parasites are 10-20 pm long and 5-15 um wide,
near the size of a leukocyte, and may move actively or be
observed beating their flagella without the organism’s
movement (Schwebke and Burgess 2004).

2. T.foetus identification by direct examination or
in culture

Many techniques are used to diagnose T. foetus with different
levels of specificity and sensitivity. An example is the
detection of T. foetus in Giemsa-stained vaginal smears under
the microscope. However, this method cannot detect
infections with low parasite numbers. Another way is to grow
the parasite in different culture media (Parker et al. 2001),
such as Diamond's or Claussen's media, allowing the
protozoa to grow in vitro until a sufficient number of
parasites facilitates detection by light microscopy (Anderson
et al. 1994). One drawback of this method is that it takes two
to seven days and does not differentiate different
Tritrichomonas species (Ginter Summarell et al. 2018).
Smegma samples taken either by preputial lavage or scraping
seem to be most satisfactory for diagnosing infected bulls and
yielding comparable numbers of organisms (Michi et al.
2016). It is preferable to rest bulls sexually for at least seven
days before collecting samples to increase the concentration
of organisms in the preputial cavity. T. foetus trophozoites are
microscopically distinguished by their jerky, rolling
movement, three anterior flagella, and an undulating
membrane (Anderson et al. 1994). Proper diagnosis of T.
foetus relies on correct collection and handling of samples,
suitable growth media and conditions, and proper organism
identification by microscopic examination.
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Fig. 3: An integrated approach for controlling and eradicating T. foetus infections. The increasing thickness of the arrows indicates the

increasing importance of each approach.

In samples where the concentration of organisms is
sufficiently high, it is possible to further characterize the
organisms by phase contrast microscopy (Skirrow and
BonDurant 1990) or staining methods (Lun and Gajadhar
1999) to help visualize vital diagnostic features of T. foetus.

3. Polymerase Chain Reaction (PCR)

An alternative test that can detect T. foetus infection is the
polymerase chain reaction (PCR) diagnostic assay, which is
of particular value if the number of organisms in the culture
remains low (Ginter Summarell et al. 2018). The PCR widely
detects T. foetus DNA using primers such as TF1, TF2, TF3,
and TF4. This technique was about 90% sensitive, using
TFR3 and TFR4 primers for T. foetus detection (Mukhufhi et
al. 2003; Alobaidii et al. 2021). PCR has provided vital
improvements over the culture techniques, such as enabling
the detection of pseudocysts (non-motile forms) (Pereira-
Neves et al. 2011), short duration, and high specificity.
However, PCR techniques still encounter many challenges
(Ginter Summarell et al. 2018). To minimize false positive
results, the authors utilized a complementary DNA enzyme
immunoassay to efficiently discriminate between false-
negative amplification products and T. foetus DNA (Higgins
2006).

4. Serological Tests

Serological tests like mucus agglutination and ELISA can be
applied to diagnose T. foetus. However, these methods have
limited use since they are not highly sensitive or specific, and
bulls do not develop adequate immune reactions for
serological diagnoses (Voyich et al. 2001).
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Control and Prevention

Strategies for preventing and controlling bovine
trichomoniasis depend upon the distinctive epidemiologic
characteristics of bovine trichomonosis. In this sexually
transmitted infection, bulls are asymptomatic carriers and are
a permanent source of infection, while infections are usually
temporary in cows and heifers (Florin-Christensen and
Schnittger 2018).

Bovine trichomoniasis is best controlled by proper
management (Fig. 3). All bulls in the herd and subsequent
replacements should be tested for trichomonads at least three
weekly intervals before being used for breeding. Infected
bulls should be removed from the herd and replaced with
young (< 2 years) virgin bulls (Fort et al. 2016).
Alternatively, Al can control the transmission of T. foetus
effectively, but a complete change from natural services to Al
may not be practical. If the cow herd was exposed to T. foetus,
cows should be examined, and all those with recent
pregnancy loss or pyometra should be culled. A cow herd
exposed to trichomoniasis can be divided into two groups;
pregnant cows should be observed for abortion, and
nonpregnant cows should be rested sexually for at least four
months to eliminate the T. foetus organisms immunologically
from their urogenital tracts (BonDurant and Honigberg
1994). After successful calving, cows in the infected group
also should be given sexual rest for a 90-day postpartum
interval, or no less than two normal estrous periods after the
breeding season begins, before being moved into a herd with
uninfected cattle (Mancebo et al. 1995). Trichomoniasis can
be prevented by testing all additions to an established herd.
Because testing procedures for individual cows are not well
established, additions to established herds should be limited
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to animals from familiar herds or virgins. If that is not
possible, all other female additions should be tested by
culture on multiple samples before entering the herd. One
commercial "bacterin-type" vaccine and several experimental
antigen vaccines (Skirrow and BonDurant 1990) have been
shown to induce an immunity T. foetus in female cattle
vaccinated before breeding.

Conclusion

Bovine trichomoniasis is a sexually transmitted host-specific
disease of cattle that continues to pose a severe economic loss
on cattle production due to infertility and abortion. The
disease's asymptomatic nature, particularly in the bull, makes
diagnosis complex and challenging. The infection can be
diagnosed by direct smear examination, culturing, and
molecular or serological techniques. The control and
eradication of T. foetus can only be done by culling positive
bulls upon testing.
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INTRODUCTION

Cattle is an important dairy and meat producing animal
playing an important role in the economy (Saunsoucy 1995;
Suarez and Noh 2011; Suarez et al. 2018). Babesia is a
protozoan parasite belonging to the genus piroplasmida,
causes a deadly disease in livestock and farm animals and is
transmitted by the ticks. Because the illness has direct
economic effects like decreased milk output, loss of body
weight, and animal death, it poses major issues for both
animal life and farm economies (Menshawy 2020). It also
exerts secondary costs associated with treatment and
prevention (Guswanto et al. 2017). The several regions of
Africa, Australia, America, and Asia, particularly India, have
a great impact on the cattle industry (Bock et al. 2004; Bal et
al. 2016; Hashem et al. 2018). It affects and spreads in
tropical as well as subtropical countries (Beugnet and Moreau
2015; Rozej-Bielicka et al. 2015). It causes lack of appetite,
fever, anemia, ceasing rumination, and increases in heart and
respiratory rates. In later stages, it may lead to
hemoglobinuria, a yellowish mucous membrane, and the
death of animal (Wagner et al. 2002; Zintl et al. 2003;
Demeke et al. 2018; Mezouaghi et al. 2019). According to
(Silva et al. 2010), the Ixodidae tick can transmit the
babesiosis infection to several animal species. Babesia (B.)
bovis and B. bigemina are the two most important babesia
species in cattle (Zintl et al. 2013). B. divergens, is one of the
main babesia species that causes bovine babesiosis, and
raised concerns among international health authorities (OIE).
Rhipicephalus and Ixodes tick species can transmit babesiosis
to cattle depending on the disease's type (Jabbar et al. 2015).
B. bovis and B. bigemina can be transmitted by number of
vectors including Rhipicephalus (R.) microplus, R.
annulatus, and R. geigyi, whereas R. decoloratus and R.
evertsi can only be transmited by B. bigemina. Ixodes (I.)
ricinus typically transmits B. divergens (Bock et al. 2004;
Gohil et al. 2013).

Etiology and Morphology

Babesiosis is also known by the various other names i.e.,
Piroplasmosis, Texas fever, and Red water fever
(Sahinduran, 2012). The genus Babesia includes the two
main species which are B. bovis and B. bigemina Belonging
to the phylum Apicomplexa and class Sporozoasida (Allsopp
et al. 1994; Radostits et al. 2006). Furthermore, the
taxonomical classification of Babesia species was based on
the phylogenetic analysis of 18s rRNA (Criado-Fornelio et
al. 2003). Babesiosis in bovine is caused by several species
of babesia i.e., B. bovis, B. bigemina, and B. divergens are the
three most prevalent pathogenic species (Kaandorp 2004;
Radostits et al. 2007; Fakhar et al. 2012). B. bovis infection
can result in more serious illness than B. bigemina (Gubbels
et al. 1999). The parasite B. bovis is located in the core of the
RBCs. Its dimensions are 1.1-1.5 x 0.5-1.0 m. While B.
bigemina is longer than other species and can be seen in pairs.
It has a pear-like form. It is 1-1.5 m wide and 3-3.5 m long
(Soulshby 1986; El Sawalhy 1999). According to (Jerram and
Willshire 2019) and (Alvarez et al. 2019), B. divergenis has
a small, thin, and obtuse angle (Fig. 1). Moreover, B. major,
B. ovata, B. occultaus, and B. jakimovi can also infect the
cattle (Menshawy 2020).

Life Cycle of Bovine Babesiosis

All species belonging to the genus Babesia have shown same
life cycle stages with minor differences. Some species
showed transovarial transmission (Babesia spp. sensu stricto)
while other may be transmitted through transstadial route (B.
microti) (Saad et al. 2015). Their life cycle can be completed
in three main stages:

e Gametogony: fusion and formation of gametes occur in
the gut of the ticks.

e Sporogony: It is asexual reproduction taking place in the
salivary gland of tick

e Merogony: It take place in the vertebrates (Fig. 2) (Otify
2011; Abdela and Jilo 2016). Binary fission is the way of
multiplication inside the red blood cells, and causing
considerable pleomorphism followed by the gametocyte
formation. The conjugation of gametocyte take place in the
tick gut followed by the multiplication and migration to the
different tissues such as salivary glands. Furthermore, the
continuous development occurs in the salivary glands. The
transovarial transmission may happen at this stage (Gray et
al. 2010). The host will be infected when the larvae sucks the
blood. The larvae transform in to the nymph after molting
which is then converted in to adult. Host may get the
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infection, when vector takes a blood meal (Uilenberg 2006;
Simuunza 2009; Lefevre et al. 2010; Mandal 2012; Schnittger
et al. 2012; Ozubek et al. 2020).

Host Range

Out of hundred types of Babesia spp., only eighteen species
can cause infection in domestic animals (Suarez and Noh
2011). Babesiosis mainly affects cattle, goats, sheep, horses,
dogs, cats and human (Hamsho et al. 2015; Gray et al. 2019).
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B. bovis and B. bigemina have recently been detected in deer.
The primary host for Babesia spp. is cattle while all other
animals are considered of little epidemiological distribution
(CFSPH, 2008).

Geographic Distribution

Babesiosis in cattle is present across the world due to
presence of vector. However, tropical and subtropical
locations frequently experience it (CFSPH, 2008). The
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highest prevalence of babesiosis is found in areas where ticks
vector is present excessively. They are especially important
in Australia, Africa, Asia, and the United States. Even while
B. bovis typically inhabits the same habitats as B. bigemina,
only a small number of other tick species have the ability to
transmit both species. Additionally, the regional distribution
of these ticks varies with the area. For instance, the two tick
species can serve as a biological vector, B. bigemina is widely
distributed in Africa (Spickler et al. 2010; Pohl 2013).

Risk Factors
Host Factors

Host factors which mainly affect the presence of disease
include breed, age and immune status of the animals (Jabbar
et al. 2015).

» Regarding the age of the host, the infection rate among
young animals is low due to innate resistance, which is
boosted by maternal antibodies passed on to calves via
colostrum. This resistance gradually deteriorates, leaving the
animal vulnerable to disease (Fadly 2012).

» Regarding breed, Bos taurus is more susceptible to
babesia infection than Bos indicus (Radostits et al., 2007).
Besides that, native breeds have higher resistance to
babesiosis than foreign breeds. Because tick populations have
been exposed to nature for a long time, they have developed
either an innate ability or an innate resistance to progress a
good immune system to the tick (Wodaje et al. 2019).

» In endemic areas, young animals can acquire passive
immunity from dams via colostrum and often suffer the
transient infections with mild symptoms. This infection is
enough to activate active immunity and make the host a
carrier for a long time. Active immunity is in charge of the
carrier's persistence and premunity. These animals can be
infected naturally or through chemotherapy and still have a
strong immune system (Taylor et al. 2007). According to
susceptibility to B. bovis infection, Bos taurus were classified
into three phenotypes: 1- susceptible animals which may
experience clinical signs leading to death, 2- animals having
mild clinical signs, and 3- animals that are resistant and
having few clinical signs (Benavides and Sacco 2007).

Pathogen Factor

Pathogenicity varies greatly depending on the strain. Because
of the wide variety of strains, B. bovis is typically more
virulent than B. bigemina and B. divergens (CFSPH 2008).
Through rapid antigenic variation, various blood parasites
can keep the host immune system alive (Bock et al. 2004).

Environmental Factors

The prevalence of clinical babesiosis can be varied according
to seasonal variation, which also influenced by the peak of
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tick population. The largest prevalence occurring directly after
the summit of the population of the tick. Regarding weather
conditions, temperature is the most crucial factor affecting on
the activity of the tick. Increase in temperature can cause the
increase of the disease happenings (Menshawy et al. 2018).
Cattle infection reaches the top in the summer season (El
Moghazy et al. 2014; El-Bahy et al. 2018). Main economic
losses happen in those places where marginal occurrence of
disease is present because the population of the tick is mostly
variable according to the conditions of environment (Radostits
et al. 2007; Demessie and Derso 2015).

Transmission

Babesia species are biologically transmitted by vectors via
transovarian transmission (first generation) and transsadial
transmission (transmission of infection from egg until the
adult) (Demessie and Derso 2015; Enbiyale et al. 2018).
Babesiosis can be transmitted to cattle by a biological tick
vector (Boophilus spp.). Boophilus ticks can transmit both B.
bigemina and B. bovis, with nymphs and adults transmitting
B. bigemina but only tick larvae transmitting B. bovis
(Esmaeil et al. 2015). It is also mechanically transmitted by
infected needles and syringes, blood transfusion, and surgical
instruments (Menshawy 2020). R. micropuls (formerly
Boophilus micropuls) and R. annulatus are tick vectors of B.
bigemina (formerly Boophilus annulatus). Competent
vectors include R. decoloratus, R. geigyi, and R. evertsi. R.
microplus and R. annulatus are tick vectors of B. bovis, and
R. geigyi can also act as its competent vector (Bock et al.
2004; De Vos and Potgieter 2004; Yadhav et al. 2015).
Transplacental transmission of babesia species in cattle has
also been demonstrated (De VVos and Potgieter 2004; Spickler
and Anna Rovid 2016).

The Babesia species can develops and distribute throughout
the organs of the ticks, infecting the salivary glands or eggs.
When infected tick bites a cattle, it transferred the infection
to the final host (Government and State agencies bord 2013).

Pathogenesis

There are two principal mechanisms of producing acute
disease by babesia which are hemolysis and circulatory
disturbance (Carlton and McGavin 1995). Sporozoites enter
the host directly after tick bite and infect the erythrocytes.
Within the body of the host, sporozoites will then progress
into piroplasm inside the infected RBCs. This will produce 2
or 4 daughter cells and they will then leave the host cell to
infect other RBCs (Hunfeld et al. 2008). They will invade
other erythrocytes and can cause intravascular and
extravascular hemolysis (Carlton and McGavin 1995). The
rapid division of the parasite in the cells can cause rapid
destruction and then haemoglobinaemia, hemoglobinuria,
and fever. This can be very acute and cause death in a few
days. During this process, the PCV falls to less than 20% and
this will cause anemia. Clinical signs can be detected during
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the stage of parasitemia. At this stage, up to 45% of the red
cells are infected according to Babesia species (Urquhart et
al. 1996). Hemolysis also invades the release of many
pharmacologically active agents (ex: proteolytic enzyme),
which affect microcirculation (vasodilation, increased
permeability) leading to hypotension and edema, and affect
blood (viscosity, coagulation and adherence) leading to
ischemia (congestion and degeneration change in tissue/organ)
(Ahmed 2002). The main consequence of the disease is anemia
due to hemolysis. The secondary mechanism is electrolyte
imbalance. Liver and kidney degeneration are caused by lack
of oxygen and perhaps by immune pathologic reaction. The
kidney tubule epithelium damage will lead to impair ion
exchange, which will result in hydrogen ion retention and
cause acidosis (Enbiyale et al. 2018).

Clinical Signs

Incubation period ranges between eight and fifteen days in
natural infection. Before the onset of other clinical signs fever
(>40°C) usually appears (OIE 2010). The clinical signs are
different according to the age and species of the animals,
parasite strain, immunological status, concurrent infection
with other pathogens, and genetic factors in the dose of the
inoculated parasites. Most cases have been detected in
animals less than 9 months of age usually staying
asymptomatic (Anon 2008).

Babesiosis clinical signs include emaciation, ataxia, loss of
appetite, stop rumination, loss of body weight, progressive
hemolytic anemia, jaundice (Icterus), yellowish color of
conjunctival as well as vaginal mucous membranes in more
advanced cases; hemoglobinuria, problems in the heart and
respiratory rates, and a decrease in milk yield. In some cases,
fever during an infection causes abortion in cattle. Patients
experience general circulatory shock and, in some cases,
nervous symptoms due to the sequestration of the infected
RBCs in cerebral capillaries (Zintl et al. 2003; Khan et al.
2004; Akande et al. 2010; Chaudhry et al. 2010; Rashid et al.
2010; Terkawi et al. 2011; Onoja et al. 2013; EI Moghazy et
al. 2014; Bhat et al. 2015; Masih et al. 2021).

Dark red urine is one of the clinical signs of babesia (Yadav
et al. 2004). The main clinical signs of B. bigemina are fever,
hemoglobinuria, and anemia (Zintl et al. 2013).

Diagnosis

Detection of active cases of babesiosis is based mainly on
several diagnostic techniques as
follow:

Microscopic Examination
The conventional model of babesiosis examination is a direct

examination under a microscope. It is used to identify the
agent in the infected host. This is accomplished by examining
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thick and thin films and then staining them with Giemsa or
Romanowsky stain. Thick films can detect parasites as few
as one parasite out of 106 RBCs (Kahn 2005). Microscopic
examination is still the most cost-effective and time-efficient
technique for identifying Babesia parasites (Hamoda et al.
2014). Giemsa-stained thin blood smears are the traditional
and gold standard for identification (Nayel et al. 2012) and
serve as an ideal method for species differentiation. It is
adequate for detecting acute infections but has lower effects
in cases of low parasitemia in carriers (Criado-Fornelio et al.
2009; Bal et al. 2016; Shang et al. 2016; Masih et al. 2021).

Serological Examinations

To detect antibodies in subclinical cases and avoid the
drawbacks of microscopic examination, the Indirect
Fluorescent Antibody Test (IFAT) and Enzyme-Linked
Immunosorbent Assay (ELISA) are used (El-Fayomy et al.
2013). These tests have low sensitivity and frequently fail to
distinguish between chronic and acute infections (Mahmoud
et al. 2016). These tests produce false-positive and false-
negative results due to cross-reactive antibodies (Esmaeil et
al. 2015). Another point to consider is that antibodies persist
even months after infection, implying that no active infection
exists. As a result, these will be unable to reveal the precise
prevalence at a given time (Abdel Aziz et al. 2014). The most
common test for detecting antibodies in babesia species is
IFAT (Chaudhry et al. 2010). Anonymous (2008) described
a complement fixation (CF) test for detecting antibodies to B.
bovis and B.bigemina.

Molecular Diagnosis

Molecular diagnosis is used to identify nucleic acids which is
considered as an indirect identification. However, both
sensitivity and specificity are very high (Mosqueda et al.
2012). The most sensitive and specific technique for the
detection of babesiosis is (PCR) Polymerase chain reaction
(Vannier and Krause 2009; AbouLaila et al. 2010) and useful
for the detection of infection in the early stage. It has been
reported that the PCR technique is much more sensitive than
microscopy for the identification of babesiosis. It is an
important test for confirmation in some cases for regulatory
testing (Shams et al. 2013; Sharma et al. 2016; Bal et al.
2016).

Differential Diagnosis

Like many other infectious diseases, babesiosis also causes
fever and anemia.  Anaplasmosis, theileriosis,
trypanosomiasis, leptospirosis, rapeseed poisoning, and
chronic copper poisoning can be counted as a differential
diagnosis of babesiosis. Rabies and other encephalitis’s can
also be considered in cattle with CNS signs (Spickler and
Anna Rovid 2016).
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Treatment

The successful treatment of babesiosis is dependent on the
use of effective drugs and early detection (Vial and Gorenflot
2006). Trypan blue, which was first used against B. bigemina
but has no effect on B. bovis, was one of the most effective
drugs used to treat bovine babesiosis. It israrely used because
it discolors the flesh of animals. In the tropics, diminazene
aceturate is currently used as a babesiacide. It has been
withdrawn from the market in Europe for marketing reasons
(Sayin et al. 1997). Imidocarb, which is primarily used in
animals, is another effective drug for treating babesiosis. This
drug can also be used to prevent babesiosis and anaplasmosis.
Imidocarb can linger in tissues for a long time (Hashem et al.
2018) However, acridine and quinuronium derivatives can be
used as effective drugs as well. Many European countries
used the babesiacides quinuronium sulfate, amicarbalide,
diminazene aceturate, and imidocarb diproprionate against
bovine babesiosis for several years, but quinuronium sulfate
and amicarbilide were withdrawn due to manufacturing
safety issues (Vial and Gorenflot 2006). The combination of
imidocarb dipropionate and oxytetracycline is the most
effective treatment for Babesiosis in small ruminants (ljaz et
al. 2013). Beside this, in severe cases, supportive therapy is
also required (Zintl et al. 2013). Vitamin E can also be used
as a supportive therapy because it reduces the oxidative effect
of babesia by increasing antioxidant activity (Abdel Hamid
et al. 2014).

Prevention and Control

In the world, several countries have not completely controlled
bovine babesiosis, despite the availability of live attenuated
vaccine (De Vos and Bock 2000; Florin-Christensen et al.
2014). This can confirm the quick action for crucial vaccines
to prevent the development of acute disease as well as
parasite distribution into non-endemic areas. Bovine
babesiosis control is currently under threat because of climate
changes that act on vector development and expansion
(Dantas-Torres 2015; Sonenshine 2018).

Control of this disease is created by accurate diagnosis,
perfect treatment, and prevention of babesiosis (Mylonakis
2001). Animals after recovering from infection remain
immunized. The parasite can persist in the peripheral blood
for several years in B. bovis cases and for many months in B.
bigemina, and no signs are apparent during this carrier state,
so the animal should be monitored and treated after infection
to prevent the distribution of disease to other animals (El
Sawalhy 1999). Prevention and control of babesiosis can
actively be maintained by the following methods:
immunization, chemoprophylaxis, and vector control
(Suarez and Noh 2011; ILRAD 1991). The combination of
these three methods is also a choice. Tick control by
vaccination has been stated as a useful way in Australia
(Lightowlers 2013). A research has reported that using
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combined chemotherapeutics is more effective for parasite
elimination and results in decreasing the risk of drug
resistance (Pritchard et al. 2013). The advantages of mixing
of the chemotherapeutics include highly effectiveness,
reduction in the dose (which may lead to reduced side
effects) and lowering of drug resistance. According to the
US reports, Babesiosis can be controlled and eradicated by
eliminating the host tick(s). This will be done by using
acaricides every two to three weeks. In those countries where
eradication is not applicable, tick control can reduce the
incidence of disease (APHIS 2010). Chemotherapy is
another important method for controlling bovine babesiosis,
either in the field or to control artificially induced infections.
Chemotherapy is critical in some parts of the world to
eradicate and prevent babesiosis. Infected animals should be
treated with antiparasitic drugs as soon as possible in
countries where the disease is endemic. The success of
disease treatment is dependent on early diagnosis and proper
administration of the drug of choice (Fernandez and White
2010; Georgiou et al. 2015). Use of living attenuated vaccine
is the cornerstone to control and prevent babesiosis in many
countries like Argentina, Israel, and Australia. However, this
live vaccine is not cheap to produce and has many limitations
(Brown et al. 2006; Florin-Christensen et al. 2014;
Costamagna et al. 2016; Aranda et al. 2017; Suarez et al.
2018). Vaccines are provided in frozen form. Live babesia
vaccines are not completely safe. A single dose can
immunize animals against babesiosis over life (Saad et al.
2015).

Immunization of the animals in a prophylactic way has been
stated as the most efficient way to decrease losses happened
by bovine babesiosis. Live attenuated vaccine from the B.
bovis or B. bigemina strain is used to immunize cattle in many
countries. These vaccines are important due to having safety
issues such as the potential effect for virulence in adult
animals, contamination possibly occurring with other
etiological agents, and blood protein hypersensitivity
reactions (OIE 2015).

Conclusion

Babesiosis is a severe disease not only in cattle and other
domestic and wild animals but also in human beings. It has
significant impacts on both the economic and medical
processes. It can cause impairment in the trade of animal
products such as milk, meat, and hide by decreasing their
quality. It has been reported that imidocarb and diminazene
aceturate used as a treatment of babesiosis for many years,
but nowadays, several compounds are progressed and
assessed as a treatment. This can offer a good point for
disease control. Controlling tick-borne diseases is
important in developing livestock health services products.
Control strategies can be different from country to country
and place to place and the most important ones are vaccines
and drugs.




Babesiosis in Cattle

Recommendations

» Knowledge, as well as awareness, should be given to the
owners about the transmission way, prevention, and control
of babesia.

» Governments and organizations should give attention to
control and eradicate babesiosis in order to improve the
economy.

» The surveillance system is important in Kurdistan
Region to prevent bovine babesiosis.

New drugs and vaccines should be developed to eradicate the
carrier states.
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INTRODUCTION

Two cestodes species are known for producing
hymenolepiasis in human beings, namely, Hymenolepis
diminuta and H. nana. Out of these, H. nana is the main
culprit that affects humans worldwide in most cases. It
especially affects the children living in areas with lower
hygiene standards. H. nana infections are frequent in
countries with mild and tropical weather. They are usually
asymptomatic, whereas heavy infections can present many
gastrointestinal symptoms and allergic responses. H. nana
carries out a monoxenic life cycle with a single final host,
which can be a man, mice, or rats. Also, this cestode can be
carried out in a heteroxenic cycle in which an arthropod is
involved (Kim et al. 2014; Cabeza et al. 2015; Panty et al.
2017).

H. diminuta, on the other hand, mainly affects rodents mostly,
though it may also infest humans by chance. It is one of the
non-invasive parasites as it lacks the tapeworm scolex hooks
that injuriously invade the host body. Despite this non-
invasive behavior, it is still a threat to the host as its metabolic
secretions hinder the normal functioning of the host's
alimentary tract. H. diminuta carries out only an heteroxenic
cycle. This is a zoonotic cestode parasitizing the small
intestine of rodents (definitive hosts). Humans can become
unintentionally intermingled in cestodes life cycle upon
ingestion of insects infested with infective parasites
(Kapczuk et al. 2018; Panty et al. 2020).

Etiological Agents

Almost all cestodes, or tapeworms (class Cestoda in the
phylum Platyhelminthes), are parasitic as adults in the
intestinal tract of vertebrates. They are bilaterally
symmetric, usually flattened dorsoventrally, and lack a
body cavity (Smyth 1994). The cestodes are broadly
classified as pseudophyllidean and cyclophyllidean
cestodes. Hymenolepis species (spp.) fall into the
cyclophyllidean group, which is characterized by the
presence of four cup-like structures in the scolex/head
called suckers. The suckers are either armed (presence of
hook-like structures) or unarmed (no hooks). Hymenolepis
spp. is armed with the presence of a single round of hooks
around the suckers (Kandi et al. 2019).

The disease known as Hymenolepiasis in humans is produced
by the infection with either of two parasitic cestode species:
H. nana or H. diminuta. H. nana adult size 15 to 40 mm in
length. The second one is also known as the rat tapeworm and
the adults measure 20 to 60 cm in length (Fig. 1,2) (Al-
Olayan et al. 2020).

The scolex of H. nana bears a retractable rostellum, armed
with a single circle of 20 to 30 hooks (Fig. 2). The neck is
long and slender, and the proglottids are wider than they are
long. Genital pores are unilateral; each mature segment
contains three testes. Gravid segments break off from the
strobila and disintegrate, releasing eggs 30 to 47 pm in
diameter. The oncosphere is covered with a thin hyaline outer
membrane and an inner thick membrane, with polar
thickenings that bear several hair-like filaments embedded in
the inner membrane (Schantz, 1996).

The body of H. diminuta has three sections of it is body: a
scolex also called the head, neck, and a strobilus. It has four
suckers and at scolex, it has an apical organ, but it does not
have rostellar hooks. In both male and female sexual organs,
the strobilus is detached into a proglottid (Arai 1980; Deines
et al. 1999; Pappas, 2000).

Life Cycle of Hymenolepis spp.

The Hymenolepis spp. has two types of life cycles, direct and
indirect life cycle (Fig. 3). In the case of humans, the source
of infection is the ingestion of food contaminated with
embryonated eggs of parasites and water which is
contaminated with feces. Inside the human, which is a
definitive host, the parasite followed the direct life cycle for
its propagation (Ito and Budke 2021). Upon arrival in the
stomach, the eggs which are in the infective phase hatch due
to the action of gastric and biliary juices which soften the
walls of the egg and result in the release of oncospheres.
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Fig. 1: Comparative size between Hymenolepis nana (a) and H.
diminuta (b) (Composition by Carlos R. Bautista-Garfias).
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Fig. 2: Adults: (a) Hymenolepis nana, and (b) H. diminuta
(Composition by Carlos R. Bautista-Garfias).
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Fig. 3: Hymenolepis spp. life cycle. (a) Embryonated egg in the
external environment (b) Definitive hosts: human and rodents. (c)
Cysticercoid larvae develop in small intestine microvilli. (d) The
adult phase develops in the ileum. (e)Eggs released from gravid
proglottids (f) Arthropod intermediate host: Tenebrio. (g)
Cysticercoid larvae develop in insects (Composition by Belén
Mendoza-Galves).
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The oncospheres once released start penetrating microvilli of
the small intestine (doubtful). On the fifth day of the life
cycle, the oncosphere is now a cysticercoid larva that is able
to move through the jejunum and ileum and transformed into
the adult phase. The gravid proglottids are now detached and
release eggs that infect other or the same host through feces
(Gutierrez and Ruiz 2014).

The indirect cycle requires two hosts to complete the cycle
(the definitive host and the intermediate host). This occurs
mainly in rodents and occasionally in humans by accidental
ingestion of coprophagous arthropods (Galan-Puchades
2015), more commonly flour beetles, belonging to the genera
Tenebrio and Tribolium, as well as flea larvae such as
Xenopsylla cheopis, Ctenocephallides canis, and Pulex
irritans which are intermediate hosts, these, in turn, have
been infected by feeding on fecal matter containing the eggs
of Hymenolepis spp., harboring the cysticercoid larvae stage,
which settles in the hemocoel of the insect until it is ingested
by its host definitive, where the cysticercoid larvae are
released, migrates to the ileum and settles to complete its
adult stage (Al-Mekhlafi 2020).

The host can get the infection through autoinfection, in which
the eggs are not passed through the feces and grow into the
adult phase inside the same host intestine. Only those people
who get infected through this mechanism have slow intestinal
movements which give parasites a long period to stay in the
body (Galan-Puchades 2015).

Diagnosis

The diagnosis of hymenolepiasis may be: clinical,
parasitological, or molecular, although the first after it has
been carried out by an experienced medical practitioner,
requires a confirmative laboratory test. It has to bear in mind
that the majority of infections are asymptomatic.

Clinical

It is based on clinical signs such as crampy abdominal pain,
diarrhea, anorexia, and anal pruritus. The affected person
may also exhibit dizziness, irritability, sleep disturbance, and
seizures (Kandi et al. 2019).

Parasitological

Eggs in fecal samples can be identified by performing a
microscopic examination of the sample (Galos et al. 2022). A
simple test tube floatation technique (FLOTAC) is a reliable
qualitative test reliable method for copro-diagnostic purposes
and can be effectively performed to detect the presence of
nematode and cestode eggs of H. diminuta and H. nana. H.
nana infection can be differentially diagnosed by measuring
30 x 47 pm in diameter parasite eggs. These eggs when
observed in stool slide appear to have double membranes. On
the other hand, H. diminuta eggs are measured to be 70 x 80
pm in diameter (Fig. 4) (Steinmann et al. 2012).
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Fig. 4: Eggs: (a) Hymenolepis nana and (b) H. diminuta.
(Composition by Carlos R. Bautista-Garfias).

Molecular

Sharma et al. (2016) carried out Restriction Fragment Length
Polymorphism (RFLP) and Polymerase Chain Reaction
(PCR) studies of the nuclear ribosomal internal transcribed
spacer 2 (rDNA-ITS2) gene markers. The researchers found
that both H. nana and H. diminuta displayed distinct
restriction patterns when digested with one of the enzymes
namely Rsal, Haelll, or Hhal. The annotated rDNA-ITS2
sequences from the two species turned out to be different in
the length; a clear demarcation was also seen between the
secondary folded structures of the two species along with
length difference in helices. The pyrimidine-pyrimidine
mismatches and sites of motifs occurrence were also found to
be varying. Yang et al. (2017) got the molecular diagnosis of
H. nana and H. diminuta, evaluated in rats by amplification
of the internal transcribed spacer 2 (ITS2) region of the
nuclear ribosomal RNA gene and the mitochondrial
cytochrome C oxidase subunit 1 (COX1) gene, through PCR.

Epidemiology

With an estimated 50-75 million human carriers worldwide H.
nana and H. diminuta probably are the most common cestode
parasites of humans. Afghanistan, Argentine, Africa, Asia,
Australia, Central and South America, India, Italy, Spain,
Mexico, North America, and southern and eastern Europe are
the endemic areas for these cestodes with prevalence rates
going from as low as 1% to as high as 30%. The
institutionalized populations are most prone to infections with
prevalence rates reaching up to 8% in patients suffering from
immunity or nutritional issues. In children, H. nana can have
a prevalence of 5-25%. In contrast to this H. diminuta is
distributed multi-ethnically and its prevalence in some parts
of India is found to be up to 1%. Children that are exposed to
rodents and stored cereals or grains have the highest chances
of getting infected (Besedina 1970; Buscher and Haley 1972;
Ghadirian, 1972; Cabeza et al. 2005; Guerrant et al. 2011;
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Burton etal. 2013; Mega etal. 2013; Abrar et al. 2015; Cabada
et al. 2016; Cabada et al. 2017; Bennet et al. 2020).
Throughout the Northern Territory of Australia, H. nana
remains endemic, predominantly infecting Indigenous
children less than 5 years of age (Hamid et al. 2015).
Panti-May et al. (2020) to get a more accurate estimate of
human cases that got infected with H. diminuta, a literature
review of published records was conducted. This review was
from the literature about human infection with H. diminuta.
An overview explaining human infections with this parasite.
From an exhaustive list of 80 countries, one thousand five
hundred and sixty-one published records of infection with H.
diminuta were identified. The review displays an estimated
number of H. diminuta infection cases in humans with an
overview of the current prevalence rate, symptoms,
geographic distribution, diagnosis of the disease, mechanism
of exposure to infective stages, and approaches for the
treatment of this underestimated tapeworm with zoonotic
potential (Nasir et al. 2004).

Panti-May et al. (2020) with the aim to describe the role of
rodents as a potential zoonotic source of infection, conducted
a morphological and molecular survey on cestodes in rural
“Paraiso” and “Xkalakdzonot” villages from Yucatan,
Mexico. H. nana infected to 7.8% of children from Paraiso,
H. microstoma was isolated in 4.4% of Mus musculus from
Paraiso, and H. diminuta in 15.3% of Rattus rattus from
Xkalakdzonot villages (Goudarzi et al. 2021).

Parasitic infection is a major health issue that affects
humans in developing countries. (Kheirandish et al. 2014)
in a study people working as staff in fast food shops, roast
meat outlets, and restaurants of Khorramabad and southeast
of Kerman provinces (Western Iran), people were selected
and then checked for the infestation of parasites. The
percentage of intestinal parasites found in this study is as
follows: Giardia lamblia 2.9%, Entamoeba coli 4.3%,
Blastocystis sp. 1.4%, and H. nana 0.5%-2.5% (Willcocks
et al. 2002; Kheirandish et al. 2014; Panti-May et al. 2020a;
Panti-May et al. 2020b). H. nana (2.4%) a helminthic
parasite is found as the most common parasite of the
intestine in a study of the southeast of Kerman province
southeastern Iran. Many authors logistic regression proved
that Hymenolepis is associated with parasitic intestinal
infections which spread through drinking water and
residential status (rural/urban) (Daryani et al. 2015; Sadeghi
et al. 2019; Khojasteh et al. 2021). Near the southeastern
coast of continental North America, wild animals have been
found for specimens of Peromyscus polionotus and species
hymenolepidid have been found in the old field mouse and
these cestodes are attributed to Hymenolepis. H. folkertsi n.
sp. It belongs to a diverse genera Peromyscus which has 56
unique species in the Nearctic. Recent research and
evidence show that the diversity of tapeworms is due to the
huge variety of hosts including small rodents of the family
Cricetidae, murid, and geomyid in sympatry (Abbaszadeh
et al. 2020). The distribution of Hymenolepiasis around the
world is shown in Fig. 5.
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Fig. 5: The worldwide Hymenolepiasis distribution. (Composition
by Germéan R. Colmenares Viladomat).
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With no requirement for an intermediate host in its life cycle
makes H. nana one of its kind and unique cestode. Both man
and rodents can act as final and intermediate hosts
simultaneously for this parasite. Some arthropods can also
serve intermediate hosts including fleas and grain beetles.
The eggs present in the contaminated hands, fomites, soil,
water, and food can serve as a source of infection in humans
if ingested. This is the reason for the high prevalence of these
parasites in populations with low hygiene standards and a
high number of rodents. Sometimes the accidental ingestion
of insects containing this parasite can also lead to the
transmission of infection to humans. The factors like the
seasons of the year or the socio-economic conditions may
favor the transmission of H. nana. Lack of hygiene plays a
vital role in spreading infection. The precarious housing
conditions and the presence of animal feces in public parks.
Most children are affected due to the lack of good hygiene
habits. Consuming unwashed and dirty vegetables or fruits is
also a factor that supports the spread of infection. It is a well-
known fact that vegetables are irrigated with sewage making
them a suspect of harboring parasitic agents (Lojan-Neira et
al. 2017; Chitsaz et al. 2018; Murillo-Zavala et al. 2018).

H. diminuta causes disease in humans less frequently than it
does in animals. Various larvae and adult insects are
susceptible to infection with this parasite. The ingestion of
this parasite's eggs by insects (e.g. flour beetles or larvae of
fleas) leads to the formation of the cysticercoid larva inside
their body cavity. Humans may have a chance of infection if
they orally consume these larvae along with raw or
undercooked insects that were already infested. Oral
ingestion is the only route of transmission. The prevalence of
this parasite mainly occurs in individuals living in areas with
lower hygiene standards, the presence of rodents in living
premises, and a history of careless behavior with animals. It
is especially important in areas where insects are commonly
consumed as food (Martinez-Barbabosa et al. 2012; Melhorn
2016).
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Control

The use of oral praziquantel (single dose of 20-25 mg/kg for
children as well as adults) is the most common way of
treatment. After using the drug, a copro-parasitoscopic follow-
up is done after 3 weeks. Besides this nitazoxanide is used as
an alternative treatment if the parasitosis is 82% (Apt 2013).
The drug praziquantel works by increasing the permeability
of the tegument of the helminth resulting in the rupture of the
tegument and death of the helminth occurred (Cruz and
Camargo 2001). While the mechanism of action of
nitazoxanide is the inhibition of tubulin, which causes
destabilization in the tubulin-microtubule balance, thus
causing the parasite to lose cell homeostasis and thus
detachment and death (Scarcella et al. 2007).

The side effects that praziquantel generates in greater
proportion are headache, abdominal pain, nausea, dizziness,
drowsiness, and rarely fever, hives, and seizures, for which
research has been carried out in the search for an alternative
treatment for the elimination of the parasite reducing the
adverse effects or that they do not alter the daily life of the
patient (Pabon 2014).

Alternatives for Controlling Hymenolepiasis

The use of medicinal plants like spice and culinary herb
"cinnamon" is an alternative method to control
hymenolepiasis. Different studies reveal that the bark of
cinnamon has organic extracts, proanthocyanidin tannins, and
trans-cinnamaldehyde. Since this knowledge is not enough and
further studies are required on the antiparasitic properties of
Cinnamonum spp. and some action of this plant is shown in
some infections of cestodes (Castafieda-Ramirez et al. 2020).
On the other hand, the use of extracts from edible mushrooms
for medicinal purposes has become more evident today and
they have been shown to help reduce or eliminate the number
of parasites in certain infections. A study by Velazco-Cruz
(2017), evaluated the hydroalcoholic extract of the edible
mushroom Pleurotus ostreatus in rodents infected with H.
diminuta. The (ECS-1123) strain of the edible mushroom P.
ostreatus was obtained from the mycological strain collection
of the Tropical Fungi Laboratory (Colegio de la Frontera Sur
located in Tapachula, Chiapas, Mexico) under the prior
authorization of Dr José E. Sanchez. The hydroalcoholic
extract was obtained by the maceration method, it was
administered orally to a batch of rats and its activity was
evaluated at the egg and adult levels. Obtaining a reduction
at the egg level of 29.8% and 67.56% at the adult level at a
concentration of 8 mg/mL.

Conclusion

H. nana is the main culprit that causes hymenolepiasis in
humans across the world. It especially affects the children
living in areas with lower hygiene standards. It is important
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to emphasize having a three-party vision of a global one-
health triad that lets humans, animals, and the environment
join forces to understand their interrelationship in
maintaining the ecosystem. The concept of “One Health”
presented an idea that was already known to man for more
than a century, human and animal well-being are
interdependent and connected to the health of the ecosystems
in which they co-exist. We accepted and applied this
approach as a collaborative goal of the global effort to
understand the risks faced by human and animal health as
well as the well-being of the ecosystem as a whole unit.
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INTRODUCTION

Lyme disease is a prevalent tick-borne infection in the
United States (Roberts et al. 1998). Lyme disease and
relapsing fever are caused by various species of genus
Borrelia causing different pathological problems. The
causative agent for Lyme disease is a spirochete bacterium
called Borrelia (B.) Burgdorferi (sensu lato) strain, while
relapsing fever is caused by Relapsing Fever Borrelia
(RFB), which is a spiral-shaped bacterium (IGeneX Inc
2015). Lyme disease infection is transmitted by tick Ixodes
(1) Ricinus. The most common tick born disease in Europe
is Lyme Borreliosis. Spirochetes do not have any effect in
the transmission of the disease to humans even though they
have been isolated from mosquitoes, flies and fleas. In
Europe, deer and rodents serve as the key reservoir for B.
Burgdorferi on which I. Ricinus ticks usually prey (Stanczak
et al. 1999). Almost 11 known genostrains of genus Borrelia
are considered to be pathogenic. The clinical signs of
relapsing fever are similar as that of Lyme disease and
caused by a species of Borrelia called Relapsing Fever
Borrelia (RFB). Three Lyme disease stages are known; early
localized, early dissemination, and late. Erythema migrans
which is a red ring-shaped rash at the site of tick bite is the
sign for early localized disease (Cervantes 2018). Early
localized symptoms might include flu, headache, fever,
malaise, myalgia, and arthralgia (Bransfield 2018).
Disseminated stage has symptoms similar to early stage,
with the most common symptom of several lesions of
erythema migrans, flu, lymphadenopathy, arthralgia,
myalgia, ophthalmic conditions, lymphocytic meningitis,
and palsies of the cranial nerves (Bransfield 2018). Arthritis
is the most common pathological condition caused by these
pathogens that affects large knees and joints (Arvikar and
Steere 2015). The diagnosis of the disease with clinical signs
and symptoms are difficult because the signs are not specific
(Shapiro 1995). Lyme- disease can be diagnosed by

exposure to the bites of ticks, typical signs, serological tests
for anti-Bb antibodies and physical findings (Murray and
Shapiro 2010). The treatment of the disease includes the use
of antimicrobial drugs depending on the age of the patient
and the stage of the disease (Antony 2018).

Etiology

Lyme disease or Lyme borreliosis is a vector-borne disease
caused by different species of spirochete bacteria known as
B. Burgdorferi sensu lato, which is transferred by the infected
tick bite (Stanek et al. 2012). Different species of ticks
transfer the disease, with the I. ricinus being the most
common vector of the disease (Stanczak et al. 1999). It is a
gram-negative, spiral-shaped, slowly growing, micro
aerobic, spiral-shaped bacterium. The cells of the bacteria
divide about every 12-24 hours (Zarnowska and Prymek
1995; Zajkowska 2005; Oliveira et al. 2010). Among 11
genospecies that are transferred by ticks and affect wild
animals, 3 species can infect humans, including B.
burgdorferi sensu stricto, B. garinii, and B. afzelii, mostly
prevalent in European countries. B. burgdorferi sensu stricto
also exist in North America, while, B. garinii, B. afzelii, B.
bissettii, B. valaisiana and B. lusitaniae appear in the Asian
countries which are pathogenic to humans (Aguero-
Rosenfeld et al. 2005). The main reason for different clinical
manifestations of Lyme disease in Europe and United States
is the presence of different spirochete genospecies in these
two continents (Wang et al. 1999). Different genospecies of
Borrelia attacks different organs and body parts. B.
burgdorferi sensu stricto affects the joints and causes Lyme
arthritis. B. garinii is responsible for neuroborreliosis, and B.
afzelli causes limb dermatitis (Zajkowska 2008).

Epidemiology

Lyme borreliosis is a tick borne and endemic disease in North
Asia, Europe and North America (Owecki and Kozubski
2007). The disease is prevalent in areas with high forested
geographies including Scandinavia, Germany, Slovenia and
Austria (Rydz-Stryczewska 2007). Australia, Africa, South
America and southern states of the United States are
considered as free from lyme disease (Owecki and Kozubski
2007). Northeastern and upper Midwestern region of the
United States is the most common places in the North
America for the occurrence of Lyme disease (Berry et al.
2017). Fig. 1 shows the distribution of Lyme disease due to
distribution of the Ixodes ticks, primarily I. scapularis that
transmit the causative agent of Lyme disease in the United
States (Murray and Shapiro 2010).
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Fig. 2: Geographic Extension of Lyme Disease activities (Ozdenerol 2015).

Lyme disease has also extended into many countries
worldwide beyond the endemic foci. Fig. 2 shows Lyme
disease activities around the world, which include diagnosed
cases of the disease, presence of infected ticks, infected
animals, and positive human blood samples for Borrelia
(Ozdenerol 2015).

Molecular Biology

Immunological study of B. burgdorferi (North American
strains) shows two surface proteins including outer surface
protein A (OspA, 30 to 32 kD) and outer surface protein B
(OspB, 34 to 36 kD) (Karami 2012). Like flagellar antigens,
the 41-kD antigen is also found in the flagellum. Nowadays,
all the isolates have 4 to 9 pieces of extrachromosomal
plasmid DNA. Protein may code by plasmid which are
crucial for the pathogenicity since the loss of infection of the
isolates are abundantly distributed in the laboratory. Thus,
they have a relation with the loss of specific plasmid in
culture (Barthold et al. 2010). In recent studies, it has been
found that similar to relapsing fever, B. burgdorferi can differ
its antigenicity using different methods and genome
modifications (Barbour 1991). Borrelia cells have an average
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size of 0.2 to 0.5 um by 4 to 18 um. The flagella which are
periplasmic in nature and have an origination form either end
of the spirochete and wind around the protoplasmic cylinder,
giving the shape and motility to the organism, in contrast to
the peptidoglycan layer that shaped the other bacterial
organism (Fig. 3) (Karami 2012). The flagella role is
established by inactivation of a gene known as flab that
encodes the flagellar protein, filament protein (FlaB) (Karami
2012). The bacterium produced do not have periplasmic
flagella and are rod-shaped and non-motile. Alternatively, the
motility of bacteria which have external flagella is hindered
in viscous substances (Groshong and Blevins 2014).

Pathogenesis of B. Burgdorferi

The pathogenicity of B. burgdorferi depends on several
factors, including the spirochete’s motility, cytotoxicity,
lymphocyte stimulation and spirochetes resistance to activate
completely in the specific antibodies (Sobieszczanska 1994).
B. burgdorferi can be transferred from the infection site to
various parts of the body through blood, lymph and by
peripheral nerves. As the tick-bites are the main sources of
infection, the inflammatory symptoms are getting visible
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Fig. 3: Structure and morphology of B. burgdorferi (Rosa et al. 2005).

more quickly at the site of bite which is an indication that
dissemination is more effective in tissues than blood (Fig. 4)
(Zajkowska et al. 2000; Zajkowska and Hermanowska—
Szpakowicz 2002). B. burgdorferi spirochetes can connect to
endothelial cells and cross the endothelial layer into the
extracellular matrix. The bacteria hide from the defense
mechanism of the host as well as antibiotics by localization
in the extracellular matrix, utilization of fibrocytes and B-
lymphocytes (Zajkowska et al. 2000). The bacteria show
tropism to the connective tissue of the heart, synovial
membrane, vascular endothelium and to tendon and ligament
attachments (Grzesik et al. 2004). Superficial outer surface
proteins play an important role in the survival of the bacteria
which protect membranous proteins against the action of
antibodies (Zajkowska and Hermanowska—Szpakowicz
2002). Bb spirochetes are capable of 