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Abstract

The presented article analyzes data on the distribution, diagnostic methods,
andtreatment of diseases caused by representatives of the genus Echinococcosis
in the territory of the South Caucasus and transboundary territories. Conducted
epidemiological studies demonstrate the widest prevalence of larval
hydatidosis in natural and anthropomorphized ecosystems in the North and
South Caucasus, Turkey, and Iran. The most common diagnostic methods for
diagnosing echinococcosis are fluorography and ultrasound. However, recently,
immunological and molecular biological protocols have become increasingly
widespread. Echinococcosis belongs to the so-called group of “neglected
diseases”. Thus, it is not given due attention, and this dangerous disease is
not included in the list of diseases subject to epidemiological surveillance.
Long-term public health education and veterinary measures such as control of
import of domestic animals from abroad, improved slaughter hygiene and meat
inspection, dog registration, and sanitary measures to interrupt transmission
are proposed. Also, development of the recombinant vaccines is a promising
method of combating larval echinococcosis in farm animals.
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Introduction

At the beginning of the 21* century, parasitic diseases continue
to cause significant damage to humanity. This concerns not only
the negative impact on the health of people and animals. Also,
parasitoses lead to appreciable economic losses associated with
the reduction of the gross national product and society's costs
for treatment and elimination of the consequences of the massive
spread of invasive diseases. Amongst parasitic diseases, zoonoses
are especially distinguished. This group of infectious diseases can
be transmitted naturally from vertebrate animals to humans or from
humans to vertebrate animals [44]. Among many zoonotic diseases,
echinococcosis is recognized as a major helminthic zoonosis. At
the beginning of the XXI century, about three million human
echinococcosis cases worldwide are registered [42].

Also, echinococcosis is derived from neglected diseases, a group of
infectious and parasitic diseases affecting predominantly marginalized
human populations in Asia, Africa, and Latin America. The World
Health Organization's main list includes seventeen diseases. Seven of
them are caused by parasitic worms. Echinococcosis is one of the most
dangerous diseases induced by parasitic worms [41]. This zoonosis
can cause great loss to agriculture with inadequate veterinary control.
In addition, echinococcosis has great significance in medicine.

The hydatid worm (Echinococcus granulosus Batsch, 1786) is the
most dangerous causative agent of cystic and alveolar echinococcosis.
All tapeworms from the cyclophyllid cestodes (Platyhelminthes:
Cyclophyllidea) have a unique life cycle, greatly facilitating their
dissemination in the environment and infection of new perspective
hosts. Six species of hydatid worms have been recognized, but only
four are dangerous for humans and farm animals. Two other species
were described as being from wild nature, and their zoonotic potential
remains undecided [40].

Investigation of the genetic variation of 25 hydatid worm isolates
from five countries proved that Central Eastern Europe is an endemic
region for cystic echinococcosis [52]. In addition, echinococcosis has
wide-spread distribution in the territories of Minor Asia, oriental
countries, Iran, and Caucasus [3,8,27,36,45,47,52].

Despite the wide spread of echinococcosis in the territories
mentioned above, problems with the correct diagnosis, prevention of
this most dangerous disease, and the cure of sick animals and people
aren’t yet solved [4,10,30-34,45,47,54-56]. Our review is devoted to
the analysis of these problems.
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Brief Description of Hydatid Worm and its
Life Cycle

Echinococcosis has been known in Europe for about two
millenniums. The first description of cystic echinococcosis was given
by Hippocratesand Galen [Eckert, 2007]. The famous Roman physician
Galen (129-circa 200 BC) tied the observation of Hippocrates with
hydatid cysts, the contents that spread in the abdominal cavity. Also,
he found cysts in the abdominal space [23].

The scientific name of the hydatid worm is Echinococcus
granulosus (synonyms: Taenia Echinococcus, Taenia granulosa). The
translingual name of the genus derives from the Ancient Greek words
¢xivog, ekhinos — "sea urchin, prickle" and kokkog, coccus — "grain,
seed". The species' name is borrowed from the Latin granulosus —
"having small grains" [57]. Thus, the scientific name of the hydatid
worm demonstrates the distinguishing features of this parasite —
hooks in scolex and granular cysts.

It was only in 1658 that Francesco Redi suggested the animal
origin of echinococcosis [7]. Marcello Malpighi found that
echinococcal cysts are living things. Only in 1801, when the mature
form of the parasite was isolated, Karl Asmund Rudolphi first used the
term “Echinococcus” (from the Greek "hedgehog berry"), calling the
disease Echinococcus granulosus. Until the middle of the 19th century,
nothing was known about the origin of the parasite. Subsequent
studies demonstrated that human echinococcosis proceeds in the
same way as in animals, and an intermediate host is required for the
full development of the parasite [56].

The tapeworm's body has a pear-shaped head (scolex) about 0.3
mm in diameter. In addition, the strobila of adult worms has three,
rarely four segments (proglottids) and ranges in length from 3 to 6
mm. The scolex is armed with a retractable rostellum with a double
row of hooks and four suckers. The total number of hooks ranges
from 28 to 50. The head connects to a short and narrow neck. The first
segment of strobila is asexual, and the second one is hermaphroditic.
The last segment is the widest and longest (2 x 0.6 mm). It has the
uterus containing from 500 to 800 invasive eggs. The genital holes in
the last two segments are arranged irregularly. The pore-free saccular
uterus has small lateral protrusions. The fragile vitelline membrane
is usually destroyed when the eggs leave the uterus. The ovoid
embryophora is similar in structure to the embryophora of other
cestodes [57].

The development of the E. granulosus occurs with a change of hosts.
In the adult stage of tapeworm, it lives in the small intestine of dogs,
wolves, and jackals; raccoon dogs are easily infected experimentally
[41]. Also, wild dogs (Lycaon pictus), dingoes (Canis lupus dingo)
spotted hyenas, and some representatives from the Felidae family
(lion) would be served as definitive hosts for hydatid worm [20,30,46].

In 2.5-3 months after infection, canid hosts begin to excrete
mature proglottids with eggs. The clinical signs of the disease in
canines (dogs) depend on the intensity of the invasion and the stage
of the disease. Until the proglottids of tapeworm begin to fall off,
outward symptoms of the disease with a weak and moderate infection
are usually not observed. However, with the appearance of proglottids
in feces, disorders of the overall health are possible: depression, ruffled

coat, mucopurulent discharge from the eyes, fatigue, progressive
emaciation, diarrhea during the first five days of invasion [9].

Like the segments of the unarmed tapeworm, proglottids of
hydatid worms possess active mobility and spread eggs capable of
infecting intermediate parasite hosts. E. granulosus has a truly fantastic
quantity of intermediate hosts: humans, cattle and small domesticated
ruminants, pigs, horses, donkeys, domestic water buffaloes, camels,
monkeys, ground squirrels, and many other omnivores and ruminants
[20,46].

Eggs of hydatid worms, ingested by an intermediate host, hatch
in the stomach. The hatched larvae of the hydatid worm are called
metacestodes or oncospheres [20,40]. The released oncosphere enters
the mucous membrane of the upper part of the small intestine and
enters the liver through the portal venous system. If the oncospheres
are not settled here, they are carried by the bloodstream through
the right ventricle of the heart into the lungs, where they can pay
and continue their development. However, it often happens that
oncospheres enter the systemic circulation in the lungs and then can
reach all organs. Partially migration of larvae from the intestine can
also occur through the lymphatic system, followed by the flow of
oncospheres through the thoracic lymphatic duct and the postcaval
vein into the right atrium [40,57].

It is believed that in humans, the last route of migration of
Echinococcosis is of secondary importance. In surgical statistics, liver
echinococcosis in humans is observed in 49.4-75% of cases, and the
lungs are damaged in 10-38.53% [9,57]. The brain (2.09%), muscles
(1.25%), and spleen (0.98%) are damaged much less frequently
[Benchabiles, cited in [9]]. The Echinococcus cysts can be found
extremely rare in the orbit of the eye, uterus, thymus, ovary, in the
pancreas, hyoid, and thyroid glands, in veins and arteries, intestines,
and other completely unexpected and exotic places [9].

The liver echinococcosis is most common in the following
intermediate hosts: in horses (94%), pigs (74%), and monkeys (48%).
Less commonly, the liver is damaged in sheep (42%), cattle (27%),
and squirrels (0.2%). The frequency of pulmonary echinococcosis in
these animals is as follows: squirrels (98%), cattle (69%), sheep (52%),
monkeys (49%), pigs (16%), and horses (5%). The kidneys are most
often damaged in rabbits (60%) [57].

Although the life cycle of Echinococcus granulosus was studied
satisfactorily, many aspects in transmission of the pathogen and
its persistence in intermediate hosts are still enigmatic. Having
considered those mentioned above brief literary review, we can
conclude that Echinococcus, being successful helminth genera, can
infect a wide range of definitive and intermediate hosts, causing
great damage to agriculture and leading to a high mortality rate in
humans, especially in countries with developed livestock breeding
[9,14,18,20,40]. In addition, disadvantaged and poorly educated
populations in developing countries are especially vulnerable, as are
at-risk housewives, retirees, and veterinarians [53].

Geographical Peculiarities of the Caucasus,
and Their Correlations with the Prevalence
of Echinococcosis

The Caucasus is situated between the Black Sea and the Caspian
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Sea. This large mountainous region has its distinct natural boundaries.
To the north of the Caucasus stretches the vast East European Plain.
The Kumo-Manych depression lies in the territory from the Caspian
Sea to the Azov and the Kerch Strait and is considered the northern
border of the Caucasus. The border can be conditionally drawn along
this region's former state cordon of the USSR. These are the borders of
independent countries: Georgia, Armenia, and Azerbaijan.

The Caucasus lies on the borders of subtropical and moderate
natural zones. Its high mountains are a climate-forming factor. Its
ridges reliably shelter the southern slopes from cold winds. At the
same time, the northern foothills absorb the entire impact of low
temperatures.

Altitudinal zonation is observed in the mountainous regions
of the Caucasus. There is snow on the peaks all year round. Below,
the zone of lichens and mosses is replaced by alpine meadows and
coniferous and deciduous forests. The valleys are home to lush
evergreen subtropical vegetation [5,13].

During 2016-2018 the study implemented by A. Jamshidi et al
in northwestern Iran demonstrated that cystic echinococcosis could
cause serious medical and economic problems in endemic foci.
Northwestern Iran is close in climatic characteristics to the South
Caucasus and is an important endemic region for the prevalence
of hydatidosis. A GIS-based study conducted by Iranian scientists
showed that areas with lower evaporation were the main risk areas for
hydatidosis. Despite all these facts, Iranian scientists are convinced
that forests with lower temperatures and more humid, elevations and
slopes should be a priority for medical and veterinarian consideration
for hydatidosis control programs in mountainous areas [29].

Echinococcosis in Azerbaijan

The distribution of echinococcosis in Azerbaijan was studied by
Samadov AG, Petrov AM, Jafarov MK, Guliyeva RO, Ismailov GD,
Elchuev MS, Ibrahimova RSh, Rzayev NM, Fataliev GG, Chobanov
RJe, Mamedli GM, Gusejnzade ShN, Agayeva AN, Rustamova SI
[3,4,26-28,47,48]. RM. Agayev investigated diagnosing and treating
hydatid cysts in Azerbaijan [2].

Aisel N. Agayeva studied the distribution of echinococcosis in
sheep on the territories of the Absheron peninsula and neighboring
Khizi province. The spread of the causative agent of this disease
along the high-altitude zones was studied. Investigation showed a
high extensiveness of invasion in the low-mountain (45.1%) zone
compared to the high-altitude zone. The author noted that the control
measures of helminth pathogens in farms of the provinces mentioned
above, as a rule, were not put into effect [3].

RSh. Ibrahimova and GG. Fataliev carried out a study on the
prevalence of various helminth parasites in canines in the territory
of Azerbaijan Republic. Basing on long-term research, the infection
by dog tapeworm species (Echinococcus granulosus) of foxes, jackals,
and stray dogs living in natural, modified, and urbanized landscapes
is ascertained. Also, the authors noted that stray dogs play a key role in
spreading these dangerous helminths in urban sites [26].

Subsequently RSh. Ibragimova and NM. Rzayev conducted
a special study on the prevalence of helminths in various groups
of dogs, depending on the keeping condition. At the same time,

the most diversity of parasites in rural stray dogs (39 species) was
found. In the authors' opinion, urban stray dogs pose the greatest
danger. As opposed to rural stray dogs, urban stray dogs, besides
household waste, feed on ejected infected offal of slaughtered animals
in uncontrolled points for butchering of the domestic animals. For
this reason, these stray dogs are infected by helminths, dangerous for
humans and domestic ruminants, such as Echinococcus granulosus,
Multiceps multiceps, and Taenia hydatigena [27].

The jackal (15% prevalence) and the wolf (25.7% prevalence) are
the most common definitive hosts of dog tapeworms in the territory
of Azerbaijan. In a fox (4.7% prevalence), Echinococcus granulosus was
found in all ecosystems, except mountainous. Also, this parasite was
recorded in semi-desert areas of the Lesser and Greater Caucasus and
low-lying regions, except Absheron peninsula. Human, domestic, and
wild ungulates, including camels, can be served as intermediate hosts
for helminth species Taenia solium, T. hydatigena, T. ovis, Multiceps
multiceps, Echinococcus granulosus, Alveococcus multilocularis [22].

In 2020, Siala Rustamova compared the indicators of the
extensiveness and intensity of invasion in livestock for slaughter
from four regions of Azerbaijan by hydatid tapeworm. Slaughtered
cattle's carcasses and internal organs were examined for larval cyst
identification. As a result of the examination of the 100 carcasses
from each district, the prevalence of disease increased with cattle age
recorded. Thus, the extensiveness and intensity of invasion by larval
cysts in adult cattle were 2.5 times and 2.3 higher respectively than in
young animals [47].

Methods of preventing the prevalence of echinococcosis
through mathematical modeling were studied by Ibrahimova in
2022. The researchers considered the effect of various factors on the
epidemiological situation in the Azerbaijan Republic. According to
data processing results, minimizing the number of stray dogs will
only slightly affect the spread of E.granulosus in the following years, as
Echinococcus eggs can survive outside the intermediate host for quite
along time. The main method of controlling echinococcosis is to close
illegal butcher shops, which throw away the internal organs of animals
into the environment, thus supporting the life cycle of Echinococcus.
Based on the mathematical model, such actions will contribute to the
almost complete elimination of echinococcosis in the region for a
couple of years [28].

Echinococcosis in the Russian Federation

In Russia, this pathology is characterized by a focal invasion of
the population of the southern regions. One of these centers is the
North Caucasus including the territory of Stavropol province. The
dismantling of dispensary observation in the risk group (livestock
breeders and members of their families) has led to an increase
in the registration of pulmonary echinococcosis cases. Also, the
diagnosis of this form of disease has become possible only by the
appeal of patients. Therefore, complicated forms of pathology have
become diagnosed frequently. The main method for diagnosing
pulmonary echinococcosis at the initial treatment of patients in
Russia remains radiological. To confirm this diagnosis, a serological
test in combination with computed tomography, ultrasound, and MR-
imaging is standard [55].

BM. Makhiev, MV. Shamkhalov and VM. Shamkhalov studied
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cattle echinococcosis distribution and age dynamics in the foothill
zone of Dagestan and the Chechen Republic. At the same time, cattle
infection in Dagestan amounted to 20.1% in young animals and
79.8% in adults. In the Chechen Republic, infection of cattle with
Echinococcus was 26.4% [36].

Echinococcosis in Turkey

Turkish scientists have widely used new immunological methods
to detect cystic stages of echinococcosis since the early nineties
[25]. Over time, these studies have expanded to include molecular
biological studies [8,43,51]. As a result of these studies, several species
of the hydatid worm were isolated in humans and animals, such as
E. multilocularis, E. granulosus, which cause damage to both the
digestive tract and the lungs [8,43].

In isolated villages surrounding Kars, the population was
screened by ultrasound for the presence of echinococcal cysts in
both the liver and the lungs. A total of 2001 people were screened,
of whom 5 had evidence of aborted echinococcal cysts and 7 had
true cysts. 2 patients of these 7 had leishmaniasis, one had cystic
echinococcosis 1 (CE 1), one more had CE2, two suffered from CE3,
and there was one patient with CE4. Among these patients, one had
alveolar echinococcosis while all others had cystic echinococcosis.
This prevalence of helminthic diseases is associated with poor public
awareness of helminthic diseases, failure to observe all sanitary norms
during agricultural work, and feeding dogs with slaughter waste [6].

From 2000 to 2010, 162 cases of alveolar echinococcosis were
reported in Turkey, of which 83 of them occurred in Erzurum [38].
According to the literature, the reason for this prevalence is the
presence of a large number of wild hosts of E. multilocularis such as
red foxes in this area. In Erzurum, the intestines of 50 red foxes found
dead next to a main road were tested for Echinococcus larvae. In this
study, 42% of these foxes were infected with the above-mentioned
helminths, and the fecal contamination of the environment with E.
multilocularis in Erzurum reached 10.5%; this may explain the high
prevalence of AE in humans in this location. Surprisingly, animals
were more likely to suffer from echinococcosis in central districts
(48.6%, 17/35) than in peripheral counties (26.7%, 4/15) [8].

Echinococcosis in Iran

Echinococcosis is considered endemic in Iran. Based on the study
of authentic databases in the period from 1996-2009, MB. Rokni
ascertained that human hydatidosis is the cause of approximately 1%
of surgical wards, and the rate of human infection is 0.6-1.2/100000.
Among farm animals, in addition to sheep (88% of fertilized eggs),
camels (70%), and cattle (19%) play an important role in transition
the to hydatidosis. During 1946-1993 E. multilocularis, another agent
of human hydatidosis was reported in Iran. So, 37 cases of human
alveolar echinococcosis were reported from northwestern Iran.
As elsewhere in the world, in Iran, dogs play a crucial role in the
development of echinococcosis. E. granulosus infection rates among
stray dogs show a prevalence of 5% to 49% in various parts of the
country [Rokni 2009]. These data also confirm the research conducted
by scientists in Elam, Western Iran [1].

Khodashenas et al. in 2022 have conducted extensive research to
analyze the genotypes of cystic echinococcosis in different regions

of the country in various animals. E. granulosus strains such as G1
(sheep strain), G2 (Tasmanian sheep strain), G3 (buffalo strain), and
E. Canadensis strains such as G6 (camel strain) and G7 (pig strain)
were studied. A total of 125 publications were reviewed, of which only
28 presented distribution percentages of the different Echinococcus
genotypes. The highest prevalence of Echinococcus and diversity of
genotypes was observed in the western and north-western parts of
the country, which have mountain terrain and are known as major
livestock farming regions. After analyzing the data, it became clear
that the most common genotype was the first (G1) and the least
common was the third one (G3). The different genotypes were also
examined in correlating animal susceptibility with age. The sheep
genotype showed a high correlation, while the Tasmanian genotype
had a lower association with age. Analyses of the studies revealed that
the prevalence of genotypes depends on the region, landscape, and the
distribution of certain animals in the area. The most studied genotype
of Echinococcus in Iran is the first genotype, and the most studied
animals are sheep and goats [32].

Echinococcosis in Georgia and Armenia

Data on echinococcosis published in Georgia and Armenia in
the recent period are poor and insufficient. The reason for this may
be the poor development of transhumance in these countries and
the general economic decline, which provoked a crisis in the field
of scientific research in applied parasitological studies. During the
2000-2016, Anna Khachaturian collected the materials of 1 470
patients in ten age groups in the Republic of Armenia. So, the average
annual death rate from echinococcosis was comparatively low (0.007
per 10,000 population). The mortality was equal to 1.29 (per 100
patients). The highest mortality occurred in elderly people. Mortality
from echinococcosis was recorded among the inoperable children.
The author ascertained that the insufficient qualification of doctors in
helminthology and the latent course of echinococcosis often provoked
diagnostic errors [31].

A cross-sectional study on echinococcosis in surgical cases was
conducted in the Aragatsotn region of Armenia in 2014. The highest
rates of surgical cases were recorded in this region between 2008 and
2014 yy. According to the results, infectivity rates were 3.4%. From
the surveyed population 74% used the meat of sick animals to feed
their animals without thermally processing it. Dog ownership in the
surveyed population was recorded in 81 % of Yezidis and 48 % of
Armenians [30].

In 2017 y., studies on clinical and epidemiological features of
cystic echinococcosis in children based on the treatment materials
of Georgia were conducted. Thirteen 5-17-year-old children with
echinococcosis were studied. In 10 of them, cysts infected the liver,
two suffered from alveolar echinococcosis, and one had cysts in both
the liver and lung. All patients had surgery and then had intensive
treatment. Through UV, the physicians monitored the recovery of
patients after surgery. During the observation period in all cases,
positive dynamics of the disease were revealed, and there were no
relapses. Despite the presence of macropreparation, serological tests
give negative results in single cases [37].

Discussion

Examining the above-mentioned facts reveals a clear trend.
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The representatives of the genus Echinococcus are the evolutionarily
advanced parasites of a wide range of mammals. They have managed
to withstand the test of time and today they successfully survive in a
wide variety of biotopes within their historical range [49].

Social changes in the countries of the former USSR have led
to certain difficulties in the timely diagnosis and treatment of
echinococcosis. During the Soviet period, clinical examination of
persons at risk of infection with echinococcosis (livestock breeders
and their family members) was applied. At the same time, regular
fluorographic studies of the lungs and ultrasound screening of the
abdominal organs were carried out. This practice made it possible
to identify echinococcosis in the early stages of the disease. Patients
with severe clinical manifestations of echinococcosis, with large cysts
in the liver, complications of pulmonary echinococcosis began to
apply to medical institutions in the last years of the Soviet period.
Diagnostic delay and late access to medical care negatively affect
treatment quality, duration, and treatment results [11].

In all countries, echinococcosis is spread to areas with extensive
livestock farming. Canines play a significant role in the emergency of
echinococcosis in the countries of the South Caucasus and in adjacent
territories: both wild (foxes, jackals, wolves), and synanthropic and
domestic (stray and domestic dogs) [12].

Since the USSR collapse, new sensitive and reliable diagnostic
methods against echinococcosis have been developed worldwide.
Unfortunately, most of them have applied in restricted way due to
systemic science and technology crisis in the New Independent States
[48].

Despite the progress in the surgery of echinococcosis over the
past decades, the treatment of this dangerous disease continues
to be a difficult problem. During the period of observations in the
territory of the Russian Federation high level of cases of postoperative
complications (6.7-47.5%), a significant relapse rate of the disease
(3.3-54%), and a considerable mortality rate (up to 4.5-10.2%) are
confirmed [55].

The most common method of surgical intervention remains
echinococcectomy. Also, minimally invasive technologies are
becoming increasingly widespread in treating patients with liver
echinococcosis. Even 10 years ago, such technologies in the treatment
of patients with liver echinococcosis were met with clear disapproval
and outright opposition from surgeons. However, a clear trend
has been towards a more favorable perception of these methods in
recent years. Although this has to some extent done a disservice to
the methods themselves, the number of intraoperative complications
has increased. Thus, severe complications after percutaneous
echinococcectomy occur in 3% - 25% of cases [50].

Problems with the Diagnosis of
Echinococcosis in the Studied Area

All types of echinococcosis are considered neglected tropical
diseases [39]. Despite this, the problem of its spreading in Azerbaijan
is quite serious. The conditions of the Republic of Azerbaijan are ideal
for the spreading of echinococcosis for several reasons. The agriculture
is based on livestock farming and the local population actively breeds
small cattle and livestock. However, synanthropic animals (stray dogs

and cats) are not dewormed. This factor potentially contributes to the
emergence of echinococcosis in humans [48].

Unfortunately, echinococcosis is usually diagnosed only at late
stages. Identification is quite difficult due to the disease's asymptomatic
incubation period. In addition, most medical personnel are not aware
of the diagnosis of this disease, which leads to errors and loss of time
[17].

The main method for diagnosing echinococcosis worldwide is
ultrasound investigation. Modern ultrasound devices can detect
echinococcal cysts at early stages of development. CT and MRI are
usually used to detect alveococcosis [58]. Serological methods, in
combination with other methods, are popular in veterinary medicine
in some regions of Russia.

There are no commercial kits for detecting echinococcosis
in canines, and hydatidosis in small cattle and livestock in
Azerbaijan. Also, these kits are not imported regularly. Rustamova
et al. conducted research on the production of domestic kits against
larval echinococcosis in cattle. For this purpose, enzyme-linked
immunosorbent assay (ELISA) test was used. The blood serum
samples were taken as a positive result from the cattle before slaughter,
in which cysts were found in the liver after slaughter. The samples
from the healthy cows from closed-type farms were used as a negative
control. In the ELISA-test the levels of antibodies to Echinococcus
were defined. The efficacy of the ELISA test was determined by
comparing its results with the autopsy results after cattle slaughtering.
According to the ELISA-test analysis, 42 out of 80 heads of cattle were
infected with Echinococcus. The autopsy confirmed only 32 animals
suffering from echinococcosis. From this, it follows that the accuracy
of this method makes 68%. False positive results are explained by the
presence of other helminthic diseases in the animals studied and,
consequently, due to cross-reactivity of the serum samples used as
the primary antibodies. These results showed insufficient specificity
of the developed method. The ways of its improvement conclude in
obtaining the antigens strictly specific to E. granulosus [48].

The following problems are currently of concern in Azerbaijan.
The service for catching stray dogs (the definitive hosts and main
carriers of echinococcosis in the environment) does not examine
the feces of caught dogs or their biological fluids for the presence of
antibodies to these parasites. This fact contributes to the spread of
echinococcosis and many other helminthic diseases.

The lack of regular monitoring for the presence of hydatid worms
in wild canids, especially in anthropomorphized ecosystems, is of
particular concern. At the same time, literary data indicate that
wild canids can be carriers of echinococcosis. The spread of other
species from the genus Echinococcus, in addition to E. granulosus,
is poorly studied. The spread of echinococcosis in other mammals,
additional hosts for dog tapeworm, has also not been studied. All
these problems are not specific to Azerbaijan alone, but are inherent
in epidemiological surveillance in many countries worldwide [16].

The dog is the definitive host of E. granulosus, but wild canids
can also participate in the parasite's life cycle in some regions of the
South Caucasus. In recent years, the role of wild canids has increased
rapidly in places where their shooting is prohibited. As a result, the
abundance of jackals and foxes has improved significantly in rural
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areas. This fact requires veterinary and sanitary services to organize
special measures to prevent infection of synanthropic main hosts with
E. granulosus. Having a tiny size, the parasite penetrates deep into the
villi of the host's small intestine, and most often does not cause any
pathogenic effects even in animals with a severe infection [19]. Thus,
the final hosts of the parasite are often asymptomatic carriers of the
parasite. Small proglottids, parasite eggs, cannot be detected without
brightfield microscopy. All these circumstances complicate the
diagnosis of echinococcosis in the main host. Differential diagnosis of
echinococcosis by eggs found in feces is also difficult.

ELISA test for E. granulosus coproantigen demonstrates high
diagnostic value, combining sufficient sensitivity and specificity. This
makes it an ideal screening method for both individual examinations
of dogs and mass studies of populations. The high throughput of
the method (about 200 samples per day) makes ELISA test a cost-
effective and effective tool in the fight against echinococcosis [15]. It
is important to note that the sensitivity of ELISA may vary depending
on the stage of infection, the age and immune status of the animal, as
well as the quality of the reagents used.

False-negative results may occur in the early stages of invasion
when the number of excreted helminth eggs is not yet high enough
to be detected by the test. Therefore, other diagnostic data must
be considered when interpreting ELISA results. Polymerase chain
reaction (PCR) is used as a confirmatory method, especially when
ELISA results are equivocal. PCR, with significantly higher sensitivity
and specificity, allows the detection of even minimal amounts
of parasite DNA in a stool sample. However, PCR is more labor-
intensive and expensive than ELISA, requiring specialized equipment
and highly qualified personnel. In addition, the effectiveness of PCR
depends on the quality of DNA extraction from the sample, which
may be difficult in the presence of amplification inhibitors in the
feces. Specific circumstances, available resources, and the required
diagnostic accuracy determine the choice between ELISA and PCR.
In some cases, it may be appropriate to use a combined approach,
starting with ELISA as a screening test and confirming positive results
with PCR. Postmortem examination of definitive hosts (dogs) to
detect E. granulosus requires more invasive methods [19]. It includes
an autopsy, and a thorough examination of the small intestine to
confirm the diagnosis. Although less sensitive than ELISA or PCR,
microscopic examination of eggs excreted from feces can also be
used. It is important to note that for the correct interpretation of
the postmortem examination results, it is necessary to consider the
dog's age, the history of the disease, and the epidemiological situation
in the region. Other species from the genus Echinococcus, such as
Echinococcus multilocularis, E. vogeli, and E. oligarthru, cause serious
diseases in humans and animals that require specific diagnostic
methods. The development of new diagnostic tools, including
molecular techniques, aims to improve the sensitivity and specificity
of echinococcosis diagnostics and will allow timely detection of
the disease, preventing its spread and deworming of infected dogs.
Moreover, diagnostic measures for synanthropic canines will promote
the fight against the parasite.

Invasions caused by E. granulosus in intermediate hosts,
particularly in farm animals, are usually asymptomatic. However,
economic losses can be significant. There are no reliable methods

for routine diagnostics of intravital invasion in animals. Rustamova
SI, Sizov AA. (2023) [48] developed a diagnosis of echinococcosis
in farm animals using the ELISA test. The authors demonstrated in
their studies the high efficiency of this diagnostic method, which will
allow timely detection of sick animals in herds and their timely culling
or, if these are precious animals, carrying out therapeutic measures.
The method provides for conducting mass studies on echinococcosis,
timing them to other studies on infectious diseases, where blood
samples are taken from animals for analysis.

In conclusion, controlling echinococcosis in animals and
humans involves long-term public health education and veterinary
measures such as improved slaughter hygiene and meat inspection,
dog registration, and sanitary measures to interrupt transmission of
the disease. Specific control measures include capturing stray dogs,
registering all pet dogs, spaying female dogs, and treating all dogs
with effective anticestodal anthelmintic every 2 months.

These measures are supplemented by improved meat quality
control, slaughter hygiene, offal disposal, public education, and
other measures. An up-and-coming method for controlling larval
echinococcosis in the farm animals is the elaboration of vaccines.
Heath DD, O. Jensen, and MW. Lightowlers (2003), Lightowlers
MW. (2002) report on the successful use of a recombinant vaccine
against E. granulosus metacercariae in sheep and cattle [24,35]. There
is currently no information on using such vaccines in the South
Caucasus. To date, there is also no information on the spreading
of other species of Echinococcus of epidemiological significance,
such as E. vogeli and E. oligarthru. It can be assumed that owing to
the development of the exchange of wild animals between zoos, the
obtaining by the population of the countries of the South Caucasus of
domestic animals from different parts of the world, the possibility of
introducing the pathogens mentioned above may occur or has already
occurred.
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