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Introduction

Human echinococcosis is a parasitic disease caused by the larval stages of
cestodes belonging to the genus Echinococcus. The World Health Organization
(WHO) classifies echinococcosis as one of 20 neglected tropical diseases and
includes Echinococcus granulosus sensu lato (E. granulosus) and Echinococcus
multilocularis (E. multilocularis) among food-borne parasites with global public
health importance. The two most common clinical types of echinococcosis,
cystic echinococcosis (CE) and alveolar echinococcosis (AE), impose a
significant health and financial burden, particularly in low-income countries
[15]. E. granulosus is well known as a parasite of concern in domestic animals,
while E. multilocularis is a wildlife parasite. The life-cycle of the
echinococcosis parasites involves carnivores (canids or felids) as definitive
hosts, which hold the adult egg-producing stage in the intestine, and
intermediate host animals (herbivores, e.g., sheep, goats, cattle) in which the
infective metacestode stage develops after peroral infection with eggs. Humans
are accidental (aberrant) intermediate hosts and the dead-end of the life cycle.
Except Antarctica continent, E. granulosus can be found all over the world
(especially in certain rural settings). The causative agent of AE, E.
multilocularis, is widely distributed in the northern hemisphere and central
regions of Asia [3, 4, 15]. Human CE and AE are both chronic diseases: CE is a
disabling disease with a low fatality rate, on the other hand, AE is often a life-
threatening disease due to tumor-like progression. CE and AE do not cause
symptoms in the early stages, and CE cysts and AE lesions can remain
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asymptomatic for 10 to 15 years [15]. The most reliable diagnosis is generally
obtained by parallel testing using diagnostic imaging methods (ultrasonography
(US), computed tomography, and magnetic resonance imaging) and
immunodiagnosis (ELISA-based serological tests). One of the most serious
issues with human CE and AE is the frequent occurrence of relapses [3, 4, 15].

CE is common among ruminants and nearly the whole territory of
Armenia is affected, however, the proportion of livestock species and infection
rates vary by area. The most common mode of parasite transmission is the
feeding of shepherd dogs with infected offal [8]. The Molecular Parasitology
research group of the Scientific Center for Zoology and Hydroecology NAS RA
investigated the epidemiological status of Echinococcus spp. in free-ranging
dogs and wild animals in target regions of Armenia. The following parasite
species were identified based on the results of egg DNA sequencing: in dogs, E.
multilocularis; in lynx, Echinococcus canadensis [12]. The aim of this study
was to analyze the epidemiological features, high-risk areas and mortality data
of human echinococcosis in Armenia from 2014 to 2022.

Material and Methods

A retrospective study was designed. The database at the National Center
for Disease Control and Prevention (passive surveillance system) includes CE
surgical cases from hospital discharge records. The database containing human
CE and AE cases identified during active epidemiological observation was
analyzed with a descriptive analysis, according to region, age, gender of patients
and cyst localization. The annual incidence and mortality rates of CE and AE
were calculated using population denominators given by the National Institute
of Statistics. The Healthcare Information and Analysis Center of the National
Institute of Health named after academician S. Avdalbekyan provided
population-based mortality data for Echinococcus spp. Echinococcosis-related
deaths are classified in the system using the International Classification of
Diseases (ICD-10) codes: B67.0-B67.9. Cases were mapped using ArcGIS 10.7
software.

Results and Discussion

Over the study period, 752 CE surgical cases were reported. CE surgical
incidence increased between 2012 and 2019 (Fig. 1).
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Fig. 1. Incidence of Echinococcosis spp. per 100 000 population,
Armenia 2008-2022

A majority of CE patients were females (55%), from rural communities
(58%). Age ranged from 4 to 90 years, with a median of 37 years, mean age was
38.8+18.6 years. Higher annual incidence was observed among younger and
older age groups (Fig. 2).
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Fig. 2. Age- and sex-specific annual average incidence of Echinococcus spp. per 100
000 population, Armenia, 2014-2022

The highest average incidence was found in Aragatsotn, Ararat, Armavir,
Gegharkunik regions (Fig. 3). Cysts were identified in the liver (81%), lungs
(11%), unusual locations (6%) and involvement of two organs simultaneously
(2%).
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Echinococcosis spp. cases in Armenia
2014 - 2022
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Fig. 3. Geographical distribution of CE average annual incidence per 100 000
population and AE cases, Armenia, 2014-2022

As for AE, 10 cases were identified. AE incidence per 100,000 populaton
varied between 0.032 in 2008, and 0.1 in 2017 and 2022, the years with the
highest AE annual incidence. Age ranged from 21 to 52 years with a median of
41 years, mean age was 38+12 years. Patients were mostly females (62.5%) and
from Gegharkunik region (n=4, 50%). All patients had liver involvement.

During 2014-2022, 108 deaths of human echinococcosis were registered.
After 2015 mortality rate of Echinococcosis spp. in Armenia dropped
considerably (Fig. 4).
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Fig. 4. Mortality rate of Echinococcosis spp. per 100 000 population,
Armenia, 2014-2022
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More than half (55%) were female, and during the period 2014-2022, the

male/female ratio of the deaths occurring was 0.83. Most deaths were registered
among >80 age group (54%), following by 70-79 age group (20%) (Fig. 5).
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Fig. 5. Echinococcosis-related deaths by age group, Armenia, 2014-2022

The highest number of echinococcosis-related deaths was in Yerevan

(44%), Ararat (17%) and Kotayk (13%) regions. The liver was the most often
affected organ and 2 deaths were AE-related (Table).

Table
Echinococcosis-related deaths by ICD-10 codes, Armenia, 2014-2022

ICD-10 n
B67.0 43
B67.1

B67.2 1
B67.3 1
B67.5

B67.8 55
B67.9 >
Total 108

The current study shows the trend of Echinococcus spp. incidence in

Armenia. In endemic areas, the annual CE incidence varies from 1 to 200 per
100,000 population [15]. The presence of E. granulosus tapeworm has been
widely recorded throughout the Mediterranean basin, including France, Spain,
Italy, Greece and all Middle Eastern countries. The annual average incidence of
surgically treated CE cases was 2,7/100 000 population which is higher than in
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Iran (0,74/100 000 population) and in Lebanon (1,23/100 000 population) [5,
10]. Kyrgyzstan remains one of the highly endemic foci of echinococcosis.
From 2004 to 2015, the incidence rate increased from 9,2 to 19,2 per 100 000
population [1]. The highest annual surgical incidence of AE was in Kyrgyzstan
(3,02/ 100 000 population) [14]. The surgical incidence of CE in Uzbekistan
was 4,4 per 100,000 population in 2011 and 2,3 per 100 000 population in 2018
[7]. For the years 2017-2021, the incidence rate of CE in the Russian
Federation ranged from 0,16 in 2020 to 0.33 per 100 000 population in 2018,
and the incidence rate of AE in the Russian Federation was an average 0.03 per
100 000 population. During 2020-2021, there was a significant decrease in
incidence rates of CE due to the limited availability of routine medical care to
patients during the COVID-19 pandemic [2].

Echinococcosis mainly affected the female population, which is
consistent with findings from other countries [2, 5, 10, 14]. Paediatric cases
were also reported, indicating an active transmission of the parasite in the
environment [13]. There is an increase in the incidence of echinococcosis
among children, and recently severe forms and cases were recorded more
frequently [1]. Regarding cyst localization, the results showed that the liver was
the most frequently affected organ, followed by the lungs, which is similar to
findings from other countries (Russia, Kyrgyzstan, Iran, Lebanon) [2, 10, 11,
14]. The annual average AE incidence in Europe is quite low, with 0.03 to <1
case per 100,000 population, with a few endemic areas reaching slightly more
cases (France, southern Germany, Switzerland, western Austria). E.
multilocularis is found across northern Asia, with China accounting for around
90% of all reported human AE cases [9].

During the 17-year period (1990-2007), 41 people died from
echinococcosis in the United States [6]. According to this official data, the
lethality among patients with AE in the Russian Federation ranges from 2.08 to
6.25% [2].

However, the true incidence and prevalence of the disease in humans and
animals remain unknown, there is likely an underreporting of cases. Since CE is
asymptomatic in up to 70% of patients, many cases were probably excluded
from the database [5, 7]. Human echinococcosis is a neglected but essential
public health problem in Armenia that requires an adaptation of the “One
Health” approach into the national control program, which should improve
disease surveillance system in the country and involve prevention and control
measures for both human and animal sectors. Priority should be given to regular
dog deworming, a strict policy for stray dogs, an improved slaughter
surveillance system, strong veterinary control to avoid home slaughtering of
sheep and other livestock, awareness campaigns among health care providers,
health education and a systematic search for asymptomatic carriers through
community-based screenings. It is required to address knowledge gaps and
conduct research on various aspects of the disease, including identifying the key
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sources of infection and habits that may raise the risk of exposure. An
international classification of US images for CE and for AE a PNM
classification system (P=parasitic mass in the liver, N=involvement of
neighbouring organs, and M=metastasis) is not utilized in Armenia in order to
classify each patient according to clinical status [4]. Echinococcosis should be
considered in the differential diagnosis of a liver or lung cyst.
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IXHHOKOKKO3 YeJIOBEeKAa B ADMEHHMU: cTapasi M 3a0bITasi mpodaeMa

A.T. ManyksH, P.P. Jannensn, K.M. I'esopksn, I'. ®@. CaaksH,
A.B. Bansu, I.M. Anapeacsas, I'.T'. Menuk-Aunjapeacsin

JlBa HamOoJiee pacrpoCTPaHEHHBIX KIMHHYECKUX THUIA 3XHMHOKOKKO3a — KHC-
TO3HBIN XMHOKOKKO3 (K3) u anbBeossipHBIN 3XMHOKOKKO3, BBI3BIBAIOT 3HAYHTEIHHOE
MeIUIMHCKOoe U (rHaHcoBoe Opems. Llenbro nqaHHOTO MccienoBaHus ObUIO MpOaHaIH-
3UPOBATh AUHUIEMHOJIOTHICCKYI0 XapaKTepUCTHKY, 30HBI TIOBBIIIEHHOI'O pHCKAa U
JAaHHBIE O CMEPTHOCTH OT XMHOKOKKO3a 4enoBeka B ApMmenuu 3a 2014-2022 rogsl.
CpemHerooBass Xupyprudeckas 3a00JeBaeMOCTh JAMATHOCTHPOBAaHHBIX ciydaeB KO
cocramia 2, 7/100 000 Hacenenwus, uto Bbiie, ueM B Mpane (0, 74/100 000 Hacenerws)
u Jlueane (1, 23/100 000 HaceneHwus1). 3aperuCTpUPOBAHHBIE JETCKUE CIIy4ad CBHJIE-
TENBCTBYIOT O ITUPOKOM PACIPOCTPaHSHHH Iapa3uTa B OKpyxkaromei cpemne. OmHako
HCTHHHAS PACIpPOCTPAHEHHOCTh 3a00JICBAEMOCTH Y JIIOJEH W KUBOTHBIX OCTacTCA
HEM3BECTHOM W, BEPOSATHO, HMMEIOTCS HEIMONHBIC COOOIIEHHS O TIOATBEPKICHHBIX
ciydasx. ODXMHOKOKKO3 4YeIOBeKa SBISETCS 3a0BITON, HO Cepbhe3HOW mpoOIeMoit
00I1IECTBEHHOTO 3/IpaBOOXPaHEHHs B ADMEHUH, KOTOpasi TpeOyeT aJlanTaliy oAX04a K
HalMOHaNBHOM nporpamme «EnnHOoe 310poBbe» MO HPOQUIAKTHKE W KOHTPOIIO
9XMHOKOKKO3a, BKIIOYash COOTBETCTBYIOIIME Mepbl Kak Uil JIIOAEH, Tak M Ui
JKHBOTHBIX.

Uwpnnt Fuhttwlnlngp Zuywunwinid. hptt b Unnugdus unhp

U.Z. Uwunijyui, . (k. Fwbhbjui, ©.U. Sunpgu,
Q.. Uwhwljjulb, U.49. Juiyul, +.U. Tupbuuyw,
Q. Q.. Ukjhp-Ulugpbwuywi

Ejuptwlnyngh bpynt wdbbwnwpwsjws Yhupjulub whuwyubkpp
pounmught Ejuhttmnlyngp (RE) b widbnpup Euhtwlnlngp, wnwowgumd btu
qquiih wpnpowwwhwlwi b Phtwbvwlwb phn: Uju hbnnwgnunipyut tuyu-
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nwulji kp Jhpmist) Zuyuunuimd dwpyne Huhwlnyngh' 2014-2022 pw-
Jututph pupwgpnid hwdwdwpujupubujut wpwtdbwhwnlnipmniuutpn,
pwnpdp nhuljuyhtt gnunphubkpp b dwhwgmpjut ndjujubkpp: fE-h whinnpnydws
nhuyptph wnwpbjwut dhohtt Jhpwhwwnulwt hhjwinugnipmiip juqdl) k
2,7/100 000 puwljsh hwpyny, htstt wbkih pwpdp k, put Pputinud (0, 74/100 000
puwlsh hwoyny) b Lhpwbwtnud (1, 23/100 000 ptiwaysh hwpyny]): Updwtmgpyby
Eu bwlb dwijuwlwt nbypbp, npp Juynid t oppuwju dhowduypnid dwlju-
poysdh Juyt mwpwsywdnipjut dwuht: Ujuntwdbkuwguhy, dwupputg b Yko-
nuuhutph Unwn hhwiunmiput hpwlwbh pbwyptptt ni nwwpusjubnipmiup
dunmd Eu whwjn, b hwjwbwpwp ju hwunwndws nhyptph ptph hw-
nopyoid: Uwpgne Ejehtwynlyngp Zuywunwind dnpwgdws, puyg bulub
hwipuyhtt wenpenipjwt jughp b npp wwhwiynid b wqquyhtt jubthowp-
ghijdwtt b JEpwhulnnnipjutt Spwgpnid  «UEY wnnponipniy  Uninbkgdwt
wnwunugnidp Gkpunkn]  hwdwyuwnwupwt - thenguemdubp  huswbu
dwppljutg, wjtybu b YEunuuhubph opowtinud:
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