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ABSTrAcT

A complex of ecological, phonological, and epidemiological zoning of the territory of Arme-
nia has been conducted simultaneously on a group of soil-transmitted helminthiases – ascariasis 
and whipworm disease (trichuriasis). Zones and terms of development stages were determined 
for Ascaris and Trichuris eggs in soil in the territory of Armenia according to the onset (4 areas), 
termination (3 zones) and duration of development (7 zones).

The zoning of phenological periods for starting, ending and duration of the period of meta-
morphosis of Trichuris and Ascaris eggs in the soil of the country based on this mapping is con-
ducted by administrative-territorial division of the country for ease of operation and planning of 
practical interventions. The whole territory of the republic is divided into 4 zones by the onset of 
maturing of helminth eggs in soil from April to July, and ending – from August to October.

Designed maps for typing of the territory of Armenia by soil-transmitted helminthiases allow 
us to plan the comprehensive epidemiological and hygienic measures aimed at control and pre-
vention in each particular marz of the country with minimal economic costs.
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introduction

Helminthiases represent the largest group of 
parasitic diseases. They are caused by so-called 
parasitic worms or helminths – multicellular or-
ganisms that differ from other living pathogens – 
viruses, bacteria and protozoa, in their biology. 
More than 270 species of human helminths are 
registered, but only some of them lead to disease 
and form foci with a significant coverage in the 
population. The latter is specific for soil-transmit-
ted helminthiases (STH) group [WHO, 2011a,b,c; 
2012a,b].

In European countries, the number of school-
aged children affected by helminthes is estimated 
to be more than 4 million, and the highest preva-
lence is in the countries of Central Asia, South 
Caucasus, and in the Balkans. STHs represent a 
serious problem for public health, and economic 
costs of ascariasis, trichuriasis and other geohel-

minthiases is hard to overestimate [Hall A. et al., 
2008; Sergiev V. et al., 2008; WHO, 2012a,b].

In Armenia, the most frequent STHs are sscari-
asis and trichuriasis, some details of which are pre-
sented in Table 1 [Ejov M., Davidyants V., 2013; 
WHO, 2011a,b,c; 2013]. 

STHs continue to be vital, often neglected pub-
lic health problem [WHO, 2010, 2011a,b,c; Gyor-
kos T. et al., 2011]. Soil is the major factor in the 
transmission of STHs. In order to develop and or-
ganize control and prevention measures against 
STHs, the knowledge about their eggs maturation 
terms is of great importance [Davidyants V., 2007]. 
Knowledge on ecological features of STH eggs be-
havior in the environment, and particularly the du-
ration of metamorphosis period, the number of 
maturation cycles, etc., defines a clear distinction 
between the territories according to the level of 
epidemic process. Prioritization of this issue is ex-
plained with the poor investigation of those hel-
minthiases across the country.
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MaterialS and MethodS

Eggs of Ascaris lumbricoides and Trichiura 
trichiurus were subjects of the research.

Based on data from climate atlases and hand-
books, with the application of bioclimatic meth-
ods, bio-climatogrammes have been developed, 
which enabled us to predict the ecology of STH 
eggs (starting, ending and duration of metamor-
phosis and anabiosis periods, dates and number of 
Ascaris lumbricoides and Trichiura trichiurus 
eggs maturation cycles) in field conditions, thus, 
the particular epidemiology of these invasions in 
various climate and geographical zones [Davidy-
ants V., 2007].

Determination of terms of egg maturation.
Bodenheimer’s formula was used for determi-

nation of terms of egg maturation:
S= C ,T0 – t0where S indicates terms of development at given 

temperature in days; T0 – temperature of experi-
ence or observation; t0 – lower temperature thresh-
old; C – total effective temperature required for the 
maturation of eggs.

Determination of the number of egg maturation 
cycles. 

The number of egg maturation cycles from pro-
toplast to invasive stages was determined accord-
ing to the following formula:

n= q ,c
where n is the number of cycles of maturation; q – 
total sum of effective temperatures for the period of 
metamorphosis; с – sum of  effective ("individual") 
temperatures required for the maturation of eggs.

Determination of effective temperatures.
Determination of total effective temperature (q) 

in five-day periods; (c) – daily temperatures by the 
equations:

c = (T1 + T2 + ... + Tn – n×T0),

q = 5×c = 5×[(T1 + T2 ... + Tn – n×T0)]
where T1, T2, Tn are temperatures above the thresh-
old; T0 – threshold temperature.

Method of Bioclimatogrammes.
Bioclimatogrammes and medico-geographical 

methods have been designed for forecasting Ascaris 
eggs development in soil and definition of an epi-
demic seasons and geographical distribution of risks 
[Golovina E., Rusanov B., 1993; Tokareva M., 2007].

Statistical analysis methods are defined by ar-
iphmetic mean, a standard deviation, dispersive 
analysis, direct and reverse correlation of the data 
obtained. Analisys was conducted by EpiInfo (for 
Windows).

reSultS and diScuSSion

Integrated epidemiological, ecological, and 
phenological zoning has been conducted based on 
environmental, climatic and epidemiological pat-
terns in modeling of phenological processes. 
Thereby, the whole territory of Armenia was di-
vided into a number of zones with periods of eggs 
metamorphosis (maturation) and anabiosis in ac-
cordance with the annual average monthly temper-
ature curve 13°С, at which active development of 
Ascaris and Trichiura eggs occurs. Noting on the 
map an isotherm curve 13°С monthly from April to 
July, we have defined terms for the beginning of 
Ascaris and Trichiura eggs metamorphosis period 
of (Fig. 1). Four zones for eggs maturation were 
defined, and one zone, where the maturation of 
eggs didn’t occur.

A drop in 13°С isotherm curve has been ob-
served from August to October. These months cor-
respond to the ending of Ascaris and Trichiura 
eggs metamorphosis periods in the soil. On the 
Figure 2 the entire area of the country is divided 
into 4 zones by the month of metamorphosis end-
ing and one zone where no maturation of Ascaris 
and Trichiura eggs was detected.

TABle 1.
Data on soil-transmitted helminthiases in Armenia

Disease International Classification 
of Diseases-10

Helminth Classification indications

Ascariasis В77 Ascaris lumbricoides Ascariasis:
helminthiases - anthroponoses - oral

Trichuriasis В79 Trichocephalus trichiurus 
(Trichuris trichiura)

Whipworm: 
helminthiases - anthroponoses - oral
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Territory on the curve between the temperature 
rise above 13°С and drop below 13°С with average 
monthly temperatures, determines the zones where 
the metamorphosis of Ascaris and Trichuris eggs 
occurs, as well as conditions of their behavior in 
the environment. Therefore, the whole territory of 
the country is divided into 7 zones by the number 
of months during which the maturation of eggs of 
Ascaris and Trichuris occurs (Fig. 3).

The number of months for metamorphosis of 
STH eggs, the number of maturation cycles from 
protoplasts to invasive stages and timing of their 
maturation in days has been determined in defined 
areas of the country. It was performed based on ac-
cepted calculation methods, as well as on multi-
year monthly average temperatures from 13°С to 
25.9°С with the amount of effective sustainable 
average daily temperatures above 13°С with a cer-
tain number of days (from 73 to 226).Table 2 
shows the above-calculated data for the eggs of 
Ascaris and Trichiura according to above-men-
tioned methods. Thus, the number of egg matura-
tion cycles in soil ranges from 1 to 11 from the first 
zone to the seventh. At the same time, the timing of 
their maturation decreases with increasing of meta-
morphosis duration in zones 1 to 7: 65 days in the 
first zone is decreasing to 10-15 days in sixth and 
seventh zones of metamorphosis. This variegated 
picture in zoning of the ecology of STH eggs in the 
soil is related to the highly specific relief of the 
country with existing 7 natural-landscape zones 
(from desert to naval). And thus, the gipsometry of 
the region (vertical zonation) is of high concern.

However, phenological cards developed on cli-
mate, gipsometric and natural-landscape zones, 
and reflecting the ecology of helminth eggs in the 
soil in the light of these data, very often does not 
correspond to the limits of the administrative-terri-
torial division of the Republic. This complicates 
the job of the practical parasitology service in 
planning and carrying out prevention and control 
activities in particular marzes with administrative 
communities.

Thus, on the basis of the above, we introduced 
the mapping based on phenological zoning in terms 
of the starting, ending and duration of periods of 
metamorphosis of the Ascaris and Trichiura eggs 
in soil based on administrative-territorial division 
of the country. The framework of the administra-

figure 1. Starting of Ascaris and Trichiura eggs matu-
ration in soil on the territory of Armenia.

figure 3. Duration of Ascaris and Trichuris eggs matu-
ration periods in soil on the territory of Armenia.

figure 2. Terms of the maturation of Ascaris and Trich-
uris eggs in soil on the territory of Armenia.
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tive zoning is based on the following provisions:
Communities with the onset of metamorphosis 

in different decades of the same month are com-
bined into the area with the earliest starting date of 
metamorphosis.  

Communities with the ending of metamorpho-
sis period in different decades of the month are 

combined into the area with the latest date.
Administrative division of the country which, 

according to its geographical position, partially 
gets in different zones depending on periods of 
metamorphosis, included into an area with the lon-
gest period. 

Based on this, Figure 4 shows the dates for the 
beginning and ending of periods of metamorphosis 
of Ascaris and Trichiura eggs in soil on the terri-
tory of Armenia by areas. As it can be seen, the 
entire territory of the Republic is divided into 4 
zones from the beginning of the maturation of STH 
eggs in soil from April to July to the ending from 
August to October. Based on these terms precise 
planning and a complete rationalization of works 
are practicable.

concluSionS

Designed maps for typifying the territory of Ar-
menia on soil-transmitted helminthiases enable to 
plan the implementation of a set of epidemiological, 
health and hygiene measures to fight and prevent 
STH in any specific area of the country for rational-
ization of activities with minimal economic cost. 

TABle 2.
 Periods of metamorphosis, the timing and number of Ascaris lumbricoides and 

Trichuris trichiurus eggs maturation cycles in soil on the territory of Armenia (by zones)

Zones of metamorphosis 1 2 3 4 5 6 7

Months of metamorphosis VII-VIII VII-VIII VI-IX VI-IX V-IX IV-X VII-VIII

Average monthly air temperature 
during metamorphosis 13-13.6 13-14.7 13-16.8 13-20.2 13-22.7 13-25.9 13-25.8

 Number of days with sustained 
temperatures above 13°С 73 98-119 125-138 145-162 172-189 198-216 226

Terms of maturing of eggs 
(in days) 65 35-45 25-35 20-25 15-20 10-15 10-15

The number of cycles 
of maturation of eggs 1 1-2 3-4 4-5 5-7 8-9 9-11

figure 4. Duration (starting and ending terms) of As-
caris and Trichiura eggs maturation periods in soil 
on the territory of Armenia.
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