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ВМІСТ ВАЖКИХ МЕТАЛІВ У ВІРУСІНФІКОВАНИХ РОСЛИНАХ ЕХІНАЦЕЇ  ПУРПУРОВОЇ 

Виявлено, що рослини ехінацеї пурпурової уражені вірусом плямистого в'янення томатів. Встановлено, що із 21-го проаналізова-
ного мікроелемента концентрація дев'яти (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn)  у вірусінфікованих рослинах ехінацеї пурпурової є вищою, ніж 
у контролі, семи (Cd, Ni, Mo, Ti, Al, Zn і Al) – нижчою, по інших (Pb, Hg, Cu, Co, Li) – різниці не виявлено. Показано, що вміст високотоксич-
них елементів (As, V, Sb, Cr, Fe) у рослинах, уражених вірусом, перевищував гранично допустимі концентрації (ГДК) у 1.2, 7, 2.3, 2.5 та 
3.4 рази відповідно, на відміну від контрольних зразків, у яких концентрація вказаних мікроелементів була у межах норми.  

Ключові слова: фітовіруси, вірус плямистого в'янення томатів, ехінацея пурпурова, важкі метали 
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СОДРЖАНИЕ ТЯЖЕЛЫХ МЕТАЛЛОВ И ВИРУСИНФИЦИРОВАННЫХ РАСТЕНИЯХ ЭХИНАЦЕИ ПУРПУРНОЙ 
Обнаружено, что растения эхинацеи пурпурной поражены вирусом пятнистого увядания томата. Установлено, что из 21-го про-

анализированного микроэлемента концентрация девяти (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) в вирусинфицированной эхинацее пурпурной 
выше, чем в здоровых растениях, семи – (Cd, Ni, Mo, Ti, Al, Zn і Al) – ниже, по другим – (Pb, Hg, Cu, Co, Li) – разницы не выявлено. Показа-
но, что количественное содержание высокотоксических элементов (As, V, Sb, Cr, Fe) в пораженных вирусом растениях превышало 
гранично-допустимые концентрации в 1.2, 7, 2.3, 2.5 и 3.4 раза соответственно, в отличие от контрольных образцов, в которых кон-
центрация указанных металлов была в пределах нормы. 

Ключевые слова: фитовирусы, вирус пятнистого увядания томата, эхинацея пурпурная, тяжелые металлы. 
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MANTAINING THE STATUS OF UKRAINE AS A POLIO-FREE TERRITORY 

 
The article presents data on polio immunization coverage in Ukraine by age group during 2009-2012 and the results of inves-

tigating immunity to polioviruses in various population groups during 2009-2011.Considering the current poliomyelitis situation 
in the world and the possibility of wild poliovirus importation from endemic countries, continued monitoring of herd immunity is 
necessary for Ukraine to maintain its status as a polio-free territory. 

Key words: poliomyelitis, Ukraine, immunity. 
 
Introduction. Poliomyelitis is an acute infectious dis-

ease affecting the nervous system, primarily the grey mat-
ter of the spinal cord [1, 2]. Poliovirus, the causative agent 
of poliomyelitis, is a human enterovirus and member of the 
family of Picornaviridae. 

Poliomyelitis has appeared in epidemic form, become 
endemic on a global scale, and been reduced to near-

elimination, all within the span of documented medical his-
tory [1]. Global expansion of polio immunization resulted in a 
reduction of paralytic disease from an estimated annual pre-
vaccine level of at least 600,000 cases to fewer than 1,000 
cases in 2000 [3]. Indigenous wild poliovirus type 2 was 
eradicated in 1999, but unbroken localized circulation of 
poliovirus types 1 continues in 3 countries in Asia and Africa 
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[4, 5]. Current challenges to the final eradication of paralytic 
poliomyelitis include the continued transmission of wild po-
lioviruses in endemic reservoirs, reinfection of polio-free ar-
eas, outbreaks due to circulating vaccine-derived poliovi-
ruses, and persistent excretion of vaccine-derived poliovirus 
by a few vaccines with B-cell immunodeficiency [6, 7]. 

In 2002, the WHO European region which includes 
Ukraine was certified free of poliomyelitis. Maintaining the 
status of Ukraine as a polio-free territory depends primarily 
on immunization, the effectiveness of which can be as-
sessed by the level of herd immunity in the country. The data 
obtained during an investigation of the level of specific anti-
bodies and the data on polio immunization in regions al-
lowed us to assess the polio epidemic situation in Ukraine. 

Methods. The official Ukraine Ministry of Health data 
on scheduled polio immunization of children in 2009-2012 
have been analyzed [8]. The results of a serological moni-

toring of collective immunity of the population of Ukraine in 
2009-2012 were analyzed, too. Virological departments of 
sanitary epidemiological stations selectively investigate 
specific immunity to assess the effectiveness of polio im-
munization and summit official statistical reporting forms to 
the Kiev Institute of Epidemiology and Infectious Diseases 
on an annual basis [9]. The results of our own serological 
investigations of collective immunity in the adult population 
have been used, too. 

Results and Discussion. According to the Ministry of 
Health of Ukraine decree entitled "The action plan for maintain-
ing the status of Ukraine as a polio-free country for 2011-2013", 
polio immunization coverage of children less than 1 year of age 
should be at least 95% in all administrative regions. 

A comparative analysis of polio immunization of chil-
dren in Ukraine by age in 2009-2012 showed declining 
levels of immunization coverage in all age groups (Fig. 1.). 
 

 
 

Figure 1. Polio immunization coverage of children by age group, Ukraine, 2009-2012 
 

In 2009, polio immunization coverage of children under 
one was 80.6%, the coverage with the first booster at 18 
months was 75.5%, and the coverage with boosters at 6 and 
14 years was 84% and 79.9% respectively. In 2010, polio 
immunization coverage significantly decreased. It amounted 
to 57.3% among children under one year of age, 66% in 
children eligible for the first revaccination, 76.2% in children 
aged 6 years, and 62.5% at 14 years of age. In 2011, 88.8% 
of older children aged 14 years received a polio booster; the 
coverage among 6 year olds was 87.6%. However, only 
54.3% of children less than one year of age got vaccinated. 
During the first 9 months of 2012, polio immunization cover-
age in Ukraine amounted to 45.9% in children less than one 

year old, 41.7% among children aged 18 months, 53.9% at 6 
years of age, and 56.9% at 14 years of age.  

The above results are indicative of an increasing num-
ber of people susceptible to poliovirus, which can present a 
threat to the epidemiological wellbeing of Ukraine in case 
of wild poliovirus importation.  

A serological study using sera from healthy individuals of 
various age groups was conducted at the Laboratory of Respi-
ratory and other Viral Infections to assess population immunity 
to serotypes 1, 2 and 3 of vaccine strains of poliovirus.  

The data analysis indicated that the majority of the 
population aged 20-65 years had low-to-medium levels of 
protective antibodies to the three polioviruses (Fig. 2.). 
 

 
 

Figure 2. Antibody levels to poliovirus types 1, 2 and 3 among the adult population of Ukraine in 2012 
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Considering that the last polio booster is given to chil-
dren at the age of 14 years, a decrease of immunity was 
observed in older individuals not exposed to the virus. 

For example, a significant proportion (23.6%) of the 
tested individuals was not protected against poliovirus type 1; 
their antibody titers were lower than 1:4. Twenty percent of 
the population had protective antibody titers of 1:16. High 
antibody titers to poliovirus type 1 were observed in 2.7% 
of the population, and only 1% of the population had anti-
body titers of 1:256. 

10.9% of the population had no immunity to type 2 of 
poliovirus; 28.2% of the individuals had protective antibody 
titers ranging from 1:8 to 1:16. Only 0.9% of the population 
had high antibody titers.  

With respect to poliovirus type 3, a significant de-
crease of the share of the population with medium and 
high immunity was observed. For example, the majority 
(66.4%) of the tested individuals had antibody levels less 
than 1:4; 21.8% of the population had low antibody levels. 
Not a single person was shown to have antibody levels 
higher than 1:16. 

We also analyzed herd immunity in various regions of 
Ukraine in 2009-2011 (Table 1.).81.3% of the tested indi-
viduals were children less than 14 years of age. The data 
indicated that the share of the tested individuals with no or 
low antibody titers to type 3 poliovirus was 3 times higher 
than the share of people with similar antibody titers to po-
liovirus types 1 and 2. We established that the majority of 
the tested population had antibody titers of 1:64 to types 1 
and 2 of poliovirus and 1:32 to poliovirus type 3. 

Conclusions 
The following conclusions can be drawn from the investi-

gation. During 2009-2012, immunization coverage of the 
population of Ukraine decreased which led to an increase of 
the proportion of the population susceptible to poliovirus. A 
significant proportion of the adult population of Ukraine has 
low antibody titers to poliovirus types 1 and 2; 66.4% of the 
population had no protective antibodies against type 3 of 
poliovirus. Children under 14 years of age had protective 
antibody titers to poliovirus types 1, 2 and 3 of 1:32 to 1:64. 
The adequate antibody level among the individuals below 
the age of 14 years can be explained by recent vaccination. 

 
Table  1. Immunity to poliovirus types 1, 2 and 3 among the population of Ukraine, 2009-2011 

Poliovirus Type 1 
Antibody titers Year 

0 
М±m 

1:4 
М±m 

1:8 
М±m 

1:16 
М±m 

1:32 
М±m 

1:64 
М±m 

1:128 
М±m 

1:256 
М±m 

1:512 
М±m 

1:1024 
М±m 

2009 2,2±0,1 5,5±0,4 10,8±0,5 15,8±0,4 18,9±0,7 21,5±0,7 16,2±0,6 6,7±0,4 1,3±0,2 0,3±0,1 
2010 2,7±0,2 3,8±0,3 11,5±0,5 16,1±0,6 20,5±0,7 20,2±0,7 17,2±0,6 6,9±0,4 1,0±0,1 0,1±0,05 
2011 2,2±0,2 3,3±0,3 10,3±0,5 15,7±0,6 22,0±0,7 21,9±0,6 15,1±0,6 5,9±0,4 3,3±0,3 0,3±0,09 

 Poliovirus Type 2 
2009 1,5±0,2 5,3±0,4 11,4±0,5 17,8±0,6 21,3±0,7 22,1±0,7 14,1±0,6 5,0±0,4 1,0±0,2 0,05±0,04 
2010 2,4±0,2 3,9±0,3 11,8±0,5 16,6±0,6 23,5±0,7 20,0±0,4 14,9±0,6 5,8±0,4 1,1±0,2 0,1±0,05 
2011 2,1±0,2 3,3±0,3 9,7±0,5 17,7±0,6 23,9±0,7 20,5±0,6 14,2±0,6 5,6±0,4 2,8±0,3 0,2±0,07 

 Poliovirus Type 3 
2009 4,5±0,3 8,1±0,5 18,7±0,7 19,4±0,7 21,6±0,7 16,1±0,6 8,0±0,5 2,6±0,3 0,4±0,1 0,02±0,02 
2010 5,8±0,4 7,8±0,4 17,6±0,6 20,3±0,6 21,6±0,6 15,7±0,6 8,7±0,4 2,3±0,2 0,2±0,1  
2011 5,6±0,2 6,4±0,4 16,6±0,6 22,1±0,7 23,0±0,7 15,8±0,6 7,2±0,4 2,4±0,2 0,8±0,1  
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ПІДТРИМАННЯ СТАТУСУ  УКРАЇНИ, ЯК КРАЇНИ, ВІЛЬНОЇ ВІД ПОЛІМІЄЛІТУ 

У статті представлені дані за охопленням вакцинацією проти поліомієліту вікових груп населення України в 2009-2012 роках. 
Представлені результати дослідження імунітету до вірусів поліомієліту в різних групах населення в 2009-2011 рр.. Враховуючи пото-
чну ситуацію з поліомієліту у світі, можливість завезення диких поліовірусів з ендемічних країн на територію України, необхідним є 
контроль стану колективного імунітету, для підтримки статусу України як території, вільної від поліомієліту. 

Ключові слова: поліомієліт, Україна, імунітет. 
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ПОДДЕРЖКА СТАТУСА УКРАИНЫ, КАК СТРАНЫ СВОБОДНОЙ ОТ ПОЛИОМИЕЛИТА 
В статье представлены данные по охвату вакцинацией против полиомиелита возрастных групп населения Украины в 2009-

2012 годах. Представлены результаты исследования иммунитета к вирусам полиомиелита в различных группах населения в 2009-
2011 гг. Учитывая текущую ситуацию по полиомиелиту в мире, возможность завоза диких полиовирусов из эндемичных стран на 
территорию Украины, необходимым является контроль состояния коллективного иммунитета, для поддержания статуса Украины 
как территории, свободной от полиомиелита. 

Ключевые слова: полиомиелит, Украина, иммунитет. 
 

 


