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Ðåôåðàò
Ãàðÿ÷êà Çàõ³äíîãî Í³ëó º àêòóàëüíèì â³ðóñíèì òðàíñì³-
ñèâíèì ïðèðîäíî îñåðåäêîâèì çàõâîðþâàííÿì ó ñâ³ò³. Çà-
õèñò íàñåëåííÿ â³ä çàðàæåííÿ öèì â³ðóñîì ïëàíóþòü ç
óðàõóâàííÿì åï³çîîòî-åï³äåì³îëî´³÷íî¿ ñèòóàö³¿, îö³íþ-
âàííÿ òà àíàë³ç ÿêî¿ áàçóºòüñÿ íà ñòàíäàðòàõ åï³äåì³î-
ëî´³÷íîãî íàãëÿäó ùîäî òðàíñì³ñèâíèõ ³íôåêö³é. ²íôîð-
ìàö³éíà áàçà äàíèõ âêëþ÷àº õàðàêòåðèñòèêè öèðêóëþ-
þ÷èõ øòàì³â, ñïåêòð ðåçåðâóàð³â, äæåðåë ³ ïåðåíîñíèê³â
â³ðóñó, ã³äðîëî´³÷íèé ³ êë³ìàòî-ãåî´ðàô³÷íèé îïèñ, äàí³
ìîí³òîðèí´ó çàõâîðþâàíîñò³ é ïîøèðåíîñò³ çàõâîðþâàí-
íÿ, à òàêîæ ðèçèêè ³íô³êóâàííÿ ëþäåé. Âèçíà÷åííÿ îñ-
òàíí³õ âèìàãàº ïðîâåäåííÿ ö³ëåñïðÿìîâàíèõ îïèñîâî-îö³-
íþâàëüíèõ é àíàë³òè÷íèõ åï³äåì³îëî´³÷íèõ äîñë³äæåíü.
Ìåòà. Ïðîâåñòè ñòàòèñòè÷íå îïðàöþâàííÿ é àíàë³ç åï³-
äåì³îëî´³÷íî âàæëèâî¿ ³íôîðìàö³¿ çà ðåçóëüòàòàìè àí-
êåòóâàííÿ ðåñïîíäåíò³â ³ç âèçíà÷åííÿì åï³äåì³îëî´³÷íî
çíà÷èìèõ ÷èííèê³â ³íô³êóâàííÿ ëþäåé â³ðóñîì ãàðÿ÷êè Çà-
õ³äíîãî Í³ëó, âñòàíîâèòè õàðàêòåð âçàºìîçâ'ÿçêó âèÿâ-
ëåíèõ ÷èííèê³â ðèçèêó â ðàç³ ¿õ ïîºäíàíîãî âïëèâó.
Ìàòåð³àëè ³ ìåòîäè. Ïðîâåäåíî ñèñòåìàòèçàö³þ åï³äå-
ì³îëî´³÷íî¿ ³íôîðìàö³¿ 120 ðåñïîíäåíò³â øëÿõîì ñòâî-
ðåííÿ êîìï'þòåðíî¿ áàçè äàíèõ. Ñòàòèñòè÷íå îïðàöþ-
âàííÿ äàíèõ ïðîâåäåíî ç âèêîðèñòàííÿì íåïàðàìåòðè÷-
íèõ ìàòåìàòè÷íèõ ìåòîä³â: áàãàòîôàêòîðíîãî ë³í³é-
íîãî ðåãðåñ³éíîãî àíàë³çó, ëî´³ñòè÷íî¿ ðåãðåñ³¿, äèñêðè-
ì³íàíòíîãî àíàë³çó, ìåòîäó íåéðîííèõ ìåðåæ (ïðî´ðàì-
íèé ïàêåò íåéðîìåðåæ Statistica 8.0).
Ðåçóëüòàòè é îáãîâîðåííÿ. Ãðóïóâàííÿ ³ ñèñòåìàòèçà-
ö³þ äàíèõ çä³éñíåíî íà ï³äñòàâ³ ã³ïîòåç ùîäî âïëèâó ÷èí-
íèê³â íà éìîâ³ðí³ñòü çàðàæåííÿ â³ðóñîì. Åï³äåì³îëî´³÷íó
³íôîðìàö³þ ïîä³ëåíî íà ñìèñëîâ³ áëîêè äëÿ äèôåðåíö³àö³¿
ðèçèê³â çà òèïîì: ïîâåä³íêîâ³, ïðîôåñ³éí³, ðåêðåàö³éí³,
òîùî. Âèçíà÷åíî, ùî ðîçðàõóíêîâèé ïàðàìåòð t ìàâ ñòà-
íîâèòè 1,979280117 ³ á³ëüøå (ñòóïåíü ñâîáîäè k (124)
ïðè 95 % (Ð<0,05)). Îö³íþâàííÿ äîñòîâ³ðíîñò³ ðîçá³æ-
íîñò³ àëüòåðíàòèâíèõ îçíàêè âñòàíîâèëî 11 îçíàê ³ç äî-
ñòîâ³ðíîþ ð³çíèöåþ (Ð<0,05). Âèâ÷åííÿ ïîºäíàíîãî âïëè-
âó ÷èííèê³â íà ³íô³êóâàííÿ ëþäåé â³ðóñîì ãàðÿ÷êè Çàõ³ä-
íîãî Í³ëó ç âèêîðèñòàííÿì ë³í³éíî¿ òà ëî´³ñòè÷íî¿ ìîäåë³
çàñâ³ä÷èëî â³äñóòí³ñòü öüîãî åôåêòó. Çàñòîñóâàííÿ íåé-
ðîííèõ ìåðåæ âèÿâèëî íåïðèéíÿòíèé ð³âåíü àïðîêñèìà-
ö³¿ âèõ³äíèõ ñïîñòåðåæóâàíèõ äàíèõ (êîåô³ö³ºíò äåòåð-
ì³íàö³¿ R2<0,3).
Âèñíîâêè. Îòæå, âèÿâëåíî 11 åï³äåì³îëî´³÷íî çíà÷èìèõ
÷èííèê³â ðèçèêó ³íô³êóâàííÿ ëþäåé â³ðóñîì ãàðÿ÷êè Çà-
õ³äíîãî Í³ëó. Áàãàòîôàêòîðíèé àíàë³ç çàïåðå÷èâ ¿õ ïî-
ºäíàíèé âïëèâ íà ³íô³êóâàííÿ ëþäåé: êîæíà ç îçíàê ñà-
ìîñò³éíà ³ ïðè íàÿâíîñò³ ëèøå îäí³º¿ ç íèõ º âèñîêèé
ðèçèê çàðàæåííÿ ëþäåé. Îòðèìàí³ ðåçóëüòàòè çàñâ³ä-
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Abstract
EPIDEMIOLOGICALLY SIGNIFICANT RISK
FACTORS OF HUMAN INFECTION WITH
WEST NILE VIRUS

N.O. VYNOGRAD, U.A. SHUL
The Danylo Halytsky National Medical University in Lviv

West Nile fever is an important viral transmissible natural focal
disease in the world. Protecting the population from infection
with this virus is organized considering the epizootic and
epidemiological situation, assessment and analysis of which is
based on the standards on epidemiological surveillance of
transmissible infections. Information database includes
characteristics of circulating strains; range of reservoirs;
sources and vectors of the virus; hydrological, climatic and
geographical description; data of monitoring of incidence and
prevalence of the disease; and the risks of human infection. The
estimation of the latter requires conducting of targeted
descriptive-evaluative and analytical epidemiological research.
Aim. To perform statistical processing and analysis of
epidemiologically important information on the results of survey
of respondents with determination of epidemiologically
important risk factors of human infection with West Nile virus;
to establish the nature of the relationship of identified risk factors
in case of their combined impact.
Materials and Methods. Systematization of epidemiological
information of 120 respondents was performed by creating a
computer database. Statistical analysis of the data was
conducted using nonparametric mathematical methods:
multivariate linear regression analysis, logistic regression,
discriminant analysis, neural networks method (neural networks
software package Statistica 8.0)
Results and Discussion. Grouping and systematization of data
are based on a hypothesis about the factors' impact on the
likelihood of infection with the virus. Epidemiological
information is divided into semantic units to differentiate the
type of risk: behavioral, occupational, recreational, etc. It is
determined that the estimated parameter t has to equal
1.979280117 and more (degrees of freedom k (124) 95%
(P<0.05)). Evaluation of reliability of the discrepancies of
alternative features detected 11 signs with significant difference
(P<0.05). The study of combined factors' influence on human
infection with West Nile virus using linear and logistic models
showed no such effect. The use of neural networks showed
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unacceptable levels of initial approximation of the observed data
(coefficient of determination R2 <0.3).
Conclusions. Eleven epidemiologically significant risk factors
for human infection with West Nile virus were found. Multivariate
analysis denied their combined effect on the infection of people:
each of the features is independent, and the presence of only
one of them has a high risk of human infection. The results
showed that the area of research is the active natural focus of
West Nile fever.
Keywords: West Nile virus, risk factors, statistical analysis

Introduction
West Nile fever (WNF) is an actual natural focal
transmissible endemic disease caused by a virus of
the Flaviviridae family. This is an extremely
dangerous infection (EDI) with high epidemic
potential, by the recommendation of WHO referred
to infections that are subjected to international
surveillance [1].

Organization of epidemiological surveillance
of WNF at the modern level provides for conducting
of epizootic and epidemiological observations blocks
with advanced virological monitoring of pathogen
among reservoirs and vectors, tracking incidence and
prevalence indicators of WNF among vulnerable
population, identification of risks and prediction of
the situation. Adequate control system using modern
information technology can optimize preventive and
counter measures to protect all people in peacetime
and wartime [2, 3, 4, 5].

A number of objective circumstances influence
at the formation and functioning of WNF foci. Despite
the fact that in Ukraine there are all conditions for the
existence of natural WNF foci, still there are not
identified certain spatial and temporal characteristics
of foci, the circumstances that contribute to human
infection with this pathogen. In our country there are
the conditions for the functioning of all types of WNF
foci: natural, anthropurgical (in the urban landscape,
mostly in closed habitats), mixed - in places changed
due to human impact on natural biocenoses. Research
in the Northeast region of Ukraine confirmed the
existence of stable anthropurgical foci that are active
year around [6].

Sporadic incidence of people with WNF is
more evidence of imperfection verification of the
disease, and the lack of data about the herd
immunity cannot estimate the intensity of
disappeared WNF epidemic process [7]. It is not
held revealing of seropositive people among total
population, although it can detect people who have

suffered illness in the past with manifest or
asymptomatic forms, and those who without clinical
manifestations had only immune response to this
antigen, that confirms the circulation of this
pathogen in particular area [8].

It is important to determine risk factors for
human infection, which can be done both during
hospital surveillance, and in the case of population
studies to assess the immunological structure of the
population to WNF. Adequately organized
collection of epidemiological information access to
evaluate qualitative and quantitative features of
epidemic process of the disease, including data of
time, territory and risk factors. Questioning of
persons involved in the study makes it possible to
obtain various information about the living
conditions of people, occupational status, conditions
of work and rest habits, behavioral characteristics,
migration history, etc. [9, 10].

Still are not studied the circumstances that
contribute to the probability of human infection with
WNV in different types of foci in our country. It
should be noted that obtaining information about
risk factors and their use in the planning and
implementation of measures of anti-epidemic
protecting the population substantially increases the
efficiency of the latters and is extremely highly
profitable given the opportunity to address the use
of material and human resources.

Aim. To perform statistical processing and
analysis of epidemiologically important information
on the results of survey respondents with
determination of epidemiologically important risk
factors of human infection with West Nile virus, to
establish the nature of the relationship of identified
risk factors at their combined impact.

Materials and Methods
It is conducted a systematization of epidemiological
data of 120 respondents by creating a computer
database of surveyed people. At the results of blood
serum titration of 120 people, they are divided into
two groups with regard to WNV infection:
seronegative (100) and seropositive (20).

Calculation of absolute (R), relative (RR)
and additional (RD) risk conducted on the table 2x2.
The study of combined influence of risk factors was
conducted by using mathematical methods:
multivariate linear regression analysis, logistic
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regression, discriminant analysis, neural network
method. Adequacy and reliability of the processed
linear models was performed using Fisher criterion
(by comparison with tabulated values for the
appropriate number of degrees of freedom) and χ2,
logistic regression - criterion Wald, criterion
Nehelkerkena and χ2 [11]. It was used neural
network software package Statistica 8.0, developed
by Stat Soft Inc. [12].

Results and Discussion
Determining of risk factors was conducted by the
results of cohort researches on studying the
prevalence of WNF among the population in rural
areas "WB", which included, at the stage of their
immediate implementation, obtaining informed
consent form to participate in the research, taking
of blood from the cubital vein, filling by respondents
epidemiological cards of close-open type.

By results of the titration of blood sera in
ELISA there were detected antibodies IgG to the WNV
in 20 ((5.4±1.2)%) of 120 surveyed participants that
allowed to form two comparison groups: seronegative
(100) and seropositive (20) persons.

After the laboratory stage of research it was
conducted study of questionnaire data of participants.
The information contained in epidemiological cards
was divided into logical blocks. The first group features
included age, sex distribution, occupation, place of

work (study) of respondents. The second group
concerned the residence, there were taken into account
the apartment features, the distance to the forest, the
availability of farm and domestic animals (birds), the
characteristics of farming. The third group of questions
was about participation in agricultural work, the fourth
about visiting of cottages (garden, forests); next -
holiday and rest. All of groups of except the first,
included questions about the presence of mosquitoes,
other arthropods and rodents, also bites by mosquitoes
or other insects.

To understand the causative-resulting
relations of alternative signs it was calculated of R,
RR and RD. Totally analyzed 55 pairs of signs, for
23 of them was shown a direct impact of factors at
the probability of human infection with the WNV.
The most important were 11 circumstances that are
presented in table 1.

The next step was held for revealing of
discrepancies of alternative indicators studied by
comparing the signs in seropositive and seronegative
groups of cohort research participants.

Based on the calculated degree of freedom k
(124) for our sample at the level of reliability of 95%
(P<0.05), it was determined that the option Student t-
test must match the value 1.979280117 and more. The
performed statistical analysis of epidemiological
database with definition of Student t-test showed that
among a number of signs between two comparable

Indicators of risk: № The study alternative ign Code 
of sign Re and Rne RD RR 

1 Does the patient remember rodents or their tracks? 6.8 Re=0,1667 
Rne=0 0,1667 0,1667 

2 Did the patient notice mosquitoes in the house? 6.9 Re=0,1980 
Rne=0 0,1980 0,1980 

3 Does the patient remember bites by mosquitoes? (in the residence) 6.10 Re=0,1667 
Rne=0 0,1667 0,1667 

4 Did the patient work with feed at the farm (agricultural work)? 8.8 Re=0,2093 
Rne=0,0769 0,1324 2,7217 

5 Did the patient walk the cattle or sheep in / near the forest? 8.9 Re=0,2045 
Rne=0,0704 0,1341 2,9048 

6 Did the patient work in the apiary? 8.10 Re=0,3077 
Rne=0,0556 0,2521 5,5341 

7 Did the patient plant and gather potatoes near the forest? 8.11 Re=0,1711 
Rne=0,0476 0,1235 3,5945 

8 Did the patient participate in gathering harvest crops near the forest? 8.12 Re=0,3333 
Rne=0,0625 0,2708 5,3328 

9 Did patient bred campfire or collect firewood while working? 8.13 Re=0,2727 
Rne=0,0722 0,2005 3,7770 

10 Does the patient remember the presence of mosquitoes? (during agricultural works)  8.16 Re=0,1667 
Rne=0,0526 0,1141 3,1692 

11 Does the patient remember bites of mosquitoes? (during agricultural works) 8.17 Re=0,1667 
Rne=0,0526 0,1141 3,1692 

Table 1
Indicators of absolute, relative and additional risk of human infection with WNV
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groups of people, only 11 of them have a significant
difference to the degree of reliability of P<0.05, as
shown in Fig. 1

As seen from the graphically presented data
from the total reliability calculation of questioned
discrepancies of alternative signs, most of them
cannot be recognized as epidemiologically
significant for analyzed situation.

The table 2 shows details of statistically
significant signs that we have seen as risk factors
for human infection with the WNV.

The obtained results allowed confirm
persons, who have a high risk of infection with
WNF: working in the apiary, participating in
gathering harvest crops near the forest, collecting
firewood and / or breeding campfire, remembering
bites and / or the presence of mosquitoes during
agricultural work, planting and harvesting potatoes
near the forest, remembering bites and / or the
presence of mosquitoes in the place of residence,
noticing rodents or their tracks, and walking cattle
or sheep in the forest and working with feed on farm
or agricultural works.

In our opinion, the results may be due to
environmental constraints with vectors, including

the best breeding sites and mosquito habitats, and
additional sources of pathogen of infection
(domestic animals - large and small cattle, rodents).
In addition, a detailed analysis of all risk factors
indicating the existence of active natural focus,
where in the future, it is possible to form foci of
mixed type.

The study of combined impact of analyzed
risk factors for human infection WNV was
conducted to ascertain the fact of potentiating the
risk of infection in the presence of several signs at
the same time, and if the positive answer - the
definition of dominating of them.

The obtained results showed that the working
mathematical linear and logistic models do not match
the degree of reliability, and their test on an existing
database indicates low sensitivity and accuracy.

Therefore, to identify complex relationships
between input and output parameters, we used
process modeling using artificial neural networks.
According to obtained information, the application
of neural networks gave acceptable (rather low)
level of approximation of the initial observed data
(coefficients of determination R2<0.3).

Conclusions
Thus, because of statistical processing of questionnaire
database of cohort research participants in the area
"WB" by using various mathematical methods, it was
found 11 epidemiologically significant factors that
increase the risk of human infection with the WNV.
However, multivariate analysis denied combined
impact of the analyzed risk factors for human infection.
This indicates that each of the signs is independent
and presence only one of them has a high risk of

Fig. 1
Distribution of signs by results of Student t-test

Ranking signs by: 
The study alternative sign 

Code 
of 

sign 

Student 
t-test Parameter 

t-test 
Code of 

sign 
Does the patient remember rodents or their tracks? 6.8 2,521814934 3,146596359 8.10 
Did the patient notice mosquitoes in the house? 6.9 2,291516864 3,074855124 8.12 
Does the patient remember bites by mosquitoes? (in the residence) 6.10 2,521814934 2,936680162 8.13 
Does the patient work with feed at the farm (agricultural work)? 8.8 2,077830704 2,268175869 8.17 
Did the patient walk the cattle or sheep in / near the forest? 8.9 2,170947994 2,268175869 8.16 
Did the patient work in the apiary? 8.10 3,146596359 2,54896487 8.11 
Did the patient plant and gather potatoes near the forest? 8.11 2,54896487 2,521814934 6.10 
Did the patient participate in gathering harvest crops near the forest? 8.12 3,074855124 2,521814934 6.8 
Did patient bred campfire or collect firewood while working? 8.13 2,936680162 2,291516864 6.9 
Does the patient remember the presence of mosquitoes? (during agricultural works) 8.16 2,268175869 2,170947994 8.9 
Does the patient remember bites of mosquitoes? (during agricultural works) 8.17 2,268175869 2,077830704 8.8 

Table 2
Results for questioned discrepancies of alternative features and their ranking in seropositive and seronegative groups among

cohort research participants
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infection the virus. In addition, the results showed that
the study area is the natural focus of WNF.
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