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I Abstract
Objective. The aim of the study was to investigate the prevalence of head pediculosis among children from state primary
schools in the villages and towns in eastern Poland, one of the poorest regions of the European Union.
Materials and methods. The study was conducted in 2009-2012 in 30 rural and urban State schools. Current and previous
results (1996-2000) of examinations performed in the study area were compared. The impact of socioeconomic factors on
the prevalence of head pediculosis in eastern Poland in the period of 16 years was analysed.
Results. Pediculosis was diagnosed in 2.01% of the schoolchildren, more frequently in pupils from rural (3.52%) than
urban (0.98%) schools. Lice infestation was higher in girls (59.52%) than in boys (40.48%). The risk of pediculosis in children
increased in schools that did not employ a nurse (mean 5.07%) and decreased when a part-time (mean 2.96%) or full-time
nurse (mean 1.01%) was employed. The incidence of pediculosis doubled despite the improvement in the socioeconomic
status of the population observed within the last 16 years.
Conclusion. The results indicate that personal hygiene behaviour may be of key importance in determining the spread

of the disease.
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INTRODUCTION

Head pediculosis is the most common parasitic arthropod-
borne disease worldwide. The human louse Pediculus
humanus capitis (Anoplura: Pedicullidae) is its etiological
agent. The disease most frequently affects children and
teenagers [1]. It is manifested by itching of the scalp and
appearance of inflammatory papules at the site of the louse
bite within several hours or a few days after infestation.
Scratches on the skin may be infected by bacteria. Serous-
purulent discharge released from wounds solidifies on
the skin surface and forms scabs. It can also glue the hair
together, resulting in formation of a plica. Lice infestation
can cause cervical lymphadenopathy and conjunctivitis [2],
as well as allergic reactions within the nasal cavity manifested
by nasal obstruction and rhinorhea [3].

Epidemiological data reveal considerable variability in the
incidence of head pediculosis worldwide. A high prevalence
of Pediculus humanus capitis is reported from countries
differing in the level of economic and cultural development
[1], which suggests a necessity to monitor the spread of
pediculosis in different environments, and to determine
the factors contributing to the incidence of the disease.
The presented study thefore investigates the occurrence of
pediculosis among the pupils of State schools in the Lublin
region, situated along the Polish-Ukrainian border, the most
easterly part of the European Union. Analysis of factors
promoting the spread of the disease in the study area was
also performed, based on more than 16 years of own research.
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MATERIALS AND METHOD

The study was conducted between 2009-2012 in 30 State
schools located in an area of 25,155 km? (eastern Poland,
51°15'N), in which a similar study was carried out in 1996-
2000 [4]. 25 of the schools are situated in rural areas with a
population ranging from 100-7,200 inhabitants. 16 schools
in the rural areas are located in villages with fewer than
500 residents and 8 schools in places with a population of
500-1,000. 5 schools are located in towns and cities with a
population ranging between 5,200-348,000 inhabitants; 3 of
these schools are situated in towns with <21,000 residents and
2 with 267,000 people. In total, 17,141 schoolchildren aged
7-13 were examined, including 12,139 from the countryside
and 5,002 from towns and cities. In the individual years of
the study and throughout the study period, the incidence of
pediculosis was determined according to the gender and in
groups of rural schools with fewer than 180 pupils (18-179)
and with 180-405 students, and in urban schools comprising
200-280 and 300-400 pupils. Additionally, information about
school hygiene care, education of children, and cooperation
of school staff with parents was collected in each of the
schools. The Central Statistical Office provided data on the
socioeconomic status of the population from the study area
and in Poland (the level of education and unemployment in the
respective counties, length of the water supply and sewerage
networks in the study area) [5]. Based on the data, the area
was analysed in terms of the existence of the following:

1) relationship between pediculosis incidence and access to
permanent, temporary, or no school hygiene care (full-time
nurse, part-time nurse, or no nurse employed at school);

2) relationship between pediculosis incidence and the number
of pupils at school;

3)relationship between pediculosis incidence and the
socioeconomic status of the population, e.g. unemployment
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rate, income per capita, education of the inhabitants, and
length of the water supply and sewerage networks.

Statistical analysis. Analysis of the results was performed
using statistical package PQStat ver. 1.4.2.324. The
proportions of pediculosis cases in children in relation to
the location of the school (village, town) and to the number
of pupils in the school were compared using the Mann-
Whitney U test. The Kruskal-Wallis H test was used for
determination of the correlation between the number of
pediculosis cases and access to nurse care. The relationship
between the proportion of head pediculosis cases in children
and the income and unemployment rate in the study area
was analysed by estimation of Spearman’s rank correlation
coeflicients. Probability was considered significant at p < 0.05
and highly significant at p < 0.01.

RESULTS

2.01% of the 17,141 schoolchildren examined in the Lublin
macroregion were infested by Pediculus humanus capitis. The
incidence of head pediculosis was statistically significantly
higher (Mann-Whitney U test, p=0.0159) in the rural
than urban schools and reached 3.52% and 0.98% of the
children, respectively. Both in the rural and urban schools,
the proportion of infested pupils exhibited wide-range
fluctuations during the individual study years and over the
entire study period (Tab. 1). Analyses of each year separately
revealed a statistically significant difference between the
number pediculosis-affected children from the rural and
urban schools only in 2010 (p=0.0358), but in each study
year, the prevalence of the disease was higher in the rural
than urban schools (Tab. 1).

In rural schools comprising from 180-405 pupils, the
proportion of lice-infested children ranged from 0% - 5.0%
in the individual years, and from 0.29% - 4.0% in all schools
throughout the observation period (mean 1.58+1.37%). The
prevalence of pediculosis was higher in rural schools with a
lower number of students (18-179); the proportion of infested
children ranged from 0% - 20.0% in the individual study
years, and from 0% - 11.11% over the 4-year observation
period (mean 4.43+3.83%). The Mann-Whitney U statistical
test (p=0.0707) did not show a significant difference in the
prevalence of pediculosis in both groups of the rural schools,
but the test probability was close to the assumed threshold
value. It is noteworthy that a similar level of Pediculus
humanus capitis infestation prevailed in the examined
environments in the individual study years. The biggest
number of infestations (8-10%) was reported from schools
attended by children from orphanages and single-parent
homes. Each year, a high prevalence of head pediculosis
(10-20%) was reported in children returning from holidays
to some small schools comprising 27-60 pupils.

In urban schools attended by the lower (200-280) and
higher (300-400) number of pupils, the proportion of
children infested by Pediculus humanus capitis was similar,
both in the individual study years and over the entire study
period (mean 0.79+0.40% and 1.06+0.56%, respectively)
(Tab. 1). This was also confirmed by the statistical analysis
(Mann-Whitney U test, p=0.4874). In both these groups of
schools, pediculosis was diagnosed in 0-1.50% of children in
the individual years and persisted at a level of 0.5% - 1.17%
throughout the study period.

Irrespective of the locality of the school and number of
pupils, the proportion of pediculosis-affected girls (60%)
was higher than that of boys (40%). In the rural schools, the
number of girls accounted for 45.83% - 69.70% of the infested

Table 1. Prevalence of pediculosis in rural and urban schools in Lublin Province (Poland) 2009-2012

No. of children Vears Cases Prevalence [%]
in school Total Boys Percentage of boys Girls Percentage of girls Range SD M
2009 24 13 54.17 1 4583 1.84-14.81
<180 2010 51 21 41.18 30 58.82 0.00-11.11
n=16 2011 47 17 36.17 30 63.83 0.00-11.11 8 w3
2012 49 17 34.69 32 65.11 0.00-20.00
Rural areas 2009 11 4 36.36 7 63.64 0.77-2.27
180-350 2010 33 10 3030 23 69.70 0.38-4.00 . s
n=9 2011 40 21 5250 19 4750 0.00-5.00
2012 48 18 37.50 30 62.50 0.00-3.00
Subtotal 303 121 39.93 182 60.07 0.00-20.00 344 344
2009 4 3 75.00 1 25.00 143-1.43
200-280 2010 6 3 50.00 3 50.00 1.07-1.50
n=2 2011 1 0 00.00 1 100.00 0.00-0.36 040 072
2012 4 1 25.00 3 75.00 0.00-1.43
Urban areas 2009 4 1 25.00 3 75.00 1.33-1.33
300-400 2010 6 1 16.67 5 83.33 0.51-0.67
n=3 2011 9 4 44.44 5 55.56 0.67-1.33 06 106
2012 8 4 50.00 4 50.00 0.51-1.33
Subtotal 42 17 40.48 25 5952 0.00-1.50 049 097
Total 345 138 40.00 207 60.00 0.00-20.00 3.22 2,01

n=number of investigated schools; SD - standard deviation; M - mean
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Table 2. Prevalence of pediculosis in the study area in relation to access
to nurse care at school

Prevalence (%)

Presence of a nurse at school Range M SD
+ 0.29-2.96 1.01 0.42
+/- 0.00-10.77 2.96 3.14
- 0.00-20.00 5.07 421

+ full-time school nurse; +/- part-time school nurse; - lack of school nurse; SD- standard
deviation, M- mean

children in the different study years. Larger disparities in the
incidence of infection by the parasite in both genders were
found in the urban schools, where the proportion of infested
girls ranged from 25% to as much as 100%.

The highest proportion of pediculosis (mean 5.07%) was
found in rural schools that did not employ a nurse (Tab. 2).
A lower number of children were infested (mean 2.96%)
when children’s heads were periodically checked by part-
time nurses visiting the schools every month. The lowest
proportion of pupils infested by Pediculus humanus capitis
(1.01%) was reported from schools with full-time nurses.
However, the statistical tests did not reveal a significant
correlation (Kruskal-Wallis test, p=0.0760) between the
number of pediculosis cases and access to nurse care, although
the test probability was close to the assumed threshold value.
This implies an increased risk of pediculosis in schools with
no nursing care and the lowest risk in schools that employ a
full-time nurse (Tab. 2).

In 7 schools (23.33%) in which 2.08% - 11.11% of pupils
were infested by head lice, educational programmes were
introduced in order to inform the parents and children about
the epidemiology and treatment of pediculosis. In 8 other
schools (26.66%) where pediculosis prevalence reached 0.44%
- 4.0%, parents reported the need for cooperation in this field.

In the presented study, no significant (p>0.05) correlations
were found between the proportion of pediculosis infestations
in children and the income per capita (r=-0.1213) and
unemployment rate (r=0.1542) in the respective study region
(Tab. 3).

Table 3. Pediculosis incidence and socioeconomic status of the
population of the study area in 2011

District per capita

District Prevalence (%) income (PLN) Unemployment (%)
Lublin (city) 0.50 1100 9.4
Chelm (city) 1.07 780 16.5
Lublin 0.69 1100 11.2
Chetm 1.74 780 18.1
Lubartéw 5.17 880 16.3
Leczna 3.44 810 10.1
Opole Lubelskie 1.07 900 16.1
Wilodawa 1.29 1550 22.8
Zamosc 245 500 14.4
Losice 2,63 1000-1199 12.8
Garwolin 6.00 800-999 154

PLN - New Polish Zloty (Polish currency since 1994)

DISCUSSION

The prevalence of infestation with Pediculus humanus capitis
in children in the Lublin macroregion corresponds to the
range reported from other European countries over the last
20 years, i.e. from 0.48% to ca. 10% [6, 7, 8]. During the same
period, a high prevalence of head pediculosis was reported
in some environments in Asia (85%) [9], South America
(81.5%) [10], and Africa (64.1%) [11]. The literature provides
scarce data from long-term monitoring of the prevalence of
Pediculus humanus capitis invasions in the same
environments, which makes it impossible to assess changes
in the dynamics of infestation in children and determine the
effect of factors contributing to the spread of the parasite in
along-term scale. Most epidemiological studies were carried
out primarily in South America [12, 13] and Asia.

Table 4. Pediculosis in children in Poland based on literature data
1979-2008

Area Years Infestation Type of institution Source
Gdansk g,y autumn-189% (L EREEREEY
Province spring - 0.76% » OfP 9es,

detention centres

Gdarlmsk 1990-1992 3.20% kindergartens, primary [24]

Province schools

Wroclaw  1990-1997 0.62% kindergartens, primary 21]
schools, detention centres

Lublin- 4 0562000 1.6% urban primary schools 4]

Province

Warsaw  2007-2008 12.43-20.27%  children’s homes [22]

The current study shows that the incidence of infestation
of children in rural and urban schools in eastern Poland has
doubled, in comparison with the previous epidemiological
study conducted in the same area in 1996-2000 [4], in which
the values of 1.59% and 0.48% were reported for rural and
urban schools, respectively. Previous studies conducted
worldwide have indicated that the factors promoting
Pediculus humanus capitis infestations are diverse and often
controversial.

The correlation between the number of pediculosis cases
and education of the population reported by some authors [7]
was not confirmed by the presented findings, as during the
16-year observations in the Lublin macroregion the level of
education of its inhabitants, and rural residents in particular,
increased considerably (Tab. 5).

In comparison with the beginning of the century, in 2009-
2011, the length of the water supply and sewerage network
and the number of new sewer connections increased in the

Table 5. Changes in public education level in rural and urban areas
during 10 years*

Urban areas Rural areas
Type of education
2002 2011 2002 2011

University education 12.0% 21.3% 4.0% 9.9%
College 39.0% 35.2% 22.5% 25.5%
Occupational education 20.5% 19.0% 29.5% 26.6%
Secondary education 21.5% 17.9% 39.0% 31.6%
Primary education 1.0% 0.9% 5.0% 2.1%

* data do not contain undeclared education
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Table 6. Changes in water supply and sanitation network in the study
area 2000-2011

2000 2005 2010 2011
Water supplies (km)
Urban 2195,2 2421,4 2625 2644
Rural 12618,5 15063,3 16777,8 172124
Sanitation system (km)
Urban 1621,1 1936,1 2209,8 2260,1
Rural 759,3 1430,3 22223 25955
Sewer connections (thousand)
Urban 68,5 80,4 86,1 86,7
Rural 196,6 2333 2583 263,8

urban and rural areas of the Lublin macroregion, which
resulted in the raising of the living standards (Tab. 6). The
improvement of sanitation infrastructure was particularly
pronounced in the rural areas; nevertheless, the region is
still regarded as one of the poorest regions in Poland and
the European Union. As shown by Eurostat [17], Poland has
one of the lowest gross domestic products (GDP) per capita
at purchasing power parity (63) among the 27 member states
of the European Union, although the pace of economic and
social changes has significantly increased over the last 20
years. Concurrently, larger disproportions between different
social groups, particularly in small villages, have become
evident.

Comparison of the previous and current results in terms
of living standards in both periods implies that there is no
simple relationship between the socioeconomic status of
population and prevalence of pediculosis. Obviously, higher
standards of living (higher income, low unemployment rates,
better access to water) offer better sanitary security and
hygiene and medical care, which is particularly evident in
the case of various infectious diseases caused or transmitted
by arthropods [4, 12, 15, 18, 19, 20].

The authors believe that a variety of interacting factors,
which should be taken into account in a given study
environment, can contribute to pediculosis prevalence and
maintenance in an area. Yet, such factors as personal hygiene
behaviour, the level of medical care offered to children in
school and family, and education of society in the scope of
pediculosis epidemiology, play a fundamental role in the
spread of head lice. As shown in the presented study, frequent
checks of children’s heads for the presence of nits and active
louse stages (nymphs and adults) reduced the spread of the
parasite among schoolchildren in the Lublin macroregion. The
regular control of children’s hygienic status is indispensable
in the case of pediculosis, since head lice, i.e. the agents of
the disease, spread rapidly in children’s groups through both
direct physical contact between a healthy and infested person,
and by using combs, hairbrushes, or headgear belonging
to an infested person. The high importance of the level of
personal hygiene in the spread of pediculosis is supported
by the fact that the disease is more frequently diagnosed in
children from dysfunctional families, orphanages and special
schools, as observed in previous and the current study [4] and
by other authors [21, 22] in their studies of pediculosis and
other infectious diseases, e.g. scabies, which spread through
direct contact [18].

Pediculosis was frequently diagnosed among refugees [8,
23] and children living in poor regions [4, 7]. In turn, lice

infestation rates were lower in two-parent families with both
parents working [15] and in families with few children [24].
Pediculosis usually affects children aged 3-12, who need
adults’ care [2, 4, 12, 13, 21, 24].

Although this study did not focus on the seasonality of
pediculosis incidence, infestation cases were more frequently
reported after days off from classes, i.e. upon return from
shortand long holidays. Insufficient parental care, combined
with people’s high activity and migration during the holiday
season, can promote the spread of head lice.

As in other regions [7, 9, 13, 22, 24, 25], in eastern Poland
pediculosis was more often diagnosed in girls. However, in
the rural schools, the differences in the number of pediculosis
cases between girls and boys were lower than in the urban
schools. This phenomenon may be explained by the differences
in the behaviour of children in these two environments,
e.g. their greater integration in villages contributing to
transmission of head lice. The higher incidence of head lice
in girls than in boys can be explained by the greater length
of girls’ hair, which offers the arthropod more favourable
living conditions, and by girls’ lifestyle, e.g. maintaining
social contacts [2, 4, 14].

Asshown in the current study, school education concerning
infectious diseases transmitted through direct contact is
very poor. Campaigns disseminating knowledge about the
spread of lice and clinical symptoms of pediculosis, as well as
prophylaxis and disease treatment principles, were initiated
in a few schools only after the appearance of many pediculosis
cases. Introduction of issues related to environmental threats
of parasite infections and to prevention methods into school
curricula is fully justified, given the fact that pediculosis is
more common among children devoid of parental care and
adequate hygiene standard [4, 20, 23].

Investigations conducted in different environments have
shown that not only access to and use of water [4] is important
for maintaining personal hygiene, which reduces the
prevalence of pediculosis, but also hygienic habits, especially
the frequency of hair washing [12, 16].

The increase in lice infestation rates reported worldwide
[e.g. 2, 10] can be explained by several factors, the most
important of which is increased migration flows and emigrant
populations, changes in lifestyle and customs, and increasing
resistance of lice to applied insecticides [e.g. 2, 6]. The latter
factor is common in developed countries, where chemical
lice control agents are used.

The prevalence of head pediculosis in schoolchildren and
long-term maintenance of disease foci in some environments
suggest that special attention should be paid to this problem by
medical and sanitary services and employees of educational
institutions. They also highlight the need for more extensive
medical care in children, particularly in small and poor
communities.
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