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SUMMARY

Objectives: Pediculosis humanus capitis is a worldwide public health concern that affects mostly school-aged children. The aim of this study is
to determine the rate of pediculosis and to determine possible risk factors in a group of primary school children in Valencia, Spain; 227 children,
6-7 years old, were selected from 7 schools.

Methods: A self-reported questionnaire completed by the parents/guardians about the presence of pediculosis in their children and their knowl-
edge about pediculosis. The results recorded in the questionnaire were analysed by SPSS® software.

Results: 30.4% of the children had pediculosis. The results showed significant variation (p<0.05) in prevalence depending on the following
factors: sex, hair length, level of parental education, family size, presence of affected family member in the home, and frequency of hair washing.
Less than half of parents/guardians showed an appropriate level of knowledge on pediculosis. Pediculosis remains a health problem in Valencian
schoolchildren. The family size and existence of another member with pediculosis were shown to be the main potentiating factors.

Conclusions: Parents are not sufficiently informed about pediculosis and adopt inappropriate practices. There is a need to promote studies with
the objective of determining risk factors for pediculosis as well as the need for actions to increase the knowledge of parents and healthcare profes-
sionals on this parasitosis to prevent outbreaks in the community, assure correct treatment and maintain effective epidemiological surveillance.
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INTRODUCTION

The human head louse, Pediculus humanus capitis (PHC),
causes Pediculosis humanus capitis infectious disease that belongs
to the group of epidermal parasitosis, in which the interaction of
the parasite with the host occurs in the outer layers of the skin
(1). It is an obligate holometabolous ectoparasite that spends
its complete life cycle on the human head hair and feeds on the
blood from the skin (2).

Transmission occurs mainly directly through person to person
contact or through instruments such as shared combs, pillows or
hats. Climate, geography, ethnicity, and hygienic conditions play
a role in the spread of lice. Lice are blood-sucking insects that
can cause pruritus, excoriation, conjunctivitis, secondary bacte-
rial infection, local post-therapeutic dermatitis, posterior neck
adenopathy, non-specific generalized dermatitis, and allergic
reactions that result in nasal obstruction and rhinorrhoea. Lice
infestation can also cause psychological distress and may affect
learning performance in school children (3, 4).

The prevalence and morbidity of this type of infestation in
populations with limited resources is very high (1). In addition,
the likelihood of PHC outbreaks in schoolchildren is frequent,
which is another cause for concern (5).

PHC is distributed throughout the world and affects all socio-
economic strata. The groups at greatest risk are children aged
3—12, especially those in preschool and primary school, along
with people caring for children and those who live with infested
individuals. Pediculus humanus capitis cannot jump or fly, trans-
mission occurs by direct contact with the head of an infested
individual and, to a lesser extent, by fomites (6-8).

The diagnosis is made by searching for individual parasites on
the head and is hampered by the rapid movement of the parasite,
which shuns the light. While the diagnosis using a lice comb is
the efficient and fast (7, 9—11), wet combing remains the most
accurate diagnostic method for pediculosis, as evidenced by a
number of other recent publications (12).

The prevention of PHC is hampered by the frequency with
which children establish head-to-head contact. In environments

144



where children are together, adults should be alerted to detect pos-
sible signs and symptoms of an infestation by Pediculus humanus
capitis. Day care centres and camps where children share a room
favour rapid dissemination (6).

Among the currently available option for pediculosis manage-
ment are chemical pediculicides such as pyrethrins, permethrin
and malathion, topically applied physical suffocation-based
pediculicides, herbal preparations and mechanical methods (13).
Chemical pediculicides with an insect neurotoxic mode of action
are still the most common method of choice with malathion and
permethrin remaining the most widely used pediculicides since
their introduction on the market (13). Treatment should never be
started unless there is a clear diagnosis of an active infestation,
and never as a preventive measure. The preventive or inadequate
use, without respecting the adequate intervals of application of
the product, can lead to the emergence of resistance (6, 8, 14, 15).

Pediculicide resistance to currently used pediculicides, includ-
ing lindane, carbaryl, malathion, pyrethrins and pyrethroids in-
cluding permethrin has occurred worldwide and is increasing (13,
16). For example, previous studies have estimated organochlorine
pediculicide resistance at 65% (17), pyrethroid resistance at 59%
(18) with permethrin resistance rates being anywhere from 50% to
100% (19). It is one of the main causes of treatment failure and a
crucial factor in the increasing incidence of head lice infestations
(20). The most studied mechanism of resistance is through knock-
down resistance mutations, with biomarkers M815I, T9171, and
L920F most commonly reported but other reported mechanisms
are also being investigated.

According to previous studies conducted, the global prevalence
of head lice is estimated at 19% (21). In Europe, prevalence is
estimated to be about between 0% and 20% (22, 23). Prevalence
in individual countries for which data is available has been found
to be from 1.3% in Iran (24), 5.8% in Korea (25), 6.8% in Turkey
(26), 8.9% in Belgium (27), 13% in Australia (28), 35% in Brazil
(29), to 52% in Ukraine (30). The infestation rates among school-
children vary from 0% to an alarming 78.6% in Libya (22, 31). It
is essential to obtain epidemiological data from different regions
to enable strategic planning for the control and prevention of PHC.

In the context of the Valencian community, there is a total ab-
sence of previous epidemiological studies on PHC, an unattended
parasitosis that affects millions of people every year around the
world and whose distribution is changing depending on different
factors (1, 22, 32).

The objective of this study was to know the frequency and risk
factors of PHC in schoolchildren from 6 to 7 years of age living
in Valencia, Spain, as well as the knowledge of parents/guardians
on the transmission and treatment mechanisms. To achieve this
goal, data on the current prevalence and prevalence in the last 12
months in primary school students were collected.

MATERIALS AND METHODS

Study Population and Protocol

The present study is a case-control design. It comprises a group
of schoolchildren between 6 and 7 years of age belonging to 7
primary educational centres located in Valencia, Spain. The study
was carried out in primary educational centres located in Valencia

City. The schools were selected by systematic random sampling.
Authorization to carry out this observational study in humans
was requested from the Committee of Ethics in Experimental
Research of the University of Valencia, which granted authoriza-
tion; in the same way, the authorization of the educational centre
was obtained. Parental authorization in order to obtain individual
informed consent and be able to use the survey for the study was
also obtained. Informed consent was obtained from all individual
participants included in the study.

The participating parents/guardians received a questionnaire
designed to collect information that allowed the creation of a
database. We designed a specific questionnaire and subsequently
carried out a pilot test to evaluate its consistency (on 30 children).
The questionnaire consisted of thirty questions in total, the first
nineteen were aimed towards knowing the prevalence of PHC
in children, the children’s personal hygienic practice and family
composition, as well as the possible factors that influence the
distribution of PHC. The remaining eleven questions were used
to determine the knowledge of the parents/guardians about PHC,
its transmission and treatment.

The diagnosis of head lice infestation was declared by the
parents. They were asked to only declare it if they had detected
the presence of adult lice, nymphal stage, or eggs (nits) during
an inspection of the scalp and hair under the light of a reading
lamp, with the aid of a magnifier, during wet combing. Hair
length was declared by the parents according to their perception
of short/long hair, but no objective measurements were made.
Parents were also asked about the type of pediculicide used
(shampoo, lotion, etc.) but information on the active ingredient
was not recorded.

Inclusion and Exclusion Criteria

As criteria for inclusion, students had to be enrolled in the first
or second primary courses (age range of six to seven years) in one
of the selected schools in the city of Valencia. The exclusion cri-
teria were that the student did not return the authorization signed
by the parents and/or the completed questionnaire answered, or
that he/she did not attend class on the day of delivery of these
documents. In total, 227 parents/guardians of the schoolchildren
participated and completed the questionnaire.

Measures

The anthropometric data of height (Seca 213®, Hamburg,
Germany) and weight with precision of 0.1 kg (Tanita BC-601)
of each child was taken.

Statistical Analysis

Data were analysed using SPSS software version 21.0. Cat-
egorical variables were described as absolute frequencies and
percentages, and quantitative variables as means and standard
deviations (SD). For the comparative analysis, we used the chi-
squared or Fisher’s exact test in categorical variables, the t-test
or ANOVA test in quantitative variables, and the chi-squared test
in qualitative variables. Odds ratio (OR) and 95% confidence
interval of the risk of infestation was calculated, p<0.05 were
considered significant.
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RESULTS

The sample was made up of 227 children, 110 boys (48.5%)
and 117 girls (51.5%) with an average age of 6.41 + 0.50 years.
The participation rate was 20.32%. The number of children that
had suffered PHC in the previous 12 months is 69 (30.4%), 44
boys and 25 girls, compared to 158 (69.9%), 66 boys and 92 girls,
who did not suffer it. There was a predominance of boys over
girls, with statistically significant differences (OR: 2.45, 95%
CIL: 1.37-4.40, p=0.002). The socioeconomic factors of PHC
are shown in Table 1.

Moreover, regarding children’s hair length, the risk of PHC
(OR=3.63, 95% CI: 1.99-6.65) was higher in those who had
shorter hair. For the frequency of washes per week, divergences
were found and PHC was more likely as the frequency of washes
decreased. The place of residence was evaluated, revealing a
greater risk of PHC amongst children living in a flat. The presence
of domestic or farm animals had little relation with PHC, and no
significant differences could be identified. However, increasing
family size did appear to increase the risk of PHC (p=0.001).
In relation to contagiousness, the presence of another infected
member within the family increased the risk of PHC.

Table 2 shows the educational level and professional sector of
parents/guardians regarding the presence of PHC. The frequency
of PHC increased as parent/guardian educational level decreased
(p=0.035). Significant differences were also found in relation to
the parent/guardian professional sector with the highest rate of

Table 1. Socioeconomic factors of PHC

PHC appearing in children with parents/guardians working in the
domestic service sector.

The percentage of response related with parent/guardian’s
knowledge about Pediculus humanus capitis infestation is shown
in Table 3. It was observed that parents/guardians responded cor-
rectly to the 11 questions on the knowledge of the transmission
and treatment in 47.2% of the cases. The question most often
answered correctly was that lice are transmitted from head-to-head
when in close proximity, and that answered correctly least often
covered the aspect that lice cannot jump, only 21.4% answered
correctly. All the products used in the treatment are documented
in the Table 3.

DISCUSSION

In this study carried out in Valencia, a parasitosis of 30.4%
was identified. Despite being carried out during spring, a period
with usually the highest levels of parasitism in Valencia, it can
be considered of low prevalence. Previous studies have shown
infestation rates from 4.2 to 78% among schoolchildren (33).
Numerous studies have been conducted on the prevalence of head
lice among schoolchildren from almost all parts of the world,
but not in Valencia, Spain, so the data here presented are a novel
contribution to the information already available.

Significant differences were found in the study regarding gen-
der and hair length, being grater in boys and short hair. Although,

Pediculosis No pediculosis
n=69 (30.4%) n=158 (69.6%) p-value OR (95% ClI)
% %
Male 63.8 41.8 245 (1.37-4.40)
Sex 0.002
Female 36.2 58.2 1
) Medium 304 61.4 1
Hair length 0.001
Short 69.6 38.6 3.63 (1.99-6.65)
1 45 25 0.756 1
Washes/week 2 52.2 38.6 0.057 0.77 (0.16-3.62)
23 43.3 58.9 0.032 0.42 (0.09-1.97)
) Flat 33.3 26.6 1
Place of residence 0.300
House 66.7 734 0.72 (0.39-1.34)
Domestic 82.8 921 0.23 (0.04-1.45)
) Yes Farm 10.3 6.9 0.204 1
Animals
Both 0.0 26 -
No 58.0 51.9 0.470 1
2 31.9 30.8 0.896 0.21(0.07-0.63)
o 275 39.1 0.091 0.14 (0.05-0.43)
Family size
18.8 19.2 0.979 0.20 (0.06-0.64)
5 18.8 3.8 0.001 1
Other affected family | Yes 194 14 0.001 1
member No 80.6 98.6 ' 0.06 (0.01-0.27)
) Yes 83.3 524 4.55 (2.04-10.14)
Lice comb use 0.001
No 16.7 47.6 1

p-value: pediculosis vs. no pediculosis
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Table 2. Effect of parental education and occupation on PHC rate

Pediculosis No pediculosis
n=69 (30.4%) n=158 (69.6%) p-value

% %
Secondary 34.3 234
) Baccalaureate 254 19.5

Parental education level - 0.035
Technical Degree 239 27.9
Higher education 16.4 29.2
Home or domestic service 26.1 20.8
Primary 10.1 3.9
Industry 43 0.0
Building 0.0 10.4
) Commerce 217 52

Parental professional sector — 0.001
Hospitality and gastronomy 5.8 52
Transport and communications 25.0 75.0
Health or education 174 175
Public administration and defence 29 9.7
Finance and insurance 58 26

p-value: pediculosis vs no pediculosis

some studies seem to suggest otherwise (34, 35), or indicate that
there is no significant relationship between the length and preva-
lence of PHC (6). Given the fact that the prevalence in our study
is greater in short hair is possibly due to the fact that we have a
higher prevalence of parasitism among boys. However, a previous
literature review showed that the significance of hair length is
inconclusive (36). Previous studies point out that gender explains
highly significant differences in prevalence among girls who are
at higher risk of PHC than boys (28, 37—40). Most transmissions
of lice occur when the hair of the new host encounters the hair of
the old one (41). Girls often have more intimate relationship and
according to the results a number of washes below three increases
the risk of suffering PHC. Therefore, other studies suggest a rela-
tion between a low frequency of washes and the prevalence (35)
whereas others (6) indicate a lack of relationship between wash
frequency and PHC.

The results showed statistical significance for the educational
level and professional sector of parents/guardians. It is proved that
parents or guardians with a lower educational level were the ones
whose children had PHC last year. Not only an educational level
is related to parasitism in children, but also an economic level
has impact on it. Some authors suggest that PHC is not related
to socioeconomic status (22) whereas others (42, 43) suggest
the opposite. Rukke et al. (44) found that families in developed
countries were better able to control infestations. In this study, the
prevalence rate among students with less educated parents was
higher than in those with more education. The impact of family’s
socioeconomic status on the prevalence of PHC in children has
been inconsistently reported (2, 45).

PHC is associated with overcrowding and the number of chil-
dren within the family home (46). Kokturk et al. (26) discovered
that the highest risk corresponded to families in which more than
six members lived together. These results support those of this
study: the children who suffer PHC coincide with the coexistence
of five or more people at home, comparing with those without

it. Furthermore, a bigger prevalence was found when there was
another infected member at home. When having other children
in the same living place increases the risk of PHC (27, 37, 38,
47). Interestingly, in a previous study that analysed children with
and without siblings separately showed that children in one-child
households had significantly higher risk of pediculosis than chil-
dren in families with 2 elementary school children (38). A possible
explanation for this could be that children without playmates at
home interact more with children from outside their home and
may therefore be exposed to a higher risk of PHC (38).

In this study, the prevalence of PHC in schoolchildren during
the last year was 30.4% and this prevalence is similar to those
found for Australia and China (28, 48).

The lack of knowledge about the transmission of Pediculus
humanus capitis infestation, that was identified in this study,
shows a lack of information on the subject. Therefore, an educa-
tion programme and/or campaign about transmission and clear
guidelines for rapid diagnosis would help to reduce the preva-
lence of this parasitisation. The question is also whether they
had been thoroughly educated about pediculosis, e.g., finding a
nit on a grown-out hair does not mean that the child suffers from
pediculosis.

Limitations of the Study

PHC is accompanied by stigmatization and social exclusion. It
was necessary to make great efforts to encourage parents/guard-
ians to participate in the surveys, including informative meetings
in which we tried to convey the importance of the study. So the
parents/guardians only completed the questionnaire, in which
they could indicate their subjective opinions, because of the fear
of ostracizing their children in case they found lice. Also, due
to the stigma associated with head lice and the lack of parental
knowledge on the topic warrants a discussion on the validity and
reliability of the parent/guardian-reported questionnaire data.
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Table 3. Parental knowledge questionnaire on PHC

Total
N=227 (100.0%)
%

Pediculosis
N=69 (30.4%)
%

No pediculosis
N=158 (69.6%)
%

If the school emits a general notification on the presence of head lice, do you Yes 24.8 22.2 26.0
preemptively treat your child? (no)
(p=0.010)" No 752 7738 740
(p=0.001)2
Head lice can jump (no) Yes 78.6 83.3 76.3
(p=0.236)'
(p=0.236)2 No 214 16.7 23.7
Head lice can survive for several days on clothes or sheets (no) Yes 67.3 69.4 66.2
(p=0.406)'
(p=0.870)2 No 32.7 30.6 33.8
People who get head lice start scratching immediately (no) Yes 56.1 73.5 47.9
(p=0.001)'
(p=0.245) No 43.9 26.5 52.1
Head lice are transmitted head-to-head when these are in close proximity (yes) Yes 93.6 94.4 93.2
(p=0013) N 6.4 6 68
(p=-) 0 . 5. .
Head lice can survive a normal shampoo wash (yes) Yes 89.6 91.2 88.9
(p=0.007)'
-y No 10.4 8.8 11.1
(p=-)
Anti-head lice products kill all nits (no) Yes 51.9 51.4 52.1
(p=0.014)'
(p=0.023) No 48.1 48.6 47.9
Animals can transmit head lice (no) Yes 60.0 55.9 62.0
(p=0.024)'
(p=0.001)2 No 40.0 441 38.0
Only those with head lice should be treated with pediculicides (yes) Yes 40.6 514 35.2
(p=0.332)
(p=0.020)2 No 59.4 48.6 64.8
Treatment with pediculicides should be given twice with 8-10 days between Yes 76.8 75.0 77.6
one time and another (yes)
(p=0.746)' No 232 25.0 24
(p=0.746)?
If head lice are found in the home, it should be thoroughly deep cleaned (no) Yes 67.9 65.7 69.0
(p=0.149)'
(p=0.415>2 No 321 34.3 31.0
People with head lice that are not treated can repeatedly infect others (yes) Yes 90.7 94.3 89.0
(p=0.111)!
(p=0.080)2 No 9.3 5.7 11.0
Product used as treatment Shampoo 0.4 14
(p=0.230) Lotion 15.9 52.3
(p=0.001)? A
Shampoo 44 145
and lotion
Mousse 7.0 23.2
Lotion and 0.9 29
mousse
None 1.8 5.8

‘chi-squared test; 2pediculosis vs. no pediculosis
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Given that there was no accompanying interview, the validity of
the data should be considered.

Despite everything, the participation rate (20.32%), taking
into account all the centres in which authorization was requested,
was low compared to that of other studies — 49% in the United
Kingdom (49) and 49.76% in Norway (38). Consequently, we ob-
tained a small sample size, which may translate into insignificant
results. One change that could be implemented in future studies
to improve participation rate could perhaps be to prolong the time
for return the questionnaires to school.

Once the surveys were collected, several inconsistencies in the
database were detected and had to be addressed and the veracity
of the information could not be verified. Some questions such as
hair length, in addition, could have been answered subjectively,
which would have favoured erroneous results. In this case, it could
be good idea to give some limit (in cm — not subjective) as to
what is considered short hair. Although the criterium for short for
lice is approximately 1 cm this would probably not be an easily
applicable limit in practice.

Another issue detected is that the number of misdiagnosed
cases of pediculosis is unknown and also the number of cases
where parents/guardians refused to complete the questionnaire and
did not just simply forget it or not return it for any other reason.
These issues may have significantly biased the findings, especially
the findings on the social impact of pediculosis.

CONCLUSIONS

PHC outbreaks continue to exist, also in developed countries,
and are a common health problem in primary school children. The
present study showed the frequency of PHC and the associated
risk factors in Valencian schoolchildren.

Parents are currently insufficiently informed about PHC and
do not adopt appropriate control practices and treatments. Parent
education is the best way to prevent PHC outbreaks in the com-
munity. Parental education programmes and campaigns could
be helpful in controlling PHC, leading parents to become more
aware and familiar with the prevention and treatment of PHC. All
policies related to PHC should be reviewed by schools in order
to reduce the stigmatization and detrimental effect of truancy and
loss of attention during school hours by children. Paediatricians
and paediatric nurses must carry out eye exams (evaluation of
infestations, scratch injuries, school development) as well as
educational actions with families in the periodic reviews of chil-
dren. Therefore, it is necessary to implement joint educational
and health campaigns within national community health plans,
planning and developing a long-term management strategy by
health and education authorities at the national and regional level.

Along with this, PHC is compounded by the great challenges of
this 21st century. Research must continue to encompass the exten-
sion of the infection to other months of the year due to the effect
of climate change (increased temperature), resistance to classic
treatments and the assessment of the transmission of infectious
diseases (pathogen vectors), especially with greater emphasis in
this global “post-COVID-19” stage.
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