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Abstract
Human pediculosis is a parasitic disease caused by Pediculus humanus. The infection occurs mainly
among children aged 5 to 13 years old. Due to the high prevalence of Pediculus humanus in the
environment and the parasite's ability to transmit pathogenic bacteria, the disease needs monitoring.
Each year, nearly 12 million patients suffer from head lice infestation. Current recommended treatment
includes topical antiparasitic agents, oral therapy, and combing. The infestation causes potential social
side effects such as embarrassment, discomfort, and necessary absenteeism from school or
kindergartens. Various types of restrictions were used in Poland during the COVID-19 pandemic since
2020, including restrictions on interpersonal contacts, social isolation and functional restrictions on
educational facilities. The aim of this study was to evaluate the relationship between COVID-19 pandemic
and the prevalence of head lice among children attending schools and kindergartens in Poland. The
study group consisted of children aged 3 to 14 years old attending elementary school and kindergartens.
A total of 5008 children were examined in educational institutions by registered nurses in period of 35
months. The results indicated that the restrictions applied during the COVID-19 pandemic reduced
signi�cantly the number of infected school children comparing to the pre-pandemic state. At the same
time, restrictions and functional limitations of educational facilities did not signi�cantly affect the
incidence of head lice among preschool children. It can be concluded that restrictions on direct human
contacts also signi�cantly reduced the incidence of human head lice infestation among the study
population.

1. Introduction
Human head lice (lac. Pediculus humanus) are ectoparasites of humans [1, 2]. They are wingless insects
that remain near the human scalp throughout their lives as obligate blood-sucking arthropods. The life
cycle of Pediculus humanus consists of three stages: the adult form, the nymph and the egg and lasts
about three weeks. Nymphs, like the adult forms, live on human scalp and feed on blood at each stage of
development [2–5]. A single copulation allows females to lay 50–150 eggs in 16 days of the lifecycle.
Mature forms live about a month. During this time, they live on the host's head, migrate to other hosts,
feed on blood, reproduce and lay eggs [2].

The route of transmission of head lice is direct, from host to host, during close contact, or indirect,
through shared headgear or hair accessories. Therefore, infection most often occurs in the household,
between family members. The risk of infection also exists in crowded public places [3, 6, 7]. However, the
most vulnerable group are children attending schools and kindergartens. The main risk group for head
lice infestation are children aged between 5 and 13 years old due to their social, group lifestyle [8–12].
The most common symptom of head lice infestation for humans is itching of the scalp. In addition,
symptoms such as in�ammation, skin redness, pain, erythema, scaling and burning, secondary infections
(bacterial, fungal), pyoderma, lymphadenopathy, conjunctivitis, and even fever, anemia, insomnia and
malaise can occur [3, 13]. The infestation can remain asypthomatic [14, 15]. Acting as a vector, Pediculus
humanus can also transmit pathogens such as Rickettsia prowazekii, Borrelia recurrentis, Bartonella
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quintana, and Acinetobacter baumannii [2, 16, 17]. Head scratching and shaking are common symptoms
due to pruritus. The most effective diagnosis of head lice infestation is based on visual inspection and
the presence of trophic forms and/or eggs. Eggs are most often deposited on the back of the head and
behind the ears but can be also found all over the head. Practice shows that the detection of trophic
stages, mainly during low intensity infestations, is not diagnostically signi�cant. However, a case is
considered positive when any stages or even parts of the parasites are found [1, 18, 19].

Treatment of the head lice infestation should only take place after a proper diagnosis has been made. In
addition, anyone who had contact with the infested person should be veri�ed for the presence of eggs or
trophic stages. Additionally, all items that have been in contact with the head within the last 48 hours
should be washed or frozen. The use of head lice control products as a preventative measure can irritate
the scalp and cause itching, which can cause a false positive diagnosis. There are three methods of
controlling head lice: combing, using killing products and/or oral medications [20–23]. For this purpose,
the most effective products are those containing compounds from the silicone group - cyclomethicone
and dimethicone. These compounds tightly cover the bodies of parasites, penetrate the crevices, and
block the respiratory system, as well as cause disruption of water balance, thereby inactivating trophic
forms of lice. The most effective method of pediculosis control is a combination of combing out and
applying a killing agent [20, 22, 24–26]. Due to the structure of the eggs, no single product can have lethal
effects. Therefore, the only way to be sure that treatment will be effective is to mechanically remove all
the eggs from the hair. It is commonly believed that preparations based on compounds from the
pyrethroid group are the most effective. However, practice begins to show that these substances are less
and less effective. Studies show that human lice have developed defence mechanisms and have become
resistant to neurotoxin and permethrin [27, 28]. Prophylactic measures consist of hair tying and using
scented repellents against live mature forms [29].

The wide spread of head lice is evidence of the expansion of the African population about 100.000 years
ago [5]. Today, head lice is found worldwide, crossing all social and economic boundaries [3]. The
intensity of infestation is greater during the warmer months [30–32]. In the United States of America
(USA), head lice is the most common among preschool children, elementary school students and
members of households with children. Although there is no reliable data on the number of people infested
with head lice in the USA, it is estimated that the number of infestations among children aged 3 to 11
years old is between 6 and 12 million yearly [14, 33]. In the United Kingdom (UK), head lice infestation is
the most common among children aged 4 to 11 years old, while it is most diagnosed among children
aged 7 to 8 years old. In China, where 303 school-aged children were surveyed in 2004, 43 (14.2%) were
affected by head lice [34]. In India, the prevalence of head lice was checked between 2002 and 2004. Of
150 children working and living in slums, 72 (48%) were infested. Of 940 (16.59%) children attending
public elementary schools, 156 students had head lice [35]. In Latin America, 30–50% of school-aged
children are infested with head lice [1]. In Argentina, in 2003, 1.370 children attending private and public
elementary schools were checked and lice were detected in 842 (61.4%) [36]. In the Czech Republic,
between 2004–2005, 531 children were tested in 2006 and 127 of them had lice or nits on their heads
[37]. These statistics clearly show that the problem is worldwide and that economic and social status is
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irrelevant to head lice infestation. Data from the study conducted between 1996 and 2000 in Lubelskie
Voivodship, Poland, indicated that of 42.759 girls, only 682 were infested with head lice (1.59%), and of
52.394 boys, 252 (0.48%) were infested [38, 39]. Head lice infestations in Poland are not subject to
sanitary surveillance, meaning that there is no obligation to report cases of head lice to the National
Sanitary Inspectorate. It is therefore not possible to estimate the scale of the problem due to the lack of a
national data collection system. Therefore, it was not possible to estimate the impact of the COVID-19
pandemic on the incidence of head lice due to the lack of current data on the number of infections in
Poland in recent years. On the other hand, there are only a few studies from the other countries that
focused on the impact of the COVID-19 pandemic and its limitations on the incidence of lice.

Methods such as social distance, isolation, quarantine, sanitation regime, and closure of public places
such as schools and kindergartens have been used to reduce the spread of COVID-19 disease worldwide.
After the �rst case of COVID-19 in Poland, that was declared on March 4, 2020, the government began to
use measures to limit the development of the pandemic, such as online teaching and closing
kindergartens. Regardless of the severity of the pandemic, all educational institutions have been
operating under a sanitary regime. Head lice in humans are transmitted from host to host primarily during
direct contact, so measures to reduce the COVID-19 pandemic may also have in�uence on the number of
lice infestations among children.

The aim of this study was to determine the association between pandemic infectious disease COVID-19
caused by coronavirus SARS-CoV-2 and the incidence of human head lice infestation caused by
Pediculus humanus among children attending schools and kindergartens in Poland.

2. Results

2.1 Comparison of lice infestation among children
attending kindergartens before and during the COVID-19
pandemic
The pre-COVID study covered the period from September 24, 2018 to February 28, 2020. During this time,
2.060 children were screened, of which 256 were infected with head lice. The COVID-19 pandemic period
of the study began on September 14, 2020 and ended on July 29, 2021. During this period, 1.195 children
were screened, of which 104 were infected with head lice. The above data are shown in Figs. 1–4 and
Table 1.
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Table 1
Statistical analysis of the number of lice [per 100 children] depending on the period of the

COVID-19 pandemic in kindergartens.
Descriptive statistics Kindergarten

Before COVID-19 pandemic During COVID-19 pandemic

Average 12.06 9.75

Median 9.03 6.42

Standard deviation 8.45 9.91

Minimum 0 0

Maximum 31.82 43.48

Lower quartile 5.93 3.14

Upper quartile 19.01 16.83

U Mann-Whitney Test Z 1.49

P 0.14

The presented results indicate that number of infected children in kindergartens during the COVID-19
pandemic decreased by 30% compared to the number before the COVID-19 pandemic. However, this
decrease was not statistically signi�cant. In kindergartens, the number of lice [per 100 children] did not
change signi�cantly (p > 0.05) according to the COVID-19 pandemic period.

2.2 Comparison of lice infestation among children
attending schools before and during the COVID-19
pandemic
The pre-COVID study covered the period from September 4, 2019 to March 10, 2020. During this time,
1.027 children were screened, of whom 145 were infected with head lice. The COVID-19 pandemic period,
during which research was conducted, began on September 24, 2020 and ended on June 17, 2021.
During this period, 726 children were screened, of which 42 children were infected with head lice. The
above data are shown in Figs. 5–8 and Table 2.
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Table 2
Statistical analysis of the number of lice [per 100 children] depending on the period of the

COVID-19 pandemic in schools.
Descriptive statistics School

Before COVID-19 pandemic During COVID-19 pandemic

Average 10.47 5.37

Median 9.95 4.52

Standard deviation 6.33 5.55

Minimum 0 0

Maximum 21.67 17.20

Lower quartile 7.79 0.26

Upper quartile 13.44 8.00

U Mann-Whitney Test Z 2.11

P 0.04

 
The presented results show that the number of infected children in kindergartens during the COVID-19
pandemic decreased by 55 % compared to the number before the COVID-19 pandemic. This decrease was
statistically signi�cant.

3. Discussion
The impact of the COVID-19 pandemic on the incidence of head lice infestation has been not studied in
Poland and just poorly studied in other countries. Studies published on this topic so far utilized either
indirect methods of lice veri�cation, which are less precise and reliable than direct methods used in this
study or were performed on the signi�cantly smaller study population and area [32, 40].

The cross-sectional descriptive study performed by Galassi F. et al. used an online survey to determine
the effect of isolation on the incidence of head lice during quarantine and before the pandemic in
Argentina, Buenos Aires. Data from 1118 children obtained from 627 surveys was analysed. They found
that the overall prevalence of head lice decreased signi�cantly from 69.6% before the COVID-19
pandemic to 43.9% during the COVID-19 pandemic. In addition, head lice infestation was more effectively
controlled in households with up to two children than in households with three or more children. The
restrictions that were applied consisted of the interruption of regular activities that directly affected
contact between children, and thus the spread of head lice infestation. Despite this was the �rst study
examining the prevalence of head lice among children during the COVID-19 pandemic, con�rmation
pediculosis prevalence was conducted using a survey among parents. Indirect methods, as surveys, are
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always subject to greater error than direct detection performed by properly trained personnel. Additionally,
the analysed group of 1118 children were almost �ve times smaller than the group of children examined
in Poland during this study [40].

Further indications of the impact of global isolation on the prevalence of head lice infestations among
children have come from the United States (USA). The article published in 2021 considered the
prevalence of head lice among school-aged children before and during the COVID-19 pandemic. The
situation in the USA was different from that in Argentina. A signi�cant increase in the number of
diagnosed cases of head lice infestation was observed during the lockdown period, in 2020. Head lice
clinics in the USA reported increase in the number of head lice infestations in the spring of 2020 by an
average of 25% over pre-pandemic COVID-19 values. Head lice infestations affected entire families and
were more severe during the pandemic due to prolonged cohabitation in households. The presented
results suggest that the epidemiology of head lice infections in the USA may base on a different
mechanism than in Argentina and Poland. In the USA, head lice infestation was effectively spread within
homes. In contrast, in Argentina and Poland, the spread of head lice occurs mainly outside the
households, mainly in places where there are many children at the same time such as educational
institutions. Texas, California, Louisiana, and Kansas have seen even greater increases in head lice
infestations, up to 50% compared to data prior to the COVID-19 pandemic. The numbers reported based
on reports from 112 out of 200 clinics opened in April and May 2020. The stay-at-home order has resulted
in the spread of head lice infestation among households [41].

The effect of lockdowns on the spread of head lice infestation was tested also in France. A population-
based study was conducted by the indirect method of monitoring the sale of anti-lice drugs. The study
period was 5 years including periods before and during the COVID-19 pandemic. Analysis of the database
of health care science company, IQVIA Pharmaone LMPSO, which covers 14.000 pharmacies in France
was utilized. A clear decrease in sales, up to 50%, of topical anti-lice drugs and less signi�cant decrease
in sales of ivermectin was observed during the periods of national isolation. However, other treatment
options for lice infestation such as combing were not explored in this study. Additionally, the anti-lice
treatments sold online were not included in the database [32].

In our study we directly examined 5108 children from educational institutions. we revealed that number
of infected children in kindergartens decreased by 30% (statistically insigni�cant value) and in schools by
as much as 55% (statistically signi�cant value). The difference may result from the different mode of
operation of both institutions. Generally, schools switched into remote mode of education earlier and
stayed on this mode longer than kindergartens. The data presented in our study correlate with data
obtained in Argentina and Australia and clearly indicate that the restrictions applied during the COVID-19
pandemic reduced the rate of lice infestation among children. However, restrictions applied during the
COVID-19 pandemic in the USA resulted in the spread of head lice within households and between family
members, which was not the case in Argentina and Poland.
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To our knowledge, this is the very �rst study worldwide, where the impact of the COVID-19 pandemic on
the incidence of head lice among children has been veri�ed using a direct method of examination
performed on such a large children population.

4. Conclusions
The presented study demonstrated a strong relationship between the incidence of head lice infestation
among school and preschool children and the COVID-19 pandemic period. Restrictions applied during the
COVID-19 pandemic on interpersonal contact limited the spread of head lice infection among school-
aged children. At the same time, restrictions and functional limitations of educational facilities did not
signi�cantly affect the incidence of head lice among preschool children. Statistical analysis of the
available data suggests that the main route of the spread of head lice among children in Poland is close
group contact between peers, rather than between family members. Obtained data also con�rm, that
head lice infestations are still current epidemiological problem in developed countries and need
consistent monitoring. In order to prevent pediculosis spread, regular head lice inspections in schools and
kindergartens, performed by certi�ed and experienced staff, should be an integral part of everyday life of
those facilities.

5. Material And Methods

5.1 Organization and conduct of the study
The study was conducted between the beginning of September 2018 and the end of June 2021. Each
direct veri�cation of the pediculosis was conducted in an educational institution - elementary school or
kindergarten. Visits to schools and kindergartens were initiated by the management of the institution. The
research was conducted by the certi�ed nurse. Participation in the study was voluntary. The consent to
conduct the study was given by the parents of the examined children and con�rmed by the management
of the educational institution. The study was carried out in 64 kindergartens and 28 elementary schools
in Warsaw, Cracow and Poznan.. According to the decision no. AKBE/99/2021 of the Bioethics
Committee of Medical University of Warsaw, per Polish law the study does not require favourable opinion
of the Bioethics Committee. All research was performed in accordance with relevant
guidelines/regulations.

5.2 Characteristics of the studied group
The study group consisted of children from 3 to 14 years old attending primary schools and
kindergartens. 3255 children from kindergartens and 1753 children from primary schools were checked in
case of head lice. A total of 5008 children were examined.

5.3 Human head lice infestation veri�cation methods
The direct examinations were conducted by certi�ed nurses equipped with specialized magnifying
glasses and combs. Each child's hair was examined visually and combed if needed with an individual
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comb and then carefully examined under the magnifying glass. Head lice infestation was diagnosed
based on lice, nymphs or nits found in the hair. The head lice infestation was con�rmed based on
individual and/or nit presence, regardless of their number found in the hair.

5.4 Statistical analysis
Statistical analyses were performed using the PQStat statistical package, version 1.8.2.192. The number
of lice [per 100 children] depending on the period of the pandemic was compared with the Mann-Whitney
U test. The test probability at the level of p < 0.05 was considered signi�cant.
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Figures

Figure 1

The percentage (%) of head lice infestation among kindergarten children before the COVID-19 pandemic
period.
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Figure 2

The percentage (%) of head lice infestation among kindergarten children during the COVID-19 pandemic
period.

Figure 3

The number of children screened and diagnosed with head lice infestation in preschool settings between
September 24, 2018 and June 29, 2021. The black vertical line marks the beginning of the COVID-19
pandemic in Poland.
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Figure 4

Number of lice [per 100 children] depending on the period of the pandemic in kindergartens.

Figure 5

The percentage (%) of head lice infestation among school children before the COVID-19 pandemic period.
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Figure 6

The percentage (%) of head lice infestation among school children during the COVID-19 pandemic period.

Figure 7

The number of children screened and diagnosed with head lice infection in school settings between
October 4, 2019 and June 17, 2021. The black vertical line marks the beginning of the COVID-19
pandemic in Poland.
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Figure 8

Number of lice [per 100 children] depending on the period of the pandemic in schools.


