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Abstract

Pediculosis by Pediculus humanus capitis is still an important health issue in school-age students worldwide. Although
pediculicidal agents effectively kill head lice, the re-infestation rate is still high. This study was conducted to provide a summary
of evidence about the prevalence of pediculosis capitis among school-age students worldwide. Different databases including
MEDLINE/PubMed, Scopus, and Web of Science were searched for publications related to pediculosis capitis in school-age
students from 1977 to 2020. All peer-reviewed original research articles describing pediculosis capitis among school-age students
were included. Statistical heterogeneity of the different years among studies was assessed using the standard chi squared and I
tests. Due to the significant heterogeneity, a random effect model was adopted to estimate the pooled, continent, and gender-
specific prevalence of pediculosis. Two hundred and one papers met the inclusion criteria of this review and entered into the
meta-analysis including 1,218,351 individuals. Through a random effect model, the prevalence of pediculosis capitis among
school students was estimated as 19% (CI 95% = 0.18-0.20%, I* = 99.89%). The prevalence of pediculosis capitis among boys
was 7% (CI 95% = 0.05-0.10) compared to 19% (CI 95% = 0.15-0.24) in girls. The highest prevalence was in Central and South
America (33%, CI 95% =0.22-0.44, F= 99.81%) and the lowest was in Europe (5%, CI 95% =46, F= 99.28%). Relatively
high pediculosis capitis prevalence among school-age students observed in this study emphasizes the need for implementing
screening and prophylaxis tailored to the local context.
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Introduction

Head lice infestation or pediculosis capitis, initiated by Pediculus
humanus capitis, is an important public health problem, which is
widespread around the world and more common in developing
countries, among school-age students (Yingklang et al. 2018).
Pediculosis capitis is restricted to the scalp and can result in scalp
pruritus which is a common and distressing symptom.
Depression, insomnia, allergies, and hair loss may also occur
(Nutanson et al. 2008; Oh et al. 2010; Moosazadeh et al. 2015;
Galassi et al. 2018). Although pediculicidal agents effectively kill
head lice, the re-infestation rate is still high (Yingklang et al.
2018). Epidemiological studies have found local prevalence rates
to range from zero to over 80% (Shakkoury and Abu-Wandy
1999; Saddozai and Kakarsulemankhel 2008; Rassami and
Soonwera 2012). To date, various studies have been performed
to evaluate the pediculosis capitis prevalence between school-age
students worldwide. There are substantial differences in the re-
sults of these studies which restrict their use in public health
policy making. A systematic review previously assessed the
prevalence of pediculosis capitis and its associated factors among
primary school students in Iran (Moosazadeh et al. 2015).
Despite combining data from across the world and over half a

century in a meta-analysis, improved decision and policy making
for dealing with pediculosis capitis was not evident. Therefore,
the current systematic review was conducted and combined the
available information to provide a general perspective on the
overall prevalence of pediculosis capitis for researchers and pub-
lic health decision-makers. The aim of the current research is to
estimate pediculosis capitis prevalence in school children world-
wide by meta-analysis.

Methods

The protocol of the present systematic review has been regis-
tered in the International Prospective Register of Systematic
Reviews (PROSPERO) (https://www.crd.york.ac.uk/
PROSPERO), study protocol registration CRD42018103342.

Search strategy

The protocol was followed with no changes, and the review
followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines
(Additional file 1) (Moher et al. 2009).
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Ref.

Age
group

Association between prevalence of head lice with variables (P value)

No. positive (%)

Sample size

Study
year

Table 1 (continued)

Location
of study

@ Springer

Job of Falimy Freq. of hair

father

Edu. of Job of

father

Edu. of

Hair

Girl

Boy

Total

Boy Girl

Total

washing

size

mother

mother

size

Ismail et al. 2018

612 years

1042 (23.7)
19 (19.7)

n.s.

201 (4.6)

1243 (14.3)
255 (51.9)

4292

4297
395
n.s.

8689
491

2017

Syria

Ozdemir et al. 2019
Liao et al. 2019

~15 years
6-16 years

96 236 (59.7)

n.s.

2018

Turkey

143 (44.3)
264 (65.7)
240 (7.9)

323
402

Cambodia 2016

Ethiopia

Iran

Dagne et al. 2019

5-12 years

>0.05
ns.

>0.05
<0.05

>0.05

>0.05

>0.05

>0.05 <0.05

n.s.

n.s.

n.s.

2018
n.s.

Moosazadeh et al. 2019

Ghofleh Maramazi

<0.05

>0.05 <0.05

240 (7.9)

3033
851

3033

2017-2018 851

~9 years

>0.05

>0.05

>0.05

<0.05

>0.05

199 (23.3)

199 (23.3)

Iran

et al. 2019
Dehghani et al. 2019

n.s.

n.s. n.s.

125 (7.8)
86 (42.0)

n.s. n.s.

1595
205

n.s.

Iran

Gunathilaka et al. 2019

5-13 years

n.s.

n.s. n.s. n.s.

2016-17

Sri Lanka

p > 0.05 = no statistically significant; p < 0.05 = statistically significant; .s., not stated

To evaluate the prevalence of pediculosis capitis in
school-age children, published studies from the databases
of MEDLINE (via PubMed) (https://www.ncbi.nlm.nih.
gov/pubmed/), Scopus (https://www.scopus.com/), and
Web of Science (https://www.webofknowledge.com/)
were retrieved with no restriction on language from
Jan 1, 1977 to Jan 1, 2020. Search terms included a
combination of Medical Subject Heading terms (MeSH)
and free-text words in titles, abstracts, and full texts. The
syntax for PubMed search was as follows: (“Pediculus
humanus capitis” OR “Pediculus capitis” OR nits OR
Pediculi OR “pediculosis capitis” OR “head louse infes-
tation” OR “head lice infestation” OR “head louse” OR
(head AND louse) OR “head lice” OR (head AND lice)
OR “skin disorder” OR “skin disease”) AND (“primary
school student” OR “primary school” OR “school-aged
children” OR “elementary school student” OR “school
children” OR “school child”) AND 1977/01/01:
2020/01/01[dp]. Scopus and Web of Science were
searched using the same strategy (Additional file 2). The
Google Scholar search engine was used for checking the
search strategy. Researchers from parasitic disease orga-
nizations were contacted by email for help in identifying
potentially relevant studies that may have been missed
through electronic searches. In some cases, authors were
contacted directly for raw data collection, especially from
some of the earlier literature.

Selection of studies

Screening of the search results by manuscript titles and
abstracts was performed independently by two re-
searchers (KHN and AD). The same two review authors
then independently assessed the full texts of all poten-
tially relevant studies, and applied inclusion criteria.
Discrepancies were resolved by discussion and consen-
sus (EA, RRS, and KHN).

Studies providing details on the prevalence rate of
pediculosis capitis in school children were included.
Studies were excluded based on the following criteria:
studies involving P. capitis in adults; studies where hair
samples were collected from the ground at the barber-
shop; where data from each person not independently
retrievable; articles that only presented the final result
and did not provide the raw data on children and gen-
der, or those without a definite sample size; non-English
full papers without an English abstract, experimental
studies, case-control studies, and clinical trials that
could not report a correct estimate of prevalence. If
more than one report was published from the same
study, only one report was included and any duplicated
research was excluded.


https://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/pubmed/
https://www.scopus.com/
https://www.webofknowledge.com/
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Fig. 2 Forest plot diagram: the estimated pooled prevalence of pediculosis capitis among worldwide school-aged students by random effect meta-
analysis in included studies (first author and year of publication). The diamond represents the pooled estimate

Quality assessment

In order to assess the quality of reporting of the studies, stan-
dard Strengthening the Reporting of Observational Studies in
Epidemiology checklist (STROBE) was used (Additional file
3) (Elm et al. 2007). This checklist included items assessing
the study methodology, study type, sample size, sample col-
lection methods, and statistical tests. In the present study, ar-
ticles were evaluated based on STROBE assessment (low
quality, less than 16.5; moderate quality, 16.6-25.5; and high
quality, 25.6-34). The articles entered in the meta-analysis
had acceptable quality.

Data extraction

The characteristics of the included studies including the first
author name, publication year, country and study area, period
of study, sample size, age groups, infestation prevalence based
on sex, p value for the relationship among potential risk fac-
tors, and infestation were derived from each study and were
entered into an excel spreadsheet.

Meta-analysis

Data were pooled with statistical meta-analysis using Stata 14
(Stata Corporation, College Station, TX, USA) (http://www.

statsdirect.com/). Prevalence and their 95% confidence
intervals were conducted for analysis. Heterogeneity was
evaluated statistically by the standard chi squared and F
tests. Statistical analyses were performed using random
effects (Der Simonian and Laird 1986). Subgroup analyses
were conducted for sex and continent. As there were more
studies included in the meta-analysis, a funnel plot was gen-
erated in Stata to assess publication bias. Statistical tests for
funnel plot asymmetry (Egger test) were also performed.
Finally, meta-regression for assessing effect sizes of sex and
study year on prevalence changes was carried out.

Results

The database searches retrieved 7206 papers, of which 6966
studies were excluded due to not meeting inclusion criteria,
while 8 papers were added after the review of references. A
total of 248 studies were retained for investigation. During
eligibility assessment of papers, a further 47 papers were ex-
cluded. Finally, studies (n = 201) evaluating the prevalence of
pediculosis capitis during five decades met the eligibility
criteria and were retained for analysis (Fig. 1; Table 1).
Publication dates varied between 1977 and 2020. Selected
manuscripts for meta-analysis encompassed a total of
1,218,351 school students (Table 1). The results of meta-

@ Springer
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Table 2  The prevalence of pediculosis capitis based on the country

Country No. study Sample size No. positive ES (95% conf. interval)
Asia 138 807,093 87,514 0.18 0.17-0.19, F =99.87%

Turkey 24 77,476 6295 0.12 0.1-0.14

Iran 43 286,381 22,554 0.12 0.1-0.13

Jordan 5 10,778 1387 0.16 0.1-0.21

Syria 1 8689 1243 0.14 0.14-0.15

Palestine 2 3008 393 0.13 0.12-0.14

Thailand 2 4450 998 0.18 0.11-0.25

Taiwan 4 18,825 3438 0.2 0.12-0.29

Bangladesh 1 300 179 0.6 0.54-0.65

Cambodia 1 323 143 0.44 0.39-0.50

India 4 2756 507 0.23 0.16-0.31

Malaysia 8 317,655 34,885 0.23 0.18-0.28

Pakistan 4 6683 3774 0.59 0.32-0.84

Saudi Arabia 8 10,292 1017 0.14 0.08-0.19

Israel 3 4778 1289 0.41 0.06-0.76

Indonesia 1 158 31 0.2 0.14-0.27

Iraq 5 3984 518 0.13 0.07-0.19

Yemen 1 860 114 0.13 0.11-0.16

Nepal 1 818 172 0.21 0.18-0.24

Sri Lanka 1 205 86 0.42 0.35-0.49

South Korea 10 48,674 8491 0.31 0.21-0.41
Africa 26 57,147 18,139 0.31 0.22-0.41,  =99.95%

Nigeria 7 19,497 1578 0.09 0.05-0.13

Egypt 7 16,498 3571 0.34 0.22-0.45

Libya 1 13,734 10,796 0.79 0.78-0.79

Sierra Leone 2 1091 94 0.08 0.06-0.10

Ghana 1 319 158 0.5 0.44-0.55

Mali 1 1817 85 0.05 0.04-0.06

Kenya 1 1270 217 0.17 0.15-0.19

South Africa 1 175 15 0.09 0.05-0.14

Angola 1 171 72 0.42 0.35-0.50

Ethiopia 4 2575 1553 0.68 0.48-0.89
Europe 21 302,111 9295 0.05 0.04-0.06, I =99.28%

Poland 4 182,854 3596 0.02 0.02-0.03

Holand 1 9834 369 0.04 0.03-0.04

Norway 2 11,741 195 0.02 0.01-0.02

Greece 2 2459 267 0.1 0.09-0.11

Germany 2 11,190 312 0.02 0.02-0.02

UK 3 45,076 1281 0.06 0.03-0.10

Italy 2 5064 271 0.04 0.03-0.04

Spain 1 23,624 2219 0.09 0.09-0.10

Belgium 2 6393 598 0.09 0.08-0.10

Czech Rep. 1 531 75 0.14 0.11-0.17

France 1 3345 112 0.03 0.03-0.04
Central and South America 16 34,498 9879 0.33 0.22-0.44, F =99.81%

Chile 1 467 188 0.40 0.36-0.45

Colombia 1 148 17 0.11 0.07-0.18

Mexico 3 1638 352 0.19 0.07-0.3

Honduras 1 15,002 1486 0.1 0.09-0.1

Argentina 5 5123 2377 0.51 0.35-0.67

Brazil 3 11,491 5305 0.3 0.04-0.63

Peru 1 302 60 0.2 0.16-0.25

Venezuela 1 327 94 0.29 0.24-0.34
NORTH AMERICA 4 4456 206 0.08 0.04-0.11, F =95.43%

USA 3 4293 189 0.07 0.03-0.11

Canada 1 163 17 0.1 0.07-0.16
AUSTRALIA 3 13,448 2894 0.19 0.12-0.27, I’ =99.65%

Australia 3 13,448 2894 0.19 0.12-0.27
Overall 201 1,218,351 127,927 0.19 0.18-0.20, F =99.89%

ES, effect size

analysis showed that the total prevalence of infestation among
worldwide school-age students was 19% (CI 95% =0.18—
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0.20) (Fig. 2). The heterogeneity of the included studies was
high (F=99.89%, P>0.001). The subgroup analysis based
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Fig. 3 Map of geographical distribution of pediculosis capitis worldwide

on sex and continent was performed. Of the 201 studies, 106
had separate gender-related data. Only 16 studies included
girls as the study population. According to the results, the
prevalence of pediculosis capitis among boys was 7% (CI
95% = 0.05-0.10) compared to 19% (CI 95% = 0.15-0.24)
in girls. There was a significant difference between two
groups (Additional file 4). The highest prevalence was in
Central and South America (33%, CI 95% =0.22-0.44, F=
99.81%), followed by Africa (31%, C1 95% =0.22-0.41, F=
99.95%), Australia (19%, CI 95% =0.12-0.27, ¥ = 99.65%),
Asia (18%, CI 95% =0.17-0.19, I =99.87%), and North
America (8%, CI 95% = 0.04-0.11, I = 95.43%). The lowest
prevalence was observed in Europe (5%, CI 95% = 0.04-0.06,
F=99.28%) (Table 2; Additional file 5). In the Americas,
there was a different prevalence between North and South
American countries. The highest prevalence was in
Argentina (51%, CI 95% =0.35-0.67), followed by Chile
(40%, CI 95% =36-45), Brasil (30%, CI 95% =0.4-0.63),

Table 3 Meta-regression of the prevalence changes during the years
~ES  Coef. Std. err. t P> (95% conf. interval)
Slope .0105125  .0036117 291 0.004 .0033741, .0176509

Bias  17.79863 2.044112 871 0.000 13.75853,21.83874

P
fermr)\ L

Venezuela (29%, CI 95% =0.24-0.34), Peru (20%, CI
95% =0.16—-0.25), Mexico (19%, CI 95% =0.07-0.30),
Colombia (11%, CI 95% =0.07-0.18), Honduras (10%, CI
95% = 0.09-0.10), Canada (10%, CI 95% =0.07-0.16), and
USA (7%, C195% = 0.03-0.11) (Table 2). In Asia, the highest
prevalence was in Bangladesh (60%, CI 95% = 54—65), and
the lowest prevalences were in Iran (12%, CI 95% =0.01—
0.13) and Turkey (12%, CI 95% = 0.01-0.14), respectively.
In Africa, the highest prevalence was in Libya (79%, CI 95%
0.78-0.79), and the lowest was in Mali (5%, CI 95% 0.04—
0.06) (Table 2 and Fig. 3). In Europe, the highest prevalence
was observed in the Czech Republic (14%, CI 95% =0.11—
0.17), and the lowest prevalences were in Germany (2%, CI
95% =0.02-0.02), Poland (2%, CI 95% =0.01-0.03), and
Norway (2%, CI 95% =0.01-0.02) (Table 2 and Fig. 3). In
Australia, the pooled prevalence was 19% (CI 95% =0.12—
0.27) (Table 2). Meta-regression was carried out to evaluate
the changes in prevalence during the different years, but it was
not statistically significant (p =0.304) (Table 3 and Fig. 4).
The Egger regression graph for assessing publication bias
showed that there was publication bias in all studies (Fig. 5)
and low precision in most studies. The Egger regression test
also indicated possible publication bias in female-related stud-
ies (p =0.047) (Table 4). The relationship among pediculosis
capitis and hair length was explored in 38 studies, 18 of which
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detailed a critical impact of long hair (p < 0.05). Of 27 studies
evaluating the association between pediculosis and the fre-
quency of hair washing, 12 studies revealed a significant re-
lationship between the practice of washing hair and the devel-
opment of pediculosis capitis (p < 0.05). Thirty-eight investi-
gations explored the effect of the mother’s education level,
where 22 demonstrated statistically higher infestation risk
among children whose mothers had low education levels
(p <0.05). Paternal low education levels and pediculosis
capitis prevalence were significant in 24 out of 37 (p < 0.05).
In terms of maternal employment, 9 out of 28 studies reported
a significant association between the mother’s job and pedic-
ulosis capitis (p <0.05) and 13 out of 32 studies were

Fig. 5 Funnel plot of all studies

significant for the father’s job and pediculosis capitis
(p <0.05). Thirty-five investigations evaluated the association
between prevalence and family size, 21 of which a higher
infestation risk was revealed in students living in larger fam-
ilies (p < 0.05).

Discussion
This study attempts to relate, reconcile, and draw conclusions
from data collected in disparate geographical locations over a

period of 45 years; although, there have been enormous
changes in social structure, demography, social stability,

Funnel plot with pseudo 95% confidence limits
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Table 4 Egger meta-regression test for female-related studies

Std_eff Coef. Std. err. t P>t (95% conf. interval)

—.0006745 .0010253 —0.66 0.511 —.0026966,

.0013476
8.25 0.000 10.55283,17.18533

slope

bias  13.86908  1.681441

migration, and medical therapeutics in different geographical
areas, especially remote and underdeveloped regions.

In the present meta-analytic study carried out among
1,218,351 school-age students, the overall prevalence rate of
infestation was 19%. Girls were infested 2.5 times higher than
boys. In the study conducted by Karakus et al. (2014) in
Turkey, contamination of school girls were 3.1-fold higher
than boys, which can be attributed to gender-related behavior-
al differences such as the girls’ maintaining closer contact in
small gatherings. Hair length was another factor associated
with the infestation of head lice. Eighty-six papers reported
sex-specific prevalence estimates. The prevalence among
boys differed from 0% in Iran (Ghavanini 1999; Hodjati
et al. 2008), Nigeria (Okoh and Alikor 2013) and Thailand
(Fan et al. 2004; Ruankham et al. 2016) to 58.5% in Pakistan
(Lashari et al. 2015). The prevalence among girls differed
from 0% in Thailand (Rassami and Soonwera 2012) and
Jordan (Shakkoury and Abu-Wandy 1999) to 93.2% in
Pakistan (Saddozai and Kakarsulemankhel 2008).
Comparing the results of different studies in different coun-
tries showed that the total prevalence, regardless of gender,
among Pakistani students was higher than those in other coun-
tries. The highest prevalence was in Central and South
America (33%), followed by Africa (31%), Australia (19%),
Asia (18%), North America (8%), and Europe (5%). In the
Americas, the highest prevalence was related to a study con-
ducted by Chouela and colleagues (Chouela et al. 1997) in
Argentina (83.4%), and the lowest was a study conducted by
Slonka et al. (1976) in the USA (2.3%). In Asia, the total
prevalence varied from 0.5% in the study conducted by
Davarpanah et al. (2009) in Iran to 87% and 97.7% in two
studies carried out by Saddozai and Kakarsulemankhel (2008)
in Pakistan and Firoozfar et al. (2018) in Iran, respectively. In
Africa, the highest prevalence was in Libya (93.0%) (Figueroa
et al. 1997), and the lowest was in Nigeria (0.7%) (Okoh and
Alikor 2013). In Europe, the highest and the lowest infesta-
tions were related to Belgium (21.9%) (De Maeseneer et al.
2000) and Germany (0.7%) (Jahnke et al. 2008), respectively.
In Australia, the highest prevalence was 22.4% (Speare and
Buettner 1999), and the lowest was 13% (Counahan et al.
2004). Stated prevalence in various nations fluctuated widely.
These reports demonstrated that in spite of the fact that there is
a heterogeneous rate of infestation around the world, and so-
cioeconomic conditions determine infestation (Slonka et al.
1976; Khamaiseh 2018).

Combining data from across the world during half a centu-
ry in a meta-analysis could not per se improve policy making
for head lice, so the results in each country were combined and
analyzed to provide an overall perspective on the prevalence
of pediculosis capitis for researchers and public health deci-
sion-makers.

Many studies demonstrated that the prevalence of pedicu-
losis capitis among school-age students is related to various
factors, such as educational level of parents and the profession
of parents. The infestation was more common among school
students with poorly educated parents, long hair, large family
size, jobless mothers and fathers, and a lower frequency of
bathing at home. However, some studies did not report any
significant level of association. In the study conducted by Sim
et al. (2011) in South Korea, the infestation prevalence was
correlated to small family size, and no relationship was detect-
ed among infestation and education of parents. Some of the
potential risk factors have only been reported in some of the
studies conducted in developing countries, primarily in
Western Asia. Pediculosis prevalence declines with enhanced
living standards, family incomes, and better medicinal service
frameworks. In several developed economies, all the above
“remedies” are important, and people have been practicing
them for decades but they still have lice. In most European
countries, as well as in North America, Australia, and some
others, clear policies for detection, diagnosis, treatment, man-
agement, and prevention of infestation have been in place for a
long a period—Dbut without success. The central matter in the
inhibition of re-infestation is the introduction and follow-up of
proper hygienic practices under constant supervision.

Our findings provide a non-comprehensive description of
pediculosis capitis around the world. Future studies should
take advantage of the description of pediculosis capitis already
provided in this study.
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