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Abstract The present work aimed at investigating the genetic
diversity of the head louse Pediculus humanus capitis
(P. humanus capitis) among infested primary school girls
at Bisha governorate, Saudi Arabia, based on the sequence
of mitochondrial cytochrome b (mt cyt b) gene of 121
P. humanus capitis adults. Additionally, the prevalence of
pediculosis capitis was surveyed. The results of sequenc-
ing were compared with the sequence of human head lice
that are genotyped previously. Phylogenetic tree analysis
showed the presence of 100% identity (n = 26) of louse
specimens with clade A (prevalent worldwide) of the
GenBank data base. Louse individuals (n = 50) showed
99.8% similarity with the same clade A reference having
a single base pair difference. Also, a number of 22 louse
individuals revealed 99.8% identity with clade B reference
(prevalent in North and Central Americas, Europe, and
Australia) with individual diversity in two base pairs.
Moreover, 14 louse individual sequences revealed 99.4%
identity with three base pair differences. It was concluded
that moderate pediculosis (~13%) prevailed among the fe-
male students of the primary schools. It was age-and hair

texture (straight or curly)-dependent. P. humanus capitis
prevalence diversity is of clades A and B genotyping.

Keywords Pediculus humanus capitis . Prevalence .

Mitochondrial cytochrome b gene . Genetic diversity

Introduction

Although it is not clear if head lice (Pediculus humanus
capitis) can act as vectors of human pathogens, they can carry
pathogens. DNA from Bartonella quintana (Sasaki et al.
2006; Bonilla et al. 2009; Angelakis et al. 2011; Boutellis
et al. 2013a), Borrelia recurrentis (Boutellis et al. 2013a),
and Acinetobacter baumannii (Bouvresse et al. 2011) was
detected in head lice.

The head louse, P. humanus capitis, is an obligate ecto-
parasite (Burgess 2004), coexisting with human for at least
9000 years (Mumcuoglu and Zias 1988). Pediculosis
capitis caused by P. humanus capitis occurs worldwide
(Ko and Elston 2004; Mahmud et al. 2011) and is consid-
ered as a major economic and social concern throughout
developing nations where it is often associated with school
age children (Falagas et al. 2008; Toloza et al. 2009;
Li et al. 2010).

Genetic studies of human lice using several nuclear and
mitochondrial DNA sequences have been recorded (Kittler
et al. 2003; Reed et al. 2004; Light et al. 2008; Raoult
et al. 2008; Angelakis et al. 2011; Boutellis et al. 2012;
Veracx et al. 2013; Drali et al. 2013; Boutellis et al. 2014).
Using the nuclear DNA sequences, EF-1a and 18S rDNA
genes have been investigated to distinguish human louse into
two subgroups; the African Sub-Saharan and worldwide lice
(Yong et al. 2003). Additionally, based on the mitochondrial
DNA markers, cytochrome oxidase subunit one (COI) and
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cytochrome b (cyt b) genes have been also used in the classi-
fication of human lice into three deeply divergent clades (A,
B, C); each clade has a specific geographical distribution
(Reed et al. 2004; Light et al. 2008; Raoult et al. 2008;
Boutellis et al. 2012). Clade A includes both head and body
lice and is worldwide in distribution (Reed et al. 2004; Raoult
et al. 2008). On the other hand, clade B represents only head
lice that are found in North and Central Americas (USA and
Honduras, respectively), in Europe, and in Australia (Light
et al. 2008). Clade C is the only representative head lice from
Nepal, Ethiopia, and Senegal (Reed et al. 2004; Angelakis
et al. 2011; Boutellis et al. 2012).

In this work, we aimed to classify the human head lice
population clades prevalent at Bisha governorate, Saudi
Arabia on the basis of genetic diversity using nucleotide se-
quence of mt cyt b gene. Additionally, the prevalence of

pediculosis capitis relative to age and hair texture (straight or
curly) was also surveyed.

Materials and methods

Study area

Bisha governorate was chosen for the present study as to the
best of our knowledge there are no studies to date about the
prevalence of the head lice in this governorate. It lies North
Asir, Saudi Arabia, between latitude 19–21° North of the
equator and between longitude 42–43° East Greenwich, rising
above the sea level by about 3600 ft with annual temperature
ranging from 25 to 42 °C.

Table 1 Percentage of
pediculosis with Pediculus
humanus capitis in girls of the
primary schools at Bisha
governorate, Saudi Arabia in
relation to age (year) and hair
texture (straight and curly)

Age (year) No. of examined girls No. of infested girls % pediculosis

6–7 492 43 8.74

7–8 450 51 11.33

8–9 410 55 13.41

9–10 416 71 17.07

10–11 463 67 14.47

11–12 402 52 12.94

Total 2633 339 12.88

χ2 = 12.489, p ˂ 0.05, Phi coefficient = 0.65

Straight hairs 1453 291 20.03

Curly hairs 1180 48 4.07

χ2 = 116.413, p ˂ 0.05, Phi coefficient = 0.198

Fig. 1 Agarose gel
electrophoresis profile of
Pediculus humanus capitis.
M DNA marker 100 bp, −Ve
negative control, numbers from
15 to 25 represent individual
samples randomly selected that
showed single base pair
difference
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Ethics statement

A cross-sectional school-based study was performed from
February to October 2014 in 19 randomly selected public
primary girl schools (village and city schools) according to
the ethics principles and research protocol through informed
consent of the Ministry of Education, Bisha governorate,
Saudi Arabia. Girl students were screened for lice infestation,
after a written consent of their parents, for the presence of
pediculosis capitis. A student was defined as being infested
by the presence of live or dead lice or eggs/nits. The students
of the primary schools were selected as they were more liable
to pediculosis capitis than any other age group (Rassami and

Soonwera 2012; Gulgun et al. 2013). Pediculosis capitis rela-
tive to hair texture (straight or curly) was taken also into
consideration.

Head lice collection

Adult head lice specimens were collected from the hairs of
2633 female students, representing the 19 primary schools de-
scribed above, and their parents already gave a written consent,
using a metal pin lice comb according to authors per se. Lice
samples were randomly pooled and preserved in 95% ethanol
and stored at − 80 °C till use (Kittler et al. 2003; Light et al.
2008; Ascunce et al. 2013a; Toloza et al. 2014).

10 20 30 40 50 60
....|....|....|....|....|....|....|....|....|....|....|....|

AY316755 CLADE A .seq GAGCGACTGTAATTACTAATCTTTTAAGTGCTATTCCTATTGTTGGAAGAGATTTGGTTA
P. capitis1 .seq ............................................................
P. capitis40 .seq ............................................................
P. capitis15 .seq ............................................................
P. capitis30 .seq ............................................................

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

AY316755 CLADE A .seq TTTGAGTGTGAGGAGGGTTTTCAGTTAGACATCCTACTTTAGAGCGGCTGTTTACTCTTC
P. capitis1 .seq ............................................................
P. capitis40 .seq ............................................................
P. capitis15 .seq ...............................................T............
P. capitis30 .seq ...............................................T............

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

AY316755 CLADE A .seq ACTTTCTTTTACCGTTTGTCTTATTGGGGTTTGTTATAGCTCACATTATTCTCCTCCACC
P. capitis1 .seq ............................................................
P. capitis40 .seq ............................................................
P. capitis15 .seq ............................................................
P. capitis30 .seq ............................................................

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

AY316755 CLADE A .seq AACACGGTTCTAGAAATCCTTTAGGATTGGATTTGGATAGTGATAAAGTTTATTTTTATC
P. capitis1 .seq ............................................................
P. capitis40 .seq ............................................................
P. capitis15 .seq ............................................................
P. capitis30 .seq ............................................................

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

AY316755 CLADE A .seq CTTACTTTTATCTAAAAGATATTTTAGGAGGTTTTGTGTGTTTATTTTTATTTGTTTTGA
P. capitis1 .seq ............................................................
P. capitis40 .seq ............................................................
P. capitis15 .seq ............................................................
P. capitis30 .seq ............................................................

310 320 330 340
....|....|....|....|....|....|....|....|....|...

AY316755 CLADE A .seq TTTGCATTTATTCGCCGGACTTCTTCATGGACCCGGATAATTTTGTTG
P. capitis1 .seq ................................................
P. capitis40 .seq ................................................
P. capitis15 .seq ................................................
P. capitis30 .seq ................................................

Fig. 2 Complete alignment of
partial nucleotide sequence of
(mt cyt b gene) for two samples
randomly selected from each
group with the standard reference
of clade A (GenBank, accession #
AY316755). Dots indicate
identical nucleotides
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DNA preparation

Of the head lice collected from 2633 female students, DNA
was extracted from random 121 louse specimens using the
QIAamp DNA Micro Kit (Qiagen, Valencia, USA) as de-
scribed by the manufacturer. Assessment of the quantity and
quality of the extracted DNA, using a NanoDrop instrument
(Thermo Fisher Scientific Inc., USA), was conducted. DNA
samples were preserved at − 80 °C for further use (Durand
et al. 2007).

Polymerase chain reaction (PCR)

The PCR reactions were performed using a specific forward
primer (5`-GAGCGACTGTAATTACTAATC-3′) and reverse
primer (5`-CAACAAAATTATCCGGGTCC-3`) for mt cyt b
gene (Raoult et al. 2008). PCR reaction containing 12.5 μl of
GoTaq® Green Master Mix (Promega, Madison, USA), 1 μL
of both forward and reverse primers, 5 μL of DNA template,

and sterile nuclease-free water and completed to 25 μL was
assessed. Nuclease-free water was used instead of tem-
plate DNA as a negative control. The PCR was performed
using automated thermal cycler (Thermal cycler, Applied
Biosystems) under the following conditions: an initial de-
naturing step at 95 °C for 5 min, followed by 35 cycles of
40 s denaturing step at 95 °C, 40 s of primers annealing
step at 55 °C, and 40 s of extending step at 72 °C, with a final
extension at 72 °C for 5 min. PCR amplicons were visualized
on a 2% agarose gel and stained with 10 μl ethidium bromide
under UV light transilluminator.

DNA sequencing and bioinformatics analysis

DNA sequence data of each P. humanus capitis individual
were compiled, edited, and aligned with the sequence data
that are available in GenBank using the Laser gene sequence
analysis software package (DNASTAR, Inc.) (Burland 1999).
Data were then saved as FASTA format. Phylogenetic tree

10 20 30 40 50 60
....|....|....|....|....|....|....|....|....|....|....|....|

AY696017.1 CLADE B.seq GGGCGACTGTAATTACTAATCTTTTAAGTGCTATTCCTATTGTTGGAGGAGATTTGGTTA
P. capitis22 .seq .A..........................................................
P. capitis25 .seq .A..........................................................
P. capitis5 .seq .A..........................................................
P. capitis7 .seq .A..........................................................

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

AY696017.1 CLADE B.seq TTTGAGTGTGAGGAGGGTTTTCAGTTAGACATCCTACTTTAGAGCGATTGTTTACCCTTC
P. capitis22 .seq ............................................................
P. capitis25 .seq ............................................................
P. capitis5 .seq ............................................................
P. capitis7 .seq ............................................................

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

AY696017.1 CLADE B.seq ACTTTCTTTTACCGTTTATCTTATTGGGATTTGTTATAGCTCACATTATTCTTCTTCATC
P. capitis22 .seq ......................G.....................................
P. capitis25 .seq ......................G.....................................
P. capitis5 .seq ...........................................T................
P. capitis7 .seq ...........................................T................

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

AY696017.1 CLADE B.seq AACACGGCTCTAGAAATCCTTTGGGGTTGGAGCTGGATAGTGATAAGGTTTATTTTTATC
P. capitis22 .seq ............................................................
P. capitis25 .seq ............................................................
P. capitis5 .seq ............................................................
P. capitis7 .seq ............................................................

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

AY696017.1 CLADE B.seq CTTATTTTTATCTAAAAGATATTTTAGGAGTTTTTGTGTGTTTGTTTTTATTTGTTTTGG
P. capitis22 .seq ............................................................
P. capitis25 .seq ............................................................
P. capitis5 .seq ...........T................................................
P. capitis7 .seq ...........T................................................

310 320 330 340
....|....|....|....|....|....|....|....|....|...

AY696017.1 CLADE B.seq TCTGCATTTATTCGCCGGACTTCTTTATGGACCCGGATAATTTTGTTG
P. capitis22 .seq ................................................
P. capitis25 .seq ................................................
P. capitis5 .seq ................................................
P. capitis7 .seq ................................................

Fig. 3 Complete alignment of
nucleotide sequence of partial
(mt cyt b gene) for two samples
randomly selected from each
group with the standard reference
of clade B (GenBank, accession #
AY696017). Dots indicate
identical nucleotides
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analysis was constructed to determine percentage of similarity
for sequence data by using the maximum likelihood method
(ML) and Tamura and Nei model with the bootstrap value of
100 replications and the MEGA 5 software package
(Molecular Evolution Genetic Analysis, Biodesign Institute,
AZ, USA) (Tamura et al. 2013).

Statistical analysis

The results of percentage of pediculosis were analyzed using
chi-squared test (χ2) and Phi coefficient using IBM SPSS
Statistics, Version 22, based on Dancy and Reidy (2004).

Results

Prevalence of pediculosis capitis

Table 1 shows that 6–7-year-old girls were the least age group
infested with P. humanus capitis, where percentage of pedic-
ulosis was 8.74% (p ˂ 0.05). On the contrary, 9–10-year-old
girls were the highest infested girls (17.07% pediculosis)
(p ˂ 0.05). The total prevalence of P. humanus capitis among
the female students of the primary schools (6–12-year-old) was
about 13% (p ˂ 0.05). Girls with straight hairs were about five
times more infested with P. humanus capitis (20.03%) than
those with curly hairs (4.07%) (p ˂ 0.05) (Table 1).
Nevertheless, the degree of association between two binary
variables for each parameter was weak based on Phi coefficient.

Molecular study

The concentration of the total extracted DNA of adult lice
samples (n = 121) was ranged from 6.2 to 82 ng/μl. About
390-bp DNA fragment was successfully amplified from the
mt cyt b gene in all samples (Fig. 1). PCR amplicons of the
direct sequence of P. humanus capitis and the phylogenetic
tree analysis revealed that most of the investigated specimens
(n = 76) were representations of clade A reference (accession
# AY316755) of the GenBank data base, where individual
specimens (n = 26) were 100% identical to this clade A, while
the other individuals (n = 50) showed 99.8% similarity to the
same reference of clade A, with a single base pair difference
(Fig. 2). However, of the remaining specimens, 36 specimens
belonged to clade B: 22 specimens showed 99.8% identity
with this clade reference (accession # AY696017) of
GenBank with diversity in two base pairs only, and 14 spec-
imens showed 99.4% similarity to clade B reference where the
diversity was detected through three base pairs (Fig. 3). The
phylogenetic tree of the head lice of Bisha governorate was
clearly classified into clades A and B (Fig. 4).

Discussion

To the best of our knowledge, the present study represents the
first report on pediculosis capitis at Bisha governorate, Saudi
Arabia. The total percentage of pediculosis (12.88%) obtained
herein was similar to the results obtained byBoyle (1987) who

Fig. 4 Cladogram of Pediculus
humanus capitis constructed from
partial mt cyt b gene sequences.
Maximum likelihood method
(ML) with Tamura and Nei
model, the bootstrap values of
100 replicates were used
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recorded 12% pediculosis with the head lice at Jeddah, Saudi
Arabia. In comparison, other studies carried out in Saudi
Arabia recorded 5.2% infestation at Al-Khobar (Al-Saeed
et al. 2006) and 9.6% infestation at Abha (Bahamdan et al.
1996). Moreover, our results showed that 9–10-year-old girls
were the most infested ones with the head lice. This result is in
agreement with the result of Gulgun et al. (2013) for pedicu-
losis capitis at Kayseri, Turkey. Boyle (1987) reported that 6–
7-year-old girls at Jeddah, Saudi Arabia were highly infested
to pediculosis capitis. This result disagrees with the results
obtained in the current study.

Our results that girls with curly hairs were about five
times less infested with the human head lice than those
with straight hairs extend to our observation that no pedic-
ulosis capitis was recorded for girls with severe curly hairs
(African hairs); although, such girls were closely associated
with infested girls.

The molecular diversifications obtained in the present in-
vestigation categorized head lice into clade A, with identities
ranged between 98.8 and 100%. These results are similar to
other studies which indicated that this clade is globally dis-
tributed ecotype (Kittler et al. 2003; Reed et al. 2004; Light
et al. 2008; Raoult et al. 2008; Boutellis et al. 2012; Veracx
et al. 2013). On the other hand, the results obtained for the
remaining samples that showed identities ranged between
99.8 and 99.4% revealing diversity through two and three
base pairs, respectively, are in agreement with the results of
Reed et al. (2004) for clade B lice from Honduras. These
results successfully demonstrated the existence of clade B at
Bisha as a representative of the Arabian Peninsula. However,
previous reports indicated that clade B origin was unknown
and its distribution was limited to the Americas (Light et al.
2008; Raoult et al. 2008; Ascunce et al. 2013b; Veracx et al.
2013). It has been suggested by Ascunce et al. (2013b) that
lice from Central America may be descended from lice
imported by the first people who emigrated from Asia, and
this clade of lice seems likely to be imported through the
international travels between America and the Old World dur-
ing early globalization.

Although the present study showed that P. humanus capitis
are phylogenetically related to clade A which is distributed
worldwide, a surprising result was obtained that certain indi-
viduals were related to clade B, which is known in North and
Central Americas (USA and Honduras, respectively), in
Europe, and in Australia (Light et al. 2008). This phenomenon
may be explained by the fact that Saudi Arabia is one of the
most attractive countries of foreign labors from different con-
tinents. However, lice of clade C distributed in Nepal,
Ethiopia, and Senegal (Boutellis et al. 2012; Veracx et al.
2013) are not verified in the present molecular identified eco-
types. Comparable to our results, Sunantaraporn et al. (2015)
demonstrated genetic variations in head lice collected from
different geographical regions in Thailand.

The high mobility of lice is rarely recognized, but lice
do not exist as single groups but as actively intermingling
specimens (Maunder 1983). This intermingling allows
them to mate more frequently, which increase gene ex-
change and recombination (Veracx and Raoult 2012).
Recombination of clades A and B suggests that interbreed-
ing occurs in sympatric environments (Boutellis et al.
2013b, c). Potential recombination events between clades
A and B show that their evolution is not dichotomic and
that their behavior is closer to that of a rhizome (Raoult
2010; Georgiades and Raoult 2011). The latter authors also
assumed that given the wide genomic plasticity of louse
mitochondria, which is split on 20 mini-circular chromo-
somes, the exchange of a single plasmid was to be expect-
ed. Shao et al. (2012) reported that inter-minichromosome
recombination occurs in head lice.

Conclusion

Moderate pediculosis prevalence among the primary school
girls at Bisha governorate was recorded. These results may
reflect the socio-economic status of students living in such
rural environment who are more liable to pediculosis capitis
than those living at different Saudi Urban governorates.
Moreover, it appears that louse classification based on mt
cyt b gene does not identify species but rather could be used
as ecotypes marker and that globalization allows for a sym-
patric lifestyle in head lice.
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