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INTRODUCTION 

The human head lice, Pediculus humanus capitis De 

Geer (Anoplura: Pediculidae), are ectoparasites that live 

only on the human scalp and hair. Lice infestations can 

lead to pediculosis capitis; this condition is one of the 

most significant and widespread global public health 

problems in terms of parasitic infestation across all age 

ranges and especially in the population of school-aged 

children living under overcrowded conditions. Head lice 

have a full life cycle on the human host. The adult 

female nits on hair near to the scalp. These eggs emerge 

as nymphs that mature into reproductive adult lice and 

the cycle goes on.
[1]

 

 

The presence of head lice results in physical symptoms 

that include irritation and discomfort; along with, the 

opportunity for infection (secondary infections), through 

constant scratching of the scalp. Psychological and social 

implications exist as well for example, embarrassment 

and shame. Most notably among these are children who 

develop embarrassment and/or shame from having lice.
[2]

 

While, head lice do not act as vectors of diseases that can 
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ABSTRACT 

Head lice (Pediculus humanus capitis) are an important public health issue due to their prevalence, particularly in 

children, especially in densely populated communities. It causes discomfort and severe itching, and can lead to 

secondary complications. This study aimed to confirm diagnostic methods and accurate identification of human 

head lice by combining morphological examination with molecular analyses. Twenty-five head lice samples were 

collected from the hair of kindergarten and primary school children and diagnosed in clinics and hospitals in 

Mosul city. The samples underwent careful morphological examination under a light microscope to determine 

diagnostic features and different life stages of lice, including eggs (nits), nymphs, and adults. Female individuals 

are more vulnerable than males for head lice infection, and represent 64% of the infected cases as shown by the 

results from here. Larval and adult stages also predominated across samples, due to the presence of different lice 

developmental stages on the scalp .The trend over the study period (November 2024 – March 2025) was that peak 

prevalence were in December and January, dropping at the onset and end of study. This shows the role of seasonal 

factors and school-age-appropriate contact in children. Total DNA was extracted from the samples, and part of the 

18S rRNA and cytochrome c oxidase subunit 1 (COX1) genes were amplified via PCR. Similarity searches were 

run on the COX-1 sequence by utilizing BLAST in the NCBI's GenBank Database. The results of this similarity 

search indicate that the COX-1 sequence is most similar to that of human head lice. Consequently, this research 

highlights the importance of identifying parasites (in particular, head lice) at the species level. Furthermore, it 

emphasizes the need for combining both molecular-based techniques and traditional methods of 

detection/identification. Together these may lead to a greater understanding of the epizootiology of pests, and 

therefore contribute to developing control measures designed to inhibit the distribution of such pests. 

 

KEYWORDS: human head lice, DNA extraction, polymerase chain reaction (PCR), molecular diagnosis, 18s 

ribosomal RNA, COI gene, ectoparasites. 

 

*Corresponding Author: Rahma Mozahim Al-Attar 

Department of Medical Laboratory Technologies, Mosul Medical Technical Institute, Northern Technical 

University, Mosul, Iraq. DOI: https://doi.org/10.5281/zenodo.19914853  

 

How to cite this Article: 1Rahma Mozahim Al-Attar. (2026). Morphological and Molecular Characterization of Human 
Head Lice In Children In Mosul City. World Journal of Advance Healthcare Research, 10(5), 226–232. 

This work is licensed under Creative Commons Attribution 4.0 International license. 

 

 
 
 

 

 

 

 

 
 

 

 

 

 

https://doi.org/10.5281/zenodo.19914853


Mozahim.                                                                                          World Journal of Advance Healthcare Research 

www.wjahr.com       │      Volume 10, Issue 5, 2026      │      ISO 9001:2015 Certified Journal      │  227 

lead to serious illness, they may result in secondary 

infections that could arise from prolonged and repetitive 

infestation.
[3]

 Also, there is some speculation as to 

whether it would be possible for severe lice infestations 

to be considered a contributing factor toward developing 

iron deficient anemia. This has been theorized to 

potentially be a concern for individuals whose nutrition 

is lacking (children or adults with malnutrition) and who 

experience heavy exposure of their body fluids through 

continued feeding by lice.
[4,5]

 In addition to anemia, other 

secondary bacterial infections (for example impetigo, 

pyoderma caused by intense itchiness due to pruritis), 

cicatricial alopecia, resulting from chronic inflammatory 

responses and localized immune system reactions 

(lymphadenopathy) may also occur.
[6]

 

 

Typically, direct morphologic inspection is used to 

diagnose infestation with the identification of lice and/or 

nits based upon either a naked-eye examination or 

microscopic (light) examination. Directly inspecting 

cross-sections provides a visual presentation of the 

different stages of development in a parasitic life-cycle 

as well as an indicator of the overall degree of 

infestation. However, due to the high dependence on the 

skill/experience of the inspector in making a 

morphological diagnosis, this method can also be 

unreliable when examining samples that have low 

densities of parasites or which are severely degraded.
[2] 

 

Given these limitations, molecular methods are now a 

more sophisticated supporting or alternative method of 

head lice identification. These methods would allow for 

an increased diagnostic sensitivity, species separation 

even when the latter are phenotypically cryptic (crypto-

species), and phylogenetical studies. Models One of 

these tools, among many others, is in the molecular 

analysis of mitochondrial genes such as Cytochrome 

Oxidase Subunit I (COI) and nuclear genes like 18S 

rRNA which was considered as a reliable approach for 

isolation and identification through genetic 

comparisons.
[7]

 

 

Recently, investigations in Iraq, including in the Erbil 

Governorate, to be specific, found an infection rate of 

21.3% among school-aged children with multiple 

genotypes within clades A-D found using sequencing of 

COI and Cytb genes. On the other hand, the implication 

of haplotype A5 in clade A was (if only) reported for the 

first time at countrywide level in a country with a unique 

local genetic diversity.
[6]

 Worldwide as well, new 

analysis with mitochondrial and microsatellites have 

shown that human lice are separated into two major 

groups of the nucleus in which these mutations were 

recent and are attributed to current human distribution.
[8]

 

 

Although there have been many advances made toward 

understanding this area of research, molecular 

information related to human head lice in Iraq, 

specifically within Mosul and the surrounding areas 

remains sparse. There are few studies that have 

investigated the degree of genetic variation present 

among human head lice found in local populations or if 

there may be different geographic lineages. 

 

The purpose of this study is to examine the molecular 

diversity (using PCR, COI and 18S rRNA sequencing) of 

human head lice from human samples collected from 

Nineveh Governorate, and to compare the molecular 

findings with previous morphologic studies. 

Additionally, it will include the registration of the results 

into a genetic database. 

 

MATERIALS AND METHODS 

1-Sample Collection 

This research was carried out in Mosul City, during a 

period from November 2024 through March 2025. 

Samples of head lice (Pediculus humanus capitis) were 

taken from children aged 4-8 years that attended 

kindergartens and elementary schools and had been 

clinically identified as having a diagnosis of head lice. 

The parents or guardians gave their consent prior to 

collecting these samples and they assured the 

parent/guardian that all personal data would be treated 

confidentially.  

 

These samples contained 25 cases of live lice 

(nymphs/adults) with eggs attached to each strand of 

hair. Live lice were carefully removed from the scalp 

using tweezers or a fine-toothed comb, while eggs were 

clipped from hair strands.
[9]

 All samples were 

immediately placed in sterile tubes containing 70% 

ethanol to preserve them and prevent degradation, and 

then transported to the laboratory for further testing. 

 

Previous studies validate these procedures; molecular 

integrity was maintained over 4 years for samples when 

desiccated before storage in 70% ethanol.
[10,11]

 A fine-

tooth comb has also been reported as a far more efficient 

and accurate method of sample collection than direct 

visual inspection.
[12]

  

 

2-Morphological Identification 

After we collected and transported the samples to the 

laboratory. All the live louse samples, including adults 

and nymphs, were sorted and examined under a 

compound light microscope. To better visualize the 

morphological structures, we placed each louse on the 

glass slides with a drop of aqueous solution and gently 

over them with coverslip. Oocytes were examined 

directly on the clipped hair strands laying on the glass 

slides....  placed on the glass slides....3:3-4.4 Published in 

PQS or PoST. 

 

Microscopic observations were conducted using 

magnifications of 10× to 40×, which allowed for precise 

identification of the diagnostic characteristics. Head lice, 

Pediculus humanus capitis, were sorted and staged as 

eggs (nits), nymphs and adults according to well 

established morphological criteria.
[13,14]
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Key diagnostic features include: 

-Adults and nymphs: elongated oval, dorsoventrally 

flattened body with 6 short legs on each side, each 

terminating in a single hook that grasps hairs.
[15,16]

 

-Nits (eggs): oval-shaped, pearly white to light brown 

(depending on developmental stage), firmly attached to 

the hair shaft.
[13]

 

 

The specimens in each of their life stages with 

representative illustrations of key morphological features 

were photographed by attaching a digital imaging system 

to a light microscope. The photographs are a visual 

representation of the examined specimens.
[14]

 

 

3-DNA Extraction 

To carry out the molecular studies, genomic DNA was 

extracted from morphological identification of lice 

(nymphs and adults). Phenol-chloroform-isoamyl alcohol 

method was used for DNA isolation. This has been 

shown to isolate high quality DNA for ectoparasites, 

such as lice and fleas
[17,18]

 Sample preparation involved 

placing one louse (1 – 2 per sample) into a sterile 1.5 ml 

microfuge tube. A portion of each sample was then 

frozen in liquid nitrogen for dissection. 

 

Lysis 

(i) To each sample after homogenization we added 400 

– 500µl of a lysis buffer [100mM NaCl, 1% SDS, 

10mM Tris-HCl and 1mm EDTA]. 

(ii) Then, we also added 400 – 500µl of proteinase K 

[20•g/L]. 

 

The mixtures were then incubated gently while being 

mixed at 56°C for 1 – 2 hours until they were completely 

lysed. 

 

We used RNase A (10mg/ml), adding 10µl to each 

sample and incubating at 37°C for thirty minutes.
[19]

 

 

DNA Extraction 

We mixed an equal volume of phenol-chloroform 

isoamyl alcohol to each sample and spun them down 

using centrifugation at 12000rpm for ten minutes. 

 

Then we pipetted the upper layer (the DNA-containing 

layer) into a sterile tube. 

 

 DNA precipitation: One volume (0.6–1 volumes) of cold 

isopropanol was added to the aqueous phase and mixed 

softly, followed by incubation at -20°C for 30 minutes to 

one hour to precipitate DNA. 

 

 Washing and drying: to remove residual ethanol, the 

DNA pellet was centrifuged (12,000 rpm for 10 

minutes), washed twice with cold 70% ethanol and air 

dried briefly. 

 

DNA resuspension The purified DNA was eluted in 30–

50 µL of TE buffer nuclease free water and stored at 

−20°C until PCR reactions were performed.
[20,21]

 

DNA amplification was then performed 

Then, a PCR reaction was performed using primers 

specific for the COI and 18S rRNA genes. The 

sequences of the primers used were as follows: 

Forward primer: 

GGAGGATTTGGAAATTGATTAGTTCC- 

Reverse primer: 

CCAGGAAGAATAAGAATATAAACTTC- 

Primer 

name 
 Seq. 

COI, 

18srRNA 

Forward 
GGAGGATTTGGAAATT 

GATTAGTTCC 

Reversed 
CCAGGAAGAATAAG 

AATATAAACTTC 

 

The reaction was performed under standard conditions, 

and the amplification products were analyzed by agarose 

gel electrophoresis. 

 

RESULTS 

The current study demonstrated the continued prevalence 

of head lice (Pediculus humanus capitis) among children 

aged 4-8 years in Mosul city, including kindergarten and 

primary school students. 

 

Through microscopic examination, nits were identified 

firmly attached to hair strands (Figure 1). 

 

 
Figure 1: Microscopic image of a live egg of Pediculus 

humanus capitis attached to a human hair shaft. 

 

Adult lice with flat bodies and six legs adapted for 

attachment to hair were also observed during diagnosis 

(Figure 2). 

 

 
Figure 2: Microscopic image of an adult louse 

entangled among strands of hair. 



Mozahim.                                                                                          World Journal of Advance Healthcare Research 

www.wjahr.com       │      Volume 10, Issue 5, 2026      │      ISO 9001:2015 Certified Journal      │  229 

Analysis of the sex distribution of samples showed that 

the incidence of lice infestation was higher among 

females (64%) than males (36%) of the total 25 infested 

samples (Table 1). 

 

Table 1: Distribution of Head Lice Cases by Gender. 

% Percentage Number of Cases Gender 

%36  9 Males 

%64  16 Females 

%100  25 Total 

 

The results also revealed differences in the parasite 

stages (eggs, nymphs, and adults), reflecting the activity 

of its life cycle and confirming its transmissibility 

between individuals. 

 

Regarding the distribution of lice stages, 56% of samples 

contained both eggs and adults, while 32% contained 

only eggs, and 12% contained only adults (Table 2). 

 

Table 2: Distribution of Louse Stages in Samples. 

Percentage Number of Cases Stage 

%65  41 
Eggs and Adults 

together 

%23  8 Eggs only 

%43  2 Adults only 

%411  36 Total 

 

For the months covered by the study (November 2024 - 

March 2025), a significant increase in the number of 

cases was observed during December and January, 

accounting for 52% of the total infections, while cases 

were lower in November, February, and March by 48% 

(Table 3). 

 

Table 3:Distribution of Head Lice Cases by Month  

Month 
Number 

of Cases 

Percentage % 

(out of 25) 

November 2024 3 12% 

December 2024 7 28% 

January 2025 6 24% 

February 2025 5 20% 

March 2025 4 16% 

Total 25 100% 

  

The electrophoresis results of the genomic DNA 

extracted from the samples (Figure 3) showed two 

clearly distinct bands, confirming the efficiency of the 

extraction process. This step is essential to ensure the 

purity and quality of the DNA for use as a suitable 

template in the polymerase chain reaction (PCR), which 

contributes to improving the reliability and accuracy of 

subsequent results. 

 

 
Figure 3: Results of electrophoresis of genomic DNA 

extracted from head lice samples. 

 

The PCR results for the 18S rRNA gene revealed a clear 

band of the expected size (524 base pairs), confirming 

the identity of the samples and the efficiency of the 

extraction and amplification protocols (Figure 4). 

 

 
Figure 4: PCR products for the 18S rRNA gene, 

showing the appearance of a band of 524 base pairs. 

 

A portion of the COX1 gene, approximately 410 base 

pairs in size, was also amplified, and the resulting 

sequences were deposited in the GenBank database 

under the number (PV696133.1), along with another 

partial sequence (290 base pairs) registered under the 

number (PV696246.1) Northern Technical University 

Technical Institute- Mosul, Department of Medical 

Laboratories, according to below link,  

https://www.ncbi.nlm.nih.gov/protein/2987824435   

https://www.ncbi.nlm.nih.gov/protein/2987824461 

 

Comparison of these sequences with their globally 

published counterparts for head lice showed a high 

degree of similarity, which enhances the accuracy of 

https://www.ncbi.nlm.nih.gov/protein/2987824435
https://www.ncbi.nlm.nih.gov/protein/2987824461
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molecular diagnosis and confirms the reliability of using 

the COX1 gene in the genetic characterization of 

parasites. 

 

DISCUSSION 

Head lice (Pediculus humanus capitis) infestation is still 

a health problem among 4—8 year olds in Nineveh 

Governorate, even though the level of health awareness 

and general hygiene is improved. This is in line with 

other worldwide studies which have shown that head lice 

infestation remains a public health important issue at 

schools.
[22]

 A study in Iran also showed that head lice 

infestation continued to be common among children 

attending primary school.
[23]

 

 

Upon microscopic evaluation of the samples, the louse 

eggs were shown to adhere to the hair shaft; additionally, 

both the larvae (nymphs) and adults of the lice were 

present indicating it was an active rather than a transient 

or superficial infestation. Because of the presence of 

eggs, nymphs, and adults of the lice during their life 

cycle, this demonstrates that the transmission has been 

ongoing at the school. Studies from other countries like 

Turkey and Iran have demonstrated that by identifying 

all three stages of the parasite's life cycle they are able to 

identify if the child had repeated or continuous 

infestations rather than simply a new infestation.
[24,25]

 

 

With respect to gender, females had a greater proportion 

of head lice infections than did males (64% vs. 36%).  

 

The larger number of female head lice infections are 

primarily due to their longer, thicker hair; providing a 

larger surface area for both nits (eggs) and adults to latch 

onto as well as an increased probability of both survival 

and spreading. 

 

This is in line with most reports to date, that female hair 

length and grooming allow eggs to adhere and infection 

to be maintained. Such habits like sharing combs or hair 

ties can also facilitate higher infection rates among 

females. This was consistent with the reports in the 

existing literature; a study reported by a meta-analysis 

indicated that females were 3.71 times more likely to be 

infected compared to males.
[22]

 A field study in Iraq, 

Sulaymaniyah Governorate also revealed, infection rate 

per female participants (16.1%) was substantially higher 

than male participants (1.82%).
[26]

 In addition, a paper in 

Malaysia found that girls had about 10 times the odds of 

infection compared to boys.
[27]

 

 

On the monthly distribution of infection, there were more 

cases during December and January than in other months 

(52% of all cases) which corresponded with peak winter 

season and indoor gathering period for children. There 

were fewer cases in November, February and March (by 

48%), which suggests the influence of warmer climate, 

reduced children's close contact as well as closer winter 

proximity due to long stays in classrooms or flats with 

warm air and poor ventilation making it easier for the 

parasites to spread. This result is in the line with 

international researches that suggested higher infection 

rate in cold seasons and relative reduction on warm 

seasons.
[22,28,29,30]

 

 

From a molecular point of view, we were able to obtain 

results of DNA electrophoresis with clear bands, 

demonstrating the success of the extraction process and 

the adequacy for subsequent genetic analyses. PCR 

results for 18S rRNA gene also presented a clear band of 

the expected size (524 bp), which confirmed the 

diagnosis and it is in agreement with other works that 

have demonstrated that this gene is a useful genetic 

marker during molecular identification of parasites. 

 

Additionally, the amplification of a part of the COX1 

gene (approximately 410 bp) and any sequences 

deposited in the GenBank database is not trivial since 

this gene sequence is already becomes globally 

considered as ―genetic code‖ for species differentiation 

and genetic diversity estimates.
[31,32]

 The very high 

identity for sequence all over the head louse distribution 

as global, published data give values increasing our level 

of confidence in our results and confirms that the 

samples were lice and not an other species.
[33,34,35]

 

 

According to the above, we can say that this study added 

two types of evidence (morphological and molecular) on 

prevalence among head lice in Nineveh, identifying risk 

factors as gender, age, and time. Indeed, the traditional 

microscopic diagnosis as well cross-over of modern 

molecular techniques we used to improve succession of 

the reliability of the results gave a very refined picture 

for infection mechanism in our studied population.
[36,37,38]

 

 

Previous research conducted in Nineveh demonstrated 

the persistence of parasitic infections within the local 

population. Specifically, gastrointestinal parasites such 

as Amoeba were reported by previous studies, along with 

ectoparasites like Head Lice, primarily due to a 

combination of socio-environmental elements. 

Additionally, the researchers identified an inconsistency 

when utilizing a microscopical diagnostic technique 

compared to molecular diagnostic techniques via 18S 

rRNA gene sequencing. Thusly demonstrating the 

ineffectiveness of commonly used diagnostic methods. 

Furthermore, the finding from this study supports those 

of the current study regarding the role of high child 

densities, proximity among children, and lower health 

literacy contributing to the continuous transmission of 

parasites. Therefore, it is evident that there needs to be 

increased monitoring and surveillance on an ongoing 

basis.
[39]

 

 

Al-Attar & Hamoo (2022), reported that they were able 

to diagnose entameoba parasites through both 

microscopical examination and PCR in Nineveh 

province. They also reported the first record of 

Entamoeba dispar from Nineveh Province. Results 

indicated that the two diagnostic techniques produced 
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different outcomes. Microscopic examination can 

produce false positives because of similarity among 

species while PCR is a more accurate method.
[40]

 

 

CONCLUSION 

The studies showed that head lice continue to be an 

active problem with children in Mosul City. Using both 

morphologic and molecular techniques for identification 

including PCR and DNA sequencing of the COI/18S 

rDNA genes for positive identification, it has been 

demonstrated how important it will be to have public 

health education on the topic as well as treatment of all 

those affected at home or school. 
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