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Pediculosis caused by the Pediculus capitis (De Geer, 1767), is a major public health concern 
worldwide, including in Iran. Policymakers must be well-informed on the relevant evidence through 
comprehensive studies. No study has been done concerning trends of Pediculus capitis infestation 
in provinces of Iran, geographic and climatic regions, seasons, location of meridians and tropics 
areas, together with the distribution and stratification. Therefore, a study of the mentioned objectives 
was conducted. The data on P. capitis infestation levels and factor impacts on P. capitis infestation 
levels in Iranian people were extracted and summarized from 126 articles. The trends of P. capitis 
infestation have increased in about half of the country’s provinces over the previous two decades. 
These provinces are located mostly in the southern Caspian Sea shores, the central plateau, and the 
south coast. Pediculus capitis infestations are in the range of -ꝏ–-0.40, -0.40–-0.20, and -0.20–0.00 
in the regression coefficient regarding the distribution and stratification. For the first time in this 
study, the impact of the meridians and the tropics that pass through Iran was also evaluated on  
P. capitis infestation. Based on the intensity of P. capitis infestation, the order of the influence of the 
factors that affect infestation is estimated. Interaction modeling demonstrated that primary school has 
a synergistic impact on time trends. In addition, the Western mountains, the central plateau, and the 
southeast showed synergistic effects with time trends on the incidence of the outcome. The findings 
provide the national baseline data to initiate steps for national pediculosis intervention programs.  

Keywords: Pediculus capitis, climatic regions, distribution, infestation trend, meridians, strati-
fication, tropics
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Pediculosis is a major public health concern in many countries, especially among over-
crowded and lower-income children. Pediculus capitis (De Geer, 1767), commonly known 
as the head lice, is an obligate human ectoparasite and can be found in various parts of 
the world, including Iran. Head lice infestations can occur in any place where there is 
close contact between individuals, such as schools, households, or communities. Head 
lice infest millions of children worldwide. Insects live in the immediate scalp vicinity of 
individual hair follicles, piercing the skin to feed on blood (Awaad et al., 2023; Feldmeier, 
2023; Kassiri, Mehraghaei, 2021; Nasirian, 2023b; Nasirian, Ahmadi, 2024; Nawab et al., 
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2024; Valero et al., 2024). Epidemiological interpretations of head lice infestation rates and 
how factors including age, sex, family size, parent education level, and economic status 
influenced infestations were explored (Alarifi et al., 2022; Gholami et al., 2024; Nasirian, 
2023b; Valero et al., 2024).

Several articles in the scientific literature have estimated infestation rates and the impact 
of factors affecting the head lice infestation in several regions of Iran, mostly focusing on 
a single study. Policymakers must be well-informed of the relevant evidence on time 
through comprehensive studies. This kind of study increases the ability, accuracy, and 
power of research outcomes for policymakers to provide documents that individual studies 
cannot provide to health system decision-makers (Nasirian, 2023b; Oliveira et al., 2021; 
Shanavaz et al., 2023). Pediculus capitis infestation and the impact of factors affecting 
infestation of school students and the community have recently been monitored on a global 
scale (Nasirian, 2023b; Nasirian and Ahmadi, 2024). However, so far, no study has been 
done that deals with the trends of P. capitis infestation in Iran’s provinces, geographic and 
climatic regions, seasons and in the meridians 50°E, 55°E and 60°E and the tropics at 30°N 
and 35°N, along with the distribution and stratification of the P. capitis infestation in Iran 
and statistical analysis including a comparison of factor impact on P. capitis infestation 
level and interaction modeling with Poisson regression at the same time. The findings may 
provide the national baseline data to initiate steps for national pediculosis intervention 
programs, which is important for this country and can establish a model for monitoring 
and controlling head lice in schools. Therefore, a study was designed and conducted with 
the mentioned objectives.

MATERIAlS AND METHODS

collection and selection of papers for review
In order to conduct and design this study, the methods and research patterns of the following 

resources were exploited, including Ahmadi et al., 2024; Kassiri, Nasirian, 2021; Nasirian, 2017a, 
b; Nasirian, 2019a; Nasirian, 2019b; Nasirian, 2020, 2022, 2023a, c, 2024a, b; Nasirian and Sale-
hzadeh, 2019; Nasirian et al., 2023; Nasirian, Zahirnia, 2021; and Zahirnia et al., 2023. Among the 
articles cited in Nasirian (2023) and Nasirian, Ahmadi (2024), those that were dedicated to P. capitis 
infestation and factors affecting P. capitis infestation in students of preschools and primary schools, 
and the community in Iran were chosen. These articles were collected from well-known indexing 
services, including Elsevier, Entomological Society of America publications, Google Scholar, PubMed, 
ScienceDirect, Scopus, Springer, and Web of Science (Nasirian, 2023b; Nasirian, Ahmadi, 2024). 
By researching, the new research that was done was also added to the resources. In the next step, if 
new information details are needed, they add to them according to data sources and grouped under 
specific titles in Tables 1–8.

summary of the study approach
Based on a literature search, the data and variables about P. capitis infestation in students of 

preschools and primary schools (extracted from 106 articles) are summarized in Table 1. The data 
and variables about P. capitis infestation in the age groups of primary school students (extracted from 
55 articles) are summarized in Table 2. The data and variables about P. capitis infestation in the com-
munity (extracted from 17 articles) are summarized in Table 3. The data and variables about P. capitis 
infestation in the age groups of the community (extracted from 12 articles) are summarized in Table 4.  
The data and variables about the impact of family size on P. capitis infestation level in students of 
primary schools (extracted from 28 articles) are summarized in Table 5. The data and variables about 
the impact of father’s and mother’s education, and bathing and hair washing frequency on P. capitis 
infestation level of primary school students (extracted from 49 articles) are summarized in Table 6. 
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The data and variables about P. capitis infestation in private and public in rural and urban areas, 
the impact of the existence of bathing facilities in student residences and health instructor involve-
ment in student schools, history of infestation, and sharing equipment on P. capitis infestation level 
in students of primary schools (extracted from 55 articles) are summarized in Table 7. The data and 
variables for the impact of age and education, family income, and hair length and style on P. capitis 
infestation level of primary school students (extracted from 59 articles) are summarized in Table 8. 
Overall, a total of 155 articles were used, of which 126 were used in data extraction, and 29 were 
used for discussion, interpretation, and body text.

statistical analysis
The location of provinces (Fig. 1a), the meridians 50°E, 55°E, and 60°E, and the tropics 30°N 

and 35°N (Fig. 1d), and the geographic (Fig. 1b, 1c) and climatic regions of Iran were taken into 
account for any statistical analysis. The climatic regions of Iran include moderate and humid cli-
matic region (the southern shores of the Caspian Sea), cold climatic region (the Western moun-
tains), semidesert and temperate climatic region, hot and dry climatic region (the central plateau), 
and hot and humid climatic region (the south coast). The median and interquartile range (IQR) 
were reported from descriptive statistics. The Kruskal-Wallis test was used to compare infestation 
rates (Table 9). The trends were designed based on the means of infestation each year (Figs 1–4). 
The trends of P. capitis infestation in the provinces (Fig. 2), the geographic and climatic regions 
(Fig. 3), seasons, and the meridians 50°E, 55°E and 60°E and the tropics 30°N and 35°N (Fig. 4) 
of Iran were designed. The distribution and stratification of the P. capitis infestation in Iran were 
provided based on the regression coefficient (Fig. 5). Interaction modeling with multivariable Poisson 
regression was conducted for the interaction time trends of the categorical variables with enough 
observations (Table 10). All the analyses were performed by R programming version 4.3.2 (R Foun-
dation for Statistical Computing, Austria). The trends were shown on the geographical map of Iran 
using ArcMap 10.8.2 (Esri Inc., US).

RESUlTS

the trends of P. capitis infestation in provinces
The trends of P. capitis infestation in 14 provinces out of 31 provinces including Ar-

dabil (Fig. 2Aa), Bushehr (Fig. 2Ab), Fars (Fig. 2Ac), Gilan (Fig. 2Ad), Golestan (Fig. 
2Ae), Hamadan (Fig. 2Af), Hormozgan (Fig. 2Ag), Kerman (Fig. 2Ah), Kohgiluyeh and 
Boyer-Ahmad (Fig. 2Ai), lorestan (Fig. 2Aj), Semnan (Fig. 2Ak), Sistan and Baluchestan 
(Fig. 2Al), South Khorasan (Fig. 2Am), and yazd (Fig. 2An) have increased over the last 
two decades. The trend of P. capitis infestation in Razavi Khorasan province has stayed 
the same over the previous two decades (Fig. 2Ao). The trends of P. capitis infestation in 
16 provinces including Alborz (Fig. 2Ba), Chaharmahal and Bakhtiari (Fig. 2Bb), East Azer-
baijan (Fig. 2Bc), Ilam (Fig. 2Bd), Isfahan (Fig. 2Be), Kermanshah (Fig. 2Bf), Khuzestan 
(Fig. 2Bg), Kurdistan (Fig. 2Bh), Markazi (Fig. 2Bi), Mazandaran (Fig. 2Bj), North Kho-
rasan (Fig. 2Bk), Qazvin (Fig. 2Bl), Qom (Fig. 2Bm), Tehran (Fig. 2Bn), West Azerbaijan 
(Fig. 2Bo), and Zanjan (Fig. 2Bp) have decreased over the last two decades.

the trends of P. capitis infestation in the geographic and climatic regions
The trends of P. capitis infestation in geographic regions one (Fig. 3a), two (Fig. 3b), 

and five (Fig. 3e) have increased over the last two decades. The trends of P. capitis in-
festation in geographic regions three (Fig. 3c) and four (Fig. 3d) have decreased over the 
previous two decades. The trends of P. capitis infestation in moderate and humid (the 
southern shores of the Caspian Sea) (Fig. 3g), hot and dry (the central plateau) (Fig. 3j), 
and hot and humid (the south coast) (Fig. 3k) climatic regions have increased over the 
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last two decades. The trend of P. capitis infestation in semidesert and temperate climatic 
region has stayed the same over the previous two decades (Fig. 3i). The trend of P. capitis 
infestation in the cold (the western mountains) climatic region has decreased over the last 
two decades (Fig. 3h). The trend of P. capitis infestation overall has increased over the 
previous two decades (Fig. 3f).

figure 1. a – Map of the territory of the 31 provinces of Iran (source: https://en.wikipedia.org/
wiki/Provinces_of_Iran ). b – the map of geographic regions of Iran. c – the geographic regions 
of Iran (source: https://en.wikipedia.org/wiki/Regions_of_Iran). d – location of the meridians 50°E, 
55°E and 60°E, and the tropics 30°N and 35°N in Iran (source: https://www.mapsofworld.com/
iran/) (Beck et al., 2018).
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figure 2. A. The trends of P. capitis infestation in the provinces of Iran: a – Ardabil, 
b – Bushehr, c – Fars, d – Gilan, e – Golestan, f – Hamadan, g – Hormozgan, h – Kerman, 
i – Kohgiluyeh and Boyer-Ahmad, j – lorestan, k – Semnan, l – Sistan and Baluchestan, 
m – South Khorasan, n – yazd, o – Razavi Khorasan.

the trends of P. capitis infestation during seasons 
and in the meridians and the tropics

Infestation trends of P. capitis in spring (Fig. 4a), summer (Fig. 4b), winter (Fig. 4d), 
and along the meridian 50°E (Fig. 4e) have decreased over the last two decades. The trends 
of P. capitis infestation in autumn (Fig. 4c), along the meridians 55°E (Fig. 4f) and 60°E 
(Fig. 4g), and the tropics 30°N (Fig. 4h) and 35°N (Fig. 4i) have increased over the last 
two decades.

the distribution and stratification of the P. capitis infestation 
Based on the regression coefficient, the distribution and stratification of the P. capitis 

infestation in Iran are as follows: -ꝏ–-0.40, -0.40–-0.20, -0.20–0.00, 0.00–0.20, 0.20–0.40, 
and 0.40–+ꝏ (Fig. 5).
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figure 2. B. The trends of P. capitis infestation in the provinces of Iran: a – Alborz, 
b – Chaharmahal and Bakhtiari, c – East Azerbaijan, d – Ilam, e – Isfahan, f – Kermanshah, 
g – Khuzestan, h – Kurdistan, i – Markazi, j – Mazandaran, k – North Khorasan, l – Qazvin, 
m – Qom, n – Tehran, o – West Azerbaijan, p – Zanjan.

statistical analysis of P. capitis infestation and comparison of factor impacts 
on P. capitis infestation level 

The Kruskal-Wallis test showed a significant difference between P. capitis infestation 
in climatic regions, community targets, gender, population, provinces, regions, and years  
(Pc < 0.05). There was a significant difference between the factors of the father’s and 
mother’s education levels on P. capitis infestation levels (Pc < 0.05) (Table 9). Interac-
tion modeling with Poisson regression showed a significant difference between P. capitis 
infestation in the primary school population and climatic regions (P < 0.05) (Table 10).
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figure 3. The trends of P. capitis infestation in the geographic and climatic regions of Iran based 
on Fig. 1: a – the geographic region one, b – the geographic region two, c – the geographic 
region three, d – the geographic region four, e – the geographic region five, f – overall, 
g – the moderate and humid climatic region (the southern shores of the Caspian Sea), 
h – the cold climatic region (the western mountains), i – the semidesert and temperate climatic 
region, j – the hot and dry climatic region (the central plateau), k – the hot and humid climatic 
region (the south coast).
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Interaction modeling with poisson regression
The interactions of time trends with gender, population, and climatic region were in-

vestigated. Accordingly, the interaction of time trends with the primary school population 
was statistically significant and increased by 1.00013 times the incidence of infestation. 
Regarding climatic regions, semidesert and temperate region showed a statistically signifi-
cant interaction that decreased 0.9999 times the incidence of infestation, while the other 
interactions of time trends with climatic regions were increasing. Gender groups did not 
significantly interact with the time trend (Table 10).

DISCUSSION

The trends of P. capitis infestation have increased in about half of the country’s provinces 
over the previous two decades (Fig. 2A). Although these provinces are scattered throughout 
all geographic regions, they are mostly in one, two, and five geographic areas (Fig. 1a, 1b 
and 1c). That is why the trends of P. capitis infestation in geographic regions one (Fig. 3a), 

figure 4. The trends of P. capitis infestation during seasons and in the meridians 50°E, 
55°E and 60°E, and the tropics 30°N and 35°N: a – spring, b – summer, c – autumn, d – winter, 
e – the meridian 50°E, f – the meridian 55°E, g – the meridian 60°E, h – the tropic 30°N, 
i – the tropic 35°N.
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two (Fig. 3b), and five (Fig. 3e) have increased. These provinces are mostly located in 
the climatic regions of moderate and humid (the southern shores of the Caspian Sea), hot 
and dry (the central plateau), and hot and humid (the south coast) (Fig. 1e). For this rea-
son, it is predictable that the trends of P. capitis infestation in moderate and humid (the 
southern shores of the Caspian Sea) (Fig. 3g), hot and dry (the central plateau) (Fig. 3j), 
and hot and humid (the south coast) (Fig. 3k) climatic regions will increase over the last 
two decades. Regarding the distribution and stratification of the P. capitis infestation, they 
are in the range of 0.00–0.20, 0.20–0.40, and 0.40–+ꝏ in the regression coefficient (Fig. 5). 

The trends of P. capitis infestation have decreased in about half of the country’s prov-
inces over the previous two decades (Fig. 2B). Although these provinces are scattered 
throughout all geographic regions, they are mostly in three and four geographic regions 
(Fig. 1a, 1b and 1c). That is why the trends of P. capitis infestation in geographic areas 
three (Fig. 3c) and four (Fig. 3d) have decreased. These provinces are mostly located in the 
cold climatic region (the western mountains) (Fig. 1e). For this reason, it is predictable that 
the trend of P. capitis infestation in the cold (the Western mountains) climatic region will 
decrease over the last two decades (Fig. 3h). Regarding the distribution and stratification 
of the P. capitis infestation, they are in the range of -ꝏ–-0.40, -0.40–-0.20, and -0.20–0.00 
in the regression coefficient (Fig. 5).

figure 5. The distribution and stratification of the P. capitis infestation in Iran based 
on the regression coefficient
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table 10. Interaction modeling with Poisson regression

Interaction with time trend (years) IRR (95% CI) P-value
Gender
Boys 0.99809 (1.00117–0.19671) 0.104
Girls 0.99772 (1.00117–0.14399) 0.0526
Both (boys and girls) 0.99833 (1.00117–0.24171) 0.1556
Population
Primary schools 1.00013 (1.00004–17.11576) 0.0045 *
Community 1.00003 (1.00004–1.90027) 0.5208
Community age groups 0.99993 (1.00004–0.27637) 0.1985
Climatic region
Cold climate (the Western mountains) 1.00004 (1.00001–60.0994) < 0.001*
Semidesert and temperate climate 0.9999 (1.00004–0.0015) < 0.001*
Hot and dry climate (the central plateau) 1.00009 (1.00001–>10000) < 0.001*
Hot and humid climate (the south coast) 1.00043 (1.00001––>10000) < 0.001*

* Significant at the level of 0.05. The significant P-values (P < 0.05) are shown in bold font. 
IRR ‒ incidence rate ratio (H0: IRR = 1), CI ‒ confidence interval. 

A critical point is that, for the first time in this study, the impact of the meridians 
and the tropics that pass through Iran was also evaluated on P. capitis infestation. For 
this reason, the effect of the meridians at 50°E, 55°E and 60°E, and the tropics at 30°N 
and 35°N on P. capitis infestation trends in Iran was investigated. Based on the results 
of the study, the trends of P. capitis infestation in the meridians 55°E (Fig. 4f) and 60°E 
(Fig. 4g), and the tropics 30°N (Fig. 4h) and 35°N (Fig. 4i) have increased over the 
last two decades. The trend of P. capitis infestation in the meridian 50°E has decreased 
(Fig. 4e). These results are also a reflection of the geographic and climatic regions that were 
described and interpreted above. The reason is that the trend of P. capitis infestation has 
only increased in autumn (Fig. 4c), and the trends of P. capitis infestation have decreased 
in spring (Fig. 4a), summer (Fig. 4b), and winter (Fig. 4d) over the last two decades. The 
occurrence of P. capitis infestation varies according to the year’s seasonal circulation, with 
a maximum in late summer and early autumn. During the summer, particularly during the 
summer holidays, more frequent and intensive head-to-head contact may occur than during 
other periods of the year. During the summer months, and particularly during the summer 
holidays, children have more head contacts per unit of time than during other periods of 
the year. Besides, travel increases the likelihood that other children are encountered, of 
whom one or another might be infested with head lice. The increased exposure would then 
build up a reservoir of infested children when school opens after the summer holidays. In 
addition, longevity and fecundity depend on environmental factors such as air tempera-
ture and humidity, which have important consequences on collective biology such as the 
propagation of lice populations and their dispersion (Bauer et al., 2009; Nasirian, 2023b).

lice infestation is very common in a community and is relatively higher in younger age 
groups compared with the adult population. The highest level of P. capitis infestation has 
been observed among primary school students in the population (8.4%). The highest level 
of P. capitis infestation has been observed in 7-year-old students (11.0%) and, as a result, 
at the first-grade educational level (10.9%). The P. capitis infestation level among girls 
(12.4%) was 6.9 times higher than boys (1.8%) because they have longer and thicker hair, 
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which provides an optimal environment for the growth and occurrence of head lice. Fur-
thermore, girls are more likely to spend their time in nearby play areas and engage during 
play in more head-to-head contact. Head lice also flourish indoors, while boys tend to spend 
more time outdoors engaging in active informal sporting activities (Alberfkani and Mero, 
2020; Nasirian and Ahmadi, 2024). The highest level of P. capitis infestation has been 
observed among the regions five (10.6%) and four (9.1%), respectively. The highest level 
of P. capitis infestation has been observed in the hot and humid climatic region (18.5%). 
The highest level of P. capitis infestation has been observed in winter (7.8%) and autumn 
(6.8%), respectively. The students in public schools (8.3%) and rural areas (3.6%) are 
more infested with P. capitis than those in private schools (6.5%) and urban areas (1.7%). 
Compared to the global average P. capitis infestation level (25%) (Nasirian and Ahmadi, 
2024), the most infested provinces and years have been Hormozgan (33.3%), Sistan and 
Baluchestan (25.2%), and 2017 (36.0%) and 2003 (26.3%), respectively (Table 9).

Based on the intensity of P. capitis infestation, the order of the influence of the factors 
that affect infestation is: history of infestation (in case of existence: 41.4%), mother’s educa-
tion level (illiterate: 20.4%), father’s education level (illiterate: 18.6%), family income level 
(poor: 18.2%), bathing facility existence in student residences (in case of absence: 14.9%), 
family size (if Ⅵ persons or ≥ 7: 13.9 or 13.3%), health instructor involvement in student 
schools (in case of absence: 13.4%), sharing equipment (in case of existence: 13.2%), 
bathing frequency (once two weeks or once a week: 11.3%), hair washing frequency (once  
a week: 10.6%), and student hairstyle (wavy: 9.1%) (Table 9). The factors such as locality, 
regions, climatic regions, the meridians and the tropics, and years that were measured in 
this study should also be added.

Poisson regression modeling is used to study the effects of risk and protective factors 
on the incidence rate of an outcome. In our case, interaction modeling demonstrated that 
primary schools have a synergistic impact on time trends. In addition, the Western moun-
tains, the central plateau, and the southeast showed synergistic effects with time trends 
on the incidence of the outcome. Adherence to proper hygiene practices, such as frequent 
hair washing and refraining from sharing personal items, can mitigate the risk of head lice 
infestation. Individuals suffering from head lice must minimize close contact with others 
until they are fully treated to prevent transmission (Galván-Casas et al., 2024). By foster-
ing awareness about head lice infestations and ensuring access to effective treatments, Iran 
can work towards diminishing the incidence of this widespread issue among school-aged 
children. A collaborative effort between healthcare providers, schools, and families is es-
sential for addressing and managing head lice infestations within the community (Alshaer, 
2023). Education is very important for the progress of any country and depends on the 
health of its community. 

CONClUSION

The findings provide the national baseline data to initiate steps for national pediculosis 
intervention programs.
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НОВЫЕ АСПЕКТЫ, КАСАЮЩИЕСЯ ЗАРАЖЕННОСТИ ВШАМИ  
PEDICUlUS CAPITIS (ANOPlURA: PEDICUllIDAE) В ИРАНЕ

Х. Назариан, С.А.И. Ахмади
Ключевые слова: Pediculus capitis, климатические регионы, распространение, тренды 

зараженности, меридианы, стратификация, тропики
Данные по уровню заражения и факторам, влияющим на зараженность головными вшами 

P. capitis населения Ирана, были суммированы по сведениям из 126 литературных источников. 
За последние двадцать лет уровень зараженности вшами вырос более чем в половине про-
винций Ирана. Эти провинции расположены в основном в районе южного берега Каспийско-
го моря. Моделирование взаимодействия различных факторов показало, что основную роль  
в возрастании заболевания педикулезом играет пребывание детей в начальной школе в условиях 
их тесного контакта друг с другом и отсутствия необходимых гигиенических мероприятий. 
Приведенные данные позволяют разработать меры борьбы с педикулезом населения в Иране.


