Journal of
Kerman University of Medical Sciences

https://jkmu.kmu.ac.ir
doi:10.34172/jkmu.4093
JKMU 2026;33:4093

L)

) Open Access

Check for
updates

Molecular Analysis of the Presence of Wolbachia in
Indigenous Human Louse Populations in Iran

) Publish Free

Samira Firooziyan'?™~, Mohammad Ali Oshaghi*" ~, Saber Gholizadeh'*

'"Pathogens and Vectors Research Center, Cellular and Molecular Medicine Research Institute, Urmia University of Medical
Sciences, Urmia, Iran

’Department of Medical Entomology and Vector Control, School of Public Health, Urmia University of Medical Sciences,
Urmia, Iran

*Department of Medical Entomology and Vector Control, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran

*Corresponding Authors: Mohammad Ali Oshaghi, Email: moshaghi@tums.ac.ir, and Saber Gholizadeh, Email: saber@umsu.ac.ir

e a

Abstract

Introduction: Human lice infestation continues to be a public health challenge. Head lice not only cause physical irritation,
but also lead to social and psychological problems. Body lice are vectors of several infectious diseases. While chemical control
remains the mainstay of management, increasing insecticide resistance highlights the need for alternative strategies. Investigating
endosymbiotic bacteria such as Wolbachia may provide new ways to control lice populations.

Methods: Samples were collected from volunteers in four provinces of Iran. DNA extraction was performed according to the
manufacturer’s instructions with minor adjustments to improve results. The presence of Wolbachia was assessed using PCR
and nested-PCR methods targeting the Wolbachia surface protein (wsp), glutamyl-tRNA amidotransferase B subunit (gatB), and
cytochrome oxidase subunit 1 (coxA) genes. DNA isolated from Wolbachia-infected Culex mosquitoes was used as a positive
control to confirm the effectiveness of the assay. Distilled deionized water was also used as a negative control to ensure no
contamination or false positives.

Results: No Wolbachia DNA was found in any of the lice samples when the results were compared to the positive control.
Amplification using the wsp, gatB, and coxA primer sets did not show any positive results in PCR or nested-PCR assays.
Conclusion: The absence of detectable Wolbachia in the louse samples of this study may be due to genetic variation in the
primer binding regions or low bacterial density. Further molecular investigations using other markers and optimized primers are
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recommended to clarify the possible presence of Wolbachia in Iranian louse populations.
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Introduction

Human lice are obligate blood-sucking ectoparasites,
meaningtheycannotsurviveonanyhostotherthanhumans.
These parasites have long been a cause of medical and
social concern worldwide (1). Pediculus humanus capitis
causes head lice infestation. This parasite is transmitted
through direct head-to-head contact, especially among
children and adolescents in group settings (2). Although
this species does not transmit serious disease to humans,
clinical complications of infection ranging from itching
and burning to secondary pyoderma are possible (1, 2).
In contrast, Pediculus humanus corporis (body louse)
lives in the seams of human clothing and attaches itself
to the human body only to feed. This species is a vector
of important infections such as epidemic typhus, trench
fever, and relapsing fever (1). This discussion excludes

Pthirus pubis infestations. Lice have been a persistent
global public health issue since ancient times, with their
widespread occurrence maintained by ineffective control
measures and the increasing development of resistance
to commonly used chemical pediculicides (3). Reports
of resistance have emerged from the United States,
United Kingdom, France, Argentina, Australia, and
Iran (3-8). Given the sensitivity and resource demands
of lice management, research into insect symbiotic
microorganisms offers promising alternative approaches
9).

The genus Wolbachia is an obligate intracellular
bacterium.  Wolbachia  belongs to the family
Anaplasmataceae in the phylum Proteobacteria and
is closely related to Rickettsia species (10). Wolbachia
is one of the most common reproductive parasites of
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arthropods worldwide. The bacterium exhibits complex
interactions with its host, often ranging from parasitism
to symbiosis (11, 12). Some hosts are obligately
dependent on Wolbachia for survival or reproduction
(13). Approximately 40-66% of arthropod species carry
Wolbachia infections (2, 13-18). The bacteria localize
mainly within reproductive tissues such as ovaries and
testes and are maternally transmitted via egg cytoplasm
(19). They induce cytoplasmic incompatibility, male
killing, parthenogenesis, feminization, and can enhance
fertility and fecundity in their hosts (20). These
reproductive manipulations are hypothesized to involve
interactions with host proteins (21).

Genetic diversity within the genus is well documented,
with eight subgroups (A-H) identified through
sequencing of 16S rDNA and ftsZ genes (22-26). In lice,
infections have been reported exclusively from Wolbachia
subgroup F (27). The Wolbachia surface protein (wsp),
an octa-beta barrel membrane protein, is a key target
for detection and phylogenetic analysis (28). This
protein plays a significant role in modulating the host’s
immune responses, regulating cell growth, influencing
pathogenicity, and triggering programmed cell death.
Wolbachia infections may interfere with the reproductive
processes of lice, potentially leading to reduced population
levels (28), and may interfere with their vectorial capacity
(29). Consequently, Wolbachia is being researched as a
potential biocontrol agent against lice as an alternative to
traditional insecticides.

Research has identified Wolbachia in lice populations
from Canada, Argentina, the United States, and Australia
using the wsp gene as a molecular marker (29). In
contrast, lice collected from the United States, Russia, and
Madagascar showed no evidence of Wolbachia infection
using the same marker (30-32). This study aimed to
investigate the presence of Wolbachia in head and body
lice populations gathered from Iran.

Methods
This study received ethical approval from Urmia
university of medical sciences (Ethical code: IR.UMSU.
REC.1404.168). A total of 123 human lice specimens
were collected from volunteers in four provinces of
Iran (Khorasan, West Azerbaijan, Zanjan, and Qom),
including 97 head lice and 26 body lice (Table 1, Figure 1).
Head lice were collected mainly from school students
during screening. Body lice samples were obtained
from individuals residing in drug rehabilitation camps
by exchanging contaminated clothing for new clothing.
Informed consent was obtained from all participants

or their legal guardians, in accordance with ethical
guidelines.

The samples were stored in 70% ethanol until molecular
analysis. Genomic DNA was isolated from lice using the
YTA Genomic DNA Extraction Kit (Yekta Tajhiz Azma,
Tehran, Iran). To increase the yield, slight adjustments
were made to the protocol of the DNA extraction kit
manufacturer. To crush the lice cuticle, each louse was
individually frozen in liquid nitrogen in a microtube
and homogenized in 200 pl of FATGI lysis buffer using
a micropestle. Proteinase K (20 uL) was then added, and
the samples were incubated at 60°C for one hour to digest
proteins. Subsequent steps followed the manufacturer’s
instructions precisely.

The wsp gene was used to investigate Wolbachia
infection using a nested PCR method. The first round of
amplification of a 632 bp fragment was performed using
primers 81F and 691R, followed by a second round with
primers 183F and 691R to produce a 501 bp nested product.
To increase the robustness of detection and confirm the
results, two additional Wolbachia-specific molecular
markers—glutamyl-tRNA amidotransferase subunit B
(gatB) and cytochrome oxidase subunit 1 (coxA)—were
co-amplified using the corresponding primers to produce
500 bp and 650 bp products (Table 2). PCR amplification
conditions, including annealing temperature and cycle
time, were optimized according to the established
protocols (Table 3).

Positive controls consisted of Wolbachia-infected
Culex mosquito DNA, while negative controls used
nuclease-free distilled water to monitor contamination.
PCR products were visualized by gel electrophoresis,
and selected amplicons were subjected to sequencing for
confirmation.

Results

In this study, 75 lice samples, including 49 head lice and
26 body lice, were collected from four provinces of Iran.
Each specimen was thoroughly tested for Wolbachia
presence using both nested PCR and conventional PCR
methods, targeting the wsp, gatB and coxA, genes. Despite
the comprehensive screening and inclusion of positive
controls validating the assays, none of the lice samples
tested positive for Wolbachia DNA. These results indicate
an absence of Wolbachia infection in the analyzed lice
populations from these regions of Iran.

Discussion
Wolbachia, an intracellular bacterium found in the class
Insecta, shows a heterogeneous distribution among

Table 1. Geographical Distribution and Sample Size of Lice Collected from the Selected Cities

Province District Geographic coordinates Lice counts Collection dates
Khorasan Mashhad 36°17'49.92"N and 59°36'24.08"E 21 2023
Qom Qom 34°38'29.67"N and 50°5228.57"E 15 2022
Zanjan Zanjan 36°40'58.82"N and 48°30'31.40"E 10 2021

West Azerbaijan Urmia 37°32'59.30"N and 45°04'43.06"E 77 2021-2023
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different insect orders. The presence of this bacterium
has been studied and identified in some species. However,
others have not been sufficiently studied, and no definitive
or documented diagnosis is available (33). This highlights
the need for extensive research across a wider range of
insect species. In Iran, several studies have focused on
determining the prevalence of Wolbachia infections
in insect populations and have shown infection rates
in mosquitoes, Pedrous beetles, several species of fruit
flies, and various species of sand flies to be very variable
(34-37).

These differences indicate complex interactions
between Wolbachia and their insect hosts, influenced by
host genetics, environmental variables, and geographic
factors. Further evidence for the presence of this
bacterium in Iranian insect populations comes from
unpublished genetic sequences deposited in GenBank
by Jadid et al. These sequences identified Wolbachia
strains in Culex pipiens mosquitoes during 2006-2007
(GenBank accessions EF539841-52, DQ900650-54). The
present study provided the first comprehensive report
on the occurrence and distribution of Wolbachia in
human lice in Iran, representing a significant advance
in understanding the epidemiology of this bacterium in
the region. Given the unique ecological niche of lice as a
major health priority, this study aimed to determine the
presence of Wolbachia in the vector.

Recently, numerous studies from around the world
have investigated the detection of endosymbiont bacteria,
including Wolbachia, in human lice populations from
diverse geographical locations (38-42). Such research
has been conducted to elucidate the prevalence, diversity,

Figure 1. Google Map of study areas for collection of lice specimens in Iran

and effects of symbionts on host biology. However, the
detection of Wolbachia in lice has been inconsistent across
studies, reflecting complex host-symbiont dynamics.
For example, Veracx et al. (2005) reported no presence
of Wolbachia in body lice using the wsp marker, while
head lice were positive (43). Similarly, Wolbachia was
undetectable in head lice samples from the USA, Russia,
and Madagascar, using wsp primers (30), implying either
absence or challenges in detection linked to low bacterial
load or gene variation.

In this study, molecular screening employed three
genetic markers—wsp, gatB, and coxA— to maximize
Wolbachia detection sensitivity in lice; nevertheless, all
samples tested negative. The validity of negative results
was confirmed by positive control assays, indicating
methodological reliability. Therefore, the absence of
Wolbachia in these lice is unlikely due to technical
shortcomings such as primer inefficiency or sample
quality.

Resistance to liceicides is a major concern in lice
management, but linking the absence of Wolbachia
to resistance to liceicides is premature and potentially
misleading. Alternative explanations offered by previous
studies include host physiological incompatibility, altered
host tissue environment, and microbiome interactions
that affect Wolbachia survival (43-45).

To more fully understand the prevalence and
distribution of Wolbachia in Iranian lice, future
research should expand sampling to other areas and
use alternative molecular markers such as 16S rRNA,
ftsz, and ARM-targeted endpoint PCR (46,47). Next-
generation sequencing (NGS) technologies can provide
comprehensive profiles of lice microbial communities
and even reveal low-abundance Wolbachia or other
endosymbionts undetectable by conventional PCR.

Finally, the lack of detection of Wolbachia in Iranian lice
suggests biological limitations. The diversity in symbiont-
host relationships was highlighted, and the need for
further and extensive studies to clarify the ecological roles

Table 2. Primer information for wsp, coxA, and gatB genes used in Wolbachia
detection from lice collected in Iran

Primer Sequence 5’ to 3’ References
wsp 81F 5'-TGGTCCA ATAAGTGATGAAGAAAC-3' @)
wsp 691R 5'- AAAAATTAAACGCTACTCCA-3'

wsp 183F 5'-AAGGAACCG AAGTTCATG-3' @)
wsp 691R 5'-AAAAATTAAACGCTACTCCA-3'

gatBF 5'-GAK TTA AAY CGY GCA GGB GTT-3' an
gatBR 5'-TGG YAAYTC RGG YAA AGATGA-3'

CcoxAF 5'-TTG GRG CRATYA ACT TTA TAG-3' an
CcoxAR 5'-CTA AAG ACT TTK ACR CCA GT-3'

Table 3. PCR and Nested-PCR amplification parameters. Steps 2—4 were cycled 35 times.

Step 1 Step 2 Step 3 Step 4 Step 5
Nested- Primer (Initial denaturation) (Denaturation) (Annealing) (Extension) (Final Extension)
PCR/PCR Temperature Time Temperature Time Temperature Time Temperature Time Temperature Time
Nested-PCR  wsp 94°c 4' 94°c 2' 54.5°c 130" 70°c 120" 71°%c 10’
PCR gatB 95°c 130" 95°c 45" 56°c 115" 72% 130" 70°c 10’
PCR COXA 95°c 4'45" 95°c 15" 54.5°c 30" 72°c 30" 70°c 10’
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of Wolbachia is emphasized.

Body lice collection was challenged by concealing the
contamination among residents of drug rehabilitation
camps; incentives such as the provision of new clothes
and free medication facilitated their cooperation.

Conclusion

In this study, Wolbachia was not detected in head and
body lice samples. It can be due to mutations in the
regions where the wsp primers bind. To definitively rule
out the presence of Wolbachia, it is recommended to use
additional primer sets.
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