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Abstract
Purpose of Review  The patterns of movement of people, and animals, are changing due to climate change, immigration and 
ongoing refugee crises. Subsequently, many parasitic diseases, including pentastomiasis, are also changing their patterns of 
distribution. This review is aimed at raising awareness among medical practitioners and diagnosticians, especially in non-
endemic areas for pentastomiasis, the disease, and highlighting the issues with the identification of pentastome infections 
in humans.
Recent Findings  Pentastome infections in humans can be either visceral or nasopharyngeal in location. Visceral pentastomia-
sis is generally asymptomatic and is usually only discovered incidentally during examination for other issues or at autopsy. 
Nasopharyngeal pentastomiasis presents as an acute infection, generally following ingestion of raw or undercooked offal. 
Identification of the causative agent/s of pentastomiasis is based on general morphological features, determined through 
histology or radiology, with molecular confirmation of species rare.
Summary  Although specific identity of the pentastome infection is probably not required from a medical viewpoint with 
regard to treatment of the infection, it is needed to improve our understanding of the epidemiology of infections. Addition-
ally, with the increased movements of humans, and other animals, and their associated parasitic diseases, these parasites will 
start to appear in non-endemic areas. Medical practitioners and diagnosticians, as well as veterinarians, need to be aware of 
these parasites to ensure an accurate identification of the disease.
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Introduction

Climate change, immigration and ongoing refugee crises 
are changing the distribution of human parasites and their 
associated diseases around the world [1–3]. In addition, an 
increased level of interaction with wildlife through urban 
expansion and the need to ensure food security through an 
increased level of consumption of bushmeat or wild game 
increases risks of exposure to a variety of parasites and 
diseases [4]. Movements of animals, or even animal parts, 
either through accidental or deliberate means, can also 

change the risk of interaction with parasites and diseases [5]. 
Although some parasitic diseases, such as malaria, are well-
known and easily diagnosed, many parasitic diseases, espe-
cially those predominant in wildlife, remain understudied, 
with limited knowledge of specific symptoms, effects and 
potential morbidity or mortality upon people. Thus, medical 
practitioners and diagnosticians must adapt to the potential 
of symptoms and pathologies associated with parasites and 
diseases new to their parts of the world [1, 2].

Pentastomiasis is one such disease that is prevalent in 
certain parts of the world, such as the Middle East, Africa 
and parts of south-east Asia [6, 7], but can move with peo-
ple, remaining undiagnosed for a long time [2]. Addition-
ally, the high number of asymptomatic cases or cases with 
general symptoms such as fever, nausea and abdominal pain 
prevents easy diagnosis [8, 9•, 10••, 11••]. Pentastomiasis 
is caused by infection with pentastomes, a group of obligate 
parasites, usually found as adults in the respiratory system 
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of their vertebrate host [7]. The majority of the 124 accepted 
species [12] are found as adults in reptiles, although some 
are found in mammals [7]. As a group, pentastomes are a 
‘relatively neglected and poorly understood class of endo-
parasites’ [7, p46].

Although a number of pentastomes have been identified 
infecting humans, the vast majority of cases belong to two 
species: Linguatula serrata and Armillifer armillatus [7, 13, 
14]. However, the majority of ‘identifications’ of pentasto-
matid infections have occurred through a combination of 
radiology and histology, leading to a morphological-based 
species-level identification, although this is known to not 
be accurate, especially beyond the level of genus [7, 15]. 
Pentastomatids possess relatively few external characters 
upon which to base a species-level identification [7]. Few 
sclerotised structures, in combination with unknown levels 
of intraspecific variation in morphology and poor initial 
taxonomic descriptions, have resulted in a complicated tax-
onomy [7]. The utilisation of molecular techniques to verify 
the identification of a pentastomatid infection is crucial [15], 
although it is still rarely utilised [13, 14].

This review is aimed at highlighting the issues with 
identification of pentastome infections in humans through 
an examination of some cases in the literature. Addition-
ally, the review wishes to raise awareness among medical 
practitioners and diagnosticians, especially in non-endemic 
areas for pentastomiasis, to the parasites as the potential for 
this disease to be presented to in these areas is increasing.

Background

Pentastomes are included within the Arthropoda [16] and 
possess an external cuticle, which is moulted between nym-
phal (larval) stages and chitinised hooks for attachment [7]. 
The adults are sexually dimorphic, with males generally 
much smaller and shorter-lived than females. Within natural 
infections of wild hosts, most are dominated by females [7]. 
Additionally, mixed species infections are common among 
natural wild hosts (Riley and Huchzermeyer [17], for exam-
ple, found four species, across two genera, within the lungs 
of a single crocodile), and examination of each individual 
pentastome is required to ensure correct identification.

Subsequently, the taxonomy of pentastomatids is compli-
cated and confusing. With relatively few external features on 
which to base an identification, ‘soft’ morphological char-
acters, such as body length and number of annuli (external 
‘segmentation’), are generally used. Fixation and handling 
processes, however, are known to affect morphological 
dimensions of pentastomes, but due to the small numbers 
of individuals generally examined, levels of intraspecific 
variation are not known [7, 18]. The number of abdominal 
annuli is an important diagnostic character for some genera, 

including Armillifer, but there can be pronounced intraspe-
cific variation within infections in a single host animal [7]. 
Only rarely is it possible to identify nymphs specifically, 
but for some genera, the definitive number of annuli has 
been acquired by the infective nymph, and it is possible to 
specifically identify at least nymphal porocephalids using 
this sole criterion [7].

Hook morphology and dimensions are useful taxonomic 
characters, due to their chitinous structure which is unaf-
fected by fixation technique, and can reliably differentiate 
between genera [7]. However, the hooks should be removed 
from the pentastome and examined lying flat on a micro-
scope slide to ensure accuracy of measurements [7]. It is 
important, also, to note that some pentastomes have mark-
edly different morphology of hooks between developmental 
stages [19] and sexes [20] and that hooks increase in size 
between moults, so it is important to determine the stage 
and sex of the pentastome being measured [7]. In practice, 
hook data can only be meaningfully compared between fully 
adult specimens [7].

For many pentastomes, especially those collected from 
reptiles, species differentiation has been based on host spe-
cies ecology [21]. The influence of environment and host 
on morphological variation of pentastomatids, however, is 
unknown, but increased research on pentastomatids in a par-
ticular geographical region or host group usually results in 
revised identifications of species [18]. Riley and Self [21], 
for example, found that a single, morphologically variable 
species, Waddycephalus teretiusculus infecting Australian 
venomous snakes, was actually 10 different species when 
examined in detail.

Most pentastome species have also been described prior 
to the advent of molecular techniques and require molecular 
characterisation and verification. However, it is vital that 
sequences are obtained from specimens that have accurate 
morphological characterisation to enable an accurate spe-
cies identification [19, 20, 22–24]. Molecular identification 
of nymphs identified as L. serrata, for example, has shown 
high levels of variability between nymphs collected from 
different hosts and geographical areas [e.g., 25]. Addition-
ally, none of the sequenced nymphs have provided a 100% 
match for the original L. serrata sequence, identified from 
a dog in Norway [25].

Compounding the taxonomic issues is the interchange-
able use of common and scientific names of particular pen-
tastomes. The Linguatulidae is a family name, containing 
the zoonotic genus Linguatula, but linguatulids are also the 
older alternate name for all members of the Pentastomida 
[7, 12] and is often used incorrectly, adding to the confu-
sion [e.g., 27]. Additionally, the propensity for any specimen 
of Linguatula to be identified as L. serrata, often without 
morphological verification, increases the confusion, and 
recent molecular work has shown that there may be different 
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species of Linguatula in areas traditionally thought to only 
contain L. serrata [10••, 20, 24]. And as often occurs in 
taxonomy, revisions change the names of parasites, mov-
ing them between genera and families, which is often not 
always immediately accepted, creating issues with synonyms 
and specimens being referred to by incorrect names. For 
example, Armillifer moniliformis has a long list of syno-
nyms since its original description in 1836 [16], including 
the Australian subspecies A. moniliformis australis, first 
described by Heymons which was subsequently found to be 
a distinct species by Riley and Self [26].

Life Cycles

In general, life cycles for pentastomes involve sexually 
dioecious adults in the respiratory system of a vertebrate 
host [7]. Fertilised larvated eggs are released from the host, 
either through nasal discharge or in the faeces [7]. Eggs are 
ingested by intermediate hosts—dependent on the pentas-
tome species, this can be an invertebrate insect host, a fish, 
a small lizard or mammal. Within the intermediate host, the 
egg hatches, releasing a first nymphal stage which undergoes 
a series of moults to become the infective nymph. During 
this process, the nymph may migrate through the body of the 
intermediate host, eventually encapsulating within mesen-
teries, organs or tissues. Ingestion of the intermediate host 
at this point releases the infective nymph which migrates 
to the respiratory system in the final host. Some species 
have a direct life cycle, but this appears limited to the genus 
Reighardia found in gulls [27] and potentially Linguatula 
arctica in ungulates [28].

Humans become infected with pentastomes through the 
ingestion of either eggs, leading to visceral pentastomiasis, 
or through ingestion of infective nymphs, leading to naso-
pharyngeal pentastomiasis, known as Halzoun or Marrara 
syndrome [7, 29]. Ingestion of eggs is usually accidental, 
with the food product contaminated by eggs from adult 
female pentastomes during the butchering process of the 
infected host (e.g., snake), or through ingestion of water 
contaminated by infected faeces [14]. Visceral pentastomia-
sis is generally asymptomatic, with diagnosis of infection 
occurring as incidental findings during surgery or autopsy 
[6, 11••, 14, 30]. Nasopharyngeal pentastomiasis, however, 
usually follows a meal containing raw or undercooked offal, 
with people presenting to medical attention within a few 
hours [7, 10••].

Pentastome nymphs appear to show active site selection 
in their hosts: Linguatula prefers the bronchial and mesen-
teric lymph nodes [31], while A. armillatus in man invades 
the liver, intestine and mesenteries [6, 14]. However, as with 
many aspects of pentastomes, further research is showing 
differences in localisation of nymphs in different types of 

intermediate hosts [32, 33]. Generally, nymphs are encysted 
in intermediate hosts within the last moulted cuticle inside 
a capsule of host origin and death of the intermediate host 
may be a cue for excystment [7]. Reports of freely migrat-
ing (excysted) Linguatula nymphs in intermediate hosts 
[7, 31–33] may reflect post-mortem migrations. If these do 
occur naturally, their significance is unclear [7].

Diagnosis of Infections in People

The pathology of pentastomatid infections in people is 
poorly understood. Human pentastomiasis varies enor-
mously in its clinical and pathological manifestations. Pen-
tastomiasis has been found to range from asymptomatic sub-
clinical disease with minimal pathological reaction [9•, 14] 
to serious manifestations including abscesses and/or space-
occupying lesions, or obstructions of vital passageways, and 
is commonly found in association with liver cancer [7, 34, 
35].

The true extent of infection of people with visceral pen-
tastomiasis is unknown [9•, 11••] as the majority of diag-
noses of visceral pentastomiasis are made incidentally after 
a person has presented with generic symptoms (e.g., nausea 
and abdominal pain) or at autopsy [11••, 13, 14, 30]. This 
is thought to be related to a low overall parasite load [6] due 
to the accidental manner of ingestion of eggs, although there 
are some cases of visceral pentastomiasis that have been 
fatal [11••, 36, 37]. In areas where consumption of snake 
meat is common, however, incidence of infection can be 
high [36, 38], with almost 50% of Aboriginal Malays found 
to be infected with pentastomes at autopsy [30]. Infections 
can generally be linked back to consumption of food or water 
likely to have been contaminated with eggs from pentasto-
mes, or through association with snakes (as in the case of a 
snake farmer; [39]), but there are sporadic cases where there 
is no obvious link (a French man who had worked with wood 
from Africa; [40]). Visceral pentastomiasis can be caused by 
any pentastomid species but is most commonly associated 
with Armillifer spp. [13, 14].

Infection with nasopharyngeal pentastomiasis generally 
results in acute, severe infections, following consumption of 
raw or undercooked offal, predominately from sheep, goats, 
cattle or camels [7, 10••]. Nasopharyngeal pentastomiasis is 
only caused by infection with L. serrata, and within endemic 
areas of the Middle East, symptoms are named based on the 
geographic area, being known as Halzoun in Lebanon and 
Marrara syndrome in the Sudan [7, 41]. Symptoms of infec-
tion are usually of short duration and restricted to the naso-
pharyngeal area with no systemic manifestations [7]. Similar 
to visceral pentastomiasis, the true extent of infection with 
nasopharyngeal pentastomiasis is unknown as many people 
in these endemic areas recognise the symptoms and know 
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they will cease after a short duration and, subsequently, do 
not present to a medical practitioner [10••, 41]. Of infections 
with L. serrata, nasopharyngeal pentastomiasis was found 
to be the most common [10••].

Ocular pentastomiasis is where a pentastome nymph is 
located in the eye of the person [9•]. Thankfully, this appears 
to be a rare disease, with only 19 cases reported so far [9•], 
although many of the patients had subsequent permanent 
visual damage [9•, 38]. Nymphs of both Armillifer spp. and 
L. serrata have been recovered from affected eyes [9•, 34, 
38, 42–46].

Histological, morphological or radiological examination 
are the principal methods of identification of a pentastome as 
the causative agent [8, 14]. Serological tests for pentastome 
infection, such as Armillifer spp., are rarely used in clinical 
practise [8] and have yet to be developed for detection of 
linguatualosis [7]. Molecular confirmation of identification 
of pentastome species found in people has only begun to be 
used recently [14, 47•], but is limited in certain parts of the 
world due to costs and access [14].

When whole specimens are recovered, as in the case of 
nasopharyngeal or ocular pentastomiasis, specimens are usu-
ally identified through morphology. Morphological examina-
tion of pentastomes generally involves the whole specimen 
being examined, and ‘identification’ made based on gross 
morphology of body shape (round (Armillifer or Poroceph-
alus spp.) versus flat (L. serrata)) and number of annuli. 
Removal of hooks (as discussed above) and/or molecular 
confirmation of species identity is rare. In some reports, 
photographs of specimens are included, although mis-
identification of pentastomes still occurs. Wang et al. [48] 
reported a pentastome infection collected from a 3-year-old 
girl admitted to hospital with a 3-day fever and nymphs col-
lected from discharged stool which were identified as Armil-
lifer agkistrodontis, based on the number of annuli. Shao and 
Tang [49] reported a very similar pentastome infection (in 
a 3-year-old girl who presented to a hospital with a 3-day 
fever, abdominal pain, and anorexia with nymphs recovered 
from discharged stool) and with a very similar photograph. 
However, Shao and Tang [49] identified the nymphs as L. 
serrata, with no evidence provided and despite the earlier 
identification. Examination of the photograph indicates the 
infection to definitely not be L. serrata, based on body shape 
alone. In a separate case, Qiu and Jiang [50] reported that 
an infection previously identified as Armillifer sp. was, in 
fact, a nasal leech, showing that care needs to be taken in 
determining the identification of parasites.

As discussed above, taxonomy of pentastomids is often 
reliant on number of abdominal annuli [7, 51], a charac-
ter which is not always easily determined in a histologi-
cal section. Although species of Armillifer are capable of 
being differentiated based on annulus count, without com-
plete specimens, only limited conclusions regarding even 

genus-level identification should be made [47•]. In many 
histology cases, the pentastomid has degenerated to such 
an extent that only sections of the cuticle remain. However, 
despite this, a diagnosis of Linguatula, and more specifically 
L. serrata, has still been made by the fact that the cuticle 
possessed external spines [52, 53], although nymphs of other 
species of pentastomes also have annular spines [19] as the 
spines are used by the nymph during migration through the 
body of the intermediate host [7].

The use of radiological techniques is often used for diag-
nosis of visceral pentastomiasis, with nymphs found mainly 
on the liver, intestinal wall or within the mesenteries of the 
abdominal cavity [11••, 14]. Nymphs can be visualised as 
conspicuously annulated structures, but older infections of 
Armillifer spp. generally calcify into a characteristic C-shape 
[11••, 14]. Often radiology will only identify calcified cysts 
in chronic infections [11••].

In addition to the physical identification of a pentastome 
specimen, information should be gathered from the patient 
with regard to dietary and religious/traditional customs, 
especially where snakes may be a totem, as well as history 
of travel [1, 5, 10••, 14, 38, 54]. Examination of snake meat 
sold in local markets in the Congo Basin showed a high 
incidence of Armillifer [38]. Infection was likely to pass to 
people due to consumption of uncooked meat or indirectly 
through contaminated hands, kitchen tools or washing water 
used in butchering of snakes [11••, 38]. Armillifer infections 
were found to be more prevalent in men [11••], whereas L. 
serrata was often found in women involved in food prepara-
tion [10••].

Molecular confirmation of identification of pentastome 
species found in people has only begun to be used recently 
[11••]. Tappe et al. [55] and Tappe et al. [47•] sequenced 
pentastome specimens collected from cases in the Demo-
cratic Republic of the Congo, finding a mixture of species of 
Armillifer, with one infection also containing a Raillietiella 
sp. [47•]. The majority of these cases were also examined 
and identified histologically. One example of molecular veri-
fication of L. serrata was that of a nymph collected from the 
eye of a child in Austria [44]. However, issues with vari-
ability between types of genes sequenced are a problem [20, 
23, 24]. The Austrian sequence generated was for 18S rRNA 
[44] which did not match the sequences for the identified L. 
serrata collected from a dog [25]. It has been suggested that 
Cox1 and 28S rRNA are potentially better at differentiating 
species, at least for Linguatula [23].

Identification of pentastomiasis needs to occur through 
the finding of either an entire nymph or identifiable frag-
ments of degenerated nymphs, but should be limited to a 
diagnosis of pentastomatid, if there is no molecular confir-
mation [29]. This is especially true for areas of the world 
where diagnosis of pentastomiasis is rare and misdiagno-
sis may occur [10••, 29]. Most reports of infection with 
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Linguatula are identified as L. serrata [10••, 56], although 
recent molecular work has shown that there may be different 
species [10••]. Additionally, a range of other pentastome 
species have been recovered from people: Leiperia cincin-
nalis (also called Pentastome gracile; [34, 57]), Raillietiella 
hemidactyli [58], Sebekia sp. [59], Porocephalus crotali 
[58], and Porocephalus taiwana [48]. Increased use of 
molecular techniques should assist with identification of the 
various pentastomes found to infect people across the world.

The Need for Increased Awareness

Many immigrants and refugees have undiagnosed or poorly 
managed medical conditions, often due to a breakdown 
of the health system of their home countries during eco-
nomic and social unrest [1, 3]. As industrialised/developed 
countries receive increasing numbers of these immigrants 
and refugees, especially from parts of the world where 
pentastomiasis is endemic, this disease will become more 
frequently encountered by medical practitioners and diag-
nosticians [2, 13, 60] (see Table 1). Infections with L. ser-
rata, A. armillatus or an Armillifer sp. have already been 
diagnosed in Europe and Northern America (Canada and 
the United States) as well as in South Africa. The Armil-
lifer spp. infections have all originated in western or central 
African countries (Table 1). For the infections of L. serrata, 
however, only one has come from the traditional endemic 
area of the Middle East, with the other infections originating 
from countries (Russia, Hungary and Kazakhstan) (Table 1) 
which are not considered traditional endemic countries, 
highlighting the many issues with determining the true dis-
tribution of L. serrata.

Pentastomes are often not mentioned in medical parasitol-
ogy textbooks, so diagnosticians may not easily diagnose an 
infection [2]. Additionally, although pentastomes may have 
been prevalent in some of these countries, such as the United 
Kingdom, last century, they have subsequently disappeared 
and may not be initially recognised as a potential disease 
issue [61].

Raising awareness among medical practitioners of the 
most common and serious medical conditions that occur 
in immigrant groups from different geographic regions is 
important for early diagnosis and treatment of diseases that 
may initially be asymptomatic [1, 62]. Additionally, culinary 
habits of countries change with the arrival of immigrants 

[63–66], leading to potential increases in infections with 
parasites in some groups. Barton et al. [65] discussed the 
potential zoonotic risks of consuming feral animals in Aus-
tralia especially given recent research which had reported L. 
serrata in rabbits [33], wallabies [32] and goats [67].

In addition to the movement of people, there has been 
an increase in the rehoming of street dogs across the world 
[5, 68]. Infections with L. serrata in these dogs have been 
reported and veterinarians, potential pet owners as well as 
medical practitioners, need to be aware of the risk of spread-
ing zoonotic pathogens through importing/exporting dogs 
and other animals [5, 69]. In some areas of the world, rep-
tiles are also popular pets, and although unlikely to be con-
sumed, the risks of potential zoonotic parasites, especially 
if the reptile has been wild-caught, need to be identified.

Conclusions

Although specific identity of the pentastome infection is 
probably not required from a medical viewpoint with regard 
to treatment of the infection, it is needed to improve our 
understanding of the epidemiology of infections, including 
full host ranges as well as potential ways of preventing infec-
tions. As patterns of human movement and interactions with 
wildlife increase and change, due to climate change and vari-
ous socio-economic factors, common infections in certain 
areas of the world will become more prevalent in new, most 
likely developed, countries. As such, veterinarians, medical 
practitioners and diagnostic technicians need to be aware of 
the possibility of these infections.

Despite the variety of species within other pentastomatid 
genera and the ability to differentiate species of Armillifer 
based on geographic distribution, there is almost a blind spot 
when it comes to identification of Linguatula. Linguatula 
serrata is the default diagnosis of every ‘tongue worm’ 
infection, anywhere in the world, even in regions where other 
species of Linguatula have been described. Although L. ser-
rata may be the only species within the genus that infects 
people, no one appears to have even considered the possi-
bility that another species of Linguatula could be involved 
as a zoonotic parasitic infection, especially as a nymphal 
stage that accidentally finds itself in the wrong host. Further 
research is required to correctly identify pentastomids found 
infecting people to ensure accurate diagnoses.
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Table 1   Cases of human pentastomiasis diagnosed in countries other than the original source of infection. MLN, mesenteric lymph nodes; NS, 
not stated 

Case Country of 
diagnosis

Pentastome 
species

Location in 
body

Age Sex Reason for 
presentation

Diagnosis 
method

Country of 
origin

Reference

1 USA L. serrata Liver, MLN, 
abdominal 
cavity

4 M Presented other 
symptoms

Histology Middle East [70]

2 France Armillifer sp. NS NS NS NS Radiology Africa Piéron et al. 
(1982) in [14]

3 Canada L. serrata MLN 47 M Not stated Histology Hungary [71]
4 USA A. armillatus Abdominal 

cavity
35 M Presented other 

symptoms
Radiology Liberia [72]

5 Canada A. armillatus Liver, abdomi-
nal cavity, 
thoracic 
cavity

28 M Autopsy Histology, gross 
morphology

Nigeria [73]

6 France Armillifer sp. Abdominal 
cavity

50 M Presented other 
symptoms

Radiology Gabon [74]

7 France A. armillatus Liver, abdomi-
nal cavity, 
thoracic 
cavity

26 M Autopsy Gross morphol-
ogy

Democratic 
Republic of 
Congo

[37]

8 France A. armillatus NS 34 F NS Radiology Cameroon Touze et al. 
(2001) in [14]

9 France A. armillatus Liver, abdomi-
nal cavity, 
thoracic 
cavity

40 M Presented other 
symptoms

Radiology Mali [75]

10 Spain Armillifer sp. NS 25 F NS Laparoscopy Nigeria Martin-Rabadan 
et al. (2005) in 
[14]

11 Germany L. serrata Thoracic cavity 39 M Presented other 
symptoms

Radiology, 
histology

Russia [76]

12 South Africa A. armillatus Liver 39 M Presented other 
symptoms

Radiology Nigeria [77]

13 Germany L. serrata Thoracic cavity NS NS Presented other 
symptoms

Radiology, 
histology

Kazakhstan [13]

14 Germany A. armillatus Liver 23 M Autopsy Molecular, 
histology

Togo [78]

15 The Netherlands A. armillatus Abdominal 
cavity

23 F Presented other 
symptoms

Gross morphol-
ogy

Liberia [60]

16 Italy A. armillatus Liver 23 M Autopsy Histology Nigeria [79]
17 France Armillifer sp. Liver 16 F Presented other 

symptoms
Radiology Cameroon [80]

18 France Armillifer sp. Abdominal 
cavity

40 M Presented other 
symptoms

Radiology Central African 
Republic

[80]

19 France Armillifer sp. Liver, thoracic 
cavity

31 M Presented other 
symptoms

Radiology Democratic 
Republic of 
Congo

[81]

20 France Armillifer sp. Abdominal 
cavity

21 M Presented other 
symptoms

Radiology, 
histology

Guinea [82]

21 USA Armillifer sp. Liver, abdomi-
nal cavity, 
thoracic 
cavity

61 1 Presented other 
symptoms

Radiology Togo [83]



85Current Clinical Microbiology Reports (2024) 11:79–87	

Author contributions  D.P.B. wrote the first draft of the manuscript. 
D.P.B. and S.S. reviewed the manuscript.

Funding  Open Access funding enabled and organized by CAUL and 
its Member Institutions

Declarations 

Competing interests  Shokoofeh Shamsi is on the Editorial Board for 
Current Clinical Microbiology Reports. Diane P. Barton is on the Edi-
torial Board of another Springer journal, Systematic Parasitology

Conflict of Interest  Prof. Shamsi is the Parasitology Section Editor for 
the Journal. Dr. Barton has nothing to disclose.

Human and Animal Rights and Informed Consent  No animal or human 
subjects were used in this study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References  

Papers of particular interest, published recently, have 
been highlighted as:  
•  Of importance  
••  Of major importance

	 1.	 Caruana SR, Kelly HA, Ngeow JYY, Ryan NJ. Undiagnosed 
and potentially lethal parasite infections among immigrants 
and refugees in Australia. International Society of Travel 
Medicine. 2006;13:233–9. https://​doi.​org/​10.​1111/j.​1708-​
8305.​2006.​00045.x.

	 2.	 Potters I, Desaive C, Van Den Broucke S, Van Esbroeck M. 
Unexpected infection with Armillifer parasites. Emerg Infect 
Dis. 2017;23:2116–8. https://​doi.​org/​10.​3201/​eid23​12.​171189.

	 3.	 Short EE, Caminade C, Thomas BN. Climate change contribu-
tion to the emergence or re-emergence of parasitic diseases. 
Infectious Diseases: Research and Treatment. 2017;10:1–7. 
https://​doi.​org/​10.​1177/​11786​33617​732296.

	 4.	 Cantlay J, Ingram D, Meredith A. A review of zoonotic infec-
tion risks associated with the wild meat trade in Malaysia. 
EcoHealth. 2017;14:361–88.

	 5.	 Nagamori Y, Ramachandran A, Kuzma C, Nafe L. A zoonotic 
parasite, Linguatula serrata, infection in a dog imported from 
Ethiopia to the United States. Vet Parasitol: Reg Stud Reports. 
2019;16:100273. https://​doi.​org/​10.​1016/j.​vprsr.​2019.​100273.

	 6.	 Self JT, Hopps HC, Williams AO. Pentastomiasis in Africans. 
Trop Geogr Med. 1975;27:1–13.

	 7.	 Riley J. The biology of pentastomids. Adv Parasitol. 
1986;25:46–128.

	 8.	 Ogun Y. Pentastomide infestation. Ann Afr Med. 
2011;10:62–3.

	 9.•	 Sulyok M, Rózsa L, Bodó I, Tappe D. Ocular pentastomiasis in 
the Democratic republic of the Congo. PLoS Neglected Tropical 
Diseases. 2014;8:e3041. https://​doi.​org/​10.​1371/​journ​al.​pntd.​
00030​41. (A review of ocular pentastomiasis.•)

	10.••	Tabaripour R, Keighobadi M, Sharifpour A, Azadeh H. Global 
status of neglected human Linguatula infection: A system-
atic review of published case reports. Parasitology Research. 
2021;120:3045–50. https://​doi.​org/​10.​1007/​s00436-​021-​07272-
y.A detailed review of the current knowledge of human infec-
tions with L. serrata.

	11••	 Ioannou P, Vamvoukaki R. Armillifer infections in humans: A 
systematic review. Tropical Medicine and Infectious Disease. 
2019;4:80. https://​doi.​org/​10.​3390/​tropi​calme​d4020​080. A 
detailed review of the current knowledge of human infec-
tions with species of Armillifer.

	12.	 Poore GCB. The nomenclature of the recent Pentastomida (Crus-
tacea), with a list of species and available names. Syst Parasitol. 
2012;82:211–40. https://​doi.​org/​10.​1007/​s11230-​012-​9363-x.

	13.	 Tappe D, Büttner DW. Diagnosis of human visceral pentastomia-
sis. PLoS Negl Trop Dis. 2009;3:e320. https://​doi.​org/​10.​1371/​
journ​al.​pntd.​00003​20.

	14	 Vanhecke C, L-Gall P, Le Breton M, Malvy D. Human pentas-
tomiasis in Sub-Saharan Africa. Médecine et maladies infec-
tieuses. 2016;46:269–75. https://​doi.​org/​10.​1016/j.​medmal.​
2016.​02.​006.

	15.	 Mätz-Rensing K, Lampe K, Rohde G, Roos C. Massive visceral 
pentastomiasis in a long-tailed macaque - An incidental finding. 
J Med Primatol. 2012;41:210–3. https://​doi.​org/​10.​1111/j.​1600-​
0684.​2012.​00544.x.

	16.	 Christoffersen ML, de Assis JE. A systematic monograph of the 
recent Pentastomida, with a compilation of their hosts. Zoolo-
gische Mededelingen. 2013;87:1–206.

	17.	 Riley J, Huchzermeyer FW. Descriptions of four species of pen-
tastomid parasites belonging to the genera Alofia Giglioli, 1922 
and Sebekia Sambon, 1922, from a single Nile crocodile Croco-
dylus niloticus from Botswana. Syst Parasitol. 1995;31:221–38.

	18.	 Sakla AJ, Detwiler JT, Caballero IC, Kelehear C. Recognizing 
the causes of parasite morphological variation to resolve the sta-
tus of a cryptogenic pentastome. J Parasitol. 2019;105:432–41. 
https://​doi.​org/​10.​1645/​18-​205.

	19.	 Barton DP, Morgan JAT. A morphological and genetic descrip-
tion of pentastomid infective nymphs belonging to the family 
Sebekidae Sambon, 1922 in fish in Australian waters. Folia Para-
sitologica. 2016;63:026. https://​doi.​org/​10.​14411/​fp.​2016.​026.

	20.	 Shamsi S, Barton DP, Zhu X, Jenkins DJ. Characterisation of the 
tongue worm, Linguatula serrata (Pentastomida: Linguatulidae), 
in Australia. Int J Parasitol: Parasites Wildlife. 2020;11:149–57. 
https://​doi.​org/​10.​1016/j.​ijppaw.​2020.​01.​010.

	21.	 Riley J, Self JT. A redescription of Waddycephalus teretiusculus 
(Baird, 1862) Sambon, 1922 and a revision of the taxonomy of 
the genus Waddycephalus (Sambon, 1922), pentastomid para-
sites of Asian, Australian and Indonesian snakes, with descrip-
tions of eight new species. Syst Parasitol. 1981;3:243–57.

	22.	 Woodyard ET, Baumgartner WA, Rosser TG, Bodin EN. Mor-
phological, molecular, and histopathological data for Sebekia 
mississippiensis Overstreet, Self, and Vliet, 1985 (Pentastomida: 
Sebekidae) in the American alligator, Alligator mississippiensis 
Daudin, and the spotted gar, Lepisosteus oculatus Winchell. J 
Parasitol. 2019;105:283–98. https://​doi.​org/​10.​1645/​18-​122.

	23.	 Shamsi S, Zhu X, Halajian A, Barton DP. 28S rRNA sequences 
for Linguatula spp. Parasitol Res. 2022;121:1799–804. https://​
doi.​org/​10.​1007/​s00436-​022-​07507-6.

	24.	 Shamsi S, Halajian A, Barton DP, Zhu X. Occurrence and char-
acterisation of tongue worms, Linguatula spp., in South Africa. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1708-8305.2006.00045.x
https://doi.org/10.1111/j.1708-8305.2006.00045.x
https://doi.org/10.3201/eid2312.171189
https://doi.org/10.1177/1178633617732296
https://doi.org/10.1016/j.vprsr.2019.100273
https://doi.org/10.1371/journal.pntd.0003041
https://doi.org/10.1371/journal.pntd.0003041
https://doi.org/10.1007/s00436-021-07272-y
https://doi.org/10.1007/s00436-021-07272-y
https://doi.org/10.3390/tropicalmed4020080
https://doi.org/10.1007/s11230-012-9363-x
https://doi.org/10.1371/journal.pntd.0000320
https://doi.org/10.1371/journal.pntd.0000320
https://doi.org/10.1016/j.medmal.2016.02.006
https://doi.org/10.1016/j.medmal.2016.02.006
https://doi.org/10.1111/j.1600-0684.2012.00544.x
https://doi.org/10.1111/j.1600-0684.2012.00544.x
https://doi.org/10.1645/18-205
https://doi.org/10.14411/fp.2016.026
https://doi.org/10.1016/j.ijppaw.2020.01.010
https://doi.org/10.1645/18-122
https://doi.org/10.1007/s00436-022-07507-6
https://doi.org/10.1007/s00436-022-07507-6


86	 Current Clinical Microbiology Reports (2024) 11:79–87

Int J Parasitol: Parasites Wildlife. 2020;11:268–81. https://​doi.​
org/​10.​1016/j.​ijppaw.​2020.​03.​002.

	25.	 Gjerde B. Phylogenetic position of Linguatula arctica and Lin-
guatula serrata (Pentastomida) as inferred from the nuclear 18S 
rRNA gene and the mitochondrial cytochrome c oxidase subu-
nit I gene. Parasitol Res. 2013;112:3517–25. https://​doi.​org/​10.​
1007/​s00436-​013-​3534-9.

	26.	 Riley J, Self JT. Some observations on the taxonomy and sys-
tematics of the pentastomid genus Armillifer (Sambon, 1922) 
in south east Asian and Australian snakes. Syst Parasitol. 
1981;2:171–9.

	27.	 Riley J. A redeseription of Reighardia sternae Diesing 1864 
(Pentastomida: Cephalobaenida) with some observations on the 
glandular systems of pentastomids. Zeitschrift für Morpholo-
gie der Tiere. 1973;76:243–59. https://​doi.​org/​10.​1007/​BF002​
98624.

	28.	 Riley J, Haugerud RE, Nilssen AC. A new species of pentas-
tomid from the nasal passages of the reindeer (Rangifer taran-
dus) in northern Norway, with speculation about its lifecycle. J 
Nat Hist. 1987;21:707–16. https://​doi.​org/​10.​1080/​00222​93870​
07704​01.

	29.	 Ma KC, Qiu MH, Rong YL. Pathological differentiation of 
suspected cases of pentastomiasis in China. Tropical Med Int 
Health. 2002;7:166–77.

	30.	 Prathap K, Lau KS, Bolton JM. Pentastomiasis: A common find-
ing at autopsy among Malaysian Aborigines. Am J Trop Med 
Hyg. 1969;18:20–7. https://​doi.​org/​10.​4269/​ajtmh.​1969.​18.​20.

	31.	 Sachs R, Rack G, Woodford MH. Observations on pentastomid 
infestation of east African game animals. Bull Epizoot Dis Afr. 
1973;21:401–9.

	32.	 Barton DP, Porter M, Baker A, Zhu X. First report of nymphs of 
the introduced pentastomid, Linguatula serrata, in red-necked 
wallabies (Notamacropus rufogriseus) in Australia. Aust J Zool. 
2020;67:106–13.

	33.	 Barton DP, Baker A, Porter M, Zhu X. Verification of rabbits 
as intermediate hosts for Linguatula serrata (Pentastomida) in 
Australia. Parasitol Res. 2020;119:1552–62.

	34.	 Fain A. The Pentastomida parasitic in man. Annales de la Société 
elge de Médecine Tropicale. 1975;55:59–64.

	35.	 Faisy C, Boye B, Blatt A, Boutes P. La porocephalose, parasitose 
meconnue revie de la litterature a propos d’un cas Congolais. 
Med Trop. 1995;55:258–62.

	36	 YapoEtte H, Fanton L, Adou Bryn KD, Botti K. Human pen-
tastomiasis discovered postmortem. Forensic Science Interna-
tional. 2003;137:52–4. https://​doi.​org/​10.​1016/​S0379-​0738(03)​
00281-0.

	37.	 Lavarde V, Fornes P. Lethal infection due to Armillifer armillatus 
(Porocephalidae): A snake-related parasitic disease. Clin Infect 
Dis. 1999;29:1346–7.

	38.	 Hardi R, Babocsay G, Tappe D, Sulyok M. Armillifer-infected 
snakes cold at Congolese bushmeat markets represent an emerg-
ing zoonotic threat. EcoHealth. 2017;14:743–9. https://​doi.​org/​
10.​1007/​s10393-​017-​1274-5.

	39.	 Tappe D, Meyer M, Oesterlein A, Jaye A. Transmission of Armil-
lifer armillatus ova at snake farm, The Gambia, west Africa. 
Emerg Infect Dis. 2011;17:251–4. https://​doi.​org/​10.​3201/​eid17​
02.​101118.

	40.	 Delorme MMG, Cabanieu G, Boget J-C, Pivetaud J. Une obser-
vation de calcifications thoraciques disséminées évoquant une 
pentastomose. Bord Med. 1978;11:1611–4.

	41.	 Khalil GM, Schacher JF. Linguatula serrata in relation to 
Halzoun and the Marrara syndrome. Am J Trop Med Hyg. 
1965;14:736–46.

	42.	 Senecal L, Monahan P, Ward B, Kazacos KR. Intraocular pen-
tastomisis: Human subretinal invasion of Linguatula serrata: A 
case study. Invest Ophthalmol Vis Sci. 1996;37:S774.

	43.	 Lazo RF, Hidalgo E, Lazo JE, Bermeo A. Ocular linguatuliasis 
in Ecuador: Case report and morphometric study of the larva of 
Linguatula serrata. Am J Trop Med Hyg. 1999;60:405–9.

	44.	 Koehsler M, Walochnik J, Georgopoulos M, Pruente C. Linguat-
ula serrata tongue worm in human eye. Austria Emerg Infect 
Dis. 2011;17:870–2. https://​doi.​org/​10.​3201/​eid17​05.​100790.

	45.	 Bhende M, Abhishek J, Biswas M. Raman, Linguatula ser-
rata in the anterior chamber of the eye. Indian J Ophthalmol. 
2014;62:1159–61. https://​doi.​org/​10.​4103/​0301-​4738.​149145.

	46.	 Pal SS, Bhargava M, Kumar A, Mahajan N. An unusual intraocu-
lar tongue worm in anterior chamber: A case report. Ocul Immu-
nol Inflamm. 2011;19:442–3. https://​doi.​org/​10.​3109/​09273​948.​
2011.​621579.

	47•	 Tappe D, Sulyok M, Riu T, Rózsa L. Co-infections in visceral 
pentastomiasis, Democratic Republic of the Congo. Emerg 
Infect Dis. 2016;22:1333–9. https://​doi.​org/​10.​3201/​eid22​08.​
151895.A study utilising molecular confirmation of species 
identity, showing multiple pentastome species within single 
infections.

	48.	 Wang H-Y, Zhu G-H, Luo S-S, Jiang K-W. Childhood pentas-
tomiasis: A report of three cases with the following-up data. 
Parasitol Int. 2013;62:289–92. https://​doi.​org/​10.​1016/j.​parint.​
2013.​02.​007.

	49.	 Shao Y-N, Tang LF. Fever, abdominal distension and hepato-
megaly. J Paediatr Child Health. 2015;51:462–3.

	50.	 Qiu M-H, Jiang Y-Y. Distinquishment of Armillifer and a cor-
rection on pathogen misidentification from a reported case. 
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za 
Zhi. 2007;25:510–1.

	51.	 Kelehear C, Spratt DM, O’Meally D, Shine R. Pentastomids of 
wild snakes in the Australian tropics. Int J Parasitol: Parasites 
Wildlife. 2014;3(1):20–31.

	52.	 Mourra N, Nuerre M, Tiret E. Liver pentastomiasis asso-
ciated with rectal adenocarcinoma. Colorectal Diseases. 
2010;12:261–6. https://​doi.​org/​10.​1111/j.​1463-​1318.​2008.​
01742.x.

	53.	 Pampiglione S, Gentile A, Maggi P, Scattone A. A nodular 
pulmonary lesion due to Linguatula serrata in an HIV-positive 
man. Parassitologia. 2001;43:105–8.

	54.	 Sarmadian H, Nasiri Z, Saeedinia S, Moradi Y. Clinical mani-
festation and epidemiological findings of human linguatula 
serrate [sic] infection in Iran: Systematic review. J Parasit Dis. 
2021;45:50–8. https://​doi.​org/​10.​1007/​s12639-​020-​01276-8.

	55.	 Tappe D, Sulyok M, Rózsa L, Muntau B. Molecular diagnosis 
of abdominal Armillifer grandis pentastomiasis in the Demo-
cratic Republic of Congo. J Clin Microbiol. 2015;53:2362–4. 
https://​doi.​org/​10.​1128/​JCM.​00336-​15.

	56.	 Faust EC. Linguatulids (Order Acarina) from man and other 
hosts in China. Am J Trop Med. 1927;7:311–25.

	57.	 Sandon H. Pentastoma gracile (Linguatulidae) as a human 
parasite. Parasitology. 1951;41:60–2.

	58.	 Yao MH, Wu F, Tang LF. Human pentastomiasis in China: 
Case report and literature review. J Parasitol. 2008;94:1295–8.

	59.	 Mairena H, Solano M, Venegas W. Human dermatitis caused 
by a nymph of Sebekia. Am J Trop Med Hyg. 1989;41:352–4.

	60.	 Tappe D, Dijkmans AC, Brienen EAT, Dijkmans BAC. 
Imported Armillifer pentastomiasis: Report of a symptomatic 
infection in The Netherlands and mini-review. Travel Med 
Infect Dis. 2014;12:129–33. https://​doi.​org/​10.​1016/j.​tmaid.​
2013.​10.​011.

	61.	 Symmers WSC, Valteris K. Two cases of human infestation by 
larvae of Linguatula serrata. J Clin Pathol. 1950;3:212–9.

	62.	 Shamsi S, Sheorey H. Seafood-borne parasitic diseases in 
Australia: Are they rare or underdiagnosed? Intern Med J. 
2018;48(5):591–6. https://​doi.​org/​10.​1111/​imj.​13786.

https://doi.org/10.1016/j.ijppaw.2020.03.002
https://doi.org/10.1016/j.ijppaw.2020.03.002
https://doi.org/10.1007/s00436-013-3534-9
https://doi.org/10.1007/s00436-013-3534-9
https://doi.org/10.1007/BF00298624
https://doi.org/10.1007/BF00298624
https://doi.org/10.1080/00222938700770401
https://doi.org/10.1080/00222938700770401
https://doi.org/10.4269/ajtmh.1969.18.20
https://doi.org/10.1016/S0379-0738(03)00281-0
https://doi.org/10.1016/S0379-0738(03)00281-0
https://doi.org/10.1007/s10393-017-1274-5
https://doi.org/10.1007/s10393-017-1274-5
https://doi.org/10.3201/eid1702.101118
https://doi.org/10.3201/eid1702.101118
https://doi.org/10.3201/eid1705.100790
https://doi.org/10.4103/0301-4738.149145
https://doi.org/10.3109/09273948.2011.621579
https://doi.org/10.3109/09273948.2011.621579
https://doi.org/10.3201/eid2208.151895
https://doi.org/10.3201/eid2208.151895
https://doi.org/10.1016/j.parint.2013.02.007
https://doi.org/10.1016/j.parint.2013.02.007
https://doi.org/10.1111/j.1463-1318.2008.01742.x
https://doi.org/10.1111/j.1463-1318.2008.01742.x
https://doi.org/10.1007/s12639-020-01276-8
https://doi.org/10.1128/JCM.00336-15
https://doi.org/10.1016/j.tmaid.2013.10.011
https://doi.org/10.1016/j.tmaid.2013.10.011
https://doi.org/10.1111/imj.13786


87Current Clinical Microbiology Reports (2024) 11:79–87	

	63.	 Conlan JV, Sripa B, Attwood S, Newton PN. A review of para-
sitic zoonoses in a changing Southeast Asia. Vet Parasitol. 
2011;182:22–40. https://​doi.​org/​10.​1016/j.​vetpar.​2011.​07.​013.

	64.	 Lizana V, Muniesa A, Cardells J, López-Ramon J. Safe game: 
Hygienic habits in self-consumption of game meat in east-
ern Spain. Foods. 2022;11:368. https://​doi.​org/​10.​3390/​foods​
11030​368.

	65.	 Barton DP, Fahey H, Jenkins DJ, Shamsi S. Zoonotic parasites 
in feral animals commonly consumed in Australia - Is there a 
risk? Current Clinical Microbiology Reports. 2023;10:66–73. 
https://​doi.​org/​10.​1007/​s40588-​023-​00193-7.

	66.	 Peros CS, Dasgupta R, Kumar P, Johnson BA. Bushmeat, 
wet markets, and the risks of pandemics: Exploring the nexus 
through systematic review of scientific disclosures. Environ 
Sci Policy. 2021;124:1–11. https://​doi.​org/​10.​1016/j.​envsci.​
2021.​05.​025.

	67.	 Barton DP, Shackelford B, Shamsi S, Jenkins D. Are feral 
goats intermediate hosts for Linguatula (Pentastomida) in 
Australia? Int J Parasitol: Parasites Wildlife. 2022;18:283–6. 
https://​doi.​org/​10.​1016/j.​ijppaw.​2022.​07.​004.

	68.	 Berberich M, Grochow T, Robner N, Schmäschke R. Lin-
guatula serrata in an imported dog in Germany: Single-
case or emerging disease? Vet Parasitol: Reg Stud Rep. 
2022;30:100717. https://​doi.​org/​10.​1016/j.​vprsr.​2022.​100717.

	69	 Mendonça TO, Perin PP, da Silva Zanini D, de Souza HL. Parasi-
tosis in pet dogs from Rondônia, Amazon Biome, and human 
perception of zoonoses. Int J Environ Res Publ Health. 
2024;21:138. https://​doi.​org/​10.​3390/​ijerp​h2102​0138.

	70.	 Tobie JE, Edgcomb JH, Freireich EJ. Tongue worm (Linguat-
ula serrata) infestation in a patient with acute leukemia. Am 
J Clin Pathol. 1957;28:628–33.

	71.	 Ali-Khan Z, Bowmer EJ. Pentastomiasis in western Canada: 
A case report. Am J Trop Med Hyg. 1972;21:58–61. https://​
doi.​org/​10.​4269/​ajtmh.​1972.​21.​58.

	72.	 Mapp EM, Pollack HM, Goldman LH. Roentgen diagnosis of 
Armillifer armillatus infestation (porocephalosis) in man. J Natl 
Med Assoc. 1976;68:198–201.

	73.	 Guardia SN, Sepp H, Scholten T, Morava-Protzner I. Pentasto-
miasis in Canada. Arch Pathol Lab Med. 1991;115:515–7.

	74.	 Bouchard O, Matheron S. Un diagbnostic radiologique pour une 
histoire Gabonaise. Bulletin de la Société de Pathologie Exo-
tique. 1996;89:31–2.

	75.	 Sellier P, Garin YJ, Frija J, Aubry A. Multiple thoracoabdominal 
calcifications in a healthy west African man. Clinical Infectious 
Diseases, 2004. 39: p. 1475–6, 1524–6. https://​doi.​org/​10.​1086/​
425362. https://​doi.​org/​10.​1086/​425369

	76.	 Tappe D, Winzer R, Büttner DW, Ströbel P. Linguatuliasis in 
Germany. Emerg Infect Dis. 2006;12:1034–6.

	77.	 du Plessis V, Birnie AJ, Eloff I, Reuter H. Pentastomiasis (Armil-
lifer armillatus infestation). S Afr Med J. 2007;97:928–9.

	78.	 Tappe D, Haeupler A, Schäfer H, Racz P. Armillifer armillatus 
pentastomiasis in African immigrant. Germany Emerg Infec-
tious Diseases. 2013;19:507–8. https://​doi.​org/​10.​3201/​eid19​03.​
121508.

	79.	 Beltrame A, Raniero D, Bisoffi Z, Ash LR. Human visceral pen-
tastomiasis: Armillifer armillatus. Infection. 2017;45:389–90. 
https://​doi.​org/​10.​1007/​s15010-​016-​0958-z.

	80.	 Martinot M, Mohseni-Zadeh M, Candolfi E. The lord of the 
broken rings: African porocephaliasis, an emerging radiological 
diagnosis in developed countries. Infection. 2017;45:119–21. 
https://​doi.​org/​10.​1007/​s15010-​016-​0947-2.

	81.	 Lersy F, Willaume T. A French case of porocephalosis diagnosed 
by radiologists. J Infect Dev Ctries. 2020;14:1071–3. https://​doi.​
org/​10.​3855/​jidc.​12693.

	82.	 Marty P, L’Ollivier C, Simon L. Pentastomiasis. Am J Trop Med 
Hyg. 2023;110:7. https://​doi.​org/​10.​4269/​ajtmh.​23-​0275.

	83.	 Shah D, Miller D, Stern R, Stern N. Disseminated Armillifer 
infection in humans: A rare entity. Cureus. 2023;15:e42862. 
https://​doi.​org/​10.​7759/​cureus.​42862.

	84.	 Sudan V, Shanker D, Jaiswal AK. First report of molecular char-
acterization and sequence phylogenetic analysis of Linguatula 
serrata from India. Acta Parasitol. 2018;63:781–3. https://​doi.​
org/​10.​1515/​ap-​2018-​0093.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.vetpar.2011.07.013
https://doi.org/10.3390/foods11030368
https://doi.org/10.3390/foods11030368
https://doi.org/10.1007/s40588-023-00193-7
https://doi.org/10.1016/j.envsci.2021.05.025
https://doi.org/10.1016/j.envsci.2021.05.025
https://doi.org/10.1016/j.ijppaw.2022.07.004
https://doi.org/10.1016/j.vprsr.2022.100717
https://doi.org/10.3390/ijerph21020138
https://doi.org/10.4269/ajtmh.1972.21.58
https://doi.org/10.4269/ajtmh.1972.21.58
https://doi.org/10.1086/425362
https://doi.org/10.1086/425362
https://doi.org/10.1086/425369
https://doi.org/10.3201/eid1903.121508
https://doi.org/10.3201/eid1903.121508
https://doi.org/10.1007/s15010-016-0958-z
https://doi.org/10.1007/s15010-016-0947-2
https://doi.org/10.3855/jidc.12693
https://doi.org/10.3855/jidc.12693
https://doi.org/10.4269/ajtmh.23-0275
https://doi.org/10.7759/cureus.42862
https://doi.org/10.1515/ap-2018-0093
https://doi.org/10.1515/ap-2018-0093

	Diagnosis of Pentastome Infections and the Need for Increased Awareness Among Medical Practitioners and Diagnosticians in the Developed World
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Background
	Life Cycles
	Diagnosis of Infections in People
	The Need for Increased Awareness
	Conclusions
	References


