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GPs may encounter Strongyloides, Enterobius
vermicularis (pinworms), Ascaris and hookworm
infections in Australian clinical settings. These
nematodes primarily infect the gastrointestinal tract
but may cause varied clinical symptoms on infection.

KEY POINTS

o Ascaris, hookworm and Enterobius (also known as pinworm
or threadworm) infections are transmitted through the
faecal-oral route and ingestion of infective eggs.
Strongyloides stercoralis infections can be chronic, with
the risk of disseminated disease and hyperinfection in
immunocompromised hosts. Clinical presentations can
vary and depend on the parasite life cycle stage and
burden of infection. Patients may be asymptomatic.
Microscopy for ova, larvae or adult worms in stool is the
mainstay of diagnosis of intestinal nematode infections.
Ideally, three stool samples on separate days should be
sent for laboratory assessment in fixative to optimise the
diagnostic yield of stool microscopy. For strongyloidiasis,
fresh stool is required for microscopy, larval culture and
polymerase chain reaction assays, as well as serology.
Testing algorithms for parasites vary between laboratories.
It is important to provide relevant clinical details (e.g. travel
history, immunocompromised state, presence of eosinophilia)
to ensure laboratories perform appropriate testing. Consider
speaking to the microbiologist to obtain advice regarding
collection and ensure appropriate testing is conducted.
Strongyloidiasis should be excluded in at-risk patients before
immunosuppression, and other at-risk groups.
o Treatment includes the use of antiparasitic agents such as
ivermectin, albendazole, mebendazole and pyrantel, which
are generally well tolerated.

elminths, derived from the Greek word helmins for worms,

are large, multicellular organisms that are characterised

by their anatomical structures.! The major groups of
parasitic helminths include trematodes (flukes), cestodes (tape-
worms) and nematodes (roundworms). Nematodes are the
second largest phylum in the animal kingdom, with intestinal
roundworm infections forming the largest group of helminthic
diseases in humans.? Globally, one billion people are infected
with at least one species of helminth.’ In Australia, although
nematode infections in the animal population are well studied,
there are limited data on the epidemiology in humans.

This article reviews common roundworm infections that may
be encountered in Australian clinical settings, including Strongy-
loides, Enterobius vermicularis (pinworms), Ascaris and hookworm
infections. The clinical presentation, nematode life cycle, diagnosis
and treatment of these infections are discussed.

Strongyloides

Strongyloides stercoralis is an intestinal nematode that causes stron-
gyloidiasis. The infection is considered one of the most neglected
tropical diseases.” People living in environments with poor sanita-
tion, an unsafe water supply, overcrowding and poor healthcare
infrastructure have the highest risk of infection.** The Strongyloides
genus includes more than 50 species, with two species known to
infecthumans.® Strongyloides fuelleborniis prevalent in Papua New
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Figure 1. Life cycle of Strongyloides stercoralis.

Image courtesy of DPDx, US Centers for Disease Control and Prevention (https://www.cdc.gov/dpdx/strongyloidiasis/index.html).

Guinea and Africa, whereas S. stercoralis is
endemic throughout Southeast Asia, sub-
Saharan Africa, parts of southeastern United
States, southern Europe and the northern
two-thirds of Australia.”

Epidemiology

The prevalence of strongyloidiasis in
Australia is unknown as epidemiological
data are not routinely collected. However,
theinfection appears to be widespread among
Aboriginal communities in tropical regions
of Australia, including Queensland, the
Northern Territory, Western Australia
and Northern New South Wales." Strongy-
loidiasis is also endemic in Australia’s neigh-
bouring countries.” With the return of
pre-pandemic levels of migration, including
asignificant proportion of people migrating
from Asia, it is imperative to be aware of
diseases endemic to these regions.®

Life cycle

Thelife cycle of S. stercoralis is complicated,
involving a free-living cycle, a parasitic cycle
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and autoinfection (Figure 1). In the free-
living cycle, the rhabditiform larvae are
passed in the stools of an infected host. The
larvae then develop into either infective
filariform larvae or free-living adult males
and females that mate and produce eggs.
Rhabditiform larvae hatch from the eggs
and become infective filariform larvae.
These filariform larvae can survive for up
to two to three weeks in optimal environ-
mental conditions.

To continue the life cycle, the filariform
larvae in soil penetrate human skin on con-
tact with soil, initiating the parasitic phase.
Following skin penetration, they migrate
to the small intestine via various pathways,
including the bloodstream and lymphatics,
to the lungs, where they are coughed up and
swallowed. Filariform larvae also appear
capable of migrating to the intestine
through abdominal viscera or connective
tissue. In the small intestine, they mature
into adult male and female worms.

A peculiar feature of Strongyloides is
the ability of adult female worms to
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produce eggs via parthenogenesis. In this
case, offspring can develop from the egg
or female gamete without prior fertilisa-
tion by the male gamete. Rhabditiform
larvae hatch from the eggs within the
intestine and pass through the stools. It
is these larvae that are detected on micro-
scopy in the diagnostic stage.

The autoinfection cycle occurs when
the developing rhabditiform larvae trans-
form into the infective filariform stage
before being shed, penetrate the large
intestinal wall or perianal skin and migrate
back via the bloodstream or through tis-
sues to the small intestine. Autioinfection
is why strongyloidiasis can persist as
chronicinfection for many years.” When
immune control of the autoinfection life-
cycle is lost, large numbers of larvae are
produced and their dissemination can lead
to life-threatening complications.

Clinical manifestations

The clinical manifestations of strongy-
loidiasis vary, depending on whether the
infection is acute, chronic or dissemi-
nated. Acute and chronic strongyloidiasis
can also be asymptomatic.”

In acute infection, a pruritic, erythe-
matous rash at the skin site of larvae pen-
etration can occur. The erythematous
serpiginous lesions can move rapidly,
about 2 to 10cm/hour."! This rash can also
appear intermittently. Diarrhoea, bloating
or abdominal pain can occur as thelarvae
penetrate the intestinal mucosa.'> As lar-
vae migrate through the body to paren-
teral sites, such as the lungs, pulmonary
symptoms such as cough, haemoptysis,
bronchopneumonia and dyspnoea can
occur.!?

Chronic infections are often clinically
asymptomatic and generally diagnosed
after an incidental finding of peripheral
blood eosinophilia.’ A migrating serpig-
inous rash, larva currens, may be seen
intermittently, often appearing on the
buttocks, perineum or thighs, represent-
ing larvae migrating through the skin
during autoinfection cycles.’

Disseminated strongyloidiasis and
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hyperinfection syndrome can be fatal.
Known risk factors for these include corti-
costeroid treatment, immunosuppressive
clinical conditions, transplants, human
T-lymphotropic virus 1 infection, alcohol
misuse and malnutrition. Clinical pres-
entations include Gram-negative bacterae-
mia or meningitis following the invasion of
larvae through the gastrointestinal mucosa
and introduction of enteric organisms into
the bloodstream or meninges, with associ-
ated complications of meningitis or septic
shock. Pulmonary inflammation with wide-
spread pneumonitis and haemoptysis,
abdominal distension and ileus can also
occur.? The mortality rate of hyperinfection
syndrome in animmunocompromised host
can be as high as 60 to 85%."

Enterobius

E. vermicularis, commonly known as pin-
worm or threadworm, is the causative agent
of enterobiasis. As one of the most common
helminth infections, it has a worldwide dis-
tribution and is frequently encountered in
Australia. Humans are thought to be the
only natural host for this infection.'® Adult
female worms are about 8 to 13mm in
length, with a pointed tail resembling a
pin.” Male worms are comparably much
smaller, atabout 2.5mm inlength and rarely
seen.” Transmission occurs through the
faecal-oral route via ingestion of infective
eggs. Children are more commonly affected,
with infections associated with crowding
occurring in households and institutional-
ised groups.'*"” As such, infections are prev-
alent among children attending daycare,
preschools and primary schools."

Life cycle

The adult female worm migrates through
the colon, depositing her eggs on the per-
ianal and perineal skin (Figure 2)."” Thou-
sands of eggs may be laid, taking about
six hours to become infective and remain-
ing viable for up to five days.”” Transmission
occurs through the ingestion of infected
eggs, either via the hands of the patient -
often introduced under the fingernails
through scratching the perianal area
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Figure 2. Life cycle of Enterobius vermicularis.

Image courtesy of DPDx, US Centers for Disease Control and Prevention (https://www.cdc.gov/dpdx/enterobiasis/).

(autoinfection) — or through exposure to
eggs on contaminated surfaces in the envi-
ronment, such as bed linens and clothes."”
Upon ingestion, the eggs hatch in the small
intestine, and the larvae subsequently
migrate to the large intestine where they
mature into adult worms and reside in the
caecum, appendix and ascending colon."”
Retroinfection, wherein hatched larvae
from the anal skin migrate back into the
rectum, can also occur. The time from egg
ingestion to egg production (prepatent
period) is about three to four weeks."”

Clinical manifestations

Infections are often asymptomatic. When
symptoms are present, the most typical
presentation is perineal or perianal pruritus,
which is worse at night."® Excoriation and
secondary bacterial infection as complica-
tions from scratching may occur."® Rarely,
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migration of parasites results in ectopic
disease, including invasion of the female
genital tract, resulting in vulvovaginitis, as
well as pelvic or peritoneal granulomas.
There have also been several case reports
describing presentations of pinworm infec-
tions mimicking appendicitis.” Significant
eosinophilia or elevated serum immuno-
globulin E levels are not usually seen with
pinworm infections.?

Hookworms

Hookworms can reside in the small intestine
for many years and cause hookworm disease
if there are moderate to high numbers of
adult worms causing iron-deficiency anae-
mia. These parasites thrive in tropical and
subtropical zones with almost 500 million
infected people in developing tropical coun-
tries.?’ The overall prevalence of hookworm
infections in Australia islow; given that they
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Figure 3. Life cycle of hookworms.

Image courtesy of DPDx, US Centers for Disease Control and Prevention (https://www.cdc.gov/dpdx/hookworm/index.html).

can be controlled by effective sanitation and
access to clean water.”! Necator americanus
is the predominant hookworm infection
globally and is common in southern China,
Southeast Asia, the Americas and most of
Africa. Ancylostoma duodenale is more
endemic in the Mediterranean region, in
northern regions of India and Chinaand in
North Africa.*! Both of these species have
been present in the Australian population
since the early 1900s, mainly found in
Queensland and New South Wales.??
Ancylostoma ceylanicum and Ancylostoma
caninum are also found in Australia in
domestic and wild canids and pose a public
health risk to Indigenous communities,
residents and tourists in the Wet Tropics of
Queensland.? The infection can be seen in
returning travellers.

Life cycle

Hookworm eggs hatch and develop in soil,
moulting twice before becoming infective
filariform larvae, which can survive in the
environment for three to four weeks (Fig-
ure 3). Filariform larvae are about 0.5 to
0.6mm in length. They penetrate the skin
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and then enter the bloodstream.” The lar-
vae are carried through the blood vessels
to the heart, and then to the lungs, where
they migrate into the alveoli.” They then
ascend the trachea to the pharynx, where
they enter the digestive tract and migrate
to the small bowel, where they mature into
adults. Once in the duodenum, the hook-
worms lacerate the mucosa and anchor
themselves to avoid ejection via gut peri-
stalsis and to facilitate feeding.”® As the
juvenile worms feed on blood, they mature
into adult parasites, which are usually elim-
inated after one to two years.* Male and
female hookworms mate, producing up to
10,000 eggs per day. The eggs are then
passed via faeces.

Clinical manifestations

The symptoms of hookworm infections
vary based on the location of the larvae.
When the infectious larvae penetrate the
skin, a serpiginous or vermicular rash can
form. Gastrointestinal symptoms typically
involve abdominal pain and diarrhoea. As
hookworms lacerate the mucosa and feed
on blood, a large worm burden can cause
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iron-deficiency anaemia. Fatigue, weakness
and oedema because of hypoproteinaemia
secondary to blood loss can also occur.'?
Children with hookworm disease can
present with growth and cognitive delays.

Ascaris

Ascaris lumbricoides is the primary species
involved in human ascariasis; however, the
closely related Ascaris suum in pigs may
also infect humans (whether this is a truly
distinct species is currently contentious).”
Worldwide, as a common cause of soil-
transmitted helminth infections, around
700 million people are affected, being more
common among thoseliving in tropical and
subtropical climates.” Ascariasis acquired
in Australia is rare.*? Of note, A. suum
has been identified in pigs in Australia.?®
Although distributed worldwide, A. lum-
bricoides is found more commonly in
tropical and subtropical climates.”” The
worms can also survive in cooler, temperate
climates.” Ascaris worms are very large and
are commonly mistaken for the common
earthworm. Occasionally, earthworms or
other nonpathogenic worms are sent for
identification to the laboratory, having been
found in the toilet bowl. However, adult
Ascaris worms are the only human round-
worm pathogen of this size. Adult worms
arelight brown to pinkin colour, with female
worms about 20 to 35cminlength and males
ranging from 15 to 30cm in length."”?
Transmission occurs via the faecal-oral
route following the ingestion of infective
eggs. Infections usually peak in childhood
or early adolescence.”

Life cycle

Adultwormslive in the small intestine, with
females passing many thousands of eggs in
faeces (Figure 4).* In the soil, depending on
the environmental conditions, the eggs
develop into infective embryonated eggs and
may survive in this state for many years.”
Once ingested, the larvae hatch and invade
the intestinal mucosa, entering venous
circulation and arriving at the lungs.” After
maturation, the larvae migrate to the upper
airways and are swallowed. They finally
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mature into adult worms in the small intes-
tine, where they can live for one to two years.”
The prepatent period from egg ingestion to
egg production is two to three months.”

Clinical manifestations

Most patients are asymptomatic.'? Symp-
toms, when they are present, are associated
with the worm life cycle and depend on the
intensity of the infection (i.e. the number
of parasites present within the human).*
During the migration of larvae through
the lungs, around 10 to 14 days after infec-
tion, patients may develop pneumonitis
associated with peripheral eosinophilia and
transient pulmonary infiltrates, known as
Loeffler’s syndrome.”** Occasionally,
presentation in low-burden countries
involves the passage of alarge adult round-
worm in faeces, or oral or nasopharyngeal
regurgitation in young children. With
adult infection, symptoms are associated
with the degree of worm burden and can
range from asymptomatic to mild, non-
specific abdominal symptoms and, in
severe cases, may result in obstruction.”
Extraintestinal manifestations because of
worm migration may result in hepatobil-
iary obstruction.” In children with a heavy
burden of infection (i.e. a high number of
parasites), malnutrition can occur.”

Diagnosis of nematode infections
Testing algorithms for parasites vary
between laboratories. It is important to
provide relevant clinical details (e.g. travel
history,immunocompromised state, pres-
ence of eosinophilia) to ensure laboratories
perform appropriate testing. Consider
speaking to the microbiologist to obtain
advice regarding collection and ensure
appropriate testing is conducted.

Microscopy

The diagnosis of intestinal helminth infec-
tions usually relies on the microscopiciden-
tification of eggs, larvae or adult worms. It
is generally recommended that three stool
specimens be collected on separate days
over a 10-day period considering the inter-
mittent shedding of larvae and eggs. As
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Figure 4. Life cycle of Ascaris lumbricoides.

Image courtesy of DPDx, US Centers for Disease Control and Prevention (https://www.cdc.gov/dpdx/ascariasis/index.html).

Medicare currently rebates two stool spec-
imens within a seven-day period, the third
sample must be collected in the subsequent
week. Stool samples should be submitted
in sterile containers as close to the time of
collection as possible. In addition, specimen
jars containing fixatives are provided by
some laboratories to preserve parasite and
egg morphology until laboratory

<

Figure 5. Microscopy image shows Ascaris
eggs, which are broadly oval and brown in
colour, bile stained in colour with a thick,
mammaliated shell. Size: 75x50 nm.

Image courtesy of the authors.

examination. Itis useful to check local lab-
oratory processes and collection recom-
mendations before testing. The diagnosis
of Ascaris,hookworm and Enterobius infec-
tions can be achieved through microscopic
identification of the distinctive egg appear-
ance (Figure 5 and Figure 6).'%* Lugol's
iodine staining may also be used to identify
rhabditiform larvae in stool.®

e . ¢
Figure 6. Microscopy image shows hookworm
egg, which is broadly round with a characteristic
clear space between the thin shell and
developing embryo. Size: 55 to 75x40 nm.

Image courtesy of the authors.
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TABLE. TREATMENTS FOR NEMATODE INFECTIONS*236-38

coinfection with
Loa loa and high-
level microfilaraemia
e Pinworm infection
¢ Ascariasis or

a day for three to
seven days

200 to 400 mg
single dose,
followed by another

effects:

¢ gastrointestinal
symptoms - abdominal
pain, nausea, vomiting
generalised - fever

any component of the
product

Limited experience in
children aged
younger than 6 years;

Drug TGA indications Dose Side effects Contraindications Use in pregnancy
Ivermectin ¢ Uncomplicated * 200mcg/kg daily Generally well tolerated, ¢ Hypersensitivity to * TGA category
Strongyloides dosing for two days, | with reported side effects: any component of the B3
stercoralis infection oral ¢ gastrointestinal product ¢ Should not be
e Immunocompromised | * 200 mcg/kg daily symptoms - diarrhoea, ¢ Use with caution in used in
without HIV infection for two days, then nausea, vomiting, patients with hepatic pregnancy, as
repeated after anorexia, constipation function impairment safety in
14 days (i.e. on days | * generalised - fatigue ¢ Should not be used pregnancy has
15 and 16) « skin symptoms — in children aged not been
pruritus, rash, urticaria younger than 5 years, established
* nervous system and as safety in this age
psychiatric symptoms group has not been
- dizziness, somnolence, established
vertigo, tremor
Albendazole | ¢ Strongyloidiasis and e 400 mg orally twice | Commonly reported side ¢ Hypersensitivity to ¢ TGA category D

Contraindicated
during
pregnancy and
for one month
before

28 days
* 100 mg twice a day
for three days

pain

patients with hepatic
function impairment
as may prolong half-
life and drug
accumulation

Has not been studied
in children aged
younger than 2 years

hookworm infection dose after 14 and ¢ leucopenia therefore, use in this conception
28 days ¢ skin symptoms - age group is not
* 400 mg daily as a hypersensitivity recommended
single dose reactions including ¢ Use with caution in
rash, pruritus and patients with hepatic
urticaria; reversible function impairment
alopecia ¢ Can cause bone
¢ nervous system marrow suppression;
symptoms - headache need blood count
* hepatobiliary disorders monitoring
- mild to moderate
elevations of hepatic
enzymes
Mebendazole | * Pinworm infection e 100to 200mgasa | Commonly reported side ¢ Hypersensitivity to * TGA category
¢ Ascariasis or single dose, effects: any component of the B3
hookworm infection followed by another | ¢ gastrointestinal product * Safety of use in
dose after 14 and symptoms - abdominal | ¢ Use with caution in pregnant

women has not
been
established

Pyrantel

¢ Pinworm infection
* Ascariasis
* Hookworm infection

e lgorally,asa
single dose

* 10mg/kg, up to
1g orally as a single
dose; second dose
seven days later if
high burden of
infection

* 10mg/kg, up to
1g orally daily for
three days

Reported side effects:

* gastrointestinal
symptoms - anorexia,
nausea, vomiting,
abdominal cramps,
diarrhoea

Increases
theophylline levels
Inhibits anti-
helminthic activity of
piperazine

TGA category
B2
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The diagnosis of strongyloidiasis is
made by the microscopic identification of
S. stercoralis rhabditiform (and occasion-
ally, filariform) larvae or S. fuelleborni
eggs in stool.” Occasionally, adult Ascaris
worms may be shed in stool, and E. ver-
micularis may be visible around the peri-
anal area.'®* In Strongyloides hyperinfec-
tion, other specimens including sputum
samples, upper gastrointestinal aspirates
and cerebrospinal fluid may be relevant for
microscopic examination.

Although pinworm eggs may be found
in the stool, the ‘sticky tape test’ is consid-
ered the method of choice to detect
E. vermicularis eggs. This simple bedside
test should be performed in the morning
before defecation or washing. Instructional
resources are available to help with the
technique of this test.”> A sticky tape is
attached over a wooden tongue depressor
(to use as a handle), and the tape is pressed
firmly against the perianal skin, with the
intention of capturing any eggs present. The
sticky tape is then transferred on to a micro-
scope slide and sent for examination.”

Culture

As the sensitivity of stool microscopic
examination for both Strongyloides and
hookworm infection is low, culture tests
can be considered to improve the diagnostic
yield, especially in cases of high clinical
suspicion. Fresh faecal specimens are
required for these tests.

Serology

Antibody detection is available for Stron-
gyloidesinfection and is often the mainstay
of diagnosis, as the sensitivity is better than
that of faecal testing, and the relatively high
negative predictive value is useful in exclud-
ing S. stercoralis infections.* Serology can
also serve as a screening tool for at-risk,
asymptomatic patients before undergoing
immunosuppression.” The limitations
include cross-reactivity with other nema-
tode infections and an inability to distin-
guish between current and past infections
(although antibody levels usually decline
over time after treatment).’>** However,

caution should also be exercised in the
interpretation of serology in immuno-
suppressed patients who may have
false-negative test results.”>* The presence
of peripheral eosinophilia is neither specific
nor sensitive, and should not be used as a
standalone test in a patient with a suspected
helminth infection.®

Molecular diagnosis

Both in-house and commercial molecular
panels, usually polymerase chain reaction
panels, are increasingly available and more
sensitive than phenotypic diagnosis. Poly-
merase chain reaction assays are used in
some Australian laboratories and include
many of the more common nematodes,
with a sensitivity of about 90%.

Treatments for nematode
infections

An overview of the treatments for nematode
infections are provided in the Table.'>*¢%

Strongyloidiasis
Ivermectin is the drug of choice for the
treatment of strongyloidiasis and is well
tolerated.”” In patients who are immuno-
compromised without HIV infection, a four-
dose course is recommended.*’ Following
treatment, immunocompromised patients
who live or visit Strongyloides endemic areas
(e.g. remote Aboriginal and Torres Strait
Islander communities) should receive ongo-
ing prophylaxis every three months.
Patients who have lived or travelled to
areas of West and Central Africa where
Loa loa is endemic should be screened for
coinfection with this organism, as ivermec-
tin can cause severe reactions in patients
with loiasis and high microfilarial levels.'®
Albendazole is a good alternative for those
with coinfection with L. loa and high-level
microfilaraemia.* Post-treatment serology
should be performed at six months and
12 months after treatment to ensure a
decrease in titre.**

Pinworm infection

The two benzimidazole derivates, meben-
dazole and albendazole, are considered to
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be the most effective drugs for pinworm
infections, as they are both adulticidal and
ovicidal.*’ Repeated doses on day 0, day 14
and day 28 can be given because of high
rates of autoinfection from eggs remaining
in the environment. Pyrantel is also an
option and given in a single dose.

Ascariasis

Albendazole, mebendazole and pyrantel
have high efficacy against A. lumbricoides.
These anti-helminths have been shown to
increase cure rates and egg reduction
rates.** A second dose of pyrantel can be
administered seven days after the initial
dose if there isaheavy burden of infection.**
If there is worm obstruction of the biliary
tree or pancreatic duct, surgical or endo-
scopic removal of the worms may be
required.*

Hookworm infections

Albendazole, mebendazole and pyrantel
are the recommended treatment options
for hookworm infections. The benzimi-
dazole anti-helminths inhibit microtubule
polymerisation in invertebrates, thereby
killing adult worms.*

Conclusion

Nematodes encompass soil-transmitted
roundworms that primarily infect the gas-
trointestinal tract, but depending on their
life cycle, can present with varied clinical
symptoms on infection. Untreated infections
can lead to complications, such as mal-
nutrition in children or hyperinfection in
people with strongyloidiasis. A solid under-
standing of risk factors, endemicity, diag-
nostic tools and available treatment options
is essential to manage these infections in
the Australian population. MT
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