
MJA Vol 178 20 January 2003 69

RESEARCH

The Medical Journal of Australia ISSN:
0025-729X 20 January 2003 178 2 69-71
©The Medical Journal of Australia 2002
www.mja.com.au
Research

THE MOST WIDESPREAD of all hook-
worm species, Ancylostoma caninum,
parasitises dogs throughout most of the
humid tropical and subtropical regions,
including the mainland of Australia. In
recent years, the realisation that A. cani-
num can cause human gut disease1,2 has
sparked renewed interest in its biology
and epidemiology. In north-eastern
Australia, human eosinophilic enteritis
has been diagnosed relatively frequently,
and A. caninum infection accounts for
most cases. Although only single worms
have ever been recovered from patients,
and egg production has never been
detected,1,2 anthelmintic treatment
leads to a rapid clinical response.
Relapse of abdominal symptoms and
blood eosinophilia in some patients is
presumably a result of either reinfec-
tion, or reactivation of third-stage (the
infective stage) larvae (L3) dormant in
the tissues, which then undergo tracheal
migration to reach the gut.1,2

The precise route of human infection
has not been established. While oppor-
tunities for percutaneous exposure
abound in the endemic regions, such as
coastal Queensland, where dog faeces
contaminate grass and soil and people
frequently walk barefoot, the possibility
of oral exposure has never been seri-
ously considered or investigated.

In the normal canine host, infection
with A. caninum usually follows skin
contact with L3 that have developed in
soil. Invasive L3 then undergo either
tracheal migration to reach the gut
(leading to obvious infection as early as
15 days after exposure), or somatic
migration to invade tissue reservoirs
(mainly skeletal muscle fibres), where
they become dormant.2,3

While percutaneous exposure has
been assumed to explain human infec-
tions with A. caninum, experimental or
accidental inoculation via this route has
uniformly failed to provoke abdominal
symptoms, significant blood eosino-
philia or antibody responses (P P,
unpublished data).4 Single doses of 50
L3, although provoking itchy skin
lesions, failed to generate detectable
circulating white cell or antibody
responses in one volunteer, while a man
exposed to 100 L3 per month for 18
months maintained normal blood cell
counts throughout, becoming weakly
seropositive on western blot after five
months and by ELISA (enzyme-linked

immunosorbent assay) after 12 months.
Neither volunteer experienced abdomi-
nal symptoms.

This study aimed to determine the
effects of oral exposure to A. caninum
larvae by observing symptomatic and
haematolog ical responses in an
informed volunteer who ingested a
number of L3 which we considered
would be acquired under conditions of
natural exposure.

METHODS

Infective larvae of A. caninum were
obtained by culturing faeces from natu-
rally infected dogs (subsequently autop-
sied at the University of Queensland
Veterinary School to confirm hook-
worm species). The procedure is shown
in Box 1.

The human volunteer (J K L) was a
fully-informed, healthy, 22-year-old,
90kg male student, who had never been
diagnosed with parasitic infection. His
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ABSTRACT

Objective:  To investigate possible routes for human infection by the dog hookworm 
(Ancylostoma caninum).

Design, setting and participant:  Relatively small numbers of infective larvae were 
administered orally and percutaneously to an informed healthy volunteer (J K L) under 
medical supervision, at intervals between May 1998 and May 1999.

Main outcome measures:  Symptoms; weekly blood eosinophil counts; faecal 
microscopy.

Results:  A marked blood eosinophilia followed a single oral exposure to 100 infective 
larvae, while faecal examination remained negative. Eosinophil counts then declined 
gradually, although a rapid, spontaneous rise several months later, at the beginning 
of spring, possibly indicated reactivation of dormant larvae. Blood eosinophil numbers 
did not rise significantly after percutaneous infection with 200 larvae. A subsequent, 
smaller, oral inoculum of 20 larvae provoked an eosinophil response similar to that 
of the first experiment.

Conclusions:  Our findings suggest that, following ingestion, some infective larvae 
of A. caninum develop directly into adult worms in the human gut (as they do in dogs). 
While the percutaneous route might be the most common means of human exposure 
to canine hookworm larvae, leading generally to subclinical infection, oral infection 

MJA 2003; 178: 69–71

may be more likely to provoke symptomatic eosinophilic enteritis.
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participation was approved by the
Human Experimentation Ethical
Review Committee of the University of
Queensland.

1: Single oral exposure

A total of 100 L3 in BU buffer (see Box
1) was swallowed in two gelatin capsules
with food. From the third week after
infection onwards, faecal microscopy
for hookworm eggs was carried out at
weekly intervals (see Box 1). Peripheral
venous blood was collected on the day
of infection and thereafter at either
weekly or fortnightly intervals for 25
weeks. Routine white cell counts were
performed.

In an attempt to minimise the con-
founding effects of persisting dormant
larvae, at six months 200mg albenda-
zole was taken with a fatty meal twice
daily for three days. While dietary lipid
significantly increases the systemic
availability of albendazole,6 the efficacy
of this drug against dormant larvae
remains uncertain.

2: Single percutaneous exposure

One month after treatment with alben-
dazole, a new batch of larvae was pre-
pared, and 200 in BU buffer were
placed on the upper left thigh of the
volunteer until the suspension had com-
pletely dried (10 minutes). Peripheral
blood counts were taken one week and
then one day before this second infec-
tion, and weekly thereafter for five
weeks.

3: Repeat smaller-dose oral exposure

One month after Experiment 2, the
volunteer swallowed a gelatin capsule
containing 20 L3 with food, and was
then monitored for five weeks.

RESULTS

Experiment 1: After the first oral
inoculation, a significant eosinophilic
response was observed (Box 2), peaking
at 1.91x109/L during Week 4 after
infection and then gradually declining
to a plateau at Week 9. Mild abdominal
discomfort was experienced in the first
three weeks of infection, but was never

severe. There were no respiratory symp-
toms. At Week 14 (the beginning of
spring), peripheral eosinophil levels
started to climb rapidly, coupled with
intermittent, mild abdominal pain.
Eosinophilia peaked at 1.78x109/L by
Week 20, then declined gradually to the
earlier plateau levels (Box 2). The pro-
file of the second eosinophil peak was
almost identical to that of the first.
Helminth eggs were not seen in faeces
at any time.
Experiment 2: After cutaneous expo-
sure, eosinophil levels rose only slightly
(Box 2), although the infection site
became painful and itchy for 10 days
after infection, with gross erythema,
vesiculation and exudation (but not
frank suppuration), not suggestive of a
secondary bacterial infection, but con-
sistent with an intense, localised allergic
response. Serpiginous cutaneous lesions
did not develop.
Experiment 3: After the second oral
dose (20 L3), blood eosinophilia fol-

lowed a pattern almost identical to that
in Experiment 1, peaking at 1.71x109/L
in the third week after infection (Box 2).

DISCUSSION

Until now, it has simply been accepted
that patients with eosinophilic enteritis
caused by A. caninum acquired the
infection percutaneously. However,
there has still not been a documented
case of human eosinophilic enteritis fol-
lowing intentional or known accidental
percutaneous exposure to larvae of this
parasite. Cutaneous exposure to large
numbers of L3 in volunteers needed to
be repeated many times to provoke a
detectable serum antibody response,
while blood eosinophilia appeared to
require an even greater antigenic stimu-
lus (P P, unpublished data).

By contrast, the oral route of infection
used here, with small numbers of larvae,
stimulated a dramatic peripheral eosi-

1: Details of isolation of third-stage larvae from infected dog faeces and of 
preparation of faecal samples from the human volunteer for microscopy

Isolation of larvae: Equal volumes of faeces and vermiculite were mixed well in a one litre 
plastic container, moistened and incubated at 30oC, being stirred daily. After five days, the 
mixture was spread onto large glass Petri dishes, covered with a 5mm layer of washed, coarse 
river sand and overlaid with two layers of damp surgical gauze. The top layer of gauze (into 
which infective L3 had migrated) was removed (and replaced) at 12-hour intervals, to be rinsed 
in distilled water. Larvae were retrieved from the suspension by gravitational sedimentation, 
and stored in BU buffer (50mM Na2HPO4, 22mM KH2PO4, 70mM NaCl) at 12oC to preserve 
their infectivity.5

Human faecal sample preparation: A 4 g sample of fresh faeces was comminuted in 4mL ethyl 
acetate with 2mL tap water, then centrifuged at 300g for 10 minutes. The supernatant was 
discarded, while the sediment was resuspended in saturated MgSO4 solution (to fill the tube) 
and left to settle for 10 minutes. A coverslip was touched to the surface meniscus, then placed 
on a slide for examination by light microscopy.

2: Peripheral blood eosinophil levels after exposure to infective larvae 
of Ancylostoma caninum

*The three separate experiments were run consecutively over a period of one year.
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nophil response. The peak eosinophilia
of 1.91 x 109/L at Week 4 equals the
highest levels reported from patients in
Townsville and Brisbane diagnosed with
eosinophilic enteritis.4 Given that the
volunteer in this study had not been
knowingly exposed to hookworms previ-
ously, such a level of eosinophilia is more
likely to be a response to adult worms
than to larvae. Certainly, L3 given by
mouth to dogs will develop directly into
adult worms,7 and the behaviour of A.
caninum L3 in humans parallels that in
adult dogs.2 Further, the time from
infection to the first eosinophil peak,
about four weeks, equals the presumed
life expectancy of an adult A. caninum in
human infections.2 While immunologi-
cal monitoring would have been inter-
esting, it was not available at the time.
However, varying numbers of L3 may
become dormant within the intestine or
skeletal muscle to resume development
in spring or after ingestion by a definitive
host. The twin blood eosinophil peaks of
Experiment 1 (Box 2) suggest the tran-
sient intestinal presence of an adult
worm early in infection, with the subse-
quent mobilisation and development of
dormant larvae leading to the second
eosinophil peak. It would not be coinci-
dental, then, that this synchronised with
transient abdominal pain, possibly
reflecting enteric inflammation. How-
ever, the symptoms were never severe
enough to justify medical intervention
(endoscopy or anthelmintic chemother-
apy). That blood eosinophil levels did
not return to normal between peaks, but
remained at a high plateau, perhaps
indicates that larvae in the gut or tissue
reservoirs were stimulating an ongoing
immune response.

Eosinophilic enteritis has relapsed in
patients with previously documented A.
caninum infection who had subse-
quently avoided re-exposure; mobilisa-
tion of dormant tissue larvae also
probably explains the rising incidence of
cases in early summer.8 Other causes of
eosinophilia in our volunteer, such as
allergy or drug reaction, are inconsistent
with his medical history.

The lack of an eosinophil response to
low-level percutaneous infection sup-
ports the conclusion that eosinophilia in
Experiment 1 was triggered by adult
rather than larval worms. Twice as
many L3 were given in Experiment 2,

producing intense cutaneous inflamma-
tion but no blood eosinophilia. The
reaction following the second, smaller,
oral dose of 20 L3 in Experiment 3
reinforces this supposition.

While our findings do not exclude
percutaneous entry as a significant
route of human infection leading to
eosinophilic enteritis, they do indicate
that ingestion of A. caninum larvae
might be more pathogenic in that it
leads to the direct development of adult
worms in the gut, with its accompany-
ing eosinophilic inflammation. Alterna-
tively, tracheal migration following
ingestion may occur, but, based on the
low numbers of larvae required for oral
infection and also the inability of much
larger numbers of larvae applied percu-
taneously to complete this migration,
we consider this less likely in this
instance.

Possible routes of oral infection are by
drinking soil-contaminated water, eat-
ing soil-contaminated food (eg, on fresh
vegetables), or by eating infected meat.
Many grazing animals and free-range
poultry can become infected from soil
contaminated by dogs. Ingestion of this
meat, if undercooked, might lead to L3
developing directly into adult worms in
the gut, as has been suggested for the
very closely related, anthropophilic spe-
cies Ancylostoma duodenale.9 Clearly,
confirmation of this will require more
extensive studies, including investiga-
tion of the possible role of paratenic
hosts in human infection.
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