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Clinical-scientific notes

Symptomatic hypereosinophilia
associated with Necator americanus
self-inoculation

A 2006 systematic review found that, in populations
with endemic hookworm infection, there was a reduc-
tion in long-term asthma risk in those who were
infected, compared with those who were not.1 However,
no benefit of helminthic therapy in previously unin-
fected patients with asthma and other allergic diseases
has been demonstrated in several studies.2 A 2012
Cochrane review of helminthic therapy for allergic rhini-
tis showed no significant reduction in overall medication
use, although there was less use of rescue medication in
one study using pig whipworm.3 Despite this lack of evi-
dence, the treatment is marketed online for a plethora of
autoimmune, inflammatory and uncategorised condi-
tions. As a cautionary tale, we present here the first
report of organ damage due to hypereosinophilia after
deliberate helminth infection used in an attempt to mod-
ulate allergic symptoms.
A man in his early 60s presented to an Emergency

Department with palpitations and was found to have
atrial fibrillation with a ventricular rate of 120–180 bpm.
Reversion to sinus rhythm occurred after treatment with
adenosine. He had a mild elevation in troponin I of 0.75
μg/L (<0.03), which remained stable on serial measures
and was presumed to be secondary to the arrhythmia. A
chest radiograph revealed a small left pleural effusion
with ipsilateral lower zone patchy peri-bronchial infil-
trates. He was stable overnight with cardiac monitoring
and discharged home with beta-blocker therapy, and
cephalexin for presumed mild community-acquired
pneumonia. Three days later, the patient experienced
new progressive retrosternal chest pain associated with
malaise, and re-presented to the Emergency Depart-
ment. Arrhythmia did not recur; however, electrocardi-
ography revealed new T-wave inversion with ST
segment depression in leads V3–V4. Plasma troponin I
was now elevated to 1.9 μg/L (<0.03), and infiltrates
remained present on chest radiography.
The patient was transferred to our tertiary referral

hospital for coronary angiogram and commenced dual
antiplatelet therapy for presumptive acute coronary syn-
drome with intravenous ceftriaxone and oral doxycy-
cline for a concomitant provisional diagnosis of
community-acquired pneumonia. However, the coro-
nary angiogram showed normal coronary arteries and

left ventricular function. An echocardiogram performed
at this time showed normal LV size and systolic function,
normal RV size and systolic function, and borderline left
atrial enlargement.
At this stage a persistent eosinophilia (≈10 × 109/L

(<0.7)), present since his first presentation, was noted.
Further questioning revealed the patient had self-
initiated inoculation with Necator americanus (New World
hookworm) parasites, obtained online, to treat his
asthma and allergic rhinitis. Inoculation was performed
three times transdermally according to the supplier’s
advice: an initial dose of 35 parasites 9 months prior to
presentation, a second dose of 50 parasites 4 months
prior, and most recently 50 parasites 7 weeks prior. His
pretreatment IgE was 248 kU/L (<100) and eosinophil
count 0.6–1.15 × 109/L, last measured 9 months prior to
his current presentation. Other relevant test results at
presentation are shown in Table 1.
A provisional diagnosis of eosinophilic damage to the

myocardium and Loeffler’s syndrome affecting the
lungs (rather than a community-acquired pneumonia)
was made. An acute eosinophilic myocarditis was the
presumed cause of the elevated troponin level and
arrhythmias seen in this patient. Other differential
diagnoses considered included eosinophilic granuloma-
tosis with polyangiitis – previously known as Churg-
Strauss syndrome – (due to the patient’s history of
asthma, sinusitis and nasal polypectomy 3 years prior),
idiopathic hypereosinophilia, and an eosinophilia sec-
ondary to a haematological malignancy. As shown in
Table 1, tests relevant to these diagnoses were negative.
There was no other past medical history, and prior to
presentation the patient was taking only medications
for asthma and sinusitis. There was no recent history of
travel but 30 years prior the patient had been treated
for a parasitic gastrointestinal infestation while work-
ing in the Northern Territory, Australia. At that time,
he had also travelled extensively around Asia and
Europe.
At the time of this presentation, he had no gastrointes-

tinal symptoms and stool cultures were negative (col-
lected within 72 h of treatment commencement). His
equivocal and subsequent positive Strongyloides serol-
ogy was attributed to cross-reactivity with hookworm
with the Strongyloides rattii L3 larvae crude extract used
in the enzyme immunoassay test (personal communica-
tion with testing laboratory). The Harada-Mori
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technique was used as a more sensitive examination for
the presence of Strongyloides and was negative.4

Given the potentially fatal condition of eosinophilic
myocarditis5 and that an endomyocardial biopsy for
definitive diagnosis of the condition was not immedi-
ately available, we decided to treat the patient presump-
tively with albendazole and a short course of
prednisolone tapering from 25 mg to lower acutely the
eosinophil count to prevent further damage. Echocardi-
ography is typically normal during the early, necrotic
stage of eosinophilic myocarditis,6 and so we did not
feel that the relatively normal echocardiography
negated our provisional diagnosis. The pulmonary infil-
trates, symptomatic chest pain and eosinophilia
promptly resolved over 2 days. Twelve months after his
initial presentation, the patient remains well, has a nor-
mal eosinophil count and there has been no long-
lasting cardiac damage.

An inoculum of 10 N. americanus larvae has been
shown to give the level of infection seen in epidemiolog-
ical studies.7 Although this level of inoculum failed to
show significant benefits for asthma control, a study did
demonstrate eosinophil counts of up to 8.5 × 109/L with-
out serious side-effects at 12 weeks of follow up, at
which time the infection was eradicated.8 There are no
other reports in the literature of organ-damaging eosino-
philia after helminthic therapy to our knowledge. This is
in contrast to our patient who took a significantly larger

number of larvae and over a longer time, possibly
accounting for the serious adverse events seen in this
case. Our case highlights the importance of recent
research to identify particular proteins secreted by hel-
minths that may have an immune modulatory effect
without requiring infection with the helminths them-
selves.9 It also serves as a caution and highlights the
potential harms of helminthic treatment when hypereo-
sinophilia results.
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Table 1 Blood test results at presentation

FBC Hb 122 g/L (135–180), WCC 19.8 × 109/L (4–11), Eosinophils 9.88 × 109/L (0–0.7),
Neutrophils 7 × 109/L (1.8–7.5), platelets 341 × 109/L (150–400)

EUC Normal
LFT Normal
ESR 20 mm/h (<30)
CRP 10.2 mg/L (<5.0)
B and T cell subsets Normal
ANCA Not detected
ANA 1:80 titre, speckled pattern
ENA Negative
Anti-dsDNA 4 IU/mL (<40 IU/mL)
Complement levels C3 1.14 g/L (0.82–1.85); C4 0.20 g/L (0.14–0.42)
IgE level 359 kU/L (<100)
Other immunoglobulin levels IgG, 14.6 g/L (7–16); IgA, 1.53 g/L (0.70–4.00); IgM, 0.8 g/L (0.4–2.3)
Tryptase 7.1 μg/L (0.0–11.4)
Strongyloides serology (UgG ratio) At presentation: 1.06, indeterminate (<0.80, negative), 6 months post presentation: 2.25
Stool ova, cysts and parasite examination Negative × 3
Harada-Mori fresh stool examination Negative × 3
HIV Not detected

Bold indicates values outside the normal range. ANA, anti-nuclear antibodies; ANCA, anti-neutrophil cytoplasmic antibodies; CRP, C-reactive protein;
dsDNA, double-stranded DNA; ENA, extractable nuclear antigens; ESR, erythrocyte sedimentation ratio; EUC, electrolytes urea creatinine; FBC, full
blood count; Hb, haemoglobin; HIV, human immunodeficiency virus; LFT, liver function tests; WCC, white cell count.

Letters to the Editor

Internal Medicine Journal 48 (2018) 475–477
© 2018 Royal Australasian College of Physicians

476

http://orcid.org/0000-0001-9708-6020


References

1 Leonardi-Bee J, Pritchard D, Britton J.

Asthma and current intestinal parasite

infection: systematic review and meta-

analysis. Am J Respir Crit Care Med 2006;

174: 514–23.

2 KhanAR, Fallon PG.Helminth therapies:

translating the unknownunknowns to

knownknowns. Int J Parasitol 2013; 43:

293–9.

3 Croft AM, Bager P, Garg S. Helminth

therapy (worms) for allergic rhinitis.

Cochrane Database Syst Rev 2014; CD009400.

4 Requena-Méndez A, Chiodini P,

Bisoffi Z, Buonfrate D, Gotuzzo E,

Muñoz J. The laboratory diagnosis and

follow up of Strongyloidiasis: a

systematic review. PLoS Negl Trop Dis

2013; 7: e2002.

5 Wang TKM, Watson T, Pemberton J,

Pemberton L, Lowe B, Ellis C et al.

Eosinophilic myocarditis:

characteristics, diagnostics and

outcomes of a rare condition. Intern

Med J 2016; 46: 1104–7.

6 Mankad R, Bonnichsen C, Mankad S.

Hypereosinophilic syndrome: cardiac

diagnosis and management. Heart 2016;

102: 100–6.

7 Mortimer K, Brown A, Feary J, Jagger C,

Lewis S, Antoniak M et al. Dose-ranging

study for trials of therapeutic infection

with Necator americanus in humans.

Am J Trop Med Hyg 2006; 75: 914–20.

8 Feary J, Venn A, Brown A, Hooi D,

Falcone FH, Mortimer K et al. Safety of

hookworm infection in individuals with

measurable airway responsiveness: a

randomized placebo-controlled

feasibility study. Clin Exp Allergy 2009;

39: 1060–8.

9 Navarro S, Pickering DA, Ferreira IB,

Jones L, Ryan S, Troy S et al. Hookworm

recombinant protein promotes regulatory

T cell responses that suppress

experimental asthma. Sci Transl Med

2016; 8: 362ra143.

doi:10.1111/imj.13756

Ibrutinib and antimicrobial therapy in
a heavily pretreated patient with
chronic lymphocytic leukaemia and
disseminated cutaneous non-
tuberculous mycobacterial infection:
successful surgery-free approach

Chronic lymphocytic leukaemia (CLL) is a monoclonal
B-cell lymphoproliferative disorder characterised by the
accumulation of small, mature B cells in the peripheral
blood, lymph nodes, liver and spleen. Susceptibility to
infection remains a significant cause of morbidity and
mortality due to well documented immunological defects
seen in CLL, particularly T-cell dysfunction, as well as
the immunosuppressive effects of therapy.1 Novel agents
targeting B-cell receptor signalling, such as the Bruton
tyrosine kinase inhibitor ibrutinib, are emerging as
promising therapies in patients with CLL either as mono-
therapy or in combination with other treatments, such
as monoclonal antibodies.2 While infection is a common
early complication, emerging data suggest ibrutinib ther-
apy may ultimately overcome the ‘T-cell’ defect in CLL
leading to the potentiation of antitumour immune
responses and reduced predisposition towards
infection.3,4

In March 2015, a 68-year-old male with heavily pre-
treated CLL presented with a 6-month history of multi-
ple violaceous nodules over his right leg, left wrist and
both hips (Figs 1, 2). In retrospect, these lesions had
been originally observed 3 months earlier in June 2014
as non-raised ‘purpuric’ lesions thought to represent

areas of bruising related to ongoing immune thrombo-

cytopenia complicating his CLL. Following his original

diagnosis in 2003, the patient’s previous treatment his-

tory included oral chlorambucil, two separate courses

of FCR (fludarabine, cyclophosphamide, rituximab) in
2006 and 2009, alemtuzumab, the bcl-2 inhibitor vene-
toclax and finally R-CHOP ((rituximab, cyclophospha-
mide, vincristine, doxorubicin and prednisolone)) with
involved field radiotherapy for localised Richter trans-
formation in 2013. In addition, the patient was receiv-
ing monthly intravenous immunoglobulin (IVIg) to
prevent recurrent respiratory tract infections complicat-
ing hypogammaglobulinaemia as well as intermittent
rescue doses of IVIg for management of his idiopathic
thrombocytopenic purpura, but no other systemic treat-
ment for his CLL. During 2014, the patient experienced
clinical and radiological progression of his CLL and the
previously noted ‘purpuric’ skin lesions developed fur-
ther into raised, linear lesions thought to represent
thrombophlebitis, which was excluded on ultrasound
examination. The lesions continued to grow in size in
the lead-up to commencing ibrutinib in November
2014 for progressive CLL, which subsequently results
in a partial remission without associated toxicity. At the
time of presentation, his trough immunoglobulin levels
were satisfactory on IVIg and he had a normal neutro-
phil count. While awaiting diagnosis, the patient con-
tinued on ibrutinib for 5 months, remained
systemically well and the lesions demonstrated early
signs of regression (Figs 2, 3). Punch biopsies of lesions
from the wrist and left leg demonstrated dermal suppu-
rative granulomatous inflammation with acid-fast bacilli
consistent with mycobacterial infection. Mycobacterial
culture and polymerase chain reaction identified Myco-

bacterium chelonae with sensitivity only to clarithromy-
cin, azithromycin and tigecycline. Following
identification of underlying mycobacterial infection, azi-
thromycin and doxycycline antimicrobial therapy was
commenced leading to further clinical improvement
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