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An elderly woman with asthma,
eosinophilia, and septic shock

76-YEAR-OLD WOMAN is admitted with
nausea and vomiting of 1 week’s dura-

tion. She was diagnosed with severe asthma 6
years ago and has been hospitalized for it mul-
tiple times, most recently 1 week ago. That
hospitalization was complicated by respiratory
failure which required intubation and high-
dose intravenous corticosteroids. Since then,
she has been taking prednisone daily but her
asthma remains poorly controlled and she has
been using her albuterol inhaler every day as
rescue therapy. She has not traveled recently
or had contact with anyone who is sick. She
was born in Cuba and moved to Florida 20
years ago.

On physical examination she is afebrile
and her vital signs are normal. Lung examina-
tion reveals bilateral coarse breath sounds
with a prolonged expiratory phase. She has
mild epigastric tenderness, but no rigidity or
guarding. The remainder of the physical
examination is unremarkable.

Her white blood cell count is high,
with 17.5% eosinophils (normal 0–4) and
an absolute eosinophil count of 2.905 ×
109/L (normal 0–0.4). A chest radiograph
shows bilateral diffuse chronic interstitial
changes.

■ DIFFERENTIAL DIAGNOSIS

1 Which of the following conditions is asso-
ciated with asthma and eosinophilia?

❑ Atopic asthma
❑ Churg-Strauss syndrome
❑ Allergic bronchopulmonary aspergillosis
❑ Parasitic infestation
❑ Eosinophilic pneumonia
❑ Bronchocentric granulomatosis

All of these conditions can cause asthma and
eosinophilia.

Atopic asthma
“Extrinsic asthma,” “allergic asthma,” and
“atopic asthma” are terms that can be used
interchangeably. They refer to the onset of
wheezing, cough, and shortness of breath upon
contact with an allergen. Several outdoor and
indoor allergens have been known to trigger
the cascade of events leading to asthma symp-
toms. Outdoor allergens include pollen and
grass; indoor allergens include house dust
mites, animal proteins (particularly cat and
dog allergens), cockroaches, and fungi. Based
on exposure, symptoms may be seasonal or
perennial. The reaction is immunologic and is
mediated by immunoglobulin E (IgE).

Atopy is assessed by three methods: skin
test reactivity, serum IgE levels, and blood
eosinophilia.1 Allergy skin testing commonly
involves skin prick tests using a panel of sev-
eral different allergens. Blood radioallergosor-
bent tests (RASTs) involve blood measure-
ment of the minute quantities of IgE antibody
specifically directed at a particular antigen.2
Serum IgE levels appear to be closely linked
with both asthma and airway hyperrespon-
siveness whether or not asthma is present.3
An elevated blood eosinophil count may indi-
cate a tendency to atopy; however, marked
elevation (> 3.0 × 109/L) should prompt con-
sideration of alternative diagnoses.4

Churg-Strauss syndrome
Churg-Strauss syndrome, or allergic granulo-
matous angiitis, is a rare syndrome that affects
small and medium-sized arteries and veins. It is
a multisystem disorder characterized by allergic
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rhinitis, asthma, and prominent peripheral
blood eosinophilia. Although the exact cause
of Churg-Strauss syndrome is unknown, it is
most likely autoimmune. Its clinical elements
occur in three sequential phases: prodromal,
eosinophilic, and vasculitic.

Other manifestations include palpable pur-
pura, eosinophilic gastroenteritis, mononeuritis
multiplex, and cardiac and renal involvement.
Eosinophilia is occasionally missed because of
rapid, spontaneous, or steroid-induced reduc-
tions or fluctuations in eosinophil counts.
Approximately 38% to 59% of patients test
positive for antineutrophil cytoplasmic anti-
body (ANCA).5 Lung biopsy is the gold stan-
dard for diagnosis.6

High-dose corticosteroid treatment for 6
to 12 weeks is usually effective. Cyclophos-
phamide (Cytoxan), azathioprine (Azasan),
and immune globulin have also been used.
Responsiveness to treatment can be monitored
by following the eosinophil count and sedi-
mentation rate. Persistence of ANCA positiv-
ity does not adequately reflect disease activity.7

Allergic bronchopulmonary aspergillosis
Allergic bronchopulmonary aspergillosis is a
hypersensitivity response to the fungus
Aspergillus fumigatus that occurs in patients
with asthma. Some of the diagnostic features
are a history of asthma, immediate skin test
reactivity to Aspergillus antigens, precipitating
serum antibodies to A fumigatus, serum total
IgE concentration greater than 1,000 ng/mL,
and peripheral blood eosinophilia (> 0.5 ×
109/L).  Central bronchiectasis and lung infil-
trates on chest radiography are other charac-
teristic features. Repeated episodes can lead to
progressive pulmonary fibrosis, especially in
the upper lung fields.

Corticosteroids are very effective for con-
trolling this disease, and the clinical response
should be monitored with serial monthly or
bimonthly measurement of the serum total IgE
concentration. Itraconazole (Sporanox) can
be considered for poor responsiveness to corti-
costeroids, relapsing disease, and corticos-
teroid-dependent disease, and in cases of cor-
ticosteroid toxicity.8

Parasitic infestation
Ascaris lumbricoides, hookworms, Strongyloides

stercoralis, and Toxocara canis have life cycles
in which infecting larvae reach the lungs via
the bloodstream and penetrate into alveoli to
cause Löffler syndrome,9 characterized by
cough, wheezing, peripheral blood eosinophil-
ia, and chest radiographic infiltrates.

Antihelminthic therapy is the mainstay of
management. In ascaris pneumonia, if symp-
toms are severe, systemic corticosteroids will
diminish both the symptoms and the
eosinophilia.10 Although rarely necessary, cor-
ticosteroids may ameliorate the pulmonary
manifestations of hookworm infestation and
toxocariasis. In contrast, patients with chronic
strongyloidiasis may develop asthma that para-
doxically worsens with corticosteroid use.11,12

Several organisms, such as Paragonimus lung
flukes and cestodes, can directly invade the pul-
monary parenchyma, causing echinococcosis
and, less commonly, cysticercosis and producing
pulmonary manifestations with eosinophilia.

Tropical pulmonary eosinophilia is a form
of eosinophilic pneumonia due to a distinct
immune response to blood-borne microfilarial
stages of the lymphatic filariae Wuchereria ban-
crofti and, less commonly, Brugia malayi.

Eosinophilic pneumonia
“Eosinophilic pneumonia” is a heterogenous
group of lung diseases characterized by pul-
monary eosinophilia and infiltrates, with or
without increased peripheral eosinophils in
the blood. Primary or idiopathic eosinophilic
pneumonia includes acute eosinophilic pneu-
monia and chronic eosinophilic pneumonia.

The finding on chest radiography of
“photographic negative” pulmonary edema is
pathognomonic of chronic eosinophilic pneu-
monia. Bronchoalveolar lavage specimens
with eosinophilia of greater than 40% associ-
ated with peripheral eosinophilia suggest this
diagnosis.

Systemic steroids are the mainstay of
treatment, with dramatic response occurring
within 2 days. Chronic eosinophilic pneumo-
nia  rarely resolves spontaneously. Patients
continue to be steroid-responsive and respond
to corticosteroid doses at levels similar to
those prior to the relapse. As a result, the out-
come for most patients is excellent despite fre-
quent recurrences and the occasional need for
prolonged therapy.

Very high
eosinophil
counts raise
the suspicion
of a diagnosis
other than
atopic asthma
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Bronchocentric granulomatosis
Bronchocentric granulomatosis is an uncom-
mon pathologic entity characterized by necrotiz-
ing granulomatous inflammation of bronchi.13

There are two distinct groups of patients.
About one-half of patients with broncho-

centric granulomatosis also have allergic bron-
chopulmonary aspergillosis,14 and hence have
asthma and eosinophilia. In this group, bron-
chocentric granulomatosis is a result of a com-
plex tissue response to airway colonization by
fungal organisms. Tissue and peripheral
eosinophilia with hypersensitivity to Aspergillus
can be demonstrated. The diagnosis is made by
surgical lung biopsy. Corticosteroids may be
used in these patients.

The second heterogenous group of patients
with bronchocentric granulomatosis do not
have asthma, and the pathogenesis of their gran-
ulomatous inflammation is unknown.15

Peripheral eosinophilia is uncommon in these
patients, and they lack evidence of fungal hyper-
sensitivity. No specific therapy is recommended,
and many patients recover without treatment.14

Infectious causes such as histoplasmosis,
blastomycosis, and mycobacterial infections
should be excluded as they can cause granulo-
matous inflammation in the bronchioles mim-
icking bronchocentric granulomatosis.

■ CASE CONTINUED

Although our patient has steroid-resistant
asthma, her principal complaint is nausea and
vomiting. The initial impression of her disor-
der is of steroid-induced peptic ulcer.

Upper gastrointestinal endoscopy is per-
formed to evaluate her persistent nausea and

vomiting; it shows diffuse ulceration in the
entire duodenum, with linear ulcers and
plaques in the esophagus. She is started on an
intravenous proton pump inhibitor. Her asth-
ma is treated with nebulized albuterol and sys-
temic steroids.

Her hospital course is complicated by
hypotension and worsening leukocytosis with
eosinophilia as high as 35%. She is trans-
ferred to the intensive care unit and started
on broad-spectrum empirical antibiotics,
intravenous steroids, and aggressive fluid
resuscitation for sepsis. Duodenal biopsy
shows Strongyloides larvae within the duode-
nal crypts (FIGURE 1). Blood cultures are posi-
tive for Klebsiella pneumoniae, and a parasite
consistent with Strongyloides (FIGURE 2) is iden-
tified.

■ DIAGNOSTIC TESTS

2 Which of the following tests is most sensi-
tive for diagnosing strongyloidiasis?

❑ Stool ova, parasite
❑ Serologic tests
❑ Bronchoalveolar lavage
❑ Skin testing for immediate hypersensitivity

Serologic tests are the most sensitive for
the diagnosis of strongyloidiasis. Common
serologic tests used in diagnosing strongyloidi-
asis include the enzyme immunoassay and
enzyme-linked immunosorbent assay (ELISA).
(Our patient is tested: her serum IgE level is
high and her ELISA for Strongyloides IgG anti-
body is positive.) In a study conducted in an
endemic region of Thailand, a GPAT (gelatin
particle agglutination test) was found to be
more practical for screening for strongyloidia-
sis than the conventional ELISA.16
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FIGURE 1. Strongyloides larvae in the duo-
denal crypts (hematoxylin and eosin stain,
× 4,000).

FIGURE 2. Strongyloides larvae in blood
(Giemsa stain, oil immersion).
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Although serologic analysis is the most
sensitive test for strongyloidiasis (sensitivity
84% to 92%), it is not specific, and cross-reac-
tions with other nematode infections are pos-
sible. However, ELISA can be falsely negative
in immunocompromised patients, and anti-
strongyloides antibody may persist for several
years after treatment.17 Schaffel et al18 found
that the sensitivity of ELISA for diagnosing
strongyloidiasis in immunocompromised
patients was 68% and the specificity was 89%.

Stool tests. About a quarter of infected
patients have negative stool examinations,
and ova are almost never observed unless
severe diarrhea occurs.19 Performing multiple
stool examinations and specialized tests on
stool specimens, including the Baermann con-
centration technique, concentration with zinc
sulfate, and a modified agar plate method, can
increase the yield.20 Aspiration of duodenoje-
junal fluid or the use of a string test
(Enterotest) may improve the likelihood of
larval recovery.

Bronchoalveolar lavage may reveal the
filariform larvae in disseminated strongyloidi-
asis. There are also case reports in which diag-
nosis was made by sputum Gram stain.21,22

Skin testing for immediate hypersensitiv-
ity with parasite extracts has been tried exper-
imentally, but this is not widely available, as
sterility cannot be guaranteed.23

Eosinophilia of 10% to 40% is common
during acute infection; it may be as high as
75% to 80%. However, it may be normal in
disseminated strongyloidiasis due to coexisting
bacterial infection. In chronic infection it is
usually intermittent.

■ ROLE OF CORTICOSTEROIDS

3 In which of the following conditions that
cause asthma and eosinophilia are corti-
costeroids detrimental?

❑ Allergic bronchopulmonary aspergillosis
❑ Churg-Strauss syndrome
❑ Strongyloidiasis
❑ Ascaris pneumonia
❑ Hypereosinophilic syndromes

Except strongyloidiasis, most of the other
causes of pulmonary eosinophilia improve
with corticosteroid therapy. Giving cortico-

steroids to patients with strongyloidiasis can
lead to a fatal condition termed “disseminated
strongyloidiasis” or “hyperinfection syn-
drome.” Our patient received high-dose intra-
venous corticosteroids 1 week earlier, which
precipitated the disseminated infection. This
therapy was started again during this hospital-
ization for sepsis and asthma, but it was
stopped once disseminated strongyloidiasis
was suspected.

Asthma that responds poorly to cortico-
steroids or that is paradoxically aggravated by
them should raise the suspicion of strongy-
loidiasis, especially in patients from endemic
areas and immigrants from developing coun-
tries.24

Several case reports show that disseminat-
ed strongyloidiasis is often accompanied by
gram-negative sepsis, as seen in our patient
who had Klebsiella bacteremia.25 Enteric flora
gain access to extraintestinal sites by bacterial
translocation through ulcers induced by the
filariform larvae or by being carried on the
outer surface of the worm or in the intestinal
tract of the larvae themselves.26

Disseminated strongyloidiasis has a high
case-fatality rate that is increased by concomi-
tant immunosuppression, bacteremia, and
delayed diagnosis.27

■ LIFE CYCLE OF STRONGYLOIDES

Strongyloidiasis is uncommon, although
endemic foci occur in rural areas of the south-
eastern United States and in tropical and sub-
tropical countries such as those of West
Africa, the Caribbean, and Southeast Asia.
Populations with higher prevalence rates
include patients in long-term institutionalized
care and immigrants from developing coun-
tries. Strongyloidiasis affects all age groups and
has no predilection for either sex.

The infection is acquired when infective
(filariform) larvae penetrate the skin during
contact with contaminated soil and are then
carried by the venous circulation to the lungs,
causing asthma-like symptoms.24 From the
lungs, they enter the alveoli, go up the tra-
cheobronchial tree and larynx, are subse-
quently swallowed, and reach the gastroin-
testinal tract. Our patient had symptoms of
intestinal strongyloidiasis as demonstrated by
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the larval form in the duodenal biopsy. In the
gut, larvae molt twice and become parasitic
adult female worms that produce eggs, yield-
ing noninfective (rhabditiform) larvae. These
larvae either can be passed out of the host’s
body in the feces or, under certain conditions,
can cause autoinfection.

■ CLINICAL FEATURES
OF STRONGYLOIDIASIS

A distinctive characteristic of S stercoralis is its
ability to persist and replicate within a host
for decades while producing minimal or no
symptoms. This was seen in our patient, who
migrated from an endemic area and remained
asymptomatic for a long period of time.28

Clinical features range from asympto-
matic eosinophilia in an immunocompetent
host to hyperinfection syndrome with septic
shock in an immunocompromised individual
like our patient.

The cutaneous manifestation includes a
distinctive eruption termed “larva currens”
(“running” larva), which is a serpiginous
wheal that rapidly progresses at a rate of 5 to
10 cm per hour and is pathognomonic of
Strongyloides infection. The feet are the most
commonly affected site.

Patients may experience anorexia, nau-
sea, vomiting, and epigastric pain due to
duodenitis. Chronic enterocolitis and malab-
sorption occur due to heavy worm burden.
Our patient experienced the above-men-
tioned symptoms due to intestinal strongy-
loidiasis.

Pulmonary manifestations occur in both
acute and chronic strongyloidiasis. Trans-
pulmonary migration of the larval forms in
the acute stage can produce dry cough, dysp-
nea, wheezing, and hemoptysis. Patients with
chronic strongyloidiasis may develop asthma,
which paradoxically worsens with cortico-
steroid use,11,12 or dyspnea due to restrictive
pulmonary disease.29 Our patient had new-
onset asthma that was poorly controlled with
steroids.

Hyperinfection syndrome, or dissemi-
nated strongyloidiasis, is generally associat-
ed with conditions of depressed host cellular
immunity, such as acquired immunodefi-
ciency syndrome, and with immunosuppres-

sive therapy.30,31 TABLE 1 presents some of the
risk factors for disseminated strongyloidia-
sis. The massive dissemination of filariform
larvae to the lungs, liver, heart, central ner-
vous system, and endocrine glands induces
inflammation that may result in sympto-
matic dysfunction of these organs and even
septic shock.26,32,33 Our patient received
high-dose intravenous steroids, which pre-
cipitated the disseminated infection and
septic shock.

■ TREATMENT OF STRONGYLOIDIASIS

4 Which is the most appropriate treatment
for this patient?

❑ Thiabendazole (Mintezol) 25 mg/kg
orally twice daily for 2 days

❑ Ivermectin (Stromectol) 200 µg/kg orally
for 5 to 7 days

❑ Albendazole (Albenza) 400 mg orally
twice daily for 2 days

❑ Mebendazole (Vermox) 10 mg/kg orally
daily for 5 days

In immunocompromised patients with dis-
seminated disease, such as our patient, there is
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S stercoralis
can persist and
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Risk factors for disseminated
strongyloidiasis

Alcoholism

Corticosteroids

Diabetes mellitus

Hemopoietic stem cell transplantation

Human immunodeficiency virus infection,
acquired immunodeficiency syndrome

Human T-cell leukemia virus type 1 infection

Hypogammaglobulinemia

Immunosuppressive therapy (chemotherapeutic
agents, anti-tumor necrosis factor receptor
therapy)

Malignancy (lymphoma, leukemia)

Organ transplant recipients

Malnutrition

T A B L E  1
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no general agreement about which regimen is
most appropriate. Oral ivermectin 200 µg/kg
for 5 to 7 days, or a combination of ivermectin
and albendazole until the patient responds, is
currently used (TABLE 2). Thiabendazole (25
mg/kg orally twice a day, maximum of 3.0
g/day) for 5 to 7 days was previously recom-
mended for disseminated disease. Our patient
received thiabendazole for 7 days, which was
the drug of choice when she was treated.

Alternative therapies that have been suc-
cessful in patients with disseminated strongy-
loidiasis who are unable to receive oral therapy
include subcutaneous ivermectin,34 per rectum
ivermectin administration,35 and a parenteral
veterinary formulation of ivermectin.36

Uncomplicated strongyloidiasis
Currently, the treatment of choice for uncom-
plicated strongyloidiasis is ivermectin 200
µg/kg in a single dose or in two doses given 2
weeks apart.37,38

Albendazole (400 mg orally twice daily for
2 to 3 days) also has activity against
Strongyloides, although clinical experience is
limited.39 Thiabendazole use has declined due
to the availability of more efficacious and bet-
ter-tolerated medications. Mebendazole is far
less effective than thiabendazole. 40

The efficacy of therapy can be document-
ed by follow-up stool examinations in 2 weeks
and complete blood counts, serum IgE lev-
els,41 and parasite-specific IgG levels42 in 3
months. Eosinophilia persisting for several
months after treatment suggests failure to
eradicate Strongyloides or another cause of the
eosinophilia.37

The prognosis of uncomplicated strongy-
loidiasis is generally good. Hyperinfection syn-
drome, however, has a high mortality rate (up
to 80%) because diagnosis is often delayed and
because of concomitant immunosuppression
and bacteremia.27

Treatment of strongyloidiasis improves
asthma-like symptoms. This patient’s asthma
improved considerably after appropriate
antiparasitic treatment.

■ CASE RESOLUTION

Thiabendazole for disseminated strongy-
loidiasis and antibiotics for gram-negative

sepsis were started. Her symptoms improved
and she was discharged home. On follow-up,
her asthma symptoms had significantly
improved and she no longer required control
or rescue therapy.

■ TEACHING POINTS

• Asthma that responds poorly to steroids
or that is paradoxically aggravated by
steroids should raise the suspicion of an
alternative diagnosis such as parasitic infes-
tation, especially in patients from endemic
areas and immigrants from developing coun-
tries.24,43,44

• Unexplained eosinophilia in immunosup-
pressed patients such as those with acquired
immunodeficiency syndrome and recipients of
chemotherapy should raise the suspicion of
parasitic infestation.
• Giving steroids to these patients may lead
to disseminated strongyloidiasis and sepsis,
which has a mortality rate of up to 80%.31

• Early recognition and appropriate treat-
ment significantly reduces the mortality
rate.
• Disseminated strongyloidiasis is often
accompanied by gram-negative sepsis due to a
concomitant immunosuppressed state.
• Oral ivermectin is the recommended
treatment for uncomplicated and disseminat-
ed strongyloidiasis. ■

This patient’s
asthma
improved after
appropriate
antiparasitic
treatment

Treatment of strongyloidiasisa

Uncomplicated infection

Ivermectin 200 µg/kg single dose or 2 doses given 2 weeks
apart orally

Alternative: albendazole 400 mg orally twice daily for 2 to 3
days

Disseminated strongyloidiasis or hyperinfection syndrome

Ivermectin 200 µg/kg orally for 5 days

Alternative: ivermectin combined with albendazole until
response occurs

aAlthough proven to be effective in the treatment of strongyloidiasis, use
of thiabendazole has declined due to the availability of better-tolerated
and efficacious medications.

T A B L E  2
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