
IDCases 29 (2022) e01530

Available online 6 June 2022
2214-2509/© 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Case report 
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leukemia: Case report 

Caitlyn J. Smith a,*, Ayman H. Gaballah b, Kelly Bowers a, Chase Baxter c, Carla R. Caruso a 

a University of Missouri, Department of Pathology and Anatomical Sciences, Columbia, MO, USA 
b University of Missouri, Department of Radiology, Columbia, MO, USA 
c University of Missouri, Division of Pulmonary, Critical Care and Environmental Medicine, Columbia, MO, USA   

A R T I C L E  I N F O   

Keywords: 
Strongyloidiasis 
Strongyloides stercoralis 
Autoinfection 
Hyperinfection 
Acute lymphoblastic leukemia 

A B S T R A C T   

Strongyloides stercoralis is a soil-transmitted helminth endemic to tropical and subtropical regions and can be 
acquired due to parasite penetration through the skin. It can remain dormant in the gastrointestinal system for 
decades after the primary infection. In immunocompromised patients, this parasite can cause autoinfection with 
progression to hyperinfection syndrome. Here we report a unique case of pulmonary strongyloidiasis in a 32- 
year-old female, originally from Guatemala, with a significant clinical history of Philadelphia chromosome- 
positive B-cell acute lymphoblastic leukemia diagnosed in 2019. The patient is status post chemotherapy with 
tyrosine kinase inhibitor plus hyper-CVAD regimen (Cyclophosphamide, Vincristine sulfate, Doxorubicin hy-
drochloride (Adriamycin), and Dexamethasone). History of drug-induced hyperglycemia and obesity was also 
noted. Her current chief complaint included dyspnea, tachycardia, and chest pain. Chest computerized tomog-
raphy (CT) scan showed diffuse interstitial pulmonary edema with septal thickening, scattered ground-glass 
opacities, and small pericardial effusion. Due to normal ejection fraction, the differential diagnosis included 
non-cardiogenic pulmonary edema, pneumonitis secondary to chemotoxicity, and infection. She rapidly pro-
gressed to acute hypoxic respiratory failure, and a bronchoalveolar lavage study revealed numerous larvae 
consistent with Strongyloides hyperinfection. Further workup revealed eosinophilia with negative Strongyloides 
IgG antibody. Given the rarity of this infection in the United States and the patient’s place of birth, acquired 
latent Strongyloides infection is favored as the initial source of infection. The reactivation of the infection process 
was most likely secondary to her chemotherapy treatment. Strongyloides hyperinfection diagnosis can be chal-
lenging to establish and entails a high level of suspicion. Cytology evaluation is an essential factor for diagnosis.   

Introduction 

Strongyloidiasis is a chronic parasite infection caused by Strong-
yloides stercoralis. It is endemic in tropical and subtropical areas [1]. 
Poor sanitary conditions and skin contact with contaminated soil are 
major risk factors for disease. The parasite can penetrate the human skin 
and migrate through the circulation to the lungs once the rhabditiform 
larvae developed into filariform larvae in moist soil [2,3]. Eventually, 
these larvae escape the alveolar spaces and migrate to the pharynx. 
Larvae can settle in the small intestine and mature into adults after being 
swallowed in pharyngeal secretion. Nematode parasitic adults are only 
females (3 mm) and for reproduction, use either parthenogenesis 
(reproduction without fertilization) inside the host’s small intestine or 

sexual reproduction (with fertilization) outside the host. Larvae can be 
shed in the stool or become filiform larvae capable of penetrating the 
intestinal tract, causing internal or external (skin) autoinfection. In 
immunocompromised patients, the parasite can cause autoinfection 
without further exogenous infestation [2]. Hyperinfection syndrome can 
occur from autoinfection leading to massive and disseminated 
life-threatening parasitic infection. While multiple organs can be 
affected in hyperinfection syndrome, most presentations involve the 
lungs and gastrointestinal tract. In non-endemic areas, strongyloidiasis 
often presents as a diagnostic challenge [4,5]. 
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Case report 

The patient, a 32-year-old female with Philadelphia chromosome- 
positive B-cell acute lymphoblastic leukemia diagnosed in 2019, pre-
sented with a ten-day history of increasing dyspnea, tachycardia, and 
chest pain. She is originally from Guatemala; however, she had not 
returned to Guatemala for approximately fifteen years. Her medical 
history is also notable for drug-induced hyperglycemia and obesity. 

In April 2019, she was admitted for a one-month history of fatigue, 
lethargy, and diffuse pain in her spine and upper and lower extremities. 
At the time, she had noticed new bruising in her skin without any sig-
nificant trauma. Blood tests showed a white blood cell count of 55,000 
× 109/L with increased blasts. Her peripheral blood smear showed 
normochromic, normocytic anemia, thrombocytopenia, and 88% blasts. 
CT imaging studies demonstrated a right breast mass and spinal lesions. 
Bone marrow aspiration and biopsy showed acute B-lymphoblastic 
leukemia (B-ALL) with t(9;22)(q34.1;q11.2) BCR-ABL1. Analysis by 
FISH was abnormal and indicated approximately 90% of nuclei with 
BCR/ABL1 fusion and a partial ETV6 deletion as well as a partial 
CDKN2A deletion in 61.5% of nuclei. She underwent induction 
chemotherapy with AYA protocol (AALL 0232), which consisted of a 
tyrosine kinase inhibitor plus a hyper-CVAD regimen and bone marrow 
transplant. Additionally, she received central nervous system (CNS) 
prophylaxis with intrathecal methotrexate and ARA-C per protocol. On 
day 28, after bone marrow transplant, she was negative for minimal 
residual disease and was discharged on dasatinib. 

In August 2019, she was started on maintenance with a POMP 
regimen (6-mercaptopurine, vincristine, methotrexate, prednisone), and 
in January 2020, she relapsed with blasts in the cerebrospinal fluid 
(CSF). The POMP regimen was switched to high-dose methotrexate. Due 
to persistent CNS disease, she received intrathecal methotrexate, 
cytarabine, and hydrocortisone every two weeks for five cycles. The 
treatment was briefly interrupted due to COVID-19 infection and 
resumed in July of 2020. In November 2020, the patient was admitted 
with complete vision loss in the right eye. Magnetic resonance imaging 
(MRI) showed concern for leukemic infiltration of the right optic nerve 
and a new pineal mass. The patient underwent whole-brain radio-
therapy in 10 fractions. In January of 2021, she was re-admitted with 
leukocytosis and circulating blasts. At this time, a CT scan showed 
hepatosplenomegaly and numerous lytic lesion in the axial skeleton. She 
received one cycle of etoposide, ifosfamide, and mitoxantrone. In 
February 2021, the patient started systemic chemotherapy with hyper- 
CVAD, and in May 2021, cycle 3 part A was interrupted because of in-
terval development of acute appendicitis requiring emergent surgery. 
The surgical specimen only showed pathologic alterations associated 
with appendicitis. In June of 2021, the patient completed cycle 3, part B. 

A month later, at the time of admission for her scheduled hyper- 
CVAD cycle 4 part B treatment, she developed shortness of breath, 
central and left chest pain that worsened with inspiration, non- 
productive cough, back pain, and epigastric pain. Additionally, she 
developed acute hypoxic respiratory failure, so the chemotherapy was 
held. On admission, she was afebrile and had an elevated ESR of 46.0 
mm/hr. Initial absolute eosinophil count was within normal range, 
however, twelve days later, it was increased at 7.67 × 10(9)/L and 
twenty-three days later decreased to 2.13 × 10(9)/L. (Fig. 1). Concur-
rently, she developed a diffuse pruritic maculopapular rash bilaterally 
on the scapular region, right thigh, and knee. The primary differential 
diagnosis was herpes zoster infection related to dermatitis. However, 
dermatology was consulted and attributed the cause of her rash to her 
prescribed Percocet. 

Blood cultures were obtained; one out of two were positive for 
coagulase-negative staphylococci, likely a contaminant and fungal cul-
tures were negative. Additionally, despite of being tested positive for 
Mycobacterium tuberculosis by QuantiFERON-TB Gold three months 
before this admission and treated with Isoniazid for latent tuberculosis 
infection, current respiratory cultures for Mycobacteria were negative. 

A new chest CT scan demonstrated bilateral pulmonary focal ground- 
glass opacities and interlobular septal thickening, consistent with pul-
monary edema. Small pericardial effusion and mild bilateral hilar and 
mediastinal lymphadenopathy were also identified. Overall findings, in 
conjunction with an ejection fraction of 65% on echocardiogram, non- 
cardiogenic pulmonary edema, and pericardial effusion were favored 
(Fig. 2) [6,7]. Due to the treatment with multiple cardiotoxic chemo-
therapeutic agents since 2019, possible pneumonitis secondary to che-
motoxicity was included as a probable differential diagnosis. The 
patient’s chest CT scan findings lacked diffuse ground-glass opacities 
(GGOs), common to many infectious processes and incredibly opportu-
nistic infections. Cyclophosphamide, cytarabine, doxorubicin, and 
Methotrexate are capable of causing interstitial non-cardiogenic pul-
monary edema and pericardial effusion. The patient received intrave-
nous methylprednisolone, and a bronchoscopy with brochoalveolar 
lavage (BAL) was performed. Forty milliliters of pink fluid with mucoid 
material was placed in ThinPrep® CytoLyt solution (methanol-based 
buffered preservative solution) and sent to cytology for further pro-
cessing and analysis. A ThinPrep slide and two cytospins, one stained 
with Giemsa stain and the second one stained with Grocott’s Methena-
mine Silver stains (GMS), were performed. Numerous filariform larvae 
with short buccal cavity and prominent genital primordium were iden-
tified, consistent with Strongyloides. These morphologic findings were 
consistent with Strongyloides, thus leading to the diagnosis of Strong-
yloides hyperinfection (Figs. 3 and 4). Stool analysis was negative for 
ova and parasites (O&P). She was started on Ivermectin 

Fig. 1. : Documented eosinophil count over two-month period during patient’s hospital course.  
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Fig. 2. Contrast-enhanced CT chest. A) axial image lung window showing patchy area of ground glass. opacification (yellow box). B) coronal image lung window 
demonstrating interlobular septal thickening, consistent with pulmonary edema (yellow circles). C, D) axial mediastinal window images showing pericardial. effusion 
(yellow arrows) in (C) and non-specific midly enlarged mediastinal and bilateral hilar lymph nodes. (yellow arrows) in (D). 

Fig. 3. Bronchoalveolar lavage, Grocott-Gomori methenamine-silver (GMS) stain. A) 20x, numerous Strongyloides stercoralis larva. B) 100x, numerous Strongyloides 
stercoralis larva. C) 400x, single Strongyloides stercoralis larva with short buccal grove (arrow head) and prominent genital primordium (arrow). 
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(200 mcg/kg/day) for two weeks. Thirteen days later, pathology 
confirmed the newly submitted specimen after treatment was negative 
for parasites, despite persistent eosinophilia (absolute eosinophil count 
of 2.64 ×10(9)/L). The patient’s follow-up course was further compli-
cated with right-sided blindness, latent tuberculosis infection, and 
chronic pain at direct admission for chemotherapy. Her stool O&P was 
negative for Strongyloides larvae. Given the patient’s multiple systemic 
comorbidities secondary to her relapsed ALL, the palliative care team 
was consulted to collaborate in future care and management of this 
patient. 

Discussion 

The patient, originally from Guatemala, presented with dyspnea and 
eosinophilia. When taken together with BAL findings, her chronic 
eosinophilia and recurrent rashes are most consistent with chronic 
strongyloidiasis. However, the patient’s complex comorbidities and the 
CT scan findings made this an atypical presentation of strongyloidiasis. 

The clinical history of leukemia and immunosuppression secondary 
to multiple chemotherapeutic agents increased the likelihood of devel-
oping acute respiratory distress syndrome secondary to cardiotoxicity. A 
wide spectrum of imaging findings, such as diffuse or focal ground-glass 
opacities, pulmonary consolidation, interlobular thickening, interstitial 
infiltrates/fibrosis, cavitary lesions, and miliary nodular pattern, can be 
identified in patients with strongyloidiasis [6]. Our patient presented 
with focal ground-glass opacification and interlobular septal thickening 
on chest CT scan imaging. In early-onset chemotherapy-induced 
toxicity, CT scan imaging shows infiltrates, pulmonary edema, pleural 
effusion, ground-glass infiltrates, while during late-onset demonstrates 
infiltrates or fibrosis [7]. The described findings in our case favor the 
possibility of chemotherapy-induced toxicity and are consistent with the 
conclusions reported in the literature. The complex and atypical chest 
CT scan findings and progression of the patient’s acute respiratory 
distress and clinical symptoms prompted the performance of 
bronchoscopy. 

Broncheoalveolar lavage obtained for cytology confirmed the diag-
nosis of Strongyloides stercoralis infection. The submitted specimen was 
processed by high-speed centrifugation using standard smear prepara-
tion, and only few small larvae passed through the filter. The additional 
cytospins, made with the remaining material, yielded better results than 
the ThinPrep since the larvae in the fluid were concentrated and placed 
directly on the smear. In this particular scenario, cytospin method is 
superior than standar liquid base smear preparation (either ThinPrep or 
SurePath) since the microorganisms present in the specimen show a 
better preserved morphology. Moreover, cytospins can be stained with 
GMS and/or Giemsa special stains which highlight even more the 
pathogens’ morphology, essencial for diagnosis and correct classifica-
tion. Contrary to cytospins, due to the alcohol (methanol) present in 

CytoLyt, only Papanicolaou stain can be done in ThinPrep. This stain 
makes the larvae to look transparent and shiny when the condenser 
attached to the microscope is removed. 

Ova and parasite testing have very low sensitivity in Strongyloidiasis 
due to the low number of larva shed in the stool [8,9]. Many studies 
focus on detecting the parasite by stool examination despite a yield that 
does not exceed 46% even after three stool examinations [10]. Increased 
attention should be paid to searching the parasite in multiple tissues, 
particularly the gastrointestinal tract or bronchi. A sizeable parasitic 
burden is present during parasitic dissemination, leading to a high yield 
in the lung, bronchial, or small bowel biopsies [7]. 

In immunocompromised patients, eosinophilia may be absent. Thus, 
increased attention to travel history and clinical presentation is critical. 

Notable, in this case, was the Strongyloides IgG antibody negative 
result. It has been previously described that Strongyloides IgG antibody 
testing is more sensitive but can be negative in acute infection, immu-
nosuppression, or if infected with similar non-Strongyloides stercoralis 
species Halicephalobus and Pelodera [11,12]. For those patients receiving 
immunosuppressant or steroid therapy, like in this particular case, the 
critical role of cytology in diagnosing Strongyloides stercoralis is 
emphasized. Cytologic examination of BAL is essential for pathogens 
identification, like Strongyloides, that do not grow in routine culture. The 
Strongyloides larva contains a short buccal cavity and prominent genital 
primordium(Fig. 3C). These particular findings are important to differ-
entiate Strongyloides (tapeworm) from Hookworms. Hookworms have a 
longer buccal cavity and less prominent genital primordium. These 
anatomical details can be easily assessed in cytospins stained with 
Grocott’s Methenamine Silver Stain (GMS) or Giemsa stain (Figs. 3 and 
4). In this particular case, cytological evaluation was essential to confirm 
the presence of the Strongyloides larvae and proceed with the appropriate 
treatment. 

The first-line treatment for uncomplicated strongyloidiasis is Iver-
mectin, with a reported eradication rate of approximately 80% [13,14]. 
A single-dose or two-dose of 200 mcg/kg/day of Ivermectin is often 
sufficient to eradicate the parasite in immunocompetent patients [15]. A 
four-dose regimen (200 mcg/kg daily for two days, repeated at two 
weeks) is the recommended treatment course in immunocompromised 
patients. If hyperinfection is present the dose remains 200 mcg/kg daily 
until stool exam is negative for 2 weeks [17]. Diagnostic studies such as 
BAL and stool samples must be repeated to determine the persistence of 
Strongyloides infection if symptoms do not resolve after initial therapy. 
The resolution of the patient’s eosinophilia does not always indicate the 
elimination of this tapeworm. Since it is challenging to confirm eradi-
cation of the infection clinically, many experts prefer to repeat a two-day 
course of therapy one week after the initial course, with careful 
follow-up in patients with persistent symptoms and infection [15,16]. In 
the United States, screening for Strongyloides is not a routine practice. 
However, extra attention and follow-up should be made in cases like the 

Fig. 4. Bronchoalveolar lavage, Wright-Giemsa stain. A). 400x, four Strongyloides stercoralis larva. B) 400x, a single Strongyloides stercoralis larva. C) 400x, a single 
Strongyloides stercoralis larva. 
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one discussed in this report. 

Conclusion 

Diagnosis of Strongyloides hyperinfection syndrome and dissemi-
nated disease can be challenging to establish and entails a high level of 
suspicion. Clinical suspicion should be raised in an immunosuppressed 
patient as the patient presented in this case. 

The patient’s complex comorbidities and the chest CT scan findings 
made this an atypical presentation of strongyloidiasis. Her leukemia and 
immunosuppression secondary to multiple chemotherapeutic agents 
combined with the lack of diffuse ground-glass opacities (GGOs) com-
mon to many infectious processes, especially opportunistic infections on 
CT imaging, made chemotoxicity the most likely cause of her acute 
respiratory distress. Bronchoscopy was able to confirm the diagnosis. 
Cytological examination of bronchoscopy samples is vital for pathogens 
assessment, like Strongyloides, that do not grow in routine culture. 
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