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Abstract

:

Strongyloides stercoralis is an intestinal nematode that can induce disseminated infection in immunocompromised patients. It is most commonly acquired in tropical and subtropical countries; however, foci of the infection have also been reported in temperate geographic areas. In non-endemic areas, the diagnosis of an S. stercoralis infection is challenging due to the variety of clinical symptoms. Herein, we report the case of a patient, born and raised in the Calabria region of Southern Italy, who presented with melanoma and S. stercoralis hyperinfection, which is characterized by dyspnea, productive cough, inappetence, marked asthenia, weight loss, and Klebsiella pneumoniae bacteremia. He worked as a farmer and never traveled to another country known to be endemic for S. stercoralis. Despite the prompt identification of the parasite with sputum microscopy and the initiation of therapy with ivermectin and piperacillin–tazobactam, the patient later died. This case underscores the continued risk for S. stercoralis infection even in geographic areas that were previously considered non-endemic for the nematode and indicates that the geographic distribution of S. stercoralis may be expanding in Italy.
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1. Introduction


Strongyloidiasis is a parasitic infection caused by the soil-transmitted helminth Strongyloides stercoralis. The disease affects about 70 million people worldwide and is endemic in many tropical and subtropical countries, accounting for 76.1% of global infections [1]. However, foci of the infection have also been documented in temperate geographic areas, such as Japan, Australia, and the USA [2,3,4]. In Italy, a prevalence of about 0.03% has been estimated [1], with a higher value of about 7% for migrant populations from Africa and Latin America [5]. Low socio-economic status [6], alcoholism [7], Caucasian race [8], and male gender [6] have been associated with a higher prevalence of strongyloidiasis. Occupations such as farming [9,10] and coal mining [11] also enhance the risk of infection since transmission occurs through a percutaneous route by infective (filariform) larvae free-living in contaminated soil. In this frame, an open question is the zoonotic potential of S. stercoralis. Several reports have shown that the nematode can adapt from humans to dogs [12], suggesting a possible cross-transmission of the infection. Recent phylogenetic studies [13,14] further strengthen this hypothesis, even though the transmission between the two hosts is still debated [12]. Of epidemiologic relevance is the worldwide distribution of canine S. stercoralis infections and the evidence that Italy is the European country where the highest number of cases has been recorded [12]. A peculiarity of Strongyloides stercoralis is its complex life cycle, which alternates between free-living and parasitic cycles and has three developmental stages (adult, rhabditiform larva, and filariform larva). An additional feature of Strongyloides stercoralis is its replication within the bowels of human hosts, allowing for cycles of autoinfection (Figure 1).



This phenomenon yields, in turn, a chronic infection lasting several decades even in the absence of re-exposure to an external infective source [15]. Autoinfection is also the pathogenic mechanism underlying hyperinfection syndrome (HS) and disseminated strongyloidiasis (DS), in which the intestinal production of intestinal infective larvae and a huge number of S. stercoralis fusiform larvae disseminate to all organs and systems, especially in immunocompromised subjects [16]. The detection of Strongyloides stercoralis larvae in sputum specimens and in feces categorizes HS, while a systemic infection encompassing the central nervous system, liver, peritoneum, and kidneys is observed in DS. Gram-negative sepsis, pneumonia, or meningitis can also occur, thus, affecting the clinical outcome of this parasitic infection [16]. In non-endemic areas, strongyloidiasis is still a diagnostic challenge, mainly due to the variety of its clinical manifestations, which results in an underestimation of the disease prevalence [17,18]. Even in Italy, the phenomenon is underestimated, although cases of strongyloidiasis have been repeatedly reported in this country [19,20,21,22,23,24,25]. Herein, we describe for the first time a fatal case of autochthonous S. stercoralis HS in an immunocompromised patient from the Calabria region of Southern Italy.




2. Case Presentation Section


A 61-year-old Caucasian male was admitted to the Emergency Medicine Unit at the Pugliese-Ciaccio Hospital on 13 November 2021 with a complaint of dyspnea, a productive cough, and constipation; the latter had lasted for 3 days. His respiratory symptoms were associated with a loss of appetite, marked asthenia, and weight loss. At the time of his admission, he worked as a farmer and had never traveled outside the Calabria region.



2.1. Medical History


The patient had a history of hypertension, colon polyposis, removed by endoscopic surgery, and migraines. In July 2019, he was diagnosed with BRAF+ acromial melanoma associated with lung involvement and underwent targeted therapy cycles with dabrafenib (150 mg twice a day), plus trametinib (2 mg/day) at first. A total body computerized tomography (TBTC) in the follow-up period revealed the presence of brain lesions, which is suggestive of cerebral metastatic processes; thus, the targeted therapy was withdrawn and replaced with external beam radiotherapy (a total dose of 3000 Gy), followed by immunotherapy with nivolumab, a 240-mg flat dose (6 cycles), as a second-line therapy. Dexamethasone, 4 mg once a day, and Mannitol were also added as a supportive therapy. Three months after the beginning of the second-line therapy, the TBTC revealed a volumetric increase in encephalic lesions; thus, the second-line therapy was withdrawn, and the patient underwent a temozolomide treatment, 200 mg a day (6 cycles), plus external beam radiotherapy, followed by stereotaxic surgery at the level of the fronto-parietal brain region. Maintenance therapy with temozolomide, 120 mg once a day, was undertaken after the surgical procedure.




2.2. Physical Examination


During the physical examination, the patient showed the following: weak vesicular breath sounds across the lung, with wheezing and crackles at the level of the middle and basilar regions; regular heart activity and murmurs; the liver edge and spleen were not palpable; a positive Murphy’s sign; peripheral edema.




2.3. Chest Radiograph


A chest X-ray revealed the presence of bilateral lung interstitial thickening with a combination of reticular and nodular patterns (Figure 2).




2.4. Laboratory Diagnosis and Therapy


On admission, the laboratory test revealed the presence of hyperglycemia and anemia, while a differential white cell count showed the occurrence of eosinopenia, lymphopenia, and neutrophil values within the normal range. A treatment with calcium N5-methyltetrahydrofolate pentahydrate, 15 mg once a day, and vitamin B12, 500 µg/mL once a day, was then started. The patient also received a continuous IV furosemide infusion (10 mg/mL vial diluted in 500 mL of physiological solution), enoxaparin, 4000 IU once a day, and insulin lispro. The laboratory tests performed from the second to the fifth day of admission revealed a moderate increase in the neutrophil absolute count with concomitant eosinopenia and lymphopenia. On the second day of admission, a decrease in the hemoglobin value (7.3 g/dL) was recorded, which required blood transfusion. A sharp rise in the serum total IgE levels was detected on the third day of admission. Other abnormal test results included a steady increase in the procalcitonin (PCT) values from 1.00 μg/L to 15.92 μg/L on the second day of admission; thus, an empirical antimicrobial therapy with piperacillin–tazobactam, 4.5 mg three times a day, and levofloxacin, 500 mg a day, was started. The clinical biochemistry profile, recorded during hospitalization, is summarized in Table 1; the timeline of the differential white cell counts is reported in Figure 3.



On the first day of admission, expectorated sputum and hemoculture examinations were performed. The results from the direct microscopic examination of the expectorated sputum showed numerous S. stercoralis larvae. The larvae were elongated with a notched tail and were identified as third-stage larvae (L3). They measured from 430 to 500 µm in length and from 14 to 16 µm in width, with a prominent esophagus. It measured from 200 to 250 µm. All of the measurements were performed using an optical microscope, equipped with a micrometric eyepiece (Figure 4, A–C panels). Papanicolaou staining of the sputum specimen confirmed the light microscopy observations (Figure 4, B panel).



The Strongyloides stercoralis HS syndrome was, therefore, diagnosed, and subcutaneous treatment with ivermectin, 200 µg/kg/day on alternate days, was started. Due to the severe constipation, a stool examination was not performed. The hemoculture revealed the presence of Klebsiella pneumoniae. The antimicrobial susceptibility testing results (Figure 5) confirmed the susceptibility to the chosen empirical antimicrobial agents. Despite ivermectin and other therapeutic approaches, the patient died on the sixth day of his admission because of a cardio-respiratory arrest.





3. Discussion


The symptoms and clinical outcomes of strongyloidiasis depend upon the interplay between the helminth and the host cell-mediated immune response, leading to a wide spectrum of disease presentation. Usually, only HS and DS are considered life-threatening conditions, while acute and chronic S. stercoralis infections are both categorized as “uncomplicated forms” of the disease, occurring with mild and non-specific symptoms, or asymptomatically. HS recognized as the main pathogenetic mechanism an increased rate of autoinfection processes and is often related to immunosuppression [16]. In this condition, the unbalanced immune response mainly involves T-cell subsets, and among these are the regulatory T cells (Tregs), which are now recognized as potential new players in the HS pathogenetic framework [26]. This cell population controls the immune response through several mechanisms, such as cell-to-cell contact, the production of inhibitory cytokines, and the modulation of cytokine effects [27]. In patients with S. stercoralis and HTLV-1 co-infections, an increased proportion of CD4+CD25+Foxp3+ Tregs was observed. The expansion of lymphocytes expressing this phenotype is correlated with a decreased antigen-driven production of IL-5 and lower eosinophil counts, thus, allowing for the occurrence of HS in these patients [26]. Pertaining to the case, our patient had intrinsic immunological abnormalities due to the presence of metastatic melanoma and the temozolomide and dexamethasone therapeutic regimens over the protracted period. From all of the prescribed drugs, the use of corticosteroids represents the most frequent risk factor for the development of HS due to their capability of inducing acute suppression of eosinophilia and lymphocyte activation [28], irrespective of the dose or route of administration [29,30,31,32]. Corticosteroids may also have a direct effect on S. stercoralis, fostering the transformation of rhabditiform larvae to invasive filariform larvae or rejuvenating the reproductively latent adult females [33]. Of note, temozolomide therapy has been shown to increase the proportion of the CD4+CD25+Foxp3+ Tregs cell population [34], which, in turn, could contribute to the occurrence of eosinopenia. Concomitantly with eosinopenia, we observed a marked increase in serum total IgE levels in our patient. Mounting evidence supports the notion that the IgE-mediated activation of accessory cells has a crucial role in the resistance against parasitic infections [35]. However, the increase in serum IgE, commonly seen in up to 75% of people with chronic strongyloidiasis, cannot be beneficial since most of it is non-specific and may negatively affect the development of the host defense mechanisms by saturating the IgE receptors on the effector cells [35]. Clinically, the diagnosis of HS is based on the presence of signs and symptoms related to increased larval migration and development, as well as the exacerbation of pulmonary symptoms, which is a common observation. Our patient showed severe respiratory symptoms, including a productive cough, a loss of appetite, marked asthenia, and weight loss; thus, further examinations were performed. The chest X-ray revealed the presence of bilateral lung interstitial thickening with a combination of reticular and nodular patterns, while the identification of S. stercoralis third-stage (L3) larvae in the sputum specimen by microscopic evaluation and special staining allowed for the diagnosis of pulmonary strongyloidiasis [36,37,38]. Therefore, subcutaneous treatment with ivermectin, 200 µg/kg/day on alternate days, was started [37]. Although several therapeutic options, such as thiobendazole, mebendazole, and albendazole, are available, ivermectin has become the drug of choice for the treatment of severe forms of strongyloidiasis [39]. Ivermectin in monotherapy regimens offers several advantages, such as better tolerance, various dosages, and various routes of administration that can be tailored to the patient’s clinical conditions. Of note, the death rate of infections from the severe form of S. stercoralis is dependent mainly on the patient’s overall status and not solely on the clearance of the parasite [39]. Since HS is often complicated by bacterial and fungal infections [33,40], a hemoculture was also carried out, which showed the presence of Klebsiella pneumoniae. As expected, the Klebsiella pneumoniae bacteremia was associated with a marked increase in the serum PCT level; thus, antibiotic therapy was started. Despite the prompt identification of the S. stercoralis larvae with sputum microscopy and the initiation of the therapeutic regimen, the patient showed an unfavorable outcome because of the late diagnosis at the stage of the HS disease, which was complicated by a bacterial infection. Our patient underscores the continued risk for transmission of S. stercoralis in Italy, even in non-endemic geographic areas. He worked as a farmer and spent his entire life in the Calabrian region, as well as he never traveled to another country known to be endemic for S. stercoralis. However, it remains to be determined when our patient was infected because the infection can last for decades. He had numerous risk factors for developing HS, including his job and the cancer that required treatment with steroids and chemotherapy; thus, screening before the immunosuppressive therapy should have been taken into consideration. At present, there is no gold-standard technique for diagnosing S. stercoralis infections, and the available parasitological and serological diagnostic tools still possess limitations [41]. However, serial and specific stool examinations through several methodological approaches (i.e., the Baermann technique, the Horada–Mori filter paper culture, the quantitative acetate concentration technique, or nutrient agar plate cultures) are recommended as the laboratory investigations of choice for the diagnosis of strongyloidiasis in chronically infected patients [38]. Particular attention should also be paid to the kind of job and the environmental and social risk factors for S. stercoralis infections, especially for subjects with long-lasting gastrointestinal discomfort or skin manifestations, such as urticaria and recurrent maculopapular rashes [38], regardless of the blood eosinophil counts. In conclusion, as a large number of strongyloidiasis cases have been reported in areas of Northern Italy [19], this autochthonous case report suggests that the geographic distribution of S. stercoralis may be expanding in Italy, including areas of Southern Italy. Our evidence further emphasizes the importance of vigilant screenings to prevent severe forms of strongyloidiasis in immunocompromised patients. With that concern, routine empiric treatments for strongyloidiasis with ivermectin have been recommended [38], even though no standard regimens or significant evidence-based studies have been reported [42,43].
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Figure 1. The life cycle of Strongyloides stercoralis, from the Centre of Disease Control (CDC). https://www.cdc.gov/parasites/strongyloides/biology.html (accessed on 10 July 2022). 
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Figure 2. Chest X-ray showing bilateral lung interstitial thickening; the cardiac shadow is within normal limits; clear costophrenic angles. 
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Figure 3. Timeline of the differential white cell count from admission (1st day) to outcome (5th day). 
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Figure 4. Direct microscopic examination of the expectorated sputum, showing numerous larvae of Strongyloides stercoralis (A–C panels). Papanicolau staining (B panel). 
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Figure 5. Klebsiella Pneumoniae antimicrobial susceptibility test results. 
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Table 1. Clinical biochemistry profile, recorded during hospitalization (13 November 2021, admission; 18 November 2021, exit; Hb, hemoglobin; HCT, hematocrit test; MCV, mean cell volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width).






Table 1. Clinical biochemistry profile, recorded during hospitalization (13 November 2021, admission; 18 November 2021, exit; Hb, hemoglobin; HCT, hematocrit test; MCV, mean cell volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width).





	
Bio-Parameters

	
13th November

	
14th November

	
16th November

	
17th November

	
18th November

	
Normal Range

	
Range

Reference






	
Total IgE

	
-

	
-

	
361.3

	
-

	
-

	
0.5–158

	
IU/mL




	
PCT

	
1.00 mg/L

	
15.92 mg/L

	
-

	
-

	
-

	
0–0.05

	
mg/L




	
Blood glucose

	
253 mg/dL

	
-

	
-

	
-

	
-

	
74–106

	
mg/dL




	
White Blood Cell

	
7.98

	
12.64

	
11.77

	
9.72

	
10.68

	
4.60–10.20

	
×103 μL




	
Red Blood Cell

	
2.54

	
2.05

	
2.57

	
2.31

	
2.47

	
4.20–6.10

	
×106 μL




	
Hb

	
8.7

	
7.3

	
8.5

	
7.6

	
8.1

	
12.0–18

	
g/dL




	
HCT

	
25.4

	
21.1

	
25.6

	
23.5

	
24.2

	
37–52

	
%




	
MCV

	
99.8

	
102.6

	
99.8

	
101.4

	
97.9

	
80–99

	
fL




	
MCH

	
34.4

	
35.3

	
33.3

	
33

	
32.5

	
27–32

	
pg




	
MCHC

	
34.4

	
34.4

	
33.4

	
32.5

	
33.2

	
32–37

	
g/dL




	
RDW

	
15.2

	
16

	
18.3

	
18.5

	
19.6

	
11.9–15

	
%




	
Platelet

	
186

	
190

	
162

	
116

	
94

	
130–400

	
×103 μL




	
MPV

	
9.4

	
9.9

	
9.6

	
10.6

	
11.3

	
7.4–11

	
fL




	
Plateletcrit

	
0.18

	
0.2

	
0.15

	
0.123

	
0.11

	
0.18

	
%




	
Differential White Blood Cell Count

	
0.01–0.38

	
×103 μL




	
Neutrophil

	
86.8

	
90.4

	
90

	
90.5

	
93.5

	
40–74

	
%




	

	
6.9

	
11.4

	
10.6

	
8.8

	
10

	
1.9–8

	
×103 μL




	
Lymphocytes

	
7.5

	
5.3

	
5.6

	
6.8

	
3.8

	
19–48

	
%




	

	
0.6

	
0.7

	
0.7

	
0.7

	
0.4

	
0.9–5.2

	
×103 μL




	
Monocytes

	
3.5

	
2.9

	
2.8

	
1.9

	
2

	
3.4–12

	
%




	

	
0.3

	
0.4

	
0.3

	
0.2

	
0.0

	
0.16–1

	
×103 μL




	
Eosinophils

	
0.2

	
0.1

	
0.1

	
0.1

	
0.0

	
0.0–7

	
%




	

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0–0.8

	
×103 μL




	
Basophiles

	
0.3

	
0.3

	
0.4

	
0.2

	
0.2

	
0.0–1.5

	
%




	

	
0.0

	
0.0

	
0.1

	
0.0

	
0.0

	
0.0–0.2

	
×103 μL




	
Large Unstained Cell (LUC)

	
16.1

	
1

	
1.0

	
0.5

	
0.5

	
0.15–6

	
%
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