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Abstract:

Objective Visceral larva migrans (VLM) caused by Ascaris suum is a major health problem in pig farming
regions. The clinical characteristics of pulmonary VLM caused by A. suum, however, are unclear. We as-
sessed the clinico-radiologic features of this disease.

Methods Medical records, including the results of chest radiography and high-resolution computed to-
mography (HRCT), were retrospectively reviewed from January 2000 through June 2019, at the University of
Miyazaki Hospital and Kyoritsuiin Hospital in Miyazaki Prefecture, Japan.

Results Seven patients with VLM caused by A. suum were identified. All seven patients had a unique habit
of consuming raw foods, such as organic vegetables, chicken, turkey, wild boar, and venison. All but one pa-
tient, who had eosinophilic pneumonia with a fever and severe fatigue, had only mild or no respiratory symp-
toms. All 7 patients had remarkable eosinophilia (median, 1,960/uL) and high serum IgE levels (median,
1,346 TU/mL). Chest HRCT revealed multiple nodules and multiple nodular ground-glass opacities in 57%
and 29% of the patients, respectively. The pulmonary lesions were located predominantly in subpleural areas.
All seven patients were treated with albendazole, which led to improvement within two to three months. Nei-
ther eggs nor parasites were detected in the feces or sputum of any patient.

Conclusion Consumption of raw organic vegetables or raw meat is a possible route of A. suum infection.
Infected patients exhibit mild respiratory symptoms, and multiple nodules with a halo in the subpleural area
are a common finding on chest HRCT. Treatment with albendazole was effective in these cases.
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gested (3).
Raising pigs or using pig manure as a fertilizer confers a
high risk of infection, and an outbreak in a pig farming re-

Introduction

Visceral larva migrans (VLM) results from the migration
of specific helminth larvae into various human viscera and
was first described by Beaver et al. (1). The disease is
caused mainly by Toxocara canis, but human VLM due to
Ascaris suum has also been reported (2, 3). Although A.
suum VLM might be overlooked, life-threatening respiratory
failure can occur when a large number of eggs are in-

gion was reported in Japan in 1996 (4). As other animals
besides pigs may be infected with A. suum (5), consumption
of these animals, particularly the raw meat, might also be a
risk factor for infection (6, 7). To our knowledge, the
clinico-radiologic features of pulmonary VLM caused by A.
suum have not been comprehensively characterized, although
there are some reports of the chest computed tomography
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Table 1. Summary of the Patient Characteristics.
Patient Age,y Sex Dietary Habits Symptoms ~ WBC, /uL (%Eo) IgE, IU/mL Others
1 54 M raw slices of chicken and wild none 7,600 (29%) 3,571
boar meat
2 57 M raw slices of chicken liver, and none 6,100 (12%) 832 solitary nodule in brain
turkey eosinophils in CSF
3 26 M raw slices of wild boar meat and none 7,200 (11%) 926
venison
4 65 M freshwater crab none 8,800 (45%) 24,733 multiple nodules in liver
raw organic vegetables
5 52 M raw organic vegetables fever 8,900 (5%) 1,401 eosinophils in BALF: 26%
fatigue
6 44 M raw slices of chicken and wild none 7,000 (28%) 1,346
boar meat
7 72 M raw slices of chicken, turkey, wild  mild cough 14,500 (50%) 633 eosinophils in BALF: 40%
boar, and venison multiple nodules in liver
freshwater crab cultivated using pig manure
raw organic vegetables
WBC: white blood cell, Eo: eosinophils, BALF: bronchoalveolar lavage fluid, CSF: cerebrospinal fluid
(CT) findings in this disease (8, 9).
We herein report the retrospective evaluation of the symp- Results

toms, chest radiography and CT findings, treatment, and
possible routes of infection in patients with pulmonary VLM
caused by A. suum and summarize in detail our recent expe-
riences with seven patients who developed VLM of the lung
due to A. suum.

Materials and Methods

The human ethics review committee of the University of
Miyazaki Hospital approved the study protocol. The authors
retrospectively reviewed chest radiographs, high-resolution
computed tomography (HRCT), and medical records of
seven patients with VLM caused by A. suum at two institu-
tions. All patients were confirmed to have A. suum infection
by an immunodiagnosis from January 2000 through June
2019.

In brief, anti-immunoglobulin G (IgG) to A. suum was de-
tected by a multiple-dot enzyme-linked immunosorbent as-
say (ELISA) or multiple-dot ELISA with A. suum-specific
IgG antibody titer measurement by a microplate ELISA at
the Division of Parasitology, Department of Infectious Dis-
eases, Faculty of Medicine, University of Miyazaki. Details
of the immunodiagnostic methods were described previ-
ously (10).

All patients were men (median age, 54 years old; range
26 to 72 years old). A full clinical evaluation was performed
in all patients before and repeatedly after treatment. Find-
ings of chest radiography and HRCT were available for re-
view. Bronchoscopy with bronchial washing was performed
in four of the seven patients. Bronchial wash samples were
examined for cytology and the presence of parasite eggs and
worms. The samples were also stained with Ziehl-Neelsen
and cultured for acid-fast bacilli.

Clinical features

Clinical features and laboratory data of all patients are
shown in Table 1. All patients had consumed raw food, and
6 (86%) patients consumed raw meat, including chicken
(57%) and wild boar (57%). Three patients (43%) consumed
raw organic vegetables. One patient cultivated commodity
crops using pig manure. Only 2 of the 7 patients (29%) had
significant symptoms. One patient (patient 5) who had a fe-
ver and fatigue had a pneumonia-like shadow and cell dif-
ferentials of the bronchoalveolar lavage fluid revealed 26%
eosinophils. One patient (patient 7) who had a mild cough
had idiopathic pulmonary fibrosis. One patient (patient 2)
had a solitary nodule in the brain and eosinophils in the
cerebrospinal fluid but exhibited no remarkable symptoms.
All 7 patients had remarkable eosinophilia (median, 1,960/
pL; range 445 to 7,250/uL) and elevated serum IgE levels
(median, 1,346 IU/mL; range 633 to 24,733 IU/mL). Two
patients had multiple liver nodules due to A. suum infection.
Neither eggs nor parasites were detected in the feces or spu-
tum of any of the patients.

Chest radiography and HRCT findings

Chest radiography and HRCT findings are shown in Ta-
ble 2. In 4 of the 7 patients (57%), the chest radiography
findings were normal. Ground-glass nodules were observed
on chest radiography in two patients, and non-segmental
ground-glass opacity was observed in one patient. The most
common finding on HRCT was multiple nodules with or
without a halo, which was observed in 4 of the 7 patients
(57%). Multiple ground-glass nodules were found in two pa-
tients, and a solitary ground-glass nodule was found in one
patient. A non-segmental crazy-paving pattern was observed

2900



Intern Med 60: 2899-2903, 2021

DOI: 10.2169/internalmedicine.6109-20

Table 2. Chest Radiographic and High-resolution CT Findings of the Patients.

Patient Chest radiographic findings Chest high-resolution CT findings
1 Normal findings Multiple nodules with a halo of ground-glass opacity or without a halo. The nodule size ranges
from 5 to 10 mm.
The lesions are distributed in the subpleural area.
2 Irregularly marginated Multiple nodules or nodular ground-glass opacities that range in size from 5 to 15 mm.
ground-glass nodule The lesions are distributed in the subpleural area.
3 Ill-defined ground-glass nodule Solitary nodular ground-glass opacity with ill-defined margins up to 18 mm in size.
The lesions are distributed in the subpleural area.
4 Normal findings Multiple ground-glass opacities with ill-defined margins that range in size from 3 to 5 mm.
The lesions are distributed in the subpleural area.
5 Ground-glass opacity in the lower ~ Non-segmental crazy-paving appearance in the right middle and lower lobe.
lung field The lesions are distributed in both central and subpleural areas of the lung.
6 Normal findings Multiple nodules without a halo. The nodule size ranges from 10 to 15 mm.
The nodules are distributed in the subpleural area.
7 Normal findings Multiple irregularly marginated nodules with a halo of ground-glass opacity.

The nodule size ranges from 3 to 20 mm. The nodules are distributed in both central and pe-
ripheral areas of the lung.

Figure.

in one patient. In all seven patients, abnormal findings on
HRCT were predominantly observed in the subpleural area.
Only two patients had multiple lesions distributed in both
the central and subpleural areas. Neither pleural effusion nor
mediastinal lymph node swelling was detected. Pulmonary
lesions of VLM caused by A. suum are typically seen as
multiple nodules with a halo distributed in the subpleural
area (Figure).

Chest HRCT findings of patient No. 7 before treatment. Multiple irregularly marginated
nodules with a halo can be seen in the periphery of both lungs (arrowheads).

Treatment

All 7 patients were treated with albendazole (600 mg/day)
for 1 to 4 weeks. No serious side effects were reported.
Treatment with albendazole led to the resolution of the
symptoms as well as the abnormal findings of nodules and
ground-glass opacities on chest radiography or HRCT within
two to three months. The multiple nodules in the liver of pa-
tient 4 and the solitary nodule in the brain of patient 2 also
disappeared after treatment. Peripheral blood eosinophilia
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and elevated serum IgE levels returned to normal ranges.

Discussion

We herein report the clinico-radiologic characteristics of
seven patients with VLM caused by A. suum. VLM is a
zoonotic disease caused by the larvae of specific helminths,
such as Toxocara canis, T. cati, and A. suum (11, 12). The
larvae of the helminths can infect, but not mature, in hu-
mans, and the larvae migrate to various organs, where they
cause eosinophilic inflammation and tissue damage. Toxo-
cara spp. are the most common species involved in VLM.
Based on antibody testing, Yoshida et al. concluded that the
proportion of ascariasis in VLM cases in Japan is between
8.3% and 15.0% (10). Although a large number of VLM
cases are caused by Toxocara spp., an outbreak of VLM due
to A. suum was reported in 1996 in southern Kyushu in Ja-
pan, where pig farms are abundant and pig manure is com-
monly used for cultivation (4). It is important to clarify the
clinical features of VLM caused by A. suum.

Common features of chest radiographs obtained from pa-
tients with VLM of A. suum are bilateral infiltrates, which
can be migratory, or nodular lesions (4, 9). Sakai et al. (8)
reported that five of six patients with VLM had normal
chest radiography findings, but chest CT showed small nod-
ules. In our case series, over half the patients had normal
chest radiography findings. Chest radiography revealed
nodular lesions in only two of the seven patients and diffuse
infiltration in one patient.

The main HRCT findings in the present study were multi-
ple nodules with or without a halo, nodular ground-glass
opacities, or diffuse infiltrates. These findings are similar to
those in previous reports. Sakai et al. (8) reported that nod-
ules with a halo or ground-glass attenuation are common
chest CT features of VLM, observed in more than 60% of
patients. Okada et al. (9) reported that multifocal subpleural
nodules with a halo or ground-glass opacities and ill-defined
margins are the most common abnormalities in patients with
VLM caused by A. suum. A comparison of CT abnormali-
ties with the pathologic findings suggests that ground-glass
attenuations and nodules surrounded by a halo in CT corre-
spond with the accumulation of inflammatory cells, espe-
cially eosinophils, and that nodules with halos correspond to
necrosis and eosinophilic infiltrations (9). The most common
HRCT features of patients with VLM caused by A. suum are
multiple nodules with a halo of ground-glass opacity distrib-
uted in the subpleural area (Figure).

The main risk factors for zoonotic ascariasis are the use
of manure as a fertilizer, living in close proximity to pig
farms, and age under five years old; cross-infection from
pigs is the most probable source of infection (5, 13). Izu-
mikawa et al. (7) recently reported cases with A. suum VLM
caused by eating the raw meat of infected animals - most
likely chicken, boar, deer, cattle, poultry, or horse - or raw
vegetables grown in soil contaminated with A. suum eggs. In
our study, only one patient who used pig manure for cultiva-

tion had had direct contact with pigs or pig manure, and the
possible sources of infection in the other six were thought to
be raw chicken; wild boar, turkey, or venison meat; or or-
ganic vegetables.

Several limitations associated with the present study war-
rant mention. For a definitive diagnosis of VLM, the larvae
must be identified in the patient’s body. As larvae are rarely
isolated from patients’ clinical samples, such as sputum,
bronchoalveolar lavage fluid, lung biopsy specimens, or
stool (3), immunoserologic methods are used for the diagno-
sis. The detection of antigen-specific IgG in a patient’s se-
rum is commonly used as the basis for the diagnosis of
VLM because of the usefulness and convenience of this test,
but the possibility of false-positive and false-negative results
cannot be excluded (2). Although the abnormalities observed
on chest imaging resolved after treatment of A. suum with
albendazole, a definitive diagnosis of VLM by A. suum was
not confirmed. Second, because we did not investigate the
possible food sources of the larvae in the present study, the
sources or routes of infection could not be confirmed.

Conclusion

We reported the clinico-radiologic features of VLM
caused by A. suum in seven patients. Most of the patients
exhibited mild or no clinical symptoms, and chest radio-
graphic findings were normal. On chest HRCT, multiple
nodules with a halo in the subpleural area were commonly
identified. Eating raw meat or organic vegetables fertilized
with pig manure is a potential source of infection.

This study was approved by ethics committee of the Univer-
sity of Miyazaki Hospital

The authors state that they have no Conflict of Interest (COI).
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