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SUMMARY: We report the case of a 62-year-old man who developed eosinophilic pneumonia due to
visceral larva migrans (VLM) that was possibly caused by Ascaris suum. The patient, a resident of the
middle Kyushu area who was fond of eating raw porcine liver, complained of dry cough without dysp-
nea. The chest radiography showed a migration of infiltrative shadow. Transbronchial lung biopsy of
the right middle lobe revealed massive infiltration of eosinophils. The multi-dot enzyme-linked im-
munosorbent assay (ELISA) and microtiter plate ELISA showed positive results for A. suum; therefore,
the patient was diagnosed with VLM caused by A. suum. The patient was administered albendazole (600
mg/day) for 28 days; he recovered successfully with no adverse effects except mild liver dysfunction.
Several cases of VLM caused by A. suum have been reported in Japan, with a majority of the cases
being reported in Kyushu. Careful history taking of the patient’s area of residence and dietary habit is
essential for the diagnosis of this parasitic disease with underestimated prevalence.

Visceral larva migrans (VLM) caused by Ascaris
suum is a major parasitic infection that especially af-
fects people living in southern Kyushu, Japan, which
has a prominent livestock industry (1). A. suum infects
pigs, and 30% of all the pigs in southern Kyushu are in-
fected (2). Humans are usually infected when they eat
the raw liver or meat of infected cattle or chicken or
fresh vegetables grown in soil fertilized with porcine ex-
crement contaminated with 4. suum eggs. In humans,
the larvae of A. suum migrate to various organs and
cause a wide variety of nonspecific symptoms such as
general malaise, cough, liver dysfunction, hyper-
eosinophilia with hepatomegaly and/or pneumonia
(3,4). Here, we report a case of eosinophilic pneumonia
resulting from VLM that could have been possibly
caused by 4. suum, and present a review of the recent
literature on VLM.

A 62-year-old man living in Shimabara, Nagasaki
Prefecture, Kyushu, Japan, was referred and admitted
to Izumikawa Hospital because he had dry cough and
chest radiography had shown an infiltration shadow in
both lungs. All in one cold and flu capsules prescribed
in a previous clinic had not been effective. The patient
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complained of dry cough without dyspnea at the time of
admission. He had no remarkable underlying diseases,
although he possessed a unique dietary habit such as
eating raw porcine, chicken, and cattle livers.

At the time of admission, the vital signs of the patient
were as follows: body temperature, 36.8°C; heart rate,
72 beats/min (regular rhythm); respiratory rate, 16
breaths/min; and blood pressure, 110/60 mmHg. Aus-
cultation revealed no abnormal pulmonary crackles or
heart sounds. The patient showed no clinical signs of
lymphadenopathy, hepatosplenomegaly, and pretibial
edema.

Chest radiography showed an infiltrative shadow in
both the middle and lower lung fields (Fig. 1A), and
computed tomography (CT) showed consolidation with
ground-glass opacity in both lung fields (Fig. 1B and
1C). The laboratory test results were as follows: leuko-
cytes count, 9.5 X 103/uL; eosinophil count, 2,175/uL
(22.9%); C-reactive protein (CRP) concentration, 0.4
mg/dL; and IgE level, 333.2 IU/mL. All other results
were within the normal range. The results of the arterial
blood gas (ABG) analysis at room air were as follows;
pH, 7.404; PaO,, 72.6 Torr; and PaCO,, 40.8 Torr.
Routine microbiological tests revealed no causative bac-
teria. Bronchoscopy was performed and the bronchoal-
veloar lavage (BAL) fluid was analyzed; the results of
the cell count analysis were as follows: alveolar macro-
phages, 2%; eosinophils, 93%; lymphocytes, 3%; and
basophils, 2%. No microorganisms, including fungi and
mycobacteria, could be isolated from the BAL fluid in
routine microbiological tests. Although the polymerase
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Fig. 1. Chest X-ray films on admission. (A) Chest X-ray film showing infiltrative shadow in both middle and lower
lung fields. (B) and (C) CT scan images showing consolidation with ground-glass opacity at right upper lobe and

left lower lobe.

chain reaction test for mycobacteria showed positive
results for Mycobacterium intracellulare, an 8-week cul-
ture of the BAL fluid sample showed negative growth.
Transbronchial lung biopsy of the right middle lobe (By)
revealed massive infiltration of eosinophils in the paren-
chyma and that of alveolar macrophages in the alveoli.
Eosinophilic pneumonia was diagnosed on the basis of
the results of this pathological analysis (Fig. 2). Multi-
dot enzyme-linked immunosorbent assay (multi-dot
ELISA) was performed for detecting anti-parasitic an-
tibodies in the patient’s serum (5). A serum sample of
the patient showed positive results for Dirofilaria immi-
tis, A. suum, and Gnathostoma doloresi but negative
results for Toxocara canis (the test was not performed
for T. cati). A microtiter plate-ELISA for the semi-
quantitative measurement of the antibodies for the three
parasites (6) was performed, and the strongest reaction
was observed for A. suum antibodies. Since the patient
had a history of eating raw porcine liver, we diagnosed
his condition as eosinophilic pneumonia due to VLM
that was possibly caused by 4. suum.

The patient received no treatment during an observa-
tion period of 17 days after the diagnosis of VLM, and
the clinical symptoms and signs such as cough and
hypereosinophilia persisted. Chest radiography per-
formed on day 17 after the admission showed that the
infiltrative shadow in the right middle and lower lung
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Fig. 2. Pathology of transbronchial lung biopsy from the right
middle lobe (right B;) demonstrates severe eosinophil infiltra-
tions in lung parenchyma. HE stain, X40.

fields had migrated, and CT showed new consolidation
with ground-glass opacity in the right upper and lower
lobes of the lungs (Fig. 3A, 3B, and 3C). The patient
was administered albendazole (600 mg/day) for 28
days. The clinical symptoms resolved completely, and
the eosinophil count decreased to 390/uL. The infiltra-
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Fig. 3. Chest X-ray films before albendazole treatment (17 days after admission). (A) Chest X-ray film showing in-
filtrative shadow in right middle and lower lung fields and migrated from the time of admission. (B) and (C) CT
scan images showing new consolidation with ground-glass opacity at right upper and lower lobes.

tive shadow disappeared completely in 28 days. No ad-
verse effects except mild liver dysfunction were noted
during the 28 days. No recurrence was observed after
discharge.

VLM was first described by Beaver et al. in 1952 and
is mainly caused by T. canis and T. cati (3,7). Humans
become infected when they ingest Toxocara eggs. A.
suum is also a known cause of VLM (8), especially in
Kyushu, Japan, because the residents of this region eat
the raw meat and liver of cattle, poultry, and horse or
fresh vegetables cultivated using organic fertilizers (9).

VLM as a zoonosis has emerged as a clinical concern
because of an increase in the number of dogs and cats
kept as pets in Japan. People who have a habit of eating
the raw meat of wild animals are at risk of infection
with parasitic worms. The current trend of eating fresh
vegetables as a part of a healthy lifestyle also increases
the risk of infection with parasitic worms since fresh
vegetables may be contaminated with them.

A definitive diagnosis of VLM is possible only if the
larvae of Toxocara or Ascaris are found in the patient’s
body; however, detecting these larvae is quite difficult
and not practical. To date, no suitable or applicable
molecular methods are available for accurately detect-
ing the genomic DNA of parasites. The multi-dot
ELISA method (5), performed using the patient’s serum
sample, is a useful and convenient tool for diagnosing
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VLM. Although it is a simple method, cross-reactions
among the parasite antigens have been observed. There-
fore, a definite diagnosis of VLM cannot be made un-
less the larvae or DNA of the causative organism, such
as Toxocara or Ascaris, is detected in the patient’s
body. Information such as the patients’ area of resi-
dence and their dietary habits should be obtained and
carefully evaluated by attending physicians.

An outbreak of VLM caused by 4. suum in Japan
was reported by Maruyama et al. (6) in 1996, with a
total of 17 patients with pronounced eosinophilia and
high antibody titers against the 4. suum antigen. A re-
view of recent literature on A. suum cases showed that
at least 9 cases of VLM in Japan were reported in vari-
ous journals after 1996 (Table 1). All the patients, ex-
cept 2, were infected in the Kyushu island, and possible
sources of infection were the raw meat of chicken, boar,
deer, and cattle (5 patients); vegetables (2 patients); raw
meat of poultry or horse, raw liver of cattle or vegeta-
bles cultivated using organic fertilizer (1 patient); and
unknown (1 patient). Because the eggs of A. suum could
not be detected in these possible sources, the apparent
source and route of infection were not confirmed.
Almost all the patients showed high levels of serum IgE
and hypereosinophilia. Albendazole and ivermectin
were administered and were effective in 7 patients and 1
patient, respectively. Only one patient was diagnosed



Table 1. Summary of cases of visceral larva migrans due to Ascaris suum in Japan

Study Age Possible source Eosinophil Serum IgE
Gef.no) YT Ty S Place Case of A. suum (ul)  (U/ml)  Treatment
Matsushita Miyazaki, Eosinophilic pneumonia, :
et al. (12) 1997 70 Female Kyushu + intrahepatic lesion Raw chicken 9,440 7,022 Albendazole
z;afleya?)a 1997 56 Female Kyushu Eosinophilic colitis N.A. 7,872 10,960  Predonisolone
s Fresh vegetables
E;Iz;tlsuair)na 1998 46 Male Iéaﬁgkslll‘;lma, Eosinophilic pneumonia  cultivated using pig 9,188 3,190 Ivermectin
. ¥y manure
Qrzrlnu(rlz;) 2001 26 Male Il\g;zgﬁikl’ Pulmonary nodule Raw boar, deer meat 750 926 Albendazole
QT;T‘X(E) 2001 57 Male g;igﬁiki’ Pulmonary nodule Raw chicken, turkey 342 832 Albendazole
Fresh vegetables
Sakakib cultivated using
akakibara Aichi, Eosinophilic pneumonia, organic fertilizer,
at al. (16) 2002 32 Male Honsyu + intrahepatic lesion raw meat of cattle 10,773 20,284 Albendazole
liver, poultry meat,
horsemeat
gta};i" ?117) 2003 25 Female E{%]I?g;{l Eosinophilic pneumonia  Raw liver of caw 7,290 98 Albendazole
;ozﬁ?]g% 2004 50 Male E?i:ﬁl&ma’ Eosinophilic pneumonia  Vegetables 445 1,208 Albendazole
g';?k?gz)‘ 2009 64 Male Esﬁgﬁl‘iima’ Eosinophilic pneumonia  Raw chicken liver 4,223 279 Albendazole
All cases are diagnosed with multi-dot enzyme-linked immunosorbent assay.
Outcome of all cases arc cured.
N.A., not available.
with eosinophilic colitis and was administered Conflict of interest None to declare.
predonisolone but not albendazole.
In the present case, the follwoing clinical signs were REFERENCES

consistent with those of VLM: (i) remarkable eo-
sinophilia and high IgE levels, (ii) positive results in the
multi-dot ELISA and the strongest reaction for the an-
tibody for A. suum, in microtiter plate-ELISA, (iii)
migration of the pulmonary infiltrates, and (iv) eo-
sinophilic pneumonia, as diagnosed on the basis of the
results of BAL fluid analysis and transbronchial lung
biopsy. Although there is little evidence in favor of any
treatment modality for VLM caused by A4. suum, ad-
ministration of albendazole or ivermectin for 2 to 3
weeks is recommended (10,11). The patient was ad-
ministered albendazole (600 mg/day) for 28 days, and
he showed no remarkable adverse effects except mild
impairment of liver function (a common adverse effect
of albendazole). Although most of the cases of VLM
caued by A. suum are not fatal, VLM could sometimes
become life threatening if a large number of 4. suum
eggs are ingested (8). It is important for clinicians to
consider VLM caused by A. suum in case a patient
presents hypercosinophilia, high IgE levels, and a
migrating pneumonia shadow in addition to various
nonspecific symptoms. Careful history taking of the
patients’ area of residence and dietary habit is essential
for the diagnosis of this parasitic disease with underesti-
mated prevalence. Furthermore, although VLM caused
by A. suum is most prevalent in Kyushu, a couple of
VLM cases have been reported in the Honshu region as
well (Table 1). Owing to advances in mass-transporta-
tion of fresh vegetables and meat and improvement of
the related logistics, cases of such originally localized
parasitic infections are now being detected in other
areas of Japan and even in other countries.
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KEYWORDS Summary A 71-year-old female had worked on a farm in the mountains and noticed itching
Tick bite; of the left 3rd toe. She visited a local hospital due to a color change to purple in this area.
Toe necrosis; Attachment of a tick was observed between the left 2nd and 3rd toes, and it was extracted.
Thrombogenic However, due to persistent pain, she was referred to our department of cardiovascular medicine
Vasculopathy for close examination and treatment. Lower extremity angiography showed that vascular visu-

alization was poor in the area supplied by the arteries distal to the tick bite site, but the other
blood vessels of the toe were clearly visualized. Toe amputation was performed and pathologi-
cal examination of a surgical specimen revealed that most blood vessels near the necrosis were
occluded by thrombi. We speculated that tick bite reactions were associated with thrombo-
genic vasculopathy. This report shows a patient who developed toe necrosis due to poor blood
circulation after an interdigital tick bite.
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Introduction

Tick bites are relatively frequently encountered in daily
clinical practice. Most patients with tick bites develop der-
matitis, but some develop Japanese spotted fever or Lyme
disease via the bite. However, there have been no reports of
peripheral necrosis due to poor blood circulation following
tick bites. We report a patient who developed toe necrosis
due to paor blood circulation after an interdigital tick bite.

Case report

A 71-year-old female had previously been healthy, and,
although she had annually undergone a human dry dock,
no abnormalities had been detected. She had worked on
a farm in the mountains on June 7, 2009, noticed itching
of the left 3rd toe on June 12, and visited a local hospi-
tal due to a color change to purple in this area on June
16. Attachment of a tick was observed between the left
2nd and 3rd toes. The tick was extracted, and minocycline
was prescribed. However, due to persistent pain, she was
referred to our department of cardiovascular medicine for
close examination and treatment on June 23. She was obese,
but had no history of smoking, hypertension, diabetes mel-
litus, or lipid abnormalities. The bilateral dorsalis pedis and
posterior tibial arteries were palpable, and the skin tem-
perature of the foot was normal. There was a decrease in
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Figure 1

the skin temperature, loss of sensation, and a color change
to black distal to the middle phalanx of the left 3rd toe
(Fig. 1A). The area between the 2nd and 3rd toes as the
site of the tick bite showed erosion, but not redness or
swelling (Fig. 1B). No eruptions were observed in the other
areas. The thermography (Fig. 1C) showed an increase in the
skin temperature in the left compared with the right foot.
In the portion peripheral to the proximal interphalangeal
joint of the left 3rd toe, the skin temperature showed a
decrease in the area corresponding to that showing black
necrosis. Lower extremity angiography (Fig. 1D) was per-
formed with selective enhancement of the left external iliac
artery. The area extending to the plantar artery and arch
was clearly visualized, and no atherosclerotic changes were
identified. Vascular visualization was poor in the area sup-
plied by the arteries distal to the tick bite site, but the
other blood vessels of the toe were clearly visualized. She
was referred to the department of plastic surgery of our
hospital on July 3, and toe amputation was considered to
be indicated. On July 24, toe amputation was performed
(Fig. 2A and B). Pathological examination of a surgical spec-
imen revealed necrosis of the toe tip, and most blood vessels
near the necrosis were occluded by thrombi. Between fat
tissues, foam cells aggregated, and marked eosinophil infil-
tration was observed. There were no findings of angiitis
(Fig. 2C and D). Her postoperative course was favorable.
After walking became possible, she was discharged on
August 4.

(A and B) Photo of the left toes (white arrow: tick bite site). (C) Thermography (white arrow: a decrease in the skin

temperature was observed in the area corresponding to the site of black necrosis). (D) Lower extremity angiography (white arrow:
blood flow interruption was confirmed in the area corresponding to the site of black necrosis).
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Figure 2

(A) Surgical specimen. (B) Cross-section of the surgical specimen. (C) Image of the pathological specimen (Cross-section

4, black arrow: blood vessels near the necrosis were occluded by thrombi. In the vascular lumens, granulomatous tissue formed,
but reperfusion was observed in some parts. Hematoxylin-eosin staining). (D) Image of the pathological specimen (Cross-section 4,
black arrows: microscopic vessels occluded by thrombus, hematoxylin-eosin staining).

Discussion

When this patient visited our department, about 2 weeks
had passed since the tick bite. Since she had already been
treated by a local doctor, and the tick had been extracted,
we could not directly confirm the tick. However, in the
southern part of Tokushima Prefecture where she lives, tick
bites are often observed, and so the diagnosis of a tick
bite made by the previous doctor may be accurate. There
has been a report [1] of patients with tissue necrosis in a
tick bite area, but no report of patients with necrosis dis-
tance from the bite site. Previous studies have shown blood
coagulation responses as biological responses to ticks [2]
and pathologically confirmed thrombi in about 66% of tick
bite areas [3]. Histopathological examination in our patient
showed the occlusion of many blood vessels by thrombi
in the area near necrosis and the presence of necrosis
peripheral to these thrombi. In general, tick bites lead to
reactions such as the extravascular leakage of dermal ery-
throcytes, hardening of collagen fibers, epidermal necrosis,
ulceration, dermal neutrophil infiltration, and thrombosis
[3]. However, the saliva of ticks contains anti-hemostatic
factors and immunosuppressive and anti-inflammatory com-
ponents, which make tick removal difficult, facilitating
long-term blood-feeding [4]. The intractability of areas bit-
ten has been suggested to be associated with the formation
of a foreign body granuloma due to remnant tick mouth
parts, impairment of the wound healing process by fibrosis-
promoting factors contained in the saliva, and ischemia in

the wound area due to various types of local microvasculi-
tis [5]. Since no pathological examination of the tick bite
area was performed, detailed findings of this area such as
the possible presence of thrombi could not be obtained.
However, we speculated that thrombi induced by the tick
bite caused peripheral embolism, and impaired peripheral
blood circulation resulted in necrosis. We supposed that the
involvement of angiitis was probably denied because the
value of myeloperoxidase — antineutrophil cytoplasmic anti-
body was very small. Additionally, we denied the presence
of shaggy aorta which was associated with blue toe syn-
drome by use of contrast-enhanced computed tomography.
Coronary angiography was also performed in this patient,
but showed no findings of stenosis. Lower extremity angiog-
raphy also revealed no atherosclerotic findings anywhere
except the occluded areas, most strongly suggesting the
involvement of thromboembolism. Therefore, tick bites in
areas with a few collateral circulation routes are associ-
ated with a risk of peripheral necrosis, and require caution.
The thermography showed an increase in the foot skin tem-
perature on the affected side. This may be an immune
response or biological response such as vascular dilation in
the central area due to impaired peripheral blood circula-
tion, but the details were unclear. Dermatitis due to tick
bites is often encountered in clinical practice. The most
interesting point is the difference between patients with
dermatitis not inducing serious conditions and those such as
in the present patient who develop marked thrombotic cir-
culatory impairment. Although an intractable case showing
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local periarteritis nodosa after a tick bite to the thigh has
been reported [6], peripheral necrosis was not induced in
this case. We speculate that the degree of a host’s immune
tissue responses to ticks and the bite site are important fac-
tors associated with whether necrosis is induced. Tick bites
in the peripheral areas of the four limbs, as in this patient,
have the potential to induce necrosis because there are only
a few collateral circulation routes, and so require caution.
The characteristics of cases that show marked immunohisto-
logical responses at the tick bite site are unclear. A previous
study showed that inflammatory reactions became marked,
and severe inflammatory cell infiltration was histologically
confirmed with an increase in the frequency of tick biting
[7]. Our patient had no history of treatment for tick bites,
but was a farmer, and so it is likely that she had a history of
untreated asymptomatic tick bites. Concerning the associa-
tion with background factors such as the residence, sex, and
age, we have encountered no patient with tick bites leading
to peripheral necrosis, and, therefore, could not perform
statistical analysis. In the future, the accumulation of data
on patients with similar necrosis may allow the clarification
of more detailed mechanisms of peripheral necrosis.

We encountered a patient who developed toe necrosis
due to poor blood circulation after a tick bite. We speculated
that tick bite reactions were associated with thrombogenic
vasculopathy. Tick bites in peripheral areas of the four
extremities with only a few collateral circulation routes are
associated with a risk of peripheral necrosis, and careful
observation of the course is necessary.
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Abstract C-type lectins (CTLs) are a group of proteins
which bind to carbohydrate epitopes in the presence of
Ca®", which have been described in a wide range of
species. In this study, a cDNA sequence coding a putative
CTL has been identified from the cDNA library con-
structed from the pig round worm Ascaris suum lung L3
(LL3) larvae, which was designated as 4. suum C-type
lectin-1 (As-CTL-1). The 510 nucleotide open reading
frame of As-CTL-1 c¢DNA encoded the predicted 169
amino acid protein including a putative signal peptide of
23 residues and C-type lectin/C-type lectin-like domain
(CLECT) at residue 26 to 167. As-CTL-1 was most
similar to Toxocara canis C-type lectin-1 and 4 (Tc-CTL-1
and 4), and highly homologous to namatode CTLs and
mammalian CTLs as well, such as human C-type lectin
domain family 4 member G (CLECGH4). In addition, As-
CTL-1 was strongly expressed in tissue migrating LL3
and the L4 larvae, which were developmental larvae
stages within the mammalian host. These results suggest
that 4. suum larvae might utilize As-CTL-1 to avoid
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pathogen recognition mechanisms in mammalian hosts
due to it is similarity to host immune cell receptors.

Introduction

C-type lectins (CTLs) constitute a large family of proteins that
binds carbohydrate moieties in a Ca®’-dependent manner
(Drickamer 1988, 1996). They are characterized by a
conserved C-type lectin/C-type lectin-like domain (CLECT)
which shares Ca**- and carbohydrate-binding motifs. CLECT
also contains at least four critical cysteine residues which form
a two-loop structure by disulphide bounds. It is well known
that CTLs are widely expressed among metazoan organisms
(Drickamer and Fadden 2002; Zelensky and Gready 2005). In
vertebrates, CTL represents a very large family that is
classified into 17 groups (Drickamer and Fadden 2002),
many of which are known as pattern-recognition receptors
implicated in the recognition of pathogens by innate immunity
(Weis et al. 1998). In addition, some evidence have indicated
that CTLs play an important role in immune homeostasis by
endogenous ‘self” ligand recognition (Garcia-Vallejo and van
Kooyk 2009), and they themselves have a bactericidal
activation (Cash et al. 2000).

Ascaris suum, a common round worm in pigs, is
infective to a wide range of hosts, including humans, mice,
cattle and chickens. When embryonated eggs are ingested
by a definitive swine host, larvae hatch in the small
intestine, penetrate the intestinal mucosa, and migrate
through the liver and lungs, before finally reaching the
intestine, where they sexually mature and produce eggs
(Dold and Holland 2011). In contrast, it is generally
considered that larvae, which are reached the lungs
following liver migration, disperse into various tissues and
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organs without further development in non-swine host
(Slotved et al. 1998; Crompton 2001), although 4. suum
has been reported to develop into adult stage infrequently in
human hosts (Anderson 1995; Nejsum et al. 2005; Arizono
et al. 2010). However, it has not been fully explained how
they discriminate pigs and other animals and what kind of
interaction is involved between host and parasite during the
lung phase of migration.

Expressed sequencing tag (EST) analysis is a powerful
tool for profiling the gene expression pattern in a particular
parasite population. Although publicly available EST data-
bases of 4. suum already exist in NAMBASE4 (http://www.
nematodes.org/nembase4/index.shtml), they were con-
structed from adult worm, intestinal L4 larvae, newly
hatched infective larvae (iL3) and egg embryos. EST
analysis of tissue-migrating larvae has not yet been
performed. Therefore, we explored ¢cDNA of A. suum lung
L3 (LL3) collected from infected rabbit lungs in order to
examine what kind of biological processes were activated
in tissue-migrating larvae. As one of the most frequently
occurring clones, we identified a ¢cDNA sequence for a
putative 4. suum CTL that showed specific expression
during internal larval stages in mammalian hosts.

Materials and methods
Parasites and infection

Adult 4. suum were collected from infected pigs at a local
abattoir in Japan. Eggs were freed from the uterine tissue by
incubating uteri in 0.1 N NaOH. After washing with
distilled water, eggs were suspended and stirred in 0.1 N
H,S0, and cultured at 27°C for 3-4 weeks. Infective L3
larvae (iL3) were mechanically hatched from eggs and
isolated free from egg shell contaminants (Takamiya et al.
1993). For the preparation of lung L3 larvae, male Japanese
white rabbits (Kyudo, Kumamoto, Japan) were orally
inoculated with 1.5%x10° embryonated eggs. Six days after
infection, the lungs were removed and cut into 5-mm cubes
using scissors. The cubes were wrapped with Kimwipe
papers and incubated in phosphate-buffered saline (PBS) at
37°C for 1.5 h, and then emerging worms were collected.
Culture driven-L4 larvae (cL4) were obtained from cultures
of LL3 in vitro (Islam et al. 2006).

RNA isolation and cDNA library construction

Total RNA of LL3 was isolated with TRIzol Reagent
(Invitrogen, Carlsbad, CA), followed by purification of
poly (A)" RNA with GenElute™ mRNA Miniprep Kit
(Sigma, St. Louis, MO). A ¢cDNA library was constructed
using the SMART ¢DNA Library Construction Kit

@ Springer

(Clontech, Mountain View, CA). The reverse transcription
step was performed using MMLV Reverse Transcriptase
with the SMART IV oligonucleotide primer and the CDS
I11/3' PCR primer provided in the kit. The double-stranded
c¢DNA (ds-cDNA) was synthesized by long distance PCR
with the 5' PCR primer and the CDS III/3’ PCR primer
using the Advantage 2 PCR kit (Clontech). The ds-cDNA
was treated with proteinase K and then digested by Sfil.
After size fractionation, cDNA was cloned into pDNR-LIB
vector, and transformed into Escherichia coli ElectroMAX™
DH10B™ cells (Invitrogen, Carlsbad, CA).

EST sequencing, processing and analysis

Plasmid DNA of the 2,024 randomly selected clones was
extracted and single-pass sequenced from the 5'-end using
sequencing primer (5-GCATACATTATACGAAGTTAT
CAGTCG-3"). The sequencing was conducted on an ABI
Prism 3130x] Genetic Analyzer (Applied Biosystems,
Carlsbad, CA), using ABI Prism Big-Dye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems). EST sequences
were clustered using SEQUENCHER (Gene Codes Corpora-
tion, Ann Arbor, MI), with a minimum sequence overlap
length cut-off of 30 bases and an identity threshold of 90%, for
the removal of flaking vector and adaptor sequences, followed
by assembly. These contigs and singletons were subjected to
BLASTN and BLASTX programs (E value of <1x107) at
the National Center for Biotechnology Information (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). A protein sequence motif
was identified using the InterProScan at The European
Bioinformatics Institute (Zdobnov and Apweiler 2001).
Alignment of ESTs was conducted by using GENETYX-
WIN software (Genetyx Corporation, Tokyo, Japan).

Real-time PCR analysis

Total RNA from iL3, LL3, cL4 and adult worm tissues
(head, muscle, intestine, uterus, ovary and testis) was
extracted with TRIzol reagent. After treatment with DNasel
(Ambion Inc., Austin, TX), cDNA was generated from
250 ng of total RNA using PrimeScript® 1st strand cDNA
Synthesis Kit (Takara Bio Inc., Shiga, Japan). Primer sets
for amplification were as follows: As CTL-1 (sense, 5'-
CCACCATGTTCTCGACCGTTGCT-3'; antisense, 5'-
ATTTCCTCCTACTGGCGCTCCT-3") and 18S ribosomal
RNA gene (sense, 5'-ATCGGTCGCGTAGGGTGGCT-3';
antisense, 5'~AAGCCGCAGGCTCCACTCCT-3"). Real-
time PCR was then performed with an ABI Prism 7000
Sequence Detection Systems (Applied Biosystems) and a
GoTaq® gPCR Master Mix (Promega, Madison, WI).
Relative quantification was assessed by normalizing the
amount of the target transcript to the 18S ribosomal RNA
gene.
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Results and discussion

In paratenic hosts such as humans, larvae of 4. suum
penetrate the mucosal epithelium but thereafter remain
developmentally arrested in the migratory tissue phase
(Crompton 2001). To understand biological events taking
place in the arrested larvae, we carried out EST analysis in a
c¢DNA library of migrating L3 larvae (LL3) collected from
infected rabbit lungs (LL3). As a result from 5' ends single-
pass sequencing of 2,024 clones, 1,650 ESTs were yielded.
Upon clustering, these ESTs were represented by 279
distinct gene products, which consist of 78 contigs and
201 singletons.

The consensus sequences of contigs and singletons were
compared against NCBI BLAST databases in BLASTX
analysis, revealing a novel CTL sequence referred to as A.
suum C-type lectin-1 (As-CTL-1). We focused on this
molecule, because CTL might contribute to the establish-
ment of successful parasitism in nematodes (Loukas et al.
1999; Urwin et al. 2002). Using RT-PCR, the full-length
c¢DNA corresponding to As-CTL-1 was successfully am-
plified from LL3 RNA (data not shown). As-CTL-1 is 710
nucleotides (GenBank accession no. HQ025087), which
encoded the protein of 169 amino acids including the
putative signal peptide of 23 residues and C-type lectin/C-
type lectin-like domain (CLECT) at residue 26 to 167. The
four cysteine residues at positions 62, 136, 154 and 166,
which are required to form the CLECT internal disulfide
bridge formations (Zelensky and Gready 2003), were
completely conserved in As-CTL-1, but the WIGL and
WND motifs conserved in the classical CTLs (Zelensky
and Gready 2003) were replaced by WLAL and WDD.
According to carbohydrate specificity, CTLs are categorized
into mannose/GIcNAc - or galactose/GalNAc -recognizing
lectins (Weis et al. 1992; Tobst and Drickamer 1994). These
differences suggest substitutions at the key substrate binding
residues. As-CTL-1 had QPD, which was found in galactose/
GalNAc-binding CTLs. Thus, although the Ca®*-dependent
carbohydrate binding activity of As-CTL-1 was not assessed
in this study, it is most likely a galactose-binding CTL from
its amino acid motifs.

Subsequent sequence analysis showed that the amino
acid sequence of CLECT in As-CTL-1 was found to have
33% identity to canine roundworm JToxocara canis C-type
lectin-1 (7c-CTL-1) and 38% identity to 7¢-CTL-4. It has
been reported that the free-living nematode Caenorhabditis
elegans has more than 270 genes encoding CLECT of
CTLs in their genome (Schulenburg et al. 2008). Interestingly,
As-CTL-1 showed greater identity with human CTL domain
family 4 member G (CLECG4; 28% identity) than with the
C. elegans homologue (clec-149; 24% identity). Considering
the eukaryotic phylogeny, it is reasonable that several CTLs
from parasitic nematodes, such as Ancylostoma ceylanicum

(AceCTL-1), Necator americanus (NaCTL-2), Heligmo-
somoides polygyrus (Hp-CTL-1) and Nippostrongylus
brasiliensis (Nb-CTL-1 and 2) CTLs, share greater
identity with C. elegans CTLs than mammalian CTLs
(Brown et al. 2006; Daub et al. 2000; Harcus et al. 2009).
On the other hand, 7c-CTL-1, 7c-CTL-4 and NaCTL-1, as
well as As-CTL-1, appear to be much closer to homologues in
mammalian CTLs than those in C. elegans (Loukas et al.
1999, 2000; Daub et al. 2000), raising speculations about the
role they might play in the adaptation to parasitism.

The expression of As-CTL-1 was evaluated by real-time
PCR in different developmental stages, including mechani-
cally hatched i3, LL3, cL4 and adult (Fig. 1). The mRNA
for As-CTL-1 was scarcely detected in iL3 and tissues from
adult worms, including the head, muscle, intestine, uterus,
ovary and testis, whereas LL3 and cL4 larvae showed strong
expression of As-CTL-1 transcript. After arriving at the
jejunum, L3 larvae developed to 14 stage larvae in definitive
swine host in vivo. These results indicate that the expression
of As-CTL-1 is up-regulated through the tissue migrating
stage and intestinal larval stage.

Although the physiological function of CTLs remains
unclear, a number of nematode CTLs identified so far
act as a pathogen recognition molecule or an antibac-
terial protein in immune responses to protect the worm
itself against microbial infection (O'Rourke et al. 2006;
Schulenburg et al. 2008). However, considering that the
expression of As-CTL-1 is confined during tissue migra-
tion, it would not be very likely that As-CTL-1 is
employed for the recognition of microbes in A. suum,
because the worms may not encounter hazardous bacteria
on the migrating route, which would be maintained clean
by the host immunity. Instead, greater sequence identity
that As-CTL-1 shares with mammalian CTLs than C.
elegans proteins, seems to suggest that As-CTL-1 acts as a
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Fig. 1 Comparison of As-CTL-1 mRNA expression in developmental
stages. Real-time PCR was performed with mechanically hatched iL3,
LL3, cL4 and various adult worm tissues (head, muscle, intestine,
uterus, ovary and testis). Relative expression of the As-CTL-1 mRNA
was assessed by normalizing to 18S rRNA expression. Data were
expressed as a ratio to As-CTL-1 gene expression in LL3
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competitor for host cell receptors, possibly interfering host
immune response to the worms (Loukas and Maizels
2000; Loukas and Prociv 2001). As-CTL-1 might be able
to bind to ligands for mammalian CTL, such as NK
receptors and/or macrophage/dendritic cell receptors
(Osorio and Reis e Sousa 2010; Sun and Lanier 2011).
In the present study, As-CTL-1 showed high similarity to
Tc-CTLs and specific expression in LL3 and cL4, both of
which were exposed to attack by host immune responses.
Considering these findings, 4. suum larvae might interfere
with host inflammation processes by As-CTL-1 to avoid
protective immune responses in infected animals during
tissue migration. Further study on functional aspects of
this molecule will identify novel dimensions of the host—
parasite relationship and the significance of tissue migra-
tion in ascarid infection.
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Abstract

Heme is an essential molecule for vast majority of organisms serving as a prosthetic group for various hemoproteins.
Although most organisms synthesize heme from 5-aminolevulinic acid through a conserved heme biosynthetic pathway
composed of seven consecutive enzymatic reactions, nematodes are known to be natural heme auxotrophs. The
completely sequenced Caenorhabditis elegans genome, for example, lacks all seven genes for heme biosynthesis. However,
genome/transcriptome sequencing of Strongyloides venezuelensis, an important model nematode species for studying
human strongyloidiasis, indicated the presence of a gene for ferrochelatase (FeCH), which catalyzes the terminal step of
heme biosynthesis, whereas the other six heme biosynthesis genes are apparently missing. Phylogenetic analyses indicated
that nematode FeCH genes, including that of S. venezuelensis (SvFeCH) have a fundamentally different evolutionally origin
from the FeCH genes of non-nematode metazoa. Although all non-nematode metazoan FeCH genes appear to be inherited
vertically from an ancestral opisthokont, nematode FeCH may have been acquired from an alpha-proteobacterium,
horizontally. The identified SvFeCH sequence was found to function as FeCH as expected based on both in vitro chelatase
assays using recombinant SvFeCH and in vivo complementation experiments using an FeCH-deficient strain of Escherichia
coli. Messenger RNA expression levels during the S. venezuelensis lifecycle were examined by real-time RT-PCR. SvFeCH
mRNA was expressed at all the stages examined with a marked reduction at the infective third-stage larvae. Our study
demonstrates the presence of a bacteria-like FeCH gene in the S. venezuelensis genome. It appeared that S. venezuelensis
and some other animal parasitic nematodes reacquired the once-lost FeCH gene. Although the underlying evolutionary
pressures that necessitated this reacquisition remain to be investigated, it is interesting that the presence of FeCH genes in
the absence of other heme biosynthesis genes has been reported only for animal pathogens, and this finding may be
related to nutritional availability in animal hosts.
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Introduction

Heme is essential for the vast majority of life serving as
a prosthetic group for many hemoproteins such as catalase,
cytochrome, hemoglobin, myoglobin, and peroxidase [1]. Al-
though most aerobic organisms possess a complete biosynthetic
pathway for this compound [2], certain organisms are deficient in
heme biosynthesis, lacking some or all genes for the hemebiosyn-
thetic pathway. Some anacrobic protists, such as Giardia intestinalis,
Trichomonas vaginalis, Entamoeba histolytica, Cryptosporidium parvum,
Blastocystis hominis, and Encephalitozoon cuniculi do not possess any
heme biosynthetic genes [3]. Members of the family Trypanoso-
matidae lost some or the entire set of heme biosynthesis genes.
They acquire heme or heme precursors from their diet [3,4]. In
Trypanosomatidae, members of the genus Trypanosoma lack all the
heme biosynthesis genes [3,5,6,7], whereas other members such as
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Leishmania spp. possess the genes for the last three steps which were
horizontally acquired from a gamma-proteobacterium [3]. Insect
trypanosomatid species (Blastocrithidia culicis and Crithidia oncopelts)
cannot synthesize heme by themselves but harbor bacterial
endosymbionts that generate and donate heme or heme precursors
to the host (trypanosomatid) cells [4,8]. More peculiar is the case of
Phytomonas serpens, a plant kinetoplastid [9]. This organism lacks
most of the known hemoproteins including respiratory cyto-
chromes and does not require heme for viability despite its
dependence on oxidative metabolism [9]. The draft genome of P.
serpens does not appear to contain heme biosynthesis genes other
than ferrochelatase (FeCH, EC 4.99.1.1) [9].

Another important and interesting group of organisms that lack
the ability to synthesize heme is the nematodes. Nematodes, or
roundworms, are typically small, diverse, and highly abundant
metazoan organisms [10]. Although free-living species are found
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