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WHO Recommended Pre-exposure Prophylaxis for Rabies Using Japanese Rabies Vaccine

Naocki YANAGISAWA'", Nachide TAKAYAMA" & Akihiko SUGANUMA'
Department of Infectious Diseases and *Department of Pediatrics. Tokyo Metropolitan Komagome Hospital

After severe exposure to suspected rabid animal, WHO recommends a complete vaccine series using a
potent effective vaccine that meets WHO criteria. and administration of rabies immunoglobulin (RIG). RIG is
not available globally, and is not marketed in Japan. If pre-exposure prophylaxis for rabies is given, RIG is
unnecessary even after severe exposure. [t is thus important to give pre-exposure prophylaxis for rabies to
people who plan to go to rabies-endemic areas.

In Japan, pre-exposure prophylaxis for rabies consists of 3 doses of cell-culture rabies vaccine. The first
two doses are given 4 weeks apart, and the third dose is given 6-12 months after the first dose, all of which
are injected subcutaneously (standard regimen). People who plan to travel abroad to rabies-endemic areas
may know of their destinations only 1 or 2 months in advance at best. Therefore, it is virtually impossible to
complete the 3 dose regimen for rabies in Japan.

Pre-exposure prophylaxis recommended by WHO consists of 3 doses given intramuscularly on days (.
7. and 28, making it possible to complete pre-exposure prophylaxis in one month. This WHO recommended
pre-exposure prophylaxis using Japanese cell-cultured rabies vaccine (PCEC-K) has not been studied, so we
elected to fill the gap using PCEC-K, administered based on the WHO recommendation and examined its ef-
ficacy and safety.

Subjects were 26 healthy volunteers with no previous rabies vaccination giving oral and written con-
sent. Vaccine was administered on days 0, 7, and 28, and rabies antibody levels were tested on days 7, 28,
and 42. On day 7. every antibody level was negative. On day 28, antibody levels were between 0.7-35EU
mL, with the exception of 3 cases still negative, On day 42, all cases, including the 3 negative cases, ex-
ceeded 1.6EU/mL. providing sufficient protection against rabies. This result was not inferior compared to
the standard regimen. Local adverse effects such as erythema and pain were noted, but none were serious.

In conclusion, WHO recommended pre-exposure prophylaxis for rabies using PCEC-K is considered ef-
fective and safe.
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We investigated the trans-lactational maternal-neonatal transmission of Toxocaro canis larvae in mice, with
particular interest in the role of prolactin in their migration to the mammary gland. Two female mice were
infected with 300 T. canis eggs soon after delivery of 27 offspring. After 1 week of breast-feeding. seven
larvae were recovered from 4 of 13 ofTspring. After 2 weeks of lactation. 101 larvae were recovered from all
the remaining offspring. Daily prolactin administration (5 pg) was performed 2 weeks before T canis
infection and continued until 2 weeks after infection in six non-pregnant female mice. which resulted m
larval accumulation i the mammary gland. Furthermore, prolactin administration in female mice that had
been infected with I canis 4 weeks prior to prolactin treatment induced migration of larvae into the
mammary gland. These findings suggest that prolactin is a promoting factor contributing to lactational

transmission of 1. canis larvae in mice.

1. Introduction

Human larval toxocariasis 15 a serious public health problem in
many countries 1], Adult worms of Toxocara canis parasitize the
intestines of domestic dogs and wild carnivores, and the larval stage of
the parasite opportunistically invades undefinitive hosts including
humans, resulting in human larval toxocariasis |2]. The migration
behavior of the larvae in undefinitive hosts has been well documented
3-5]. In mice, T. canis larvae begin to accumulate in the liver 2 days
post-infection, and they continue to migrate via systemic circulation,
Beyond the 10th day of infection, most have settled in the brain and
muscle tissue |6-8|. The larvae found in skeletal muscle are
encapsulated in granulomatous inflammatory tissue and can survive
for a long period |4.8]; those in the brain tissue elicit minimal
inflammatory response (4],

Furthermore, it has been established that trans-placental trans-
mission 15 the major route for T. canis larvae migration from infected
female dogs to puppies [9-13]. In mice, it has also been regarded that
T. canis larvae are transmissible via placenta |14-16], although no
previous studies demonstrated larvae from offspring. Recently,
Reiterova et al. |17 observed that T canis larvae in offspring from
nfected mother mice were recovered at the beginning of the 5th day
post-delivery. Thus, lactational transmission rather than trans-
placental migration was certainly a possible route of maternal-
neonatal infection with T. cants. After infection, migrating larvae settle
In skeletal muscle nssue, in which they are then arrested in
granulomatous inflammatory tissue. A re-emergence mechanism for
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these arrested larvae during pregnancy, however, has yet to be
identified. In the present study, we demonstrate that T. canis larvae are
able to transmut from mother to neonate via the mammary gland, and
that prolactin evakes lactational transmission of the arrested larvae,

2. Materials and methods
2.1. Animals

Conventional ICR mice and an inbred strain of BALB/c mice were
purchased from CLEA Japan Inc., Tokyo. All experimental procedures
were carried out in accordance with the guidelines of the Institutional
Animal Care and Use Committee of Tokyo Medical and Dental
University.

22, Infections

I canis eggs were obtained from the uten of adult worms collected
from naturally infected puppies after the administration of anthel-
mintics. Mature embryonated eggs were prepared following the
method of Ohsima | 5], and 300 eggs were inoculated into each mouse
via a Teflon wube with a siliconized glass syringe | 18],

2.3 Recovery of larvae

Each of the mammary glands and whole body of newbarn mice were
digested with artificial gastric juice (0.5% of 1:10,000 pepsin and 0.7%
hydrochloric acid, pH 1.5) for 3 to 4 h with vigorous agitation. After
centrifugation, the larvae in the sediment were counted using a
stereoscopic microscopy on a microscope slide (7= 14 cm). Examination
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Table 1
Numbers of Lanae recovered from neonates

Mother 7rh day after birth

Hth say after birth

mouse
Number of Number of neonates  Number of Total mumber of Number of Number of neonates  Number of Total number of
peondtes cxamined  larvae recovered larvsefnecnate  Lirvae revovered neonates examined larvae recovened larvaeineonate’  larvae recovered
®| (] [ 14:05{1-3) 7 6 ] 935:08(8-13Y 57
#2 L] (1] 0 0 ] 8 55209(2-10)" 44

Neonates were allowed to breast-feed from the mother mice. wiich were infected with 300 egzs of T cants immediately after defivery.

* Meane 50 (range}

of the brain was performed according to the method of Cho etal [ 18] In
this experiment, we attempted to recover the larvae from skeletal
muscle tissue by using the digestion method described above. However,
the results were inconsistent in the number of larvae recovered from
adult mice, because a large amount of sediments remained after
digestion, making the counting of larvae using stereoscopic microscopy
difficult. Therefore, we omitted the data on the muscle-stage larvae of
the adult mice in this experiment.

2.4. Pathology of the mammary gland

Mammary glands of female mice were removed and fixed in 10%
neutral formalin solution. Serial sections were then prepared and
stained with haematoxylin and eosin. The degree of eosinophil
infiltration around the mammary gland was estimated by the number
of cells per square millimeter. We randomly selected 10 fields with a
microscope of 100-fold magnification. To confirm cell identification,
we observed at high magnification and counted the number of
eosinophils. A careful attention was paid not to shift the original
position,

2.5, Experimental design for rrans-mammary transmission of larvae

Two pairs of 8-week-old ICR mice were mated in separate cages
until the female mice became pregnant. Withun 12 h after delvery,
each of two female mice was infected with 300 eggs of T. canis, and
then allowed to breast-feed their offspring for 2 weeks. The offspring
were divided into two groups: one was killed on day 7 after delivery,
the other was killed on day 14 after delivery. The number of larvae in
the offspring was counted using the digestion method described
above

2.6, Effect of prolactin treatment in non-pregnant, infecred mice

To investigate the effect of prolactin on the stimulation of larval
migration from skeletal muscle or brain tissue, eight BALB/¢ female
mice, at § weeks of age, were intraperitoneally injected with 5 pg of
prolactin (100 mg/ml. Sigma, St. Louis, USA) in physiological saline
everyday for 14 days, and were then infected with 300 T. canis eggs
orally, Prolactin treatment was then continued for another 14 days.
After treatment, the mammary glands were removed and the larvae
were recovered. Two mice were used for histological purposes. As a

Table 2
Effect of prolactin treatment m non-pregnant infected mice
Treatment  Number Number of Number of  Number of Numibser of
of mice  mice larvae mice lavae  Larvae in Larvae in the
tsed identified in Wentified in  mammany brain of
mammary the brain glands of wdentified
Klands wentified mice  mice
Prolactin 6 [ 5 08235 362163
Saline 5 (] 5 o 3442242
' MeantsSh

control, seven additional mice were administered 0.5 mL of saline
instead of prolactin.

2.7, Effect of prolactin treatment in chronically infected mice

Six BALB/c female mice, at 4 weeks of age, were infected with 300
I. cants eggs. Four weeks later, 5 pg of prolactin was intrapentoneally
administered everyday for 14 days. The mammary glands were then
examined as described above. As a control, equal numbers of BALB/c
mice were employed. and 0.5 mL of saline was injected into the
peritoneal cavity everyday lor 14 days,
2.8 Statistics

Statistical analysis was performed using Student's t test. P'values of
«0.05 were considered statistically significant

3. Results

3.1, Larval o fon to

< vin y gland after birth

Two mother mice delivered 11 and 16 offspring. respectively. The
offspring from each infected mother mouse, which were infected with
T canis within 12 h after delivery, were randomly selected and
sacrificed on day 7 or day 14 after delivery. Table | presents the
number of offspring infected and the number of larvae recovered on
each of these days. The rate of infection in the offspring and the
average number of larvae recovered were higher in the group
sacrificed on day 14 compared with that sacrificed on day 7.
Additionally, the total number of larvae recovered was significantly
higher in the day-14 group (P= 0.05).
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Fig. 1. Eoninophil counts around the capsules of memmary glands i mice. Solid bar
eosinophil count of prolactin: treared muce: open bar, that of untreated control mice. The
mean nwmber of eosinophils was 7136+ 293 6 cells/mm? in the protactn- treated group,
Al 144203 eellsfmm? in the saline-treated group We randomly selected 10 flelds
with a microscope of 100-fold magnification. To confitm the cell identification, we
obrserved at Tugh magnification [ =400} and counted the number of cosinophils. A careful
drtention was paid nat fo shift the angnal position
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Fig. 2. Histopathological findings of mammary glands around the connective tissue in mice. Senal sections of mammary glands of female mice were stained with haematoxylin and
eosin, Markedly higher eosinophilic (E) infiltrations around the connective tissue of the mammary gland were observed in the prolactin-treated mice (A) compared with the saline-

treated muce (B),

3.2, Effect of prolactin en migration of larvae to the mammary gland

T comis larvae were identified in the mammary glands of all
infected mice, which were treated with 0.5 pg prolactin once a day
intraperitoneally for 14 days before infection and 14 days after
infection, although no larva was found in the control mice (Table 2},
No significant difference in the number of larvae in the brain was
observed between the prolactin-treated and saline-treated mice.
These data suggest that prolactin might stimulate migration of larvae
from skeletal muscle, the brain, or other organs to the mammary
gland. Based on histological examination of 10 randomly selected
fields, the eosinophil infiltrations around the capsule of the mammary
gland were significantly increased in number in the prolactin-treated
mice (713.6£2936 6 cellsfmm?) compared with the saline-treated
control mice (1441213 cells/mm?, Figs. 1 and 2), suggesting that the
inflammatory response against T. canis larvae was strong in the
treated mice.

3.3. Effect of prolactin on chronically infected mice

control mice. The number of eosinophils infiltrated in the mammary
tissue was also significantly higher in the prolactin-treated group
(Fig. 3).

In the prolactin-treated mice, glandular epithelial proliferation and
dilatation of the ducts were observed, indicating a direct effect of
prolactin against the mammary gland.,

4. Discussion

In this study, we demonstrate that T conis larvae are able to
migrate from the mother to neonates through suckling behavior, and
that this migration can be induced by the administration of prolactin.
While trans-placental migration of the larvae from female dogs to
puppies has been established [9-13], few studies have investigated
maternal-fetal transmission of the larvae in mice. Lee et al. [ 16] found
that the larvae migrated in the uterus and placenta from the 9th day of
pregnancy, and in the fetus from the 11th day of pregnancy when
maother mice were infected during pregnancy. In addition, they

Since administration of prolactin elicited a migration of larvae to [
the mammary gland, we next studied whether prolactin stimulates NE 400 - Pe0.01 |
larval migration to the mammary glands from chronically infected E asgf [
mother mice in the absence of pregnancy. For this investigation. non- ry |
s A , i . = 300}
pregnant female mice, which had been infected with T canis eggs
28 days previously, were administered prolactin for 14 days, Table 3 250 |
shows that larvae were recovered from the mammary glands in three 200 -
of the four mice treated with prolactin, but no larva was found in the 5 150 “I
-§ 100 +
E
Table 3 i';‘ 50
Effect of protactin treatment in chromcally infected mice
o
Treatment  Number Number of Numberof  Number of Number of Caniral Prolactin
of mice  mice larvae mice larvae  larvae in Latvae in the treatment
used dentified in identified in - mammary brain of
manimary the brain glands of identified Fig. 3. Eosnophil coums around the capsules of mammary glands m chronically
glands wentified mice  mice infected mice. Salid bar, rosinophil count of prolactin-treated mice. open bar, that of
Prolactin = 4 1 F] 18419 5132151 untreated control imice. The mean number of eosinophils was 30082956 cellsimm” in
Eillne i o 4 e 49:3;5‘.7 the pralactin. feeated group, and 13762441 cellsjmnr’ in the saline-treated group. Ten
rand ¢ selected felds ar 100-fold magminicanion were observed via microscoy undey
* Mean=5D o high magnitication {400«



498 Z Jin et al / Porasitology internanional 57 (J008) 495-498

identified larvae in the placenta and fetal blood vessels, histopatho-
logically. They concluded that T canis larvae were able to migrate
through the placenta during pregnancy. However, because they did
not examine the neonates after birth, they could not eliminate the
possibility of trans-lactational transmission of the larvae from mother
to neonates after delivery.

It is well documented that malaria infection induces placental
injury, resulting in fetal loss in both humans and mice [19,20]. In
murine toxocariasis, the litter sizes from infected mice are smaller
than those from uninfected controls | 21.22]. These data suggest that T
canis infection in mice can lead to mechanical injury of the placenta
and a resultant decrease of litter size when the infection occurs during
pregnancy.

Yet, in spite of these difficulties, newborns are still successfully
delivered in most cases. In another previous study, larvae were found
in offspring on day 5 after birth [15], suggesting suckling behavior
might cause maternal-newborn transmission of T. canis larvae. In fact,
our preliminary experiment revealed that larvae were first identified
in offspring 11 days after birth (unpublished data). Thus, we
hypothesized that larvae could migrate from mother to newborn
mice through the mammary gland during suckling. The present
findings support this hypothesis.

In general, T canis larvae in mice settle in the brain and skeletal
muscle after migration through the systemic circulation, and survive
for a long period [4.8], However, because we could not find any larvae
in the mammary gland of non-pregnant infected mice, the larvae must
be aroused by some sort of stimuli in order to migrate from those
organs to the mammary gland. Prolactin, a lactogenic hormone, plays
an essential role in the development of breast tissue. None of the non-
pregnant mice not treated with prolactin showed the presence of

the precise mechanism of the stimulation of tissue-arrested larvae in
mice,
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ABSTRACT:  We repon a B ] hod that improves the
recovery of Toxoeara canis larvae from skeletal muscle. Minced muscle
tissue from Infected mice was incubated in anificial gastric juice for 48
hr at 37 €. and ethanol was added for the second 24 hr. This procedure
allowed the lurvae 1o be identificd and counted more quickly than with
the jard digestion hod. This method allows measurement of the
total number of larvae present in muscle tissue following oral intubation
of embryonated eggs. although it does not permit counting of live lar-
vise

Following oral intubation of embryonated eggs. infectious-stage Toy-
ocara canis larvae migre into skeletal muscle tissue via systemic cir-
culation, Muscle-stage larvae tend 1o increase in number after infection
Almost hall of all recovered larvae emer skeletal muscles beyond the
10th duy of infection (Oshima, 1961; Hovasiova-Reiterova et al., 1995)
These larvae are able 1o survive for long periods in muscle tissue, 10
an anthelmintic drug is effective against migrating larvac, the number
of larvae appearing in skeletal muscle will be reduced. Theretore, for
un anthelmintic trinl, the number of muscle-stage larvae 15 o pood in-
dicator of efficacy (Fok and Kassai, 1998 Hrckova and Velebny, 2001
Horiuchi et al., 2005: Satou et al.. 2005),

Both the Bacrmann technigue and the digestion method using anifi-
cial gasiric juice are used to detect larvae in skeletal muscle. The Baer-
mann procedure, usually combined with a shon-duration digestion
method (less than 4 hr), permits the recovery of live larvae, but the
extent of recovery is not satisfactory for esti g the total | {
burden. Additionally, since less than hall of the skeletal muscle is usu-
ally employed for the digestion (Abdel-Hameed. |984). the precise
number of larvae recruited cannot be determined. In contrast. the di-
gestion method alone permits o fuirdy good recovery, although u large
amount of sediment remains alter digestion, making the counting of
larvae using stereoscopic microscopy quite time consuming. In the pres-
ent report. we deseribe an improved method for recovenng and counting
larvae derived from skeletal muscle. The method is based on extended
incubation in digestive fluid. followed by addition of alcohal.

Female BALB/¢c mice weighing 28-30 g were infected with 300 em-
bryonated eggs of 7. caniy sccording to the method of Oshima (1961)
Six mice were used for this experiment, All experiments were per-
formed in occordance with the guideli of the Insti I Animal
Care and Use Committee of Tokyo Medical and Dental University.
Three weeks later, skeletal muscle tissue from cach mouse was minced
with 150 ml of antificial gastric juice (0.5% of 1:10.000 pepsin and
0.7% hydsochloric acid, pH 1.5). After mixing well with a blender, the

Tance 1. Number of lurvae recovered from skeletal muscle tissue of
mice infected with 300 T, canis eggs.

hgestuon peniod (hr

48

Undi N Ethanol treatment

material

Sedimem No Yes

minced tissue was divided into 3 equal pants. The first portion was
incubated in digestive fuid for 4 hr at 37 C with vigorous agitation
The mixture was then sieved with & wire mesh tmesh diameter: 1.0
mm). und the fluid was centrifuged wm 320 g for 5 min, The ol di-
gestion time was 4 hr (method 1), Larval counting was performed on
the resulting sediment using stercoscopic microscopy. Since undigested
tissues remained on the mesh after sieving. these matenals were re-
incubated with digestive flmd for an additional 44 hr. They were vig-
omusly agitated and prepared for counting in the same manner a5 be-
fore. The second portion of minced tissue was incubated in digestive
fluid for 24 hr with vigorous agitation, The solution was cemtrifuged as
before, und the sediment was re-tncubated in 50 mil of fresh digestive
fluid for an additional 24 he. No filtration with wire mesh was per-
formed. Thus, the total digestion time was 48 hr (method 2), Lary
counts in the whole sediment were performed as before. The third por
tion was prepared in the same manner as the second portion, but 10 mi
of 505 ethanol in distilled water was added 1w the sediment after the
second 24 hr incubation step (method 3), The number of larvae in the
sediment was then counted

Table 1 shows the number of larvae recovered with exch procedure
There was o significant difference in larval recovery between the 4-hr
digestion group and the 48-hr digestion group (p < 0013, Although
ethanol reument did not significantly affect recovery. we were able o
find the larvae more casily in the ethanol-ireated samples, The use of
aleohol in the final step has the advantages that lipid droplets, which
are msoluble m trypsin-based digestive flurd, are soluble in alcohol, and
that alcohol acts as a surface-tension depressant that facilitates the iden-
tification of larvae. This is reflected in the time required 1w complete
counting of a single sumple; with ethanol treatment, counting took 16.7
= 2.5 min (mean = SDY without ethanol treatment. counting took 358
= 7.5 min. For comparison, with the sample digested for 4 hr withow
ethanol, counting took 912 = 14,1 min. From the undigested material,
we were able to find lervae after additional incubation for 20 hr and 24
hr using freshly prepared digestive fluid, suggesting that o 4-hr incu-
bation was insufficient for the digestion of skeletal muscle,

We Turther nssessed whether this recovery techmgue can be camed
out by an inexperienced person (T.N.). Six BALB/¢ female mice were
orally administered albendazole (100 mg/kg/day ) suspended in olive oil
for 5 days, beginning | day before tnoculation, Six control animals were
given only olive oil. Three weeks nfter intubation. the mice were killed.
and their skeletal muscle tissue was digested using method 3, under the
guidance of an experienced researcher (£.1.) Larvae migrating 1o the
brain were counted by squash preparation (Abdel-Hameed. 1984), At
the beginning of the experiment, it took almaost 3 hr 1o complete the
counting from just 1 skeletal muscle sample, but this soon fell w 3
min. The average recovery from skeletd muscle was 56.8 = 4.8% in

Tanie 11 Number of larvae recovered from mice inoculated with 300
1. canis eggs.

Albendazole®

alt
Skeletal Control

muscle

Hrain Skeletal muscle Brain

95 %30 I =09

10.5 = 3.7 232> g3 26.3 = B.5°

Sia mive were used for the expenmoant. Numbers are given as mean = 5D, As-
terisk indicates a statistically significant increase in 48-hr incubation group versus
4-hir incubation group {Student’s rest. P < 0.05)

IBR = 129 IS = 35 66 = |18

Larval recovery from skeleunl nuscle was performed using method 3.

* Sin BALBA mice were treated with 100 mp/kg/day of albendazole suspended
in olive oil for 5 consecutive davs beginmng | day before inoculanon

¥ Sia control mice were given anly olive oll

pgod ®1




skeletal muscle. 1045 = 3.5 larvae were found in the control group
- 22.3 in the albendazole group. indicating that prophy lae
tic trearment can reduce the larvae in skeletal muscle (Table 11)

The improved method described here requires substantially less op
ertor time (since it is mone than 5-fold fastér) to count larvae, and the
recovery is 3-fold higher than that of our previously reported methods
(Horiuchi et al.. 2005; Satou et al., 2005), However, the larvae recov-
ered are no longer alive, which is likely due to the much longer incu-
bation time required, Therefore, while this method would be suitable
for measuring the efficacy of treatments thai act before larval migration.
it would not allow measurement of the active larval tissue burden

versus S0.7
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ABSTRACT

We present 3 adult cases of visceral toxocariasis from the same family, who each consumed thin slices of raw
bavine liver weekly, and developed eosinophilia and muliiple small lesions in their livers and lungs
Serological examinations using the larval excretory-secretory product of Toxocara canis strongly indicated
infection with Toxocara species larvae. The patients responded well to treatment with albendazole. Ingestion
of raw liver from paratenic animals is considered to be 3 commaon transmission route of human LoOXocariasis,

Keywordy especially in adults.

Visceral toxocanasis
Transmission route
Paratenic host

Raw liver

Sashim
Sonazoid-contrast US

1. Introduction

Human toxocanasis is & common helminthozoonosis caused by
infestation with larvae of the nematode worms Toxocara (T.) canis or
T. cati | 1-5], It has long been considered a parasitic disease that affects
pet owners and children, because transmission was thought to only
occur via ingestion of infective embryonated eggs after exposure to
soll and hair contaminated with the feces of dogs and cats. However,
infective stage larvae can also be transferred to other animals and
humans through predation, and this type of parasite transfer is now
considered to be frequently related to adult cases of toxocariasis in
Japan | 6. Therefore, toxocariasis should be recognized as a food-borne
parasitic disease, especially in societies where consumption of raw
meat is prevalent. Herein, we present 3 adult cases of visceral
toxocariasis from the same family who regularly consumed thin slices
of bovine liver. Our findings show that consumption of raw liver from
paratenic animals is an important source of infestation

* Cormresponding author Depantment of Parasinlogy, Nara Medical Uiniversiry, 340
Shijo-cho, Kashibara, Nara 634-8521, Japan. Tel fax, 81 744 24 8847
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2. Cases

A S8-year-old man (Patient 1) had never been found with
leukocytosis in annual medical check-up examinations until Decem-
ber, 2007. when an increased number of white blood cells (11.800/ul)
with marked eosinophilia, absolute count 4250/, and elevated IgE
(2345 Ufml, normal <100) were found. He was referred to Nara
Maedical University Hospital. At the initial interview, the patient noted
that he and 2 other family members, his 57-year-old wife (Patient 2)
and 27-year-old son (Patient 3), consumed raw bovine liver every
Friday for the past year, believing that it was good for their health,
Their habit was to obtain 100 g of raw bovine liver at a nearby meat
shop and serve it as thin slices at dinner. Patient 1 generally consumed
the most, followed in order by Patient 2 and Patient 3. In contrast, the
maother of Patient 1, who lived in the same house, only ate the raw liver
ond rl'\'l.' H{'('.‘I\Ilﬂ!'l':

We performed blood examinations for all 4 family members,
Although none was symptomatic, the 3 regular consumers showed
increased eosinophils and IgE (Table 1), while the mother who
consumed raw liver only rarely showed no eosinophilia or elevated
Igk. Hesults of a bload examination for Patient 2 obtained by a local
physician 1 year previously, prior to beginning the dietary habit,
showed a normal number of white blood cells at 6000/ul with a 3%
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between toxocariasis caused by T. canis and that by T. cati, we made a
diagnosis of toxocariasis by Toxocara species for all 3 patients.

Table 1
Patient laboratory data

Patient 1 Patient 2 Patient 3
WBC () 11,800 2700 8800
Eo(X) 360 70 183
Hb ig/dl) 4.7 145 156
PLT [ 10%)4d) 284 254 290
CRP (myg/dl) 02 05 ol
AST (IU1) ri] 24 ”
ALT (iU 12 Fo ) n
ALP (U1} 9 P2 20
~GTP (1Uf1) 35 53 2
IgE (Ufmi) 2345 645 42

Abbreviations and normal ranges:

WEBC: white blood cells, 1900-9300/d

En: eosinophils, 0-5%

Hb: hemoglobin, 13.2-15.6 gidl

MUY platefet, 13.0-36.0 (< 10%)d

CRP: C-reactive protein, less than 0.2 mg/dl.
AST: aspartate aminotransferase, 12-32 UL
ALT: alanine aminotransferase, 5-36 U/
ALP: alkaline phosphatase, 120-360 1LIJ1
YOI gamma-ghotamyl transpeptidase, 11269 1UJ
IgE: immuneglobulin E. less than 100 Ujmd

eosinophil fraction, though IgE was not examined. Additional tests
were performed to determine the etiology of the hypereosinophilia in
the parients. Chest computed tomography (CT) demonstrated multi-
ple small pulmonary lesions, nodules with halos and poorly defined
margins, and ground-glass opacity with a poorly defined margin in all.
Furthermore, contrasted abdominal CT in the portal phase revealed
multiple, poorly defined, low-attenuated nodules in the liver of
Patient 1, while Patients 2 and 3 each had only a single lesion.
Representative CT images from Patients 1, 2, and 3 were shown in
Fig. 1. Some nodules in the liver of Patient 1 showed peripheral rim
enhancement in the arterial phase (Fig. 2A), while most nodules were
undetectable in the equilibrium phase. These CT findings of
pulmonary and hepatic lesions were very consistent with those in
previous reports of toxocariasis | 7-9]. Ultrasonography (US) detected
multiple, small, oval, hypoechoic lesions in the liver of Patient 1, and 3
hypoechoic lesions in the liver of Patient 2 including the one lesion
detected by CT, whereas none was detected in Patient 3. We also
performed contrast US using a newly developed matenial, Sonazoid™
|10}, and compared those images with the CT images (Fig. 2B). The
lesions were detected as hypoechoic areas in the portal phase and
even more clearly in the equilibrium phase, while they were not
enhanced in the arterial phase, suggesting that the lesions were poorly
supplied with arterial or portal blood. In the post-vascular or so-called
Kupffer image phase, the lesions remained un-enhanced, suggesting
the absence or scant presence of Kupffer cells (Fig. 2C).

A rapid diagnostic test for toxocariasis, ToxocaraCHECK™ |11},
which detects IgG antibodies against the larval excretory-secretory
(LES) product of T. canis on an antigen-sensitized nitrocellulose
membrane, showed positive results for all 3 patients. Furthermore, a
microplate enzyme-linked immunoabsorbent assay (ELISA) using the
LES product and serum from each patient diluted 1:900 revealed the
presence of human IgG antibodies at very high titers, The optical
density (0D] values at 405 nm for sera from Patients 1, 2, and 3 were
1.58, 141, and 1.38, respectively, as compared to the established OD
value cutoff level of 0.2 for serum from healthy individuals, We also
examined immunopositivity against nematode antigens other than
the LES product of T. canis using a gel diffusion test (Fig. 3), which
revealed a strong positivity against the LES products of both T. canis
and T. cari, suggesting a high cross-immunogenicity between them or
dual infection, though no formation of precipitate was observed
against the LES product of Ascaris suum or Anisakis simplex. Since no
serological examination has been established yet to discriminate

The patients were instructed regarding prevention of re-infection
and treated with a 4-week regimen of daily albendazole at 600 mg
(108 mgfkg of body weight for Patient 1, 12.8 mg/kg for Patient 2,
10.0 mg/kg for Patient 3). All completed the treatment, though a mild
elevation of transaminases up to double the upper limit was observed
in Patient 2. During treatment, the eosinophil count decreased in each
and became normalized by the end of treatment in Patient 2, while
Patients 1 and 3 were further treated with albendazole at the same
dose for two more weeks until the eosinophil count became normal-
ized. Hepatic and pulmonary lesions were undetectable by CT and US
examinations at the end of treatment in all of the patients. Three
months after finishing the treatment with albendazole, we confirmed
that a normal eosinophil count was maintained in each patient, along
with no recurrent hepatic or pulmonary lesions in CT findings. In
addition, the OD values of anti-T. canis LES were decreased to 0.95,
0.80. and 0.74 from the initial values of 1.58, 141, and 138 before
treatment in Patients 1, 2, and 3, respectively,

3. Discussion

Visceral toxocariasis is a representative infection of visceral larva
migrans (VIM), first reported by Beaver et al. [12], known to be
prevalent among preschool children, as they tend to play with dogs in
open areas and ingest egg-contaminated soil. However, a recent
review of human toxocariasis cases in Japan noted that the disease
affects predominantly adults rather than children [6).

There are a number of case reports of adult toxocariasis [13-21),
and accumulating evidence [ 22-27| has revealed thar a common route
of adult human infection is through ingestion of uncooked or raw liver
from a paratenic host. In general, transfer of infective stage larvae
through predation is a common mode of helminth transmission
among carnivorous vertebrates and this type of parasite transfer can
also occur from animals to humans. In experiments with chicken,
cattle, and swine, Taira et al. found that the animals were able to
function as paratenic hosts for T. canis and that the liver was one of the
most intensely affected organs [22,23]. Similar observations regarding
the importance of predatory cycle have also been reported for cases of
infection with A. suum | 28,29,

Adults with a dietary habit of consuming raw liver have been found
tobe at high risk for human VLM | 24-26). Morimatsu recently reported
an interesting familial case in Japan, in which a father (71 years old)
and son (45 years old) developed visceral toxocaniasis after consump-
tion of raw chicken livers, and found T. canis larvae in the livers of
chickens raised in their breeding farm | 17]. The present patients began
to eat raw bovine liver weekly and continued the habit for about 1 year.
Patients 1 and 2 had normal white blood cell counts including
eosinophils in routine peripheral blood examinations conducted 1 year
and just prior, respectively, to beginning the weekly consumption of
raw bovine liver, which suggests that the dietary habit of eating raw
liver contributed to toxocariasis in those cases, We strongly suspect
that some of the raw liver served at dinner was infected with larvae of
Toxocara species. Thus, it is important to recognize that toxocariasis can
be a food-borne parasitic disease, based on the present findings.

The majority of patients with visceral toxocariasis are asympto-
matic and the disease is often discovered during investigation of
peripheral eosinophilia |8,9,30], as in the present cases, though those
with a high number of worms may complain of vague abdominal
discomfort, abdominal pain, cough, dyspnea, fever, or general
weakness. Although each of our patients were asymptomatic, the
degree of eosinophilia, serum IgE level, and number of hepatic lesions
were prominently high in Patient 1, who ingested larger quantities of
raw liver as compared to the others, suggesting that the number of
worms and disease severity may be proportional to the amount of raw
liver intake,
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Fig. 3. Results of serological tests. Data from Patient 1 shown with schematic positions of antigens and sera are presented as representative findings. The antigens used were adult
worm extract (AES) of T canis, AES of Anlsokis simplex, larval excremry-secretory (LES) of Anisakis simplex, LES of Ascars suum, LES of T. cari, and LES of T. canis. Strong precipitin
bands were abserved for the LES products of T canis T. cati in serum samples from all 3 patients

400 mg of albendazole twice a day or 10 mg/kg of body weight/day in
two divided doses for 5 days seems to be the currently recommended
therapy [4.31.32], though the optimal duration of therapy is unknown
[43]. According to a previous report [31], only 32% of patients with
toxocariasis were climcally cured with a 5-day regimen and other
reports have noted that additional treatments with other anthel-
minthic drugs, such as diethylcarbamazine and mebendazole, or the
use ol albendazole for a longer period was effective | 18.34-39] We
adopted a 4-week regimen of daily albendazole at 600 mg, with the
disappearance of eosinophilia considered to mark the endpoint of
therapy. Clinical improvement appeared soon after the initiation of
treatment, demonstrated by a decrease in eosinophil count, with
mimmuim adverse effects related to mild liver dysfunction, followed by
the disappearance of hepatic and pulmonary lesions.

Based on our results, we concluded that infestation with Toxocara
species from paratenic animals is likely a common and important mode
of transmussion to humans, especially adults, in areas such as eastern
Asia where the consumption of raw liver remains a cultural habit.
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Contrast-enhanced CT scan image obtained at portal venous phase showing multiple

small, illdefined, and low-attenuation lesions in the liver of the patient (arrows).

A 5B-year-old man had leukocytosis (leukocytes 11,800/
pL). with marked eosinophilia (36%) and an increased total
IgE at 2,345 U/ml. (normal <100). There were no abnormal
results in his annwal check-up examinations including blood
parmameters until the most recent exammation. when he be-

gan to et raw cow liver weekly. Abdominal computed to
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mography (CT) revealed multiple, ill-defined, low-attenuated
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Picture 2 Chest CT scan image showing nodule with halo and ill-defined margin (left), and
groundg ass opaaty with an ill-defined margn (right). The leson is shown magnified in the inset.

aganst larval excretory-secretory (LES) products of both was performed, Consumption of paratenic meat, especially
Toxocara (T.) canis and T. cati, thus visceral larva migrans raw liver, was the suspected source of infestation

(VLM) was highly suspected. Ttreatment with albendazole
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