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Abstract

Background: One of the most common causes of meningitis in South East Asia is angiostrongyliasis or infection by
the parasitic nematode Angiostrongyliasis cantonensis. Although this nematode usually resides in the pulmonary
arteries of rats, its incidental occurence in other hosts such as humans can cause optic neuritis and lead to serious
vision sequelae. Nevertheless, there are currently no systematic studies conducted in this area.

Methods: In order to study the pathogenesis of optic neuritis, mice were tried as a new animal model to study
and challenge with A. cantonensis on 7d, 14d and 21d, respectively. Electroretinogram (ERG), visual evoked potential
(VEP), ophthalmoscopy and histology were examined on day 7d, 14d and 21d and tribendimidine (TBD) was later
used to treat optic neuritis on day 14d for a week to evaluate its therapeutic effects.

Results: Infection of A. cantonensis caused obvious inflammatory cell infiltration in the retina and optic nerve
adventitia in day 14d and 21d followed by optic nerve fiber demyelination and retinal ganglion swelling at day 21d
in the challenged mice. Prolonged VEP latency and decreased ERG amplitude were also observed on day 21. After
treatment of TBD in the infected mice, retinal and optic nerve inflammation were alleviated, but VEP latency and
ERG amplitude did not improve on day 21d and 28d.

Conclusions: The current study provides evidence that A. cantonensis can cause optic neuritis along with optic
nerve demyelination and retinal ganglion cell damage in a mouse model. TBD alone treatment can improve the
symptoms of optic neuritis, but does not aid in vision recovery, suggesting that both neuroprotective agents and
Dexamethasone should be administered, along with treatment for the infection, to protect the optic nerve and
ganglion cells. Furthermore, as the symptoms of optic neuritis caused by A. cantonensis in mice are similar to the
optic neuritis in multiple sclerosis (MS) human patients, we suggest that the BALB/c mouse model provided in this
study may be useful to explore therapies of optic neuritis in MS patients.
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Background
Angiostrongylus (A). cantonensis is a parasitic nematode
that causes Angiostrongyliasis (also called Eosinophilia
Meningoencephalitis or Eosinophilia Myeloencephalitis).
Fresh water snails harbor the third stage of the A. cantonen-
sis larva (Larva), which is the infective stage. Consumption
of raw or uncooked snails or fish is the most common
manner, resultant in infection by A. cantonensis. In humans,
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3rd stage larva mainly invade the central nervous system,
causing meningitis, spinal meningitis, encephalitis and
myelitis. The clinical manifestation of infection is eosino-
philic meningitis [1-5], which can affect the eyes to cause
optic neuritis. There are ongoing reports of optic neuritis
cases caused by A. cantonensis [6]. The first case of this
disease was reported in Thailand in 1966 [7]. Since then,
multiple cases have been reported. In 2006, a patient
presented with sudden vision loss along with visual
field, color vision, and visual evoked potential (VEP)
deficiencies and was found to have midrange optic
neuritis [8]. In 2008, Shindler et al. conducted a clinical
study of 3 optic neuritis cases caused by A. cantonensis.
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Larvae were found in the anterior chamber angle, vitreous
body and retina and A. cantonensis antibody (29 KD) was
detected in serum. Patients underwent visual acuity,
random amplified polymorphic DNA (RAPD), VEP, and
electroretinogram (ERG) testing as well as fundus exam-
inations [9]. In 2006, a small outbreak of A. cantonensis
in Beijing, China, caused the attention of the Chinese
government on the ponderance of A. cantonensis. In
one survey about this outbreak, 25 severe cases were
identified, 44% of which had different levels of visual
disorders, such as photophobia, blurred vision, diplopia,
visual field defects and/or muscae volitantes (‘floaters’).
Even after treatment, a fairly substantial proportion of
patients did not recover, seriously affecting quality of
life [10,11]. Up to now, there have been few reports on
the mechanism(s) by which A cantonensis causes optic
neuritis.
The purpose of the present study was to establish a

mouse model of optic neuritis caused by A cantonensis
to elucidate a pathogenetic mechanism of the disease
and to develop therapeutic strategies for clinic treatment.
In this study, mice that had been infected with A. canto-
nensis were used as a surrogate model to observe optic
neuritis. Obvious VEP/ERG changes and pathological
alterations of retina and optic nerve, such as retinal
ganglion swelling and optic nerve demyelination, were
observed in the infected mice. The effect of treatment
with a new anthelmintic agent, Tribendimidine (TBD)
[12] was also examined. Our results indicate that TBD
eases inflammation in the retina and optic nerve, but
vision is not improved. Our studies demonstrate that
infection of A. cantonensis is able to cause optic neuritis.
It is necessary to develop new drugs, which can protect
and nourish optic nerve and ganglion cells during the
treatment of infection [13].

Methods
Infection of mice with A. cantonensis larvae
BALB/c mice (20 – 40 g body weight) were purchased from
the animal center laboratory at Sun Yat-sen University
(Guangzhou, China). The Institutional Animal Care and
Use Committee approved all animal procedures. Larva III
(L3) of A. cantonensis, were collected from giant African
snails (Achatina fulica) via homogenization and digestion
of minced snail tissue that was placed in a pepsin–HCl so-
lution (pH 2.0, 500 IU pepsin/gram tissue) and incubated
at 37°C for 2 h. The L3 in the sediment were washed with
phosphate-buffered saline (PBS) and counted under an
anatomical microscope. Four groups (n = 6 mice/group)
were studied. In the 3 mice of each group, a total of 30 L3
were perfused into each BALB/c mouse; the other 3 mice
in each group were not infected and served as controls. At
the same time, infected animals were randomly assigned
to either the treatment or non-treatment group (n = 5
animals or 10 eyes in each group). TBD was administered
via gastric infusion to mice in the treatment groups once
per day for 7 days. The dose of TBD was 100 mg/kg/d
[14]. TBD was a gift from Professor Guosheng He, Shanghai
Veterinary Research Institute, Chinese Academy of
Agricultural Sciences.

Histopathological observation
Mice were sacrificed by chloral hydrate asphyxiation and
cervical dislocation at 7, 14, or 21 days post-infection.
Paraffin embedded sections were then prepared from
isolated optic nerves and whole eyes. Optic neuritis was
detected by the presence of inflammatory cell infiltration
on hematoxylin and eosin (H&E) staining and observed
by microscopy (Olympus, Japan). Retinal thickness was
measured using Image Pro Plus 6.0 (Media Cybernetics,
USA). Demyelination detection was done by using a 300
KV transmission electronic microscope (FEI, USA) and
axons were counted with Image Pro Plus 6.0.

Electrophysiological recordings
Mice in all four groups were anesthetized by intraperito-
neal injection of chloral hydrate (0.42 mg/kg body weight)
and secured to a moveable platform for ERG and VEP
testing. The Flash ERG was recorded with chlorinated
silver ball electrodes as described previously [15]. For VEP
recordings, stainless steel screws were implanted 3 mm
lateral to the lambda and 5 mm behind the bregma. Refer-
ence electrodes were placed 2 mm lateral to the lambda
and 2 mm in front of the bregma. Transient VEPs were
evoked by single-flash stimulation (1.3 Hz, 12 ms). VEP
and ERG signals were recorded by a commercial system
(Roland Consult GmbH, Brandenburg, Germany). Record-
ings were performed at day 0, 7, 14, and 21 after infection.

Retrograde labeling of retinal ganglion cells (RGCs)
Two weeks before euthenasia, mice were anaesthetized
with chloral hydrate, the skin was incised mediosagittally,
holes were drilled into the skull above each superior col-
liculus (6.8 mm dorsal and 2 mm lateral from the bregma)
and 0.25 μl of Dextran biotin (A and B: 1:250 in normal
saline) (Molecular Probes, USA) was injected stereotactic-
ally into both superior colliculi.

Quantification of retinal ganglion cell (RGC) density
At the conclusion of the second recording session, the
mice were euthanized by an overdose of chloral hydrate
and were perfused via the aorta with 4% paraformaldehyde
in PBS. The brain, optic nerves and both eyes were col-
lected. The retinas were then dissected and soaked in
horseradish peroxidase (HRP) at 37°C for 30 min. Retinas
were then stained for 5 min with 3,3'-diaminobenzidine
(DAB) and examined by light microscopy. RGC densities
were determined by counting labelled cells in three areas
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(62 500 mm2) per retinal quadrant at eccentricities of 1/6,
3/6 and 5/6 of the retinal radius. Two independent investi-
gators, who were blinded to the protocol, performed the
cell counts.

Statistics
ANOVA was used to compare retinal thickness, myelin
sheath number, ganglion cell number, VEP P2 latency
time and ERG amplitude at different times in infected
versus control eyes. Student’s t -tests were used to
compare retinal thickness, myelin sheath number, ganglion
Figure 1 Retinal histopathology caused by A. cantonensis. (A1-E1): Ret
and 28 d, respectively. The ganglion cell layer shows inflammatory cell infil
by day 28 (E1). Scale bar = 100 mm. (A2-E2): The ganglion cells of mice infec
observed with a scanning electron microscope. On day 14, obvious swelling c
and becomes more pronounced on day 21 (black arrow in D2). By day 28 the
The inner nuclear layer of mice infected with A. cantonensis for 0 d, 7 d, 14 d,
day 14 (black arrow in C3) and was more serious on day 21 (black arrow
bar = 1 μm. (F): Retinal thickness, as seen under a light microscope, in co
cantonensis. Data are mean ± SEM. *Statistically significant when compa
when compared with infection for 14 d (P < 0.05); △ Statistically significa
when compared with infection for 28 d. Scale bar = 0.5 μm.
cell number, VEP P2 latency time and ERG amplitude of
the treated (infected, treated) group to the control (infected
untreated) group. Statistics were performed using IBM
SPSS statistics 19 (SPSS Inc, USA).

Results
A. cantonensis-infected mice developed significant retinal
and optic nerve inflammation as well as optic nerve
demyelination
Histopathological examination showed inflammatory
cell infiltration in the ganglion cell layer of the retina
inas from mice infected with A. cantonensis for 0 d, 7 d, 14 d, 21 d,
tration (black arrow in D1) at day 21. The inflammation has decreased
ted with A. cantonensis for 0 d, 7 d, 14 d, 21 d, and 28 d, respectively
an be observed in the cytoplasm of ganglion cells (black arrow in C2)
swelling has decreased (black arrow in E2). Scale bar = 1 μm. (A3-E3):
21 d, and 28 d respectively. Inner nuclear layer swelling is apparent on
in D3). Swelling had decreased by day 28 (black arrow in E3). Scale
ntrol, 7 d, 14 d, 21 d, and 28 d respectively after infection with A.
red with control (0 d infection) (P < 0.05); # Statistically significant
nt when compared with infection for 21 d; ☆Statistically significant
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(Figure 1D1) at 21 days post-infection with A. canto-
nensis though the cellular infiltrate appeared to have
subsided at 28 d (Figure 1E1). The results by using an
electron microscope showed obvious swelling in the
ganglion cells and fibers in the inner nuclear layer at
14 d after infection (Figure 1C2 and C3). At 21 d and
28 d, there was destruction of ganglion cells and inner
nuclear layer structures (Figure 1D2 and E2). Retinal
thickness continued to increase post-infection and peaked
at 21 d. However, at 28 d post-infection retinal thickness
highly decreased (Figure 1F). The results of histopatho-
logical examination revealed obvious inflammatory cell
infiltration around the adventitia of optic nerves at 14 d
Figure 2 Histopathological alteration of optic nerve at a variety of tim
staining of optic nerve infected with A. cantonensis for 0 d, 7 d, 14 d, 21 d,
in the adventitia can be seen and the inflammation became more pronounce
had decreased by day 28 and the optic nerve appeared to be atrophied com
(A2-E2): Electronic photo of optic nerve infected with A. cantonensis for 0 d, 7
appear (black arrows in C2); on day 21, obvious demyelination and swelling c
cavity appeared in the myelin sheath (black arrows in E2). Scale bar = 0.5 μm.
d, 21 d, and 28 d, respectively after infection with A. cantonensis s. (H) Data ar
respectively after infection with A. cantonensis. *Statistically significant as com
compared with infection for 21 d (P < 0.05).
and 21 d (Figure 2C1 and D1), though this phenotype
decreased by 28 d (Figure 2E1). Demyelination began
to appear (Figure 2C2) and became apparent at 21 d
(Figure 2D2) and 28 d, cavities of different sizes could
be observed in the optic nerve (Figure 2E2). The number
of axons decreased and the optic nerve was about 60%
demyelinated at 21 d (Figure 2F).

A. cantonensis-infected mice had retinal ganglion cell loss
In histological sections, ganglion cells appeared to be
swollen even when the structure had been destroyed. At
the same time, the number of axons in the optic nerve
decreased and there was evident demyelination. The
e intervals in mice infected with A. cantonensis. (A1-E1): HE
and 28 d, respectively. On day 14, obvious inflammatory cell infiltration
d (black arrows in C1 and D1) on day 21. Inflammatory cell infiltration
pared with the other groups (gray arrow in E1). Scale bar = 40 mm.
d, 14 d, 21 d, and 28 d, respectively. On day 14, demyelination began to
an be observed (black arrows point in D2) and on day 28, an obvious
(F) Data are mean ± SEM of axon number of 0.58 mm2 in control, 7 d, 14
e mean ± SEM of demyelination rates in control, 7 d, 14 d, 21 d, and 28 d,
pared with control (0 d infection) (P < 0.05); #Statistically significant as
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amount of retinal ganglion cells was counted, after retro-
grade labeling, to evaluate whether optic nerve function
was damaged after A. cantonensis infection. The amounts
of retinal ganglion cells decreased as extending the infec-
tion (Figure 3F) and only a few cells remained alive at day
21 and 28 (Figure 3D and E).

A. cantonensis-infected mice developed optic neuritis in
functional assessment of optic nerves and ganglion cells
VEP and ERG measurements were performed in response
to flash and pattern stimulation to diagnose optic neuritis
in vivo and to monitor the function of RGCs. Flash VEP
tested the axonal signaling of the optic nerve and ERG
measurements in response to flash stimulation determin-
ing the function of the retina as a whole [13]. In the
present study, the VEP and ERG data showed abnormal
change at day 14 post-infection (Figures 4 and 5), com-
pared to normal controls. This result, indicates that infec-
tion of A. cantonensis indeed affected the axonal signaling
of the optic nerve, leading to optic neuritis and the retinal
function of A. cantonensis-infected mice also was affected.

TBD therapy reduces inflammation in optic neuritis cases,
but had no obvious effect on the functional recovery of
vision
Histological examination of the retina and optic nerve,
retinal ganglion cell counts, as well as VEP and ERG
measurements were carried out to estimate the thera-
peutic effect of TBD treatment. After TBD treatment on
Figure 3 Number of surviving retinal ganglion cells of the mice infect
after infection with A. cantonensis for 0 d, 7 d, 14 d, 21 d, and 28 d, respect
infection time increased. On days 21 and 28, fewer ganglion cells can be s
SEM of retrograde labelled RGCs/mm2 in control, 7 d, 14 d, 21 d, and 28 d
when compared with control (0 d infection) (P < 0.05); # Statistically signific
significant when compared with infection for 28 d (P < 0.05).
3, 7 and 14 days within the period of 14 days post-infection,
mice in the treatment groups were examined and com-
pared with mice in the normal control and vehicle control
groups. Retinal inflammation subsided at day 3 and 7 and
the retina was almost fully recovered at day 14 of treatment
(Figure 6C1-G1).
Ganglion cell swelling had also decreased at day 7 and

14 (Figure 6E2-G2) with TBD treatment for 7 days at
14 days post-infection. Retinal swelling was alleviated
and the retina was thinner, compared to control groups
without treatment. However, there was no difference be-
tween the group that was treated for 14 d and the group
that did not receive treatment and neither group recovered
normal retina thickness (Figure 6H).
Optic nerve inflammation was also reduced after the

treatment for 3 and 7 days (Figure 7B1-E1). Demyelin-
ation of the optic nerve was decreased after treatment
for 7 days (Figure 7D2, E2, I) and cavities were no longer
observed in nerve fibers of eyes at day 14 in the treatment
group compared to the untreated group (Figure 7F2, G2).
The optic nerve demyelination rate had also recovered to
a normal level (Figure 7H, I).
The surviving ganglion cells were counted, and ERG

and VEP measurements were carried out to estimate the
functional recovery of ganglion cells and optic nerve
after TBD treatment. The amounts of surviving ganglion
cells had increased after treatment for 7 days and 14 days
within 14 days post-infection (Figure 8), compared to the
vehicle control group. However, there was still an obvious
ed by A. cantonensis at various times. (A-E) Surviving ganglion cells
ively. Number of surviving ganglion cells decreased as the length of
een (black arrows in D and E). Scale bar = 40 mm. (E) Data are mean ±
, respectively after infection with A. cantonensis. *Statistically significant
ant when compared with infection for 21 d (P < 0.05); △Statistically



Figure 4 P2 latency of VEP alteration at various times in mice infected with A. cantonensis. (A-E): P2 latency of VEP after infection with A.
cantonensis for control, 7 d, 14 d, 21 d, and 28 d, respectively. (F): Data are mean ± SEM of P2 latency of VEP in control, 7 d, 14 d, 21 d, and 28 d,
respectively after infection with A. cantonensis. *Statistically significant when compared with control (0 d infection) (P < 0.05).

Figure 5 b wave amplitude of ERG alteration in the mice infected with A. cantonensis. (A-E): b wave amplitude of ERG after infection with
A. cantonensis for 0 d, 7 d, 14 d, 21 d, and 28 d, respectively. (F): Data are mean ± SEM of the b wave amplitude of the ERG in control, 7 d, 14 d,
21 d, and 28 d, respectively after infection with A. cantonensis. *Statistically significant as compared with control (0 d infection) (P < 0.05).
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Figure 6 Histopathologic alteration of the retina in the A. cantonensis-infected mice after TBD treatment. (A1-A2): Normal retinas and
ganglion cells of mice. (B1-B2): Retina and ganglion cells in untreated mice infected with A. cantonensis for 14 d; (C1-C2): Retina and ganglion
cells in mice treated with TBD for 3 d, after having been infected with A. cantonensis for 14 d; (D1-D2): Retina and ganglion cells in untreated
mice infected with A. cantonensis for 21 d; (E1-E2): Retina and ganglion cells in mice treated with TBD for 7 d having been infected with A.
cantonensis for 14 d; (F1-F2): Retinas in untreated mice infected with A. cantonensis s for 28 d; (G1-G2): Retina and ganglion cells in mice treated
with TBD for 7 d after having been infected with A. cantonensis for 14d (A1-G1: HE staining, bar = 100 μm; (A2-G2): electronic photo, bar = 1 μm).
(H): Data are mean ± SEM of retina thickness with or without TBD treatment for 3 d, 7 d, and 14 d. *Statistically significant when compared with
control (0 d infection) (P < 0.05); #Statistically significant when compared with untreated groups (P < 0.05).
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difference when compared to the amounts of ganglion
cells in eyes from the normal control group. On the other
hand, VEPs in the treated groups were not any better than
untreated-groups at any time (Figure 9A). The ERG had
improved after treatment for 14 days within 14 days
post-infection (Figure 9B), but had still not recovered
to a normal level.

Discussion
Mice and human beings are both non-permissive hosts
of A. cantonensis and infection with this nematode are
shown to cause similar, serious central nervous system
(CNS) symptoms in both. Therefore, mice have been com-
monly selected as an animal model to study the infection
caused by A. cantonensis [16,17]. In the present study,
BALB/c mice were chosen as the animal model since they
are more sensitive to A. cantonensis than other types of
mice. Although there are clinical reports and experimental
observations illustrating that A. cantonensis can cause
optic neuritis in human beings and mice, there have been
no systematic studies examining optic neuritis caused by
A. cantonensis. Therefore, we carried out the systematic
experiments by utilizing the mice in order to observe and
treat the optic neuritis.
Clinically, the most common techniques used to diag-

nose optic neuritis caused by A. cantonensis are fundu-
scopic examination and ERG and VEP combined with
immunologic diagnosis by ELISA and/or specific antibody
detection in serum [18,19], though larval detection in the
eyes is still regarded as the most reliable method [16].
Histological examination of the retina and optic nerve are
always used as an index for studies on pathogenic alter-
ations due to optic neuritis, such as in EAE model [20].
In the present study, we utilized histological examination,

such as H&E staining, employed transmission electronic
microscopy and ERG/VEP testing to measure optic neuritis.



Figure 7 Histopathological alteration of the optic nerve in the A. cantonensis-infected mice after TBD treatment. A1-G1: HE staining,
bar = 100 μm; A2-F2: electronic photo, bar = 0.5 μm. (A1-A2): Normal optic nerve of mice (B1-B2): Optic nerve in untreated mice infected with
A. cantonensis for 14 d; (C1-C2): Optic nerve in mice treated with TBD for 3 d, after 14 d of A. cantonensis infection; (D1-D2): Optic nerve in
untreated mice infected with A. cantonensis s for 21 d; (E1-E2): optic nerve in mice treated with TBD for 7 d after 14 d of A. cantonensis infection;
(F1-F2): Optic nerve in untreated mice infected with A. cantonensis for 28 d; (G1-G2): Optic nerve in mice treated with TBD for 14 d after 14 d A.
cantonensis infection. (H): Data are mean ± SEM of axon numbers with or without TBD treatment for 3 d, 7 d, and 14 d, respectively. (I) Data are
mean ± SEM for the demyelination rate with or without TBD treatment for 3 d, 7 d, and 14 d, respectively. *Statistically significant when
compared with control (0 d infection) (P < 0.05).

Feng et al. Parasites & Vectors 2014, 7:339 Page 8 of 12
http://www.parasitesandvectors.com/content/7/1/339
Many inflammatory cell infiltrates were observed with
H&E staining in the retinal ganglion cell layer and around
the adventitia of the optic nerve at day 14 of infection. The
retinal thickness increased in infected eyes, compared to
normal controls, and peaked at day 21, which indicates that
swelling may occur in the retina. Similarly, the result of
electron microscopy examination showed swelling of the
ganglion cells and internal nuclear layer. Interestingly, the
retinal swelling subsided at day 28 after infection. The elec-
tron microscope examination of ganglion cells showed that
the organelle vanished, which may be a reason for the
thinner retina observed at day 28. On the other hand, the



Figure 8 TBD promotes RGC survival of mice infected with A. cantonensis. (A) RGC cells from normal controls labeled with BDA (B)
Representative whole-mount area at three-sixths of the retinal radius. On day 17 after infection, RGCs in untreated eyes are labelled with BDA. (C)
After treatment with TBD for 3 d, there was no obvious difference compared to the untreated group. (D) Infection for 21 d without treatment.
The RGCs induced much less than control. (E) After treatment with TBD for 7 d, the number of RGCs increased compared to the untreated group
(D). (F) Infection for 28 d without treatment. The RGCs induced much less than control (G). After treatment with TBD for 14 d, the number of
RGCs increased compared to the group without treatment (F). (H) Data are mean ± SEM for retinal thickness with or without TBD treatment for 3
d, 7 d, and 14 d, respectively. *Statistically significant when compared with control (0 d infection); #Statistically significant when compared to
untreated groups (P < 0.05).
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numbers/mm2 of axons in the optic nerve decreased at
day 14 and obvious demyelination appeared at day 21.
This indicates that the A. cantonensis infection seriously
affected the optic nerve, resulting in optic neuritis since
demyelination is a common cause of optic neuritis. Shed
myelin slows optic signal transduction causing an obvious
visual disorder [21].
Ganglion cells are the most important neurons in the

retina and their axons form the optic nerve. It is well
known from the rat model of surgical axotomy of the
optic nerve that 80 – 90% of retinal ganglion cells undergo
apoptotic cell death following optic nerve transection
[22,23]. Inflammatory demyelination induces axonal injury
and retinal ganglion cell apoptosis in experimental optic
neuritis [24]. The BDA retrograde labelling result indi-
cated that some ganglion cells were lost and that the
optic nerves had some demyelination, which provides
evidence of the occurrence of optic neuritis in A. canto-
nensis infected mice.
It is known that RGC loss can occur before alterations

in VEP potentials, which is detectable. However, when
RGC death has reached a certain threshold, ERG poten-
tials become affected and severe functional deficits in
VEP responses occur [25]. In the present study, at day
14 the VEP latency of infected animals was obviously
delayed and the b wave amplitude of the ERG had
apparently decreased. This may be closely correlated with
damage to the optic nerve fibers and retinal ganglion cells,
which provides the convincing evidence that A. cantonen-
sis infection can cause optic neuritis.
The evidence so far points to the fact that the infection

of A. cantonensis can lead to optic neuritis. However, pre-
venting and/or treating this disease is still a problem. In
clinic, physical removal of the parasites via surgery, oral
steroid therapy combined with an anthelmintic agent is
the most effective therapy for the vision damage caused by
parasites. It is because this treatment reduces intraocular
inflammation and improves visual acuity to a certain ex-
tent [26]. In some cases, there is no obvious improvement
in vision even after treatment with a steroid [10]. There-
fore, we investigated whether TBD, a new anthelmintic
agent, is able to treat the disease. TBD has a rapid anthel-
mintic action, a lower toxicity, and no mutagenic or
teratogenic effects [27]. The inflammation of the retina
and optic nerve was quickly reduced, and the number of
surviving ganglion cells and the axon numbers/mm2 in
the optic nerve increased in mice of the TBD-treated
groups, compared to untreated groups. It may be that
TBD killed A. cantonensis and lessened the eosinophil in-
filtration in the brain and optic nerve caused by this type
of parasite, which in turn, decreased the demyelination of
the optic nerve and reduced the death of ganglion cells.
At day 14, the ERG in the TBD treatment group had
recovered better compared with the untreated group,
though they had still not reached a normal level. The
better ERG recovery may be correlated with the increase



Figure 9 VEP and ERG alterations of mice infected with A. cantonensis. (A) Data are mean ± SEM for P2 latency alterations of VEP in normal,
vehicle control and treated mice at 3 d, 7 d and 14 d after infection. There was no difference in infected, treated and the infected, untreated
groups at various times. However, in the infected, treated and infected, untreated groups, there are obvious differences compared to normal
controls. (B) Data are mean ± SEM for b wave amplitude of ERG in normal, vehicle control and treated mice at 3 d, 7 d and 14 d. after 3 and 7 d
of treatment, there was no difference between treated-groups and untreated-groups. Both treated group and untreated-group had an obvious
decrease in b wave amplitude compared to normal controls. After 14 d of treatment, amplitude of the b wave in the treated group had increased
compared to the untreated group, though b wave amplitude still not recovered to a normal level in the treated group. *Statistically significant
when compared with normal control (P < 0.05); #Statistically significant when compared with groups without treatment (P < 0.05).

Feng et al. Parasites & Vectors 2014, 7:339 Page 10 of 12
http://www.parasitesandvectors.com/content/7/1/339
in surviving ganglion cells. On the other hand, there was
no obvious VEP recovery with TBD treatment. This is
likely due to the fact that there were not enough surviving
ganglion cells or optic nerve fibers to reach a certain
threshold where they can function normally. This result is
similar to what is observed clinically in cases of optic
neuritis when other medicines are applied [9]. But it also
indicates that only TBD treatment is not enough for this
disease because it cannot protect the optic nerve during
A. cantonensis infection treatment and can not reverse the
serious damage of ganglion cells and optic nerve effect-
ively. As a result, other therapy methods for demyelination
may be drawn, such as Multiple sclerosis (MS).
MS is the most common non-traumatic cause of

neurological disability in young adults in developed
countries. It is an autoimmune CNS disease that has long
been thought to be primarily characterized by inflamma-
tion and demyelination [28]. The disease usually begins
with attacks of neurological dysfunction, such as loss of
vision in one eye (involvement of an optic nerve) and/or
weakness (corticospinal tracts of brain or spinal cord).
Here, our study demonstrates that the optic neuritis
caused by A. cantonensis results in pathological alterations
and clinical manifestations, such as ganglion cell loss, de-
myelination and prolonged VEP latency, which are similar
to MS [20]. This implies that the optic neuritis caused by
A. cantonensis or by MS may have some connecting links.
It has been reported that helminthes may be a potential
immunological therapy for MS. Helminthes invade a host
and induce abnormal immunoregulation which could be
used to treat MS [29]. A. cantonensis is a type of helminth,
but it invades the CNS directly causing symptoms similar
to MS, thus it may aggravate MS instead of treating it.
Although the nosogenesis of both diseases are very dif-
ferent, the methods to relieve symptoms used in MS
therapy, such as combining neuroprotective agents with
Dexamethasone treatment and interferon treatment, may
provide new ways to treat optic neuritis caused by A. can-
tonensis [30-32].

Conclusions
The above results indicate that A. cantonensis infection
can cause optic neuritis and that TBD is an effective an-
thelmintic agent that could be used to treat this disease
as it can effectively lessen the symptoms of optic neuritis.
However, TBD is not an effective therapy for recovering
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vision. We suggest that TBD combined with a neuropro-
tective agent and Dexamethasone may provide better and
more effective treatment for optic neuritis caused by A.
cantonensis. Combining these treatments may help to pre-
vent secondary injuries caused by A. cantonensis and may
lessen other serious sequelae in the ocular region, such as
visual impairment even vision loss. This will ultimately
improve the quality of life for patients who suffer from
this type of disease. Finally, due to the similarity of A.
cantonensis and MS symptoms, therapies used for MS
may also be helpful for treating optic neuritis caused
by A. cantonensis.
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