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It has not been reported that administration of combining rabies vaccines and immunoglobulin resulted in acute
disseminated encephalomyelitis (ADEM) yet. This report described that an old man acquired ADEM after being
administrated with purified Vero cell rabies vaccine (PVRV) and Human Rabies Immunoglobulin (HRIG). Then he was
given intravenous and oral glucocorticoids. Simultaneously, rabies vaccination was continued with purified Chick
embryo cell vaccines (PCECV) instead of PVRV. Furthermore, we analyzed the rabies virus neutralizing antibodies (RVNA)
levels in the patient’s blood at different time points after rabies vaccination. Collectively, we observed that PCECV
vaccination did not affect the prognosis of ADEM, and glucocorticoid was crucial and effective, which had no significant
influence on efficacy of PCECV.

Introduction

Rabies, also known as hydrophobia disease, is an acute zoo-
notic-infectious disease caused by the rabies virus (RABV). Peo-
ple may be infected after exposure to infected animal saliva,
through bites, licks and scratches. It is reported that about
55,000 people per year globally die of rabies and there is a death
per 10 minutes.1 Unfortunately, it has a case fatality rate of
almost 100%. Consequently, post-exposure prophylaxis (PEP) is
among the most important measures for prevention of rabies.
PEP consists of wound cleaning, rabies vaccination and passive
immunization with rabies immune globulin, if necessary.2 In the
early period, rabies vaccines were made from rabies virus-infected
animals’ spinal cords or brains,3 which caused various and severe
adverse events on account of high levels of myelin. In the modern
times, cell culture derived vaccines including human diploid cell
vaccine (HDCV),4,5 purified Chick embryo cell vaccines
(PCECV),6 and purified Vero cell rabies vaccine (PVRV)7,8 are

generally acknowledged to have high safety and immunogenicity.
And PVRV is approved and widely used in our country. These
vaccines cause rarely post-vaccination autoimmune response
depending in part on the purity of the inactivated rabies viruses.
Although, there are still some reports that delineate extensive
neurological complications following rabies vaccination such as
acute disseminated encephalomyelitis (ADEM),9 optical neuro-
myelitis, etc. Once these neurological complications occur, high-
dose steroid therapy is very essential to the patients, whereas glu-
cocorticoids are considered to suppress patients’ immune system,
thereby leading to the failure of rabies vaccination. So rabies vac-
cination (mainly for PVRV) should be delayed for the patients
who receive corticosteroids or immunosuppressive agents in
Pharmacopoeia of the People’s Republic of China (PPRC, 2010
Edition). Therefore, in this study we intend to observe whether
steroids therapy has a significant effect on rabies vaccination
through analysis of RVNA of the patient with post-vaccination
ADEM.
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CASE REPORT



Case Report

A 73-year-old male presented with complaint of seizures,
characterized by 4 episodes of transient unconsciousness and gen-
eralized convulsion. Over the past decades, he never had been
hospitalized because of any diseases, and he received no blood
transfusion, surgery, or long-term medication. And there was no
special medical history but occasional colds in the past. He had
suffered a dog bite on the right lower extremity 1 day prior to
admission. And the level of exposure was identified as Category
III according to World Health Organization recommendations.
Following the bite, the first 2 doses of PVRV (1.0ml) were
injected in his left deltoid, and Human Rabies Immunoglobulin
(HRIG, 20IU/kg, 1100IU totally) was injected around his
wound and in the muscles of his right lower extremity within
3 hours. Four hours later, the patient underwent loss of con-
sciousness and generalized convulsion. And no symptoms of
fever, headache, vomiting and paralysis were complained. On
admission, neurologic examination revealed nothing but sponta-
neous positive Babinski’s sign of bilateral lower limbs. Computed
tomography (CT) of head was taken one hour later in the local
hospital, which showed no abnormality. Based on the symptoms,

signs, history in the past and result of CT
above, he was initially diagnosed as "Sec-
ondary epilepsy." Then the patient
received series of blood tests. White cell
count was normal in blood routine. C-
reactive protein (CRP) was less than
3.34 mg/L (normal value< 8.00 mg/L).
Erythrocyte sedimentation rate (ESR) was
2mm/h (normal value<15mm/h). Rheu-
matoid factor was less than 10.4 IU/ml
(normal value<15.9 IU/ml). Anti-strepto-
lycin O (ASO) was less than 54.1IU/ml
(normal value<200.0 IU/ml). Antineu-
trophil cytoplasmic antibodies (ANCA)
were within normal limits. Then electro-
encephalography (EEG) examination and
lumbar puncture was respectively com-
pleted at 24 hours after admission. EEG
demonstrated diffuse generalized slow
background activity. And cerebrospinal
fluid (CSF) examinations including con-
ventional, biochemistry and cytology were
completely normal. On the third day after
admitted, he took the imaging examina-
tion. Brain magnetic resonance image
(MRI) showed multifocal and patchy
hyper-intense signals at white matter of
bilateralfrontal, parietal lobes and centrum
semiovale as well as around the lateral ven-
tricle on T2-weighted (T2W) and fluid-
attenuated inversion recovery (FLAIR)
sequences (seen in Fig.1). Spinal cord
MRI demonstrated no abnormal signals.
Taken together, these features were sug-

gestive of ADEM. In view of demyelinating disease the patient
was treated with 15mg intravenous dexamethasone per day for 5
consecutive days, followed by 10mg for 3 days and then 5 mg
for 3 days. Then oral tablet prednisolone was administrated
instead and the doses of steroids were gradually tapered. Besides,
he was given 20% mannitol and oral anti-epileptic drug. The
patient was followed up for one year, when he was seizure-free.
And he did not take any imaging and laboratory examinations
during this one-year period.

Immunogenicity Results

The immunogenicity analysis was completed using the
homologous rapid fluorescent focus inhibition test (RFFIT)
results. RVNA titer on 0d was 69.7 IU/ml, which may be attrib-
uted to the passive immune response of HRIG. Then the anti-
body level decreased dramatically from the maximum to
12.9 IU/ml (3d) and 1.8 IU/ml (7d). Following the third vaccine
dose on day 7, there was a considerable increase in antibody titer.
And the growing antibody titers on 14d (2.5 IU/ml) and 30d
(4.5 IU/ml) indicated that positive immune started to work.
While RVNA titers had begun to reduce again since 30d,

Figure 1. MRI brain showing multifocal and patchy hyper-tense lesions in white matter of bilateral
frontal, parietal lobes and centrum semiovale as well as around the lateral ventricle in asymmetric
pattern on T2W or FLAIR.
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reaching the minimum 1.74 IU/ml (187d). In addition, we
observed that RVNA titers in our patient’s sera were compara-
tively lower than that of control10 from 14d to 180d, but all of
them were above 0.5 IU/ml. (seen in Fig.2)

Discussion

ADEM is an acute inflammatory demyelinating disorder of the
central nervous system that often follows viral infection or vaccina-
tion.11 Its etiology mainly consists of infection and immunization.
Cases of post vaccination account for about 5% of all ADEM ones
and several vaccines have been described to be related to this condi-
tion.12 Clinical diagnosis of ADEM is based upon a combination of
clinical, radiologic features and exclusion of other diseases that
resemble the disease.13 In this report, our patient was clinically diag-
nosed with post-immunization ADEM based on the history, clinical
findings, laboratory and neuroimaging findings.

At the moment of being admitted, the patient was considered
as “secondary epilepsy.” Subsequently, the patient received series
of blood tests, CSF, electrophysiological and imaging examina-
tion for etiologic diagnosis during hospitalization. Seizures, char-
acterized by general convulsion with concomitant alteration of
consciousness, were indicative of diffuse or global cortical dys-
function, which is the manifestation of encephalopathy.14 It is

widely recognized that encephalopathy
is proposed to be a required criterion
for ADEM.. Also, MRI is the imaging
modality of choice for demonstrating
the lesions of demyelinating diseases.
T2W and FLAIR images demonstrated
bilateral asymmetric, patchy, increased
signal intensities in the white matter of
frontal-parietal and centrum semiovale,
which was consistent with typical
lesions in ADEM patients.15 In addi-
tion, patterns and waveforms demon-
strated on EEG may be suggestive of
subsequent seizure. The majority of
ADEM cases are attributed to a post-
infectious etiology, but our patient had
no infecting sign before admission.
And there was no positive outcome
indicating inflammation in his body in
laboratory investigation. Most impor-
tantly, his CSF examination was nega-
tive, indicating impossibility of
encephalitis that was caused by patho-
gen infection. At the same time, all
these findings also indicated no possi-
bility of meningoencephalitis. And the
patient’s clinical manifestation and
imaging finds were inconsistent with
those of patients with acute cerebral
infarction. The favorable outcome of
our patient may be explained by the
preservation of axons despite the occur-

rence of marked demyelination. Besides, in view of our patient’s
history, he did not be exposed to any drugs (immunosuppressive
or chemotherapeutic agents, antiepileptic drugs, or heroin), met-
als (lead, manganese, or mercury), or industrial and environmen-
tal chemicals (solvent or carbon monoxide) lately. Hence, we
speculated that demyelinating injury was induced by PVRV and
HRIG. To our knowledge, this is the first case report about
ADEM following administration of both PVRV and HRIG
simultanously. Nevertheless, it was quite essential for the patient
to continue the vaccination for the reason that the dog was highly
doubted infection of rabies virus. As was mentioned above, injec-
tion of PVRV was advised to postpone when the patient was
treated with corticosteroids in PPRC (2010 edition). So we
replaced PVRV with PCECV. In the meanwhile, treatments for
ADEM were started.

Based on the presumed autoimmune etiology of ADEM, the
common treatment approach is administration of corticosteroid.
High-dose corticosteroids like intravenous methylprednisolone, fol-
lowed by an oral taper, are widely considered as first-line treatment
for the acute phase of ADEM. Therefore, the patient was treated
with intravenous dexamethasone, followed by oral prednisolone
with subsequent tapering over several weeks. During the period of
subsequent one-year follow up, there was no relapse in our patient,
suggesting that PCECV had no impact on the prognosis of ADEM.

Figure 2. Gray part of the blue line meant that steroids were used in this period(dexamethasone, intra-
venously, 15mg/d for 5 days, followed by 10mg/d for 3 days and then 5 mg/d for 3 days). Besides, the
data of the control came from a published paper and were put here just as a reference but not a real
’control’. In the table above, the data of a third group named “Essen” were from one of our previous
studies.20 Here they were considered as reference to our case, because RVNA levels of both groups
were detected by the same method and in the same laboratory.
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In addition, the monophasic course of the disease was in favor of
identification of ADEM andmultiple sclerosis (MS).16

It is well known that glycoprotein is the only surface-exposed
protein on the rabies virus particle,17,18 and a number of antigenic
sites to which neutralizing monoclonal antibodies bind have been
identified on this protein. Thus the key target for antibodies is virus
glycoprotein. And the titer of RVNA, which reflects partly humoral
and cell immunity in people after vaccination, is an important
parameter for evaluating the efficacy of the immunization vaccine
for either pre-exposure or post-exposure prophylaxis for rabies.
Therefore, we detected RVNA titers of our patient at 7 different
time points by RFFIT, the gold standard for testing the neutralizing
antibodies currently.19 We found that our patient’s antibody levels
decreased indeed, compared with those of patients without treat-
ment of glucorticoids as control and the findings in our previous
study.20 Accordingly, we contributed the decrease of RVNA to nega-
tive effect of glucocorticoids on post-vaccinating immune response.
They could suppress both cellular and humoral immunity through
different pathways, thereby inhibiting antibody production. Never-
theless, 7 titers of vaccine-induced RVNA were all above the range
of protective antibodies (�0.5 IU/ml), showing that steroids had no
significant effect on protection of these vaccines against rabies. Addi-
tionally, we observed that trend of our patient’s RVNA levels was
almost consistent with that of the subjects in control group, which
might result from repeated administration of rabies vaccines
(6 times/7 doses, together). Here we emphasized that the data of the
control were cited here only as a reference but not a real control.
However, we also observed that RVNA titer on 0d was 69.7 IU/ml.
The antibody level was quite high and we attributed it to the follow-
ing aspects. Actually, the ’0d’ was the third day after injection of
HRIG and PVRV. These time points (0, 3, 7, 14, 30, 96 and 187d)
began at administration of PCECV. Moreover, our way that most
of HRIG was injected intramuscularly was in part different from
other researchers’ way of local infiltration around the wound. So we
deemed that the RVNA level increased significantly due to absorp-
tion of HRIG into his blood but not induction of PVRV or
PCECV.

To sum up, we reported that a man got ADEM following both
PVRV and HRIG. Then intravenous and oral steroids therapy was
rather essential and effective for him. And administration of PCECV
did not affect prognosis of ADEM. Furthermore, we observed that
steroids definitely had suppressed production of RVNA but the anti-
body levels hadmaintained within the range of protective ones. That
was to say, rabies vaccines could induce the patient’s adequate

immune response for protection against rabies when steroids were
used at the same time. However, this is just a preliminary observa-
tion of a single case. Therefore, more cases need to be collected and
more work need to do for sufficient evidence of a general conclusion.

Materials

PCECV manufactured by factories of Novartis located in
India, lot number (s20100074), with an antigen content of 7.0
IU per 1.0 ml ampoule; PVRV manufactured in China, with an
antigen content of 7.5 IU per 1.0 ml ampoule; HRIG made in
China, administered at 20 IU per kg of body weight (total dos-
ages of 1100IU); reference serum, 30IU/ml, from the second
International Standard（NIBSC/WHO）; fluorescent antibody,
from Millipore, Catalog Number 5100.

Methods

The patient’s rabies vaccination had not yet been completed
before he was admitted. Subsequently, he was vaccinated with
PCECV in 1.0ml dose at one site on days 0, 3, 7, 14, 30 as Essen reg-
imen21,22 instead of PVRV which was administrated 3 days ago.
Then serum samples were collected respectively on days 0, 3, 7, 14,
30, 96 and 187 (Here it was worth noting that these time points
started from the first injection of PCECV). Finally, RVNA in the
isolated sera were measured by rapid fluorescent focus inhibition
test (RFFIT).23 Briefly, a constant dose of previously titrated, cell
culture adapted, challenge virus (CVS-11) was incubated with serial
dilution (one of third dilution, from 1/3 to 1/6561) of the sera to be
titrated. A reference serum of known titer was included in each test.
After one hour of incubation at 37 �C, BSR cells (clone BHK21)
were added in each well. After 24 h incubation, the estimation of
the percentage of infected cells for each dilution of the sera allowed
determination of the titer of the unknown sera by comparing with
the reference serum. Meanwhile, one of reference sera that we
bought was sent to National Centers for Disease Control (NCDC)
in China for testing the antibody level to avoid deviation. Titers of
sera were expressed as International Units per milliliter (IU/ml).
Sera with titers �0.5 IU/ml, the WHO recommended protective
level, were considered as positive.
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