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Summary: The etiology of Parkinson’s disease remains unknown, and a search 
for environmental agents continues. In 1985, Fishman (10) induced infection of 
the basal ganglia by a coronavirus in mice. Although coronavirus is recognized 
primarily as a respiratory pathogen in humans, its affinity for the basal ganglia 
led us to investigate its possible role in human Parkinson’s disease. The cere- 
brospinal fluid of normal controls (CTL) (n = 18), and patients with Parkin- 
son’s disease (PD (n = 20) and other neurological disease (OND) (n = 29) was 
analyzed in a blinded manner by enzyme-linked immunosorbent assay [mea- 
surements in optical density (OD) units] for antibody response to four coro- 
navirus antigens: mouse hepatitis virus JHM (J) and A59 (A), and human 
coronavirus 229E (E) and OC43 (0). When compared with CTL, PD patients 
had an elevated (p < 0.05) mean OD response to J (0.0856 VS. 0.0207) and A 
(0.1722 vs. 0.0636). Response (p > 0.05) to 0 (0.0839 vs. 0.0071) was greater 
than that to E (0.1261 vs. 0.0743). When compared to OND, PD patients had 
an elevated mean OD response to J (0.0856 vs. 0.0267, p < 0.05). Responses (p 
> 0.05) to A (0.1722 vs. 0.0929) and 0 (0.0839 vs. 0.0446) were greater than that 
to E (0.1261 vs. 0.0946). These results suggest that there may be an association 
between coronavirus and PD. Key Words: Parkinson’s diseas+Coronavirus- 
Environmental factors. 

The etiology of Parkinson’s disease (PD) remains 
unknown, although it is probable that there exists a 
multitude of environmental agents that have in com- 
mon a selective affinity for the substantia nigra (1- 
3). Viruses that have been implicated in causing en- 
cephalitis and parkinsonism include those responsi- 
ble for the epidemic in the early 1900s (1916-1930) 
known as von Economo’s encephalitis, western 
equine, coxsackie, and Japanese B viruses (4). 

Coronaviruses are a group of RNA-containing vi- 
ruses named for their widely spaced, club-shaped 
surface projections. Coronaviruses were first iso- 
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lated from humans in the mid-1960s in patients with 
the common cold (5).  There are at least 10 species 
that have been identified, including human corona- 
virus (HCV), murine hepatitis virus (MHV), bovine 
coronavirus (BCV), haemagglutinating encephalo- 
myelitis virus (HEV) of pigs, infectious bronchitis 
virus (IBV) of chicken, turkey coronavirus (TCV), 
and others (6,7). There are three distinct antigenic 
groups into which the 10 species are classified; 
HCV of the OC43 strain bear antigenic resemblance 
to the first group (along with MHV, BCV, and 
HEV), whereas those HCV of the 229E strain share 
common antigens with the second group (8). Coro- 
naviruses are capable of producing both acute and 
chronic persistent infections in humans and ani- 
mals; natural transmission between species is pos- 
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sible leading to clinically inapparent or atypical in- 
fections (9). 

In 1985, Fishman et al. (10) reported a selective 
affinity of coronavirus MHV-A59 for the basal gan- 
glia in C57 Black mice. Mice were observed to have 
a hunched posture with marked locomotion diffi- 
culty. Death due to encephalitis or hepatitis usually 
occurred within 2 weeks. Animals demonstrated ex- 
tra- and intracellular vacuolation, neuronal loss, 
and gliosis in the substantia nigra and subthalamic 
nucleus. 

It had been previously thought that only the JHM 
strain of MHV was capable of infecting neurons, 
producing demyelination and encephalitis (1 1). In 
1955, Kersting and Pette demonstrated that MHV- 
JHM was capable of causing localized infection of 
the basal ganglia in monkeys (12). The findings of 
Fishman et al. (10) raised the possibility that other 
species of coronaviruses might also have the pro- 
pensity to induce parkinsonism. The present inves- 
tigation was undertaken in order to determine if pa- 
tients with Parkinson’s disease had any evidence of 
central nervous system infection with coronavi- 
ruses. 

MATERIALS AND METHODS 

Viruses and Cells 
For this study, HCV-229E was grown on mono- 

layers of L132 cells (13). The HCV-OC43 was prop- 
ogated on HRT cells (14). The identity of these vi- 
ruses was confirmed in binding assays with the use 
of reference antisera (nos. V-361-501-588 and 
V-360-701-562; National Institutes of Health, Be- 
thesda, MD, U.S.A.). The MHV-JHM and MHV- 
A59 were grown on DBT cells as previously 
described (15). Each virus was prepared under se- 
rum-free conditions. Supernatants from infected 
cultures were clarified by centrifugation at 400 g for 
10 min and stored at -70°C until use. 

PATIENT CEREBROSPINAL FLUID SAMPLES 
A total of 67 samples of cerebrospinal fluid (CSF) 

obtained from the tissue bank at the Neurological 
Institute of Columbia Presbyterian Hospital were 
used for this study. All samples (the second aliquot 
of 10 ml) were collected by lumbar puncture after an 
overnight rest. Twenty samples were from patients 
diagnosed as having classical PD, and 18 were from 
normal age-matched controls. In addition, the fol- 
lowing other neurological disease (OND) samples (n 
= 29) were tested: myoclonus (n = 5 ) ,  postanoxic 

dystonia (n = l), hereditary ataxia (n = 2), tardive 
dystonia (n = l), tardive dyskinesia (n = l),  head 
injury-induced tremor (n = l),  psychogenic tremor 
(n = l), atypical parkinsonisnldystonia (n = 12), 
multiple sclerosis (n = 2), progressive supranuclear 
palsy (PSP) (n = l),  dystonia with basal ganglia 
calcification (n = l), and Charcot Marie Tooth dis- 
ease (CMT) (n = 1). Atypical parkinsonism refered 
to patients with parkinsonism that did not represent 
any of the well-defined clinical entities; these pa- 
tients did not have classical idiopathic PD because 
of other associated neurological signs and symp- 
toms and/or unusual progression. All samples were 
stored at - 70°C. The samples were heat-inacti- 
vated (56°C for 30 min) before use. 

ANTIBODIES 
All monoclonal antibodies used were produced in 

the laboratory of Dr. Fleming at the University of 
Southern California (Los Angeles, CA, U.S.A.). 
The production and characterization of monoclonal 
antibodies against MHV-JHM and MHV-A59 have 
been described (16,17). Detailed analyses of mono- 
clonal antibodies reactive with HCV-229E and 
HCV-OC43 are presented elsewhere (18). Although 
the monoclonal antibodies to HCV-229E are not yet 
fully characterized, radioimmunoprecipitations in- 
dicate that all three major structural coronavirus 
proteins (El,  E2, and N) are recognized by the 
panel of monoclonal antibodies to MHV-JHM, 
MHV-A59, and HCV-OC43. Mouse antisera 
against MHV and HCV were prepared by hyper- 
immunization with viruses propagated in serum- 
free media. 

BINDING ASSAYS 
The relative binding of monoclonal antibodies to 

different coronaviruses were assessed by enzyme- 
linked immunosorbent assay (ELISA), as previ- 
ously described (19). Human coronaviruses 229E 
and OC43, as well as mouse coronaviruses JHM 
and A59, were produced during infections of tissue 
cultures under serum-free conditions. Approxi- 
mately 10,000 plaque-forming units of clarified virus 
were added to each well of a polystyrene microtiter 
plate and absorbed overnight at 4°C. After washing 
the plates, each well received 25 pl of undiluted 
CSF, followed by secondary antibody (goat anti- 
human IgG, horseradish peroxidase conjugated) 
(Kierkegaard and Perry, Gaithersburg, MD, 
U.S.A.), substrate-chromogen (o-phenylenedia- 
mine and H202), and 2 M H,SO,, successively, with 
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washes between each step. The absorbance of each 
sample was read at 490 nm and expressed in terms 
of optical density units (OD) after correction for 
background binding by subtracting the OD obtained 
when viral antigen was omitted from the assay. All 
assays were performed in duplicate, and experi- 
menters were blinded as to the diagnosis associated 
with each separate CSF sample. 

We were unable to obtain paired human serum 
samples that, when diluted, would serve as appro- 
priate controls, since epidemiological surveys have 
shown that most subjects are seropositive by adult- 
hood (20-23). Instead, monoclonal antibodies spe- 
cific for HCV and MHV were used as positive an- 
tibody controls (24). 

Samples were individually analyzed, and an OD 
reading was recorded in blinded fashion. As paired 
human sera was not available, a “true” index rep- 
resenting intrathecal antibody synthesis could not 
be calculated. In order to exclude samples in which 
a breakdown of the blood brain barrier might spu- 
riously elevate CSF antibody titers, CSF albumin 
was determined by ELISA so that samples associ- 
ated with elevated albumin values could be ex- 
cluded. This assay was a modification of the ELISA 
above, using human serum albumin as antigen and 
rabbit anti-human serum albumin (Sigma, St. Louis, 
MO, U.S.A.) as the primary reference antibody. 
Goat anti-rabbit IgG conjugated to horseradish per- 
oxidase (Kierkegaard and Perry) was used as the 
secondary antibody. By using varying amounts of 
human serum albumin and a fixed concentration of 
anti-human serum albumin antibody, a reference 
curve for CSF albumin over the range &250 mg/dl 
was obtained and used to quantitate unknown CSF 
samples. 

Patient samples with CSF albumin values of > 100 
mg/dl were excluded, as it was assumed that this 
would be evidence of a damaged blood-brain barrier 
and antibody response would reflect peripheral (se- 
rum) and not central nervous system tissue expo- 
sure by coronavirus. All values are listed in Tables 
1 4 .  By excluding samples with albumin of >lo0 
mg/dl, this dropped the number of samples analyzed 
from 20 to 18 for patients with PD, 18 to 14 for 
age-matched controls, and 29 to 24 for patients with 
other neurological disease. 

RESULTS 

When all three groups were studied using analysis 
of variance statistical programs for all four viral an- 

TABLE 1. CSF antibody response to coronaviruses in 
patients with Parkinson’s disease 

Coronavirus types (optical density units) 
Albumin 

MHV-JHM MHV-A59 HCV-OC43 HCV-229E (rng/dl) 

0.00 0.09 0.00 0.07 < 20 
0.00 0.04 0.00 0.00 <20 
0.00 0.07 0.00 0.00 30 
0.07 0.28 0.00 0.00 60 
0.17 0.37 0.24 0.40 28 
0.25 0.60 0.61 0.00 <20 
0.00 0.03 0.02 0.04 20 
0 .oo 0.00 0.00 0.35 235 
0.00 0.00 0.00 0.00 20 
0.05 0.05 0.00 0.00 < 20 
0.02 0.20 0.00 0.15 38 
0.33 0.26 0.12 0.40 47 
0.26 0.22 0.13 0.33 50 
0.1 1 0.18 0.08 0.03 80 
0.07 0.16 0.00 0.10 140 
0.00 0.02 0.00 0.00 <20 
0.26 0.39 0.31 0.30 20 
0.01 0.00 0.00 0.00 34 
0.00 0.02 0.00 0.00 26 
0.01 0.28 0.00 0.75 48 

tigens HCV-OC43 (0), HCV-229E (E), MHV-JHM 
(J), and MHV-A59 (A), there was a very strong 
trend towards significance (p = 0.0603). When an- 
tibody response to HCV-229E was excluded (coro- 
navirus HCV-229E belongs to a different antigenic 
group than J, A, or 0), the overall significance in- 
creased (p = 0.035). Student-Newman-Keuls pro- 
cedure was used to detect groups that significantly 
differed. 

TABLE 2. CSF antibody response to coronavirus 
in controls 

~ 

Coronavirus types (optical density units) 
Albumin 

MHV-JHM MHV-A59 HCV-OC43 HCV-229E (mg/dl) 

0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.09 
0.00 
0.02 
0.02 
0.00 
0.00 
0.02 
0.00 
0.00 
0.11 
0.02 
0.11 

0.00 
0.07 
0.04 
0.10 
0.00 
0.00 
0.23 
0.16 
0.25 
0.25 
0.00 
0.00 
0.09 
0.00 
0.00 
0.25 
0.04 
0.17 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
0.00 
0.02 
0.02 
0.00 
0.00 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.18 
0.20 
0.17 
0.64 
0.00 
0.00 
0.00 
0.03 
0.00 
0.00 

<20 
180 
24 
24 
60 
28 

235 
240 
240 

10 
20 
85 
30 

<20 
35 
44 
40 
47 
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TABLE 3. CSF antibody response to  coronavirus in patients 1-14 with other neurological disease 

Coronavirus types (optical density units) 
Albumin 

MHV-JHM M H V - A 5 9 HCV-OC43 HCV-229E (mddl) Diagnosis 

0.00 0.00 0.33 0.24 70 Segmental myoclonus 
0.00 0.33 0.05 0.00 35 Postanoxic myoclonus 
0.19 0.45 0.35 0.30 <20 Myoclonic epilepsy 
0.00 0.08 0.00 0.00 < 20 Idiopathic myoclonus 
0.00 0.00 0.00 0.00 18 Ramsay Hunt syndrome 
0.00 0.00 0.00 0.05 30 Postanoxic dystonia 
0.00 0.00 0.00 0.00 < 20 Cerebellar degeneration 
0.08 0.15 0.00 0.48 15 Cerebellar degeneration 
0.00 0.13 0.05 0.27 <20 Tardive dyskinesia 
0.00 0.00 0.00 0.00 <20 Tardive dystonia 
0.00 0.12 0.00 0.19 70 Head injury, tremor 
0.00 0.06 0.00 0.00 < 20 Psychogenic tremor 
0.02 0.09 0.00 0.05 <20 Atypical parkinsonism 
0.00 0.00 0.00 0.00 <20 Atypical parkinsonism 

Parkinson’s disease patients had a significantly 
higher (p < 0.05) mean antibody response to MHV- 
JHM (0.0856 mean OD units) than either controls 
(0.0207) or patients with OND (0.0267). Patients 
with PD also had a significantly elevated (p < 0.05) 
mean antibody response to MHV-A59 (0.1722) than 
controls (0.0636), and there was a strong trend to- 
wards a significantly greater response than patients 
with OND (0.0929). 

The antibody response of PD patients to HCV 
(0.0839 for 0 and 0.1261 for E) was also greater than 
that of controls (0.0071 and 0.0743, respectively) 
and patients with OND for 0 and E (0.0446 and 
0.0946, respectively), but, although this approached 
significance, the p value was >0.05. It was noted 
that antibody response was greater to HCV-OC43 
than HCV-229E. 

DISCUSSION 

The present study demonstrates that when com- 
pared to normal age-matched controls, PD patients 
have an elevated cerebrospinal fluid antibody re- 
sponse, as measured in mean optical density units 
by ELISA, to coronaviruses MHV-JHM and MHV- 
A59. This elevated response to MHV-JHM of pa- 
tients with PD was also seen in comparison to pa- 
tients with other neurological disease. It was noted 
that even when individual values were not signifi- 
cant, PD patients collectively demonstrated a 
greater mean elevation to MHV-A59, HCV-OC43, 
and HCV-229E than controls and patients with 
OND. In addition, the response was greatest for 
coronavirus antigens of the J, A, and 0 group than 
the E group. 

TABLE 4. CSF antibody response to coronavirus in patients 15-29 with other neurological disease 

Coronavirus types (optical density units) 
Albumin 

MHV-JHM MHV-A59 HCV-OC43 HCV-229E (mddl) Diagnosis 

0.00 0.12 0.00 0.01 40 Atypical parkinsonism 
0.00 0.00 0.00 0.00 35 Atypical parkinsonism 
0.08 0.09 0.00 0.10 140 Atypical parkinsonism 
0.08 0.13 0.00 0.05 90 Atypical parkinsonism 
0.03 0.15 0.00 0.00 17 Atypical parkinsonism 
0.00 0.01 0.00 0.10 200 Atypical parkinsonism 
0.01 0.14 0.00 0.00 60 Atypical parkinsonism 
0.07 0.00 0.00 0.00 68 Atypical parkinsonism 
0.00 0.00 0.00 0.07 125 Atypical parkinsonism 
0.01 0.00 0.00 0.02 50 Atypical parkinsonism 
0.00 0.06 0.09 0.27 < 20 Multiple sclerosis 
0.27 0.33 0.03 0.28 240 Multiple sclerosis 
0.10 0.15 0.23 0.16 < 20 PSP 
0.00 0.00 0.00 0.00 150 Basal ganglia calcification 
0.05 0.07 0.00 0.18 61 CMT 
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It has been demonstrated that MHV-JHM is a 
neurotrophic virus and has a selective affinity for 
the substantia nigra in primates (12). Although these 
results are indirect evidence of coronavirus infec- 
tion, they do raise the possibility that there exists 
some strain of coronavirus in the same antigenic 
group as MHV-JHM (MHV-A59, HCV OC43, 
BCV, HEV, and/or other as yet uncharacterized 
human coronaviruses)-or MHV-JHM itself-that 
may be exerting a toxic effect on the neurons of the 
substantia nigra in humans and that, over a long 
period, might contribute to the development of Par- 
kinson’s disease. Epidemiological studies have in- 
dicated that living in a rural environment (farming) 
is associated with a greater risk of developing Par- 
kinson’s disease (25-27). Interspecies viral trans- 
mission of coronaviruses may occur from poultry, 
cattle, pigs, or other animals to humans, and may 
underlie this epidemiological correlation. 

Studies of the epidemiology of coronaviruses (20- 
23) provide further insight into the potential of these 
viruses to produce chronic sustained recurrent in- 
fections. Coronaviruses in humans produce 20-50% 
of the upper respiratory tract infections (URTI) 
known as “common colds.” Respiratory tract anti- 
gen excretion usually continues for 18 days but has 
been reported to continue for as long as 2 months. 
In cases of presumed coronavirus-induced gastro- 
enteritis, antigen excretion in feces may persist for 
several months. When antibody levels have been 
observed to rise in human URTI, they do not return 
to baseline for 4-8 months. This circulating serum 
rise of antibody to a particular strain of HCV (there 
have been 23 strains of HCV isolated so far: 9/23 
related to MHV, and 14/23 related to 229E) is sur- 
prisingly not protective since 81.5% of infections 
recur despite the presence of previous infection and 
antibody formation. Antibody levels measured in 
sera are directly correlated with age; that is, there is 
an accumulated exposure, which continues to rise 
during life. It is also of note that significant antibody 
rises (36% in adults and 40% in children) occur 
without any associated clinical symptoms of URTI; 
i.e., infection can be asymptomatic. 

It is possible that coronaviruses in the MHV and 
HCV-OC43 antigenic group may produce chronic 
intermittent damage to the dopamine-producing 
neurons of the substantia nigra in humans. This 
study provides evidence that Parkinson’s disease 
patients have an increase in anticoronavirus anti- 
bodies in CSF. A follow-up study using paired CSF/ 
sera would be necessary in order to provide defin- 

itive evidence of intrathecal antibody production. 
Demonstration of coronavirus antigen in brain tis- 
sue of patients with Parkinson’s disease is needed, 
as is further investigation of primate models of basal 
ganglia coronavirus infection in order to substanti- 
ate this indirect evidence of central nervous system 
coronavirus infection. 
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