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ELIMINATION OF THE EPIDEMIC OF
VILYUISK ENCEPHALOMYELITIS

The article presents data on the termination of the epidemic of Viliuisk encephalomyelitis (VEM) in the Republic of Sakha (Yakutia), Russian
Federation. VEM is a fatal chronic central nervous system disease that has claimed hundreds of lives. Originally found only in a small population
living in the Viliuisk ulus (a Siberian administrative district), VEM later spread to densely populated areas of Central Yakutia. The occurrence of
secondary cases among previously unaffected populations indicates that VEM was a transmissible disease with a mode of transmission charac-

teristic of other chronic infections.

Decrease in close contacts between patients during acute and subacute phases of VEM with the surrounding population through prolonged
hospitalization of patients in specialized medical institutions and improved social and hygienic living conditions in Yakut villages was followed by a
slow decline in new cases of VEM; incidence slowly decreased in the 1980s and 1990s, reaching zero in the 2010s. No new cases of VEM have
been reported since 2012. The elimination of the VEM epidemic prevented the disease from spreading into unaffected areas of Yakutia and other
parts of the Russian Federation and might well have kept it from introducing to the world yet another emerging infection.
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Introduction. VEM was first observed
about 170 years ago in several villages
around Lake Mastakh of the Viliuisk ulus
(a Siberian administrative district) [4].
Its presence in the area was later con-
firmed by a medical team [3]. Most likely,
the disease had smoldered for centuries
in small nomadic Siberian tribes. In the
1930s, the population of such tribes was
forcibly relocated to larger Yakut villages
on the other side of Viliui River in order
to organize collective farms. Doctors
began to notice that a fatal neurological
disease was occurring among the new
settlers. Contacts with VEM patients ex-
panded in the villages and farms, and, by
the 1950s, the number of new cases had
skyrocketed. In the 1960s, VEM spread
to neighboring areas along the Viliui Riv-
er, and then to densely populated indus-
trial areas of Central Yakutia, resulting in
an epidemic that was difficult to control
[18]. The greatest spread of VEM oc-
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curred during the period of intense and
well-documented migration of people af-
ter the end of the Second World War.

Systematic studies to understand the
nature of the VEM epidemic and prevent
its further spread were undertaken in the
1950s by Prokopiy Andreevich Petrov
[7, 8], who would turn 100 this year. P.A.
Petrov's research was supported and
continued by other investigators in the
following decades [6, 10, 15]. As part of
these studies, an unusual virus, termed
Viliuisk virus, was isolated from patients
[9]. Viliuisk virus cross-reacts with Thei-
ler's murine encephalomyelitis virus
(TMEV) in serologic tests [12], however,
the nucleotide sequences of the Viliuisk
virus differ from the classical representa-
tives of TMEV, therefore the Viliuisk virus
was renamed the Viliuisk human enceph-
alomyelitis virus (VHEV) and recognized
as a separate Theilovirus clade, the first
of a new group of human TMEV viruses
within the Theiler’s virus group [15]. The
etiologic relationship between VHEV and
VEM has never been established [13].

The objective of this study was to
analyze long-term epidemiological data
on the incidence and territorial distri-
bution of VEM and to evaluate the hy-
pothesis that the elimination of the VEM
epidemic resulted from preventing close
contacts between patients in the acute
and subacute phases of VEM and the
surrounding population. Opportunities for
close contacts were reduced by introduc-
tion of prolonged hospitalization of VEM
patients in specialized medical institu-
tions as well as by general improvement
of social and hygienic living conditions in
Yakut villages.

Materials and methods. Systematic
documentation and registration of VEM
cases began in 1951. Particular attention

was paid to the early identification of pa-
tients with suspected VEM. Complaints
of high fever and headache by a resi-
dent of an endemic village were sufficient
reason to consult a neurologist, and pa-
tients with neurological symptoms were
sent to one of two specialized hospitals:
the Neurological Department of the Vili-
uisk Regional Hospital (later the Viliuisk
Psychoneurological Hospital) or the De-
partment of Encephalitis of the Yakutsk
Republican Hospital (until 1998). Expedi-
tions of neurologists and epidemiologists
from Yakutsk and Moscow periodically
visited each settlement in the endemic
zone to identify new patients. In 1992, a
new State Program "Biology of Viliuisk
Encephalomyelitis" was adopted; it was
later closed, but, by order of the Ministry
of Health of the Sakha (Yakut) Republic
since 2000, all neurologists in the ulus are
required to submit reports on monitoring
of patients with chronic VEM. All patients
with suspected VEM still undergo inpa-
tient examination in the Neurological De-
partment of the Republican Hospital No.
2, Emergency Medical Aid Center (direct-
ed by Dr. L.T. Okoneshnikova). Diagnosis
of VEM is based on clinical examination
and investigations, including testing of
the cerebrospinal fluid, computed tomog-
raphy or magnetic resonance imaging of
the brain, and postmortem pathological
examination.

Clinical variants. Acute VEM is
characterized by prolonged fever (up to
several months), meningeal signs, lym-
phocytic pleocytosis in the cerebrospinal
fluid (CSF), and persistent neurological
signs, including ophthalmoparesis, spas-
tic tetraparesis and, in some cases, gen-
eralized tonic-clonic seizures. Subacute
VEM develops in patients who have sur-
vived the acute phase of the disease. It
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is a slowly progressive neurological syn-
drome with dementia, dysphagia, dysar-
thria, spastic tetraparesis or paraparesis
of the lower extremities, bradykinesia,
postural instability and muscle stiffness.
CSF pleocytosis with increased total pro-
tein concentration persists for months
or years. Magnetic resonance imaging
(MRI) shows signs of significant brain at-
rophy [5]. Patients usually die within one
to six years as disease progresses.

In some patients, the disease stopped
progressing at some point during the
subacute phase; in others the chronic
disease began gradually, without a rec-
ognized acute onset. Some such patients
lived with chronic VEM for the next 20,
30, or even 40 years in a state of pro-
found disability with cognitive impairment
and difficulty speaking and walking. The
VEM patient's appearance and behavior
took on characteristic features: abnormal
behavior with inappropriate laughter or
tears, a hunched posture, slow move-
ments. Residents of the affected villages
call this condition "bokhoror' meaning
"stiffness" in the Sakha language. Pa-
tients with chronic VEM eventually die,
most often from trauma, pneumonia, or
kidney failure.

The ratio between acute, subacute
and chronic forms VEM changed during
the epidemic; acute-onset cases pre-
dominated in the 1950s and 1960s [7, 8,
11]; in the 1970s, there were about the
same numbers of cases with acute and
insidious onsets of the disease. By the
1980s and 1990s, 80% of cases had in-
sidious onset, developing directly into a
chronic form of VEM [6].

In the CSF of patients with subacute
and chronic VEM, oligoclonal immuno-
globulins were detected by isoelectric
focusing and subsequent immunoblot-
ting with antibodies against human IgG,
a technique used as a useful diagnostic
test to differentiate VEM from non-in-
flammatory syndromes. Detection of IgG
bands had a diagnostic sensitivity of 93%
with a specificity of 80% [14]. Oligoclonal
IgG bands persisted in CSF up to three
decades after the onset of the disease.

Postmortem studies of VEM patients
showed multiple micronecrotic lesions
surrounded by T- and B-lymphocytes
and reactive astrocytes in brains. Such
lesions were present in the cerebral cor-
tex, basal ganglia, cerebellum and brain-
stem; massive loss of neurons (by lysis)
and dystrophic changes in the preserved
nerve cells were found inside and outside
the necrotic foci [17]. Small blood vessels
are surrounded by inflammatory cuffs
consisting of activated T-lymphocytes,
natural killer cells, and killer-like cytotoxic

T-lymphocytes [1]. With the transition to
a chronic course, fibrous meninges and
adhesions appeared, impeding the circu-
lation of cerebrospinal fluid and leading
to hydrocephalus and cerebral atrophy.
Acute, subacute, and chronic VEM were
clearly phases of the same underlying
disease with differences corresponding
to the rate of progression. Inflammatory
changes or their consequences can be
observed at each phase.

Thus, we have developed strict criteria
for the diagnosis of VEM, excluded dis-
eases of a different nature, and created
an electronic database containing 356
cases that met the diagnostic criteria for
definite VEM.

Statistical analysis. The average in-
cidence rates of VEM were determined
based on the number of new cases rec-
ognized within each decade: 1940-49,
1950-59, 1960-69, and so on. The pop-
ulation size was estimated by interpolat-
ing the census data of the Republic of
Sakha (Yakutia) for 1949, 1954, 1959,
1970, 1979, 1989, 2002 and 2010. The
territorial distribution of VEM was deter-
mined using Google Earth (http://earth.
google.com/) by measuring the distance
between the patient’s place of residence
and the epicenter (Lake Mastakh in the
Vilivisk ulus). Student's t-test was used to
determine the significance of differences
between observed estimates of epidemi-
ological parameters.

Results and discussion. During the
course of this long-term study, we found
that patients with definite VEM were al-
most all ethnic Sakha (Yakut), with the
exception of six Evenk and eleven pa-
tients born of Sakha-Evenk marriages.
All patients came from small villages. The
ages at disease onset ranged from 11 to
68 years. The average age at disease
onset increased from 30.2 (Cl 27.5-33.0)
years at the beginning of the epidemic to
37.1 (Cl 35.1-39.1) years at the peak of
the epidemic and remained at this lev-
el. The ratio of affected women to men
changed from 2:1 in the 1950s and 1960s
to about 1:1 in the following decades. The
average incidence of VEM in the Viliuisk
ulus reached the level of 286-840 cases
per 100 thousand population per decade
in 1940-1980. In other regions of the Re-
public of Sakha (Yakutia) taken together
it was 14 to 37 per 100 thousand per de-
cade. The peak incidence of VEM in the
Viliuisk ulus occurred in 1954, while in
other regions of the Republic it peaked
in 1976 (p <0.05). In the 1980s, VEM in-
cidence began to decline first, and some-
what faster, in the other regions of the
Republic of Sakha (Yakutia), followed lat-
er by a decline in the original endemic vil-

lages of Viliuisk ulus (Fig. 1). The decline
continued into the 1990s and the 2000s.

Since 2012, no new cases of VEM
have been reported in any part of the Re-
public. As of January 2020, only 24 pa-
tients from the VEM database remained
alive, all in advanced stages of chronic
VEM.

Trends in territorial spread. The
total number of villages affected by VEM
increased from four in the 1940s to 18 in
the 1950s and 52 in the 1970s. During
that time, the area of VEM distribution
increased 15 times. After the discovery
of very rich deposits of coal, metals,
oil and natural gas in other parts of the
Republic, people began to move from
Viliui  villages, further impoverished
during the war, to industrial townships
in Central Yakutia. VEM then appeared
among local residents of Central Yakutia,
most of whom had never been to Viliui.
By the 1970s, people throughout almost
the entire territory of Central Yakutia were
affected (Fig. 2).

The circles delineate areas of concen-
tration of 90% of new cases; the blue dots
in the centers of the circles represent the
geographic centers.

Mechanisms of transmission. P.A.
Petrov in early studies [7] noted that in
some affected families there were as
many as five patients with VEM. We in-
vestigated this phenomenon. Complete
family histories were obtained for 194
families of which 27 had more than one
VEM case, two per family in 24 and three
per family in three. Multiple cases of VEM
in the same household were observed
more often than expected based on ran-
dom distribution for both genetically re-
lated family members (p < 0.0001), and
adopted family members (p < 0.001). The
median incubation time between the on-
set of disease in the original case and that
in the secondary case was 14.1 years for
genetically related and 4.6 years for ad-
opted family members [13].

The sequence of events in these
families supports the view that VEM
was transmitted through prolonged in-
tra-household contact with a patient man-
ifesting the disease, sometimes passing
to unrelated persons in non-endemic re-
gions. However, the exact transmission
mechanisms remain undetermined.

Prevention of further spread. Reli-
able records of hospitalization were avail-
able for 180 patients with diagnoses of
definite VEM from 1965-1980. Of these,
66 patients were first hospitalized in the
acute phase of the disease. Patients re-
mained in the hospital during the entire
period of the acute phase, showing man-
ifestations of illness such as low-grade
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Fig. 1. The incidence of Viliuisk encephalomyelitis by decade as
cases per 100 thousand inhabitants of the Viliuisk ulus (red curve)
and other regions of the Republic of Sakha (Yakutia) combined

(blue curve)

fever of 37.1-38°C and pleocy-
tosis in the CSF exceeding 30
cells per 1 mm?, evidence for an
ongoing inflammatory process.
The duration of the first hospi-
talization of patients in the acute
phase of illness varied from 17
to 518 days, on average 114
days, comprising 80 to 100%
of the total duration of the acute
phase (Fig. 3, left panel).

Patients with subacute VEM
repeatedly returned to the en-
cephalitis ward to confirm the
diagnosis, determine the rate of
disease progression, adjust the
treatment, and confirm disabili-
ty. The total times patients with
subacute VEM spent in hos-
pitals ranged from 19 to 2074
days, on average 288 days,
comprising 20% of the average
total duration of the disease
(Fig. 3, middle panel). In addi-
tion, many patients with sub-
acute VEM, on average about
40% of them, depending on
family circumstances, ended up
in the Sosnovka Nursing Home
(a selected special long-term
care facility in the village of Sos-
novka), Viliuisk ulus. Thus, pa-
tients with subacute VEM were
in either a hospital or a skilled
nursing home for an average of
about 60% of the total duration
of the disease.

Of the patients with chronic

1950.58

1970-T3

VEM, disabled peo-
ple who had no other
means of subsistence,
more than 60% of the
total time of their illness
were kept in hospitals
or remained in the Sos-
novka Nursing Home
(Fig. 3, right panel).
Prolonged hospitaliza-
tion and nursing home
care helped avoid or
postpone appearance
of complications such
as pneumonia or kid-
ney failure, while keep-
ing patients away from
close contact with sus-
ceptible family mem-
bers and neighbors.
Patients with sub-
acute and chronic VEM
who stayed with their
families either tempo-
rarily or permanently
were eligible for the

1960-68
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highest level of disability insurance and
were not required to work. A law passed
in the mid-1960s limited contacts be-
tween patients and fellow villagers during
summer fieldwork, when workers lived to-
gether in overcrowded agricultural camps
away from home. In the 1980-1990s, life
in Yakut villages became more comfort-
able; most residents began to build stan-
dard wooden houses. Improved living
conditions led to fewer close contacts
between VEM patients and vulnerable
family and community members.

We conducted a retrospective so-
cio-economic study of families in regions
with a high incidence of VEM [2, 16]. Us-
ing a standard prepared questionnaire,
we interviewed 30 patients with definite
chronic VEM, 69 members of their fam-
ilies who were in long-term contact with
patients, and 39 people living in the same
settlements but not in physical contact
with patients (control group). Patients
with VEM were raised in families with an
average of six children. Close relatives
(grandparents, uncles and aunts) lived

Fig. 2. Geographic location of settlements (red dots) in which new patients with Viliuisk encephalomyelitis

were registered, by decades
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Fig. 3. Duration of hospitalization of patients with Viliuisk encephalomyelitis. Left panel: the curve
represents the duration of hospitalization of VEM patients in the acute phase of iliness in relation
to the total length of the acute phase (n = 66). Middle panel: the red curve corresponds to
the duration of hospitalization of patients with subacute VEM in specialized hospitals (including
follow-up admissions); the blue curve reflects the length of stay in the Sosnovka Nursing Home
in relation to the total length of their illness (n = 66). Right panel: the red curve shows the time
patients with chronic VEM spent in specialized hospitals (including follow-up admissions); the
blue curve represents the length of stay in the nursing home in relation to the total duration of
illness (n = 111). Notes:1. Some patients who survived the acute phase of VEM who went on to
develop subacute or chronic VEM status may have been counted more than once. 2. The dots
mark the duration of hospitalization; the squares — the length of stay in the Sosnovka Nursing

Home.

in the same household with the patient
in 42% of cases but in only 29% of con-
trol families (p <0.05). Thirty-two percent
of patients with VEM lived in a room of
a house belonging to another family, in
the same room with another family, or
in a dormitory room, compared with only
13% of control families (p <0.01). In re-
mote villages of the Viliuisk ulus, where
the highest incidence of VEM was ob-
served, people lived in houses that were
much smaller than those in villages near
the city of Viliuisk (p = 0.03). In the 1950s,
there was only one public bath in the en-
tire Viliuisk ulus; by the 1970s, 23 public
baths were registered, all of them open
only in the winter and then operating only
two or three times a week. In the 1990s,
the number of baths increased several
times and 40% of them were private. By
2007, 42% of patients with VEM versus
92% of control families lived in dwellings
with private baths (p <0.025).

Over the past eight decades, the Re-
public of Sakha (Yakutia) has made sig-
nificant progress in its healthcare sector.
Smallpox was eradicated in 1937, ty-
phoid fever in 1938, malaria and tracho-
ma by the late 1950s, poliomyelitis in the
early 1960s, and leprosy in 1969. The
incidence of diphtheria has become in-
significant, and the incidence of measles
has decreased by 7.5 times. The avail-
ability of health care in settiements of all
sizes has grown.

Conclusion. Although the etiology
of VEM, its origin and mechanisms of
transmission remain poorly understood,
available data characterize VEM as a
transmissible disease that broke through
the confines of a geographically isolated
indigenous population living around Lake
Mastakh to cause an epidemic of a se-
vere neurological disease involving hun-
dreds of victims. The aggregation of cas-
es in households and small villages sug-
gests that VEM was likely to have been
transmitted through prolonged close
intra-household contact, the same mech-
anism involved in transmission of other
chronic infectious diseases such as tuber-
culosis and leprosy. There is a suspicion
that the causative agent of VEM proba-
bly circulated in nature before it acquired
the ability to infect people and pass from
person to person [9]. Persistent efforts to
reduce close contacts between patients
with acute and subacute VEM and the
surrounding population was followed by
a marked decrease in incidence of VEM,
which slowly declined in the 1980s and
1990s and finally reached zero in the
2010s. No new cases of VEM have been
reported since 2012. Socio-demographic
changes in the Republic of Sakha (Yaku-
tia) increased the standard of living, mod-
ernized traditional lifestyle, and improved
nutrition, probably also contributing to
the elimination of VEM. Taken together,
these efforts might well have prevented

yet another emerging infectious disease
from spreading globally. Since there is
no certainty that the epidemic will not re-
sume under some unknown conditions, it
would be prudent to continue researching
the collected materials and to maintain
the qualifications of the doctors respon-
sible for diagnosing VEM.

The names of researchers and med-
ical practitioners who, in addition to the
authors of the article, made every effort
to eliminate VEM: P.A. Petrov, A.l. Vladi-
mirtsev, A.N. Shapoval, E.S. Sarmanova,
M.P. Chumakov, R.S. Tazlova, V.P. Alek-
seev, V.L. Osakovsky, T.M. Sivtseva, D.C.
Gajdusek, C.L. Masters, A.P. Avtsyn, V.A.
Baranov, M.P. Gogolev, G.L. Zubri, K.G.
Umansky, A.D. Green, K.M. Chumakov,
H.L. Lipton, R. Knight, R.S. Nikitina, A.P.
Danilova, G.V. Lyskova, A.S. Karavan-
ov, N.I. Fedorova, A.A. Chepurnov, A.V.
Dubov, V.A. Spitsyn, I.I. Petrov, E.N. Er-
molaeva, A.A. Ivanova, V.V. Timoshuk,
A.P. Struchkova, R.A. Moshanova, M.N.
Korotov, A.l. Konovalov, V.. Fedotoy,
L.T. Okoneshnikova, A.K. Stepanov, S.G.
Lobashev, V.N. Timofeev.
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