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Powassan and Silverwater Viruses:
Ecology of Two Ontario Arboviruses

DONALD M. McLEAN, M.D. and R. P. BRYCE LARKE, M.D.,
Toronto

THE isolation of Powassan virus, a newly recog-
nized Group B arbovirus, from the brain of a

child, a resident of Powassan, Ontario (460 N,
790 30' W), who contracted fatal encephalitis in
September 1958,1 has stimulated extensive in-
vestigations in the natural history of this agent in
northern Ontario during successive summers.2-4
Demonstration of a fairly dose antigenic relation-
ship between Powassan virus and Russian spring-
summer encephalitis,5 which is tick-borne, sug-
gested strongly that Powassan virus may also be
transmitted by ticks. This hypothesis was further
strengthened by the isolation of Powassan virus
from Dermacentor andersoni ticks collected in
Colorado during 19526 and in South Dakota during
19607 In the latter area, Powassan neutralizing
antibodies have been found in sera from chipmunks
and other wild rodents. This communication reports
the isolation of Powassan virus from Ixades marxi
ticks removed from a red squirrel and viremia in
another red squirrel collected near Powassan dur-
ing 1962, thus providing good evidence that the
virus may be maintained in nature by a cycle
involving ticks and squirrels.

Silverwater virus, a new arbovirus which has
not as yet shown any antigenic relationship with
other arboviruses of North America and elsewhere,
was first isolated from a pool of Haemaphysalis
leporis-palustris (H.L.P.) ticks removed from two
snowshoe hares collected on western Manitoulin
Island near Silverwater, Ontario (460 N, 820 3.
W) in July 1960.8 Another strain of this agent was
isolated from a pool of H.L.P. ticks removed from
two additional snowshoe hares captured in the
same vicinity shortly afterwards.3 Although comple-
ment-fixing antibody to Silverwater virus has been
detected in seven of 85 snowshoe-hare sera during
the summer of 1960, and in 10 of 107 hare sera
during the summer of 1961, it has not been de-
tected in 105 sera from human residents of Mani-
toulin Island.4 This suggests that Silverwater virus
is maintained in nature by a cycle involving snow-
shoe hares and H.L.P. ticks, but apparently man is
not involved in this cycle. A survey of ectoparasites
of Manitoulin Island fauna has been reported
recently.9 Investigations of H.L.P. ticks on snow-
shoe hares in the Powassan area between 1959 and
1960 failed to demonstrate the existence of Silver-
water virus in this area. The isolation of Silverwater
virus from H.L.P. ticks from a snowshoe hare which

From the Virology Department, The Research Institute of
The Hospital for Sick Children, Toronto
Assisted with funds allocated by the Province of Ontario
under the National Health Grants Program, Department of
National Health and Welfare. Ottawa.

ABSTRACT
Powassan virus was isolated from a pool
of Ixodes marxi ticks collected during
late August 1962, from a red squirrel,
Tamiasciurus hudsonicus, and from blood
obtained from a red squirrel during early
October 1962 near Powassan, Ontario,
where a child contracted fatal encephalitis
due to this virus in September 1958. The
frequent detection of Powassan virus neu-
tralizing antibody in sera of squirrels
captured during autumn, but rarely at other
seasons, and the frequent I. marxi infesta-
tion of squirrels, some of which contain
antibody, but the lack of occurrence of
I. marxi on other forest rodents, suggest
that I. marxi ticks are vectors and squirrels
are reservoirs of Powassan virus infection.
Isolation of Silverwater virus from Haema-
physalis leporis-palustris ticks which in-
fested a snowshoe hare Lepus americanus
near Powassan demonstrates the presence
of this agent in the Powassan area also.



and western equine encephalomyelitis (WEE),
Bunyamwera and Silverwater. Antigen prepared
from suckling mouse brains infected with strain
No. 1427 by extraction with borate-saline followed
by protamine treatment" fixed complement readily
in the presence of antisera to Powassan virus strain
L.B., but not in the presence of antisera to SLE,
EEE, Bunyamwera and Silverwater viruses. These
tests demonstrate clearly that strain No. 1427 is
antigenically identical with Powassan virus strain
L.B. Powassan virus strain No. 1427 was re-isolated
from the tick suspension by intracerebral inocula-
tion of suckling mice on September 6, 1962, follow-
ing storage of the suspension in sealed ampoules
at -70.' C.
No virus was isolated either from a pool of four

Monopsyllus sp. fleas or blood collected from the
same squirrel whose ticks yielded Powassan virus.
Similarly, no virus was isolated from I. marxi ticks
removed from seven other squirrels during 1962,
fleas from 20 other squirrels, or H.L.P. ticks from
three or four snowshoe hares.
A further strain of Powassan virus (No. 1828)

was isolated from blood clot which was obtained
from a squirrel on October 3, 1962, about 12 miles
west of Powassan. No virus was isolated from blood
clots obtained from 23 other squirrels, two chip-
munks and four snowshoe hares.

Powassan Neutralizing Antibody in Animal Sera
Neutralizing antibody to Powassan virus was de-

tected in sera from three of 12 squirrels collected
during early October 1962 (Table I). I. marxi ticks
were removed from two of these squirrels which
had antibody. Of 58 squirrels tested between July
1959 and October 1962, seven had antibody, and
six of these were collected during September or
October.

TABLE 11.-VIRuS ISOLATIONS FROM TICKS AND NEUTRALIZING ANTIBODY TO
POWASSAN VIRUS IN SERA FROM ANIMALS, POWASSAN DO'TRICT,

JULY 1950 TO OCTOBER 1962

Virus in ticks
Number

Number Number Infested Tick Number
Species positise tested with ticks species positise Virus type

Squirrel.7 58 14 1. marzi 1 Powassan
Chipmunk.6 35 0 0 0 0
Snowshoe hare. 0 24 24 H.L.P. 1 Silverwater
Groundhog. (1 3 3 I.cookei 00
Field.ouse. 0 4 0 0 0 0
Sheep.0 8 0 0 0 0
Cattle.0 10 0 0 0 0
Horse.0 3 0 0 0 0
Grouse.0 3 1 H.L.P. 0 0
Otherbirds. 0 14 0 0 0 0

Totals. 13 162 42 3 2 2
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Isolation of Silverwater Virus from H.L.P. Ticks
A pool comprising about 50 Haemaphysalis

leporis-palustris ticks in all stages was removed
from a snowshoe hare collected some eight miles
east of Powassan on July 10, 1962. Inoculation of
suckling mice, aged two days, with an extract of
the tick pool in ox-serum saline was followed by
encephalitis in one mouse after 10 days. The brain
of the affected mouse was extracted with 1 ml. ox-
serum saline. Intracerebral injection of a 101 dilu-
tion of supernatant induced encephalitis in suckling
mice five to six days later, but no illness was ob¬
served in weaned mice. The intracerebral suckling
mouse LD50-titre of second-mouse-brain-passage
virus was 105-5. This new isolate was termed strain
No. 1081.
Sodium deoxycholate at 1:1000 final concentra-

tion reduced the infectivity of dilutions of strain
No. 1081 by at least 3 log10 mouse LD50. Guinea-pig
anti-serum to prototype Silverwater virus strain No.
131 neutralized 30 LD50 of strains No. 1081 and
No. 131, but strain No. 1081 was not neutralized
by Powassan or Bunyamwera antisera. Antigen pre¬
pared from suckling-mouse brains infected with
strain No. 1081 by the borate-protamine method11
fixed complement readily in the presence of guinea-
pig antisera to strain No. 1081 and Silverwater virus
No. 131, but not in the presence of antisera to
Powassan, Bunyamwera or EEE viruses. This
demonstrates that strain No. 1081 is antigenically
identical with the prototype Silverwater virus
strain No. 131.

Neutralizing antibody to Silverwater virus strain
No. 1081 was detected in sera of two snowshoe
hares captured during July and August, but it was
not found in sera of two hares collected during
April 1962. Complement-fixing antibody was de¬
tected in four of 13 hares captured during 1960.

Discussion
Isolation of Powassan virus from I. marxi ticks

collected from a red squirrel about five miles from
the former residence of a child who contracted fatal
encephalitis due to Powassan virus four years pre¬
viously, together with detection of virus and
neutralizing antibody in sera of squirrels taken in
the vicinity, strongly suggests that Powassan virus
is maintained in nature by a cycle of infection
involving ixodid ticks as vectors and squirrels as
reservoirs. Man, and small mammals including
chipmunks and possibly snowshoe hares, may
become infected tangentially, and apparently play
no part in the maintenance of the virus in nature,
as shown in the diagram:
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The occurrence of encephalitis due to Powassan
virus in a child during September, the isolation of

this virus from ticks during late August at a time
of maximum tick infestation of squirrels, and the
detection of neutralizing antibody in squirrels
during September and early October, but not
during early summer, strongly suggests that the
maximum spread of this virus occurs during late
summer. It seems likely that squirrels undergo
symptomless viremia for several days following
bites by infected ticks, after which antibody is
produced.2 The demonstration of viremia in a

single squirrel in this study, together with the
repeated demonstration of neutralizing antibody in
these animals during four successive autumns,
leaves little doubt that squirrels acquire infection
during late summer, thereby serving as natural
reservoirs of infection. Antibody which was de¬
tected in one squirrel during April was probably
acquired during the previous summer, since all
squirrels taken during April were born during the
previous summer, and no antibody was detected
in the current year's squirrels which were captured
in May, July or August.
Human infection may be acquired by the bite

of I. marxi ticks which are transferred during the
skinning of squirrels, which is a common pastime
of children in northern Ontario. Inadvertent inocu¬
lation of viremic blood into knife wounds sustained
while skinning squirrels could also result in human
infection. Although infected ticks resting on under-
brush may attach themselves to man while he is
walking through the forest, this seems unlikely,
since the senior author (D.M.M.) has not yet
encountered ticks on clothing or by dragging the
forest floor with flannelette flags. The low inci-
dence of Powassan antibody in local residents4
suggests that relatively few persons contract sub-
clinical infections.
Although some chipmunks have circulated

Powassan antibody, ticks have not yet been found
on these animals, even at a time of heavy infestation
of squirrels. It appears unlikely that chipmunks
serve as significant reservoirs for the maintenance
of Powassan virus in nature; they are probably
merely tangential hosts. Powassan antibody has
been detected in a small proportion of sera from
snowshoe hares on Manitoulin Island,3 but none

has been found in Powassan animals. Since hares
become infested regularly with H.L.P. ticks, but
only rarely by I. marxi, and since H.L.P. ticks
infest hares almost exclusively,9 snowshoe hares
appear to be tangential hosts only in the Powassan
virus cycle.
The spread of Powassan virus during the late

summer closely resembles the peak incidence of
human infection with the antigenically related
Central European encephalitis (CEE) virus in
Czechoslovakia, during July and August, when
large numbers of urban dwellers walk through tick-
infested forest and scrubland. However, in Czecho¬
slovakia, bites by the vector tick I. ricinus account
for only 60.2% of human infections, the remainder
being contracted by ingestion of raw milk obtained
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from animals which become infested while grazing
in tick-infested scrubland adjacent to pastures.'2
The absence of Powassan antibody from domestic
sheep and cattle3 and the paucity of ticks in
northern Ontario scrubland render the possibility of
infection of humans2' . and domestic animals con-
siderably less common in Ontario than in Czecho-
slovakia. The peak incidence of Powassan virus
infections of man and forest rodents is considerably
later than the June peak for I. persulcatus-trans-
mitted Russian spring-summer encephalitis in the
Tartar Republic,'3 or the May and June peak for
D. andersoni-transmitted Colorado tick fever in-
fections in the western U.S.A.'4

Although Silverwater virus has now been isolated
from H.L.P. ticks collected both on Manitoulin
Island and also in the Powassan area, its spread
appears to be confined entirely between snowshoe
hares as reservoirs and H.L.P. ticks as vectors, as
shown in the diagram:

H.L.P. Snowshoe
Tick Hare

Hare ______________ H.LP.Snowshoe

In view of the absenQe of Silverwater antibody
from sera of 105 human residents of Manitoulin
Island, and the absence of human infestation by

H.L.P. ticks, it seems likely that infection with
Silverwater virus is not a significant hazard for
man.

SUMMARY

Powassan virus was isolated from Ixodes marxi ticks
collected from a red squirrel, Tamiasciurus hudsonicus,
and from the blood of another squirrel, near Powassan,
Ontario, during late August 1962.

Neutralizing antibody to Powassan virus was found
in seven of 58 squirrels. The antibody-positive squirrels
were captured principally during September and
October, and I. marxi ticks were found on three
antibody-positive squirrels.

Silverwater virus was isolated from Haemaphysalis
leporis-palustris ticks infesting a snowshoe hare, Lepus
americanus, near Powassan during July 1960.

REFERENCES

1. MCLEAN, D. M. AND DONOHUE, W. L.: Canad. Med. Ass.
J., 80: 708, 1959.

2. MCLEAN, D. M. et al.: Amer. J. Public Health, 50: 1539,
1960.

3. MCLEAN, D. M. et al.: J. Infect. Dis.. 109: 19, 1961.
4. MCLEAN, D. M. et al.: Canad. Med. Ass. J., 86: 971,

1962.
5. CASALS, J.: Ibid., 82: 355, 1960.
6. THOMAS, L. A., KENNEDY, R. C. AND EKLTJND, C. M.:

Proc. Soc. Rup. Biol. Med., 104: 355, 1960.
7. EKLUND, C. M.: Personal communication.
8. McLEAN, D. M.: Fed. Proc., 20: 443, 1961 (abstract).
9. SCHOLTEN, T. H., RONALD, K. AND MCLEAN, D. M.:

Canadian Journal of Zoology, 40: 605, 1962.
10. THEILER, M.: Proc. Soc. Rzp. Biol. Med., 96: 380, 1957.
11. CLARKE, D. H. AND CASALS, J.: Amer. J. Trop. Med., 7:

561, 1958.
12. BLAsKOVIC, D.: Trans. N.Y. Acad. Sci., s. 2, 23: 215, 1961.
13. CHUEVA, S. V.: Med. Parazit. (Moskva.), 27: 308, 1958.
14. EKLTJND, C. M., KENNEDY, R. C. AND CASEY, M.: Rocky

Mountain Med. J., 58: 21, 1961.

CANADIAN JOURNAL OF SURGERY

The January 1963 issue of the Canadian Journal of Surgery contains the following original articles, case
reports, experimental surgery and surgical technique:

History of Canadian Surgery: Alexander Hugh Ferguson 1853-1911-R. Mitchell and C. C. Ferguson.

Original Articles: Etude sur la maladie de Morton-J. Vandeput. Ligation of the inferior vena cava-S. E.
Carroll, J. C. Coles, N. Gergely and C. C. Ross. Pancreatic abscess: a report of two cases-J. A. MacDonald and
W. K. Welsh. Absent cystic duct: an unusual hazard during cholecystectomy-B. Langer and F. G. Pearson.
Mesenteric vascular occlusion: analysis of a series of cases and report of a successful embolectomy-I. A. D. Todd
and F. G. Pearson. Gallstone ileus-C. H. Weder. Squamous cell carcinoma of the anus-D. A. Brown and A. D.
McKenzie. The control of rotational instability after intramedullary nailing for femoral shaft fractures in adults-
J. R. Barber and R. A. Haliburton. Internal rotation deformity in the fixation of intertrochanteric fractures-R. A.
Haliburton and J. R. Barber.

Review Article: Incarcerated inguinal hernia in infants and children: a five-year review at the Hospital for
Sick Children, Toronto, 1955 to 1959 inclusive-G. A. Farrow and S. Thomson.

Case Reports: Congenital cystic dilatation of the common bile duct: report of two cases-D. G. Marshall and
A. D. McLachlin. Benign hemangioma of tibia with radiographic features of malignancy-G. Driedger and A. R.
Bainborough. Solitary neurilemmoma of the larynx-D. P. Bryce and B. A. Nichka.

Experimental Surgery: Experimental production in the rabbit of coxa plana: a lesion resembling Legg-
Calv&Perthes disease in man-R. K. Greenlaw, D. S. Kahn and J. G. Petrie. Experimental studies utilizing low
flow rate with profound hypothermia-D. R. Cain and M. Cohen. Failure of activated trypsin to cause experi-
mental acute hemorrhagic pancreatitis-R. E. Mathews and N. Tait McPhedran. An experimental study of
temperature in isolation perfusion chemotherapy-F. W. Turner and C. M. Couves.

Surgical Technique: Subclavian angiography-H. F. W. Pribram.

The Canadian Journal of Surgery is published quarterly by The Canadian Medical Association. Subscription
rates are $10.00 a year ($5.00 a year for recognized postgraduate trainees in surgery) or $2.50 for individual copies.
Yearly subscriptions and back issues are available on request from the Canadian Journal of Surgery, C.M.A.
House, 150 St. George Street, Toronto 5, Ont.


