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The Associate Committee on Scientific Criteria for 
Environmental Quality was established by the National Research 
Council of Canada in response to a mandate provided by the 
Federal Government to develop scientific guidelines for de­
fining the quality of the environment. The concern of the 
NRC Associate Committee is strictly with scientific criteria. 
Pollution standards and objectives are the responsibility of 
the regulatory authorities and are set for the purpose of pol­
lution control. These may be based on scientific criteria as 
a starting point but they also take into account the optimal 
socio-economic impact of proposed measures as well as the 
state of existing technology. 

The Associate Committee's program includes the evalu­
ation of available information on the probability of effects 
of contaminants on receptors together with the related funda­
mental principles and scientific knowledge. In this work par­
ticular attention is directed to receptors and contaminants 
(and their interactions) important to Canada. This Canadian 
approach is necessary because evaluations made in other coun­
tries or regions will not always be applicable to the parti­
cular circumstances prevailing in Canada. 

Members of the Associate Committee, its Subcommittees 
and Expert Panels, serve voluntarily and are selected for their 
individual competence and relevant experience with due consid­
eration for a balance among all sectors in Canada. Responsi­
bility for the quality of study documents rests with the Asso­
ciate Committee. Each report is carefully reviewed according 
to a multi-stage procedure established and monitored by the 
National Research Council of Canada in order to preserve ob­
jectivity in presentation of the scientific knowledge. Publi­
cation and distribution of the report are undertaken only after 
completion of this review process. 

Comments on Associate Committee documents are wel­
come and will be carefully reviewed by the Expert Panels. It 
is foreseen that these scientific criteria may be revised from 
time to time, as new knowledge becomes available. 

All documents published by the Associate Committee 
are also published in French. 
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FOREWORD 

This monograph was prepared by Dr. D.M. Mclean, 
Faculty of Medicine, Division of Medical Microbiology, 
University of British Columbia, Vancouver, B.C., at the 
request of the Biological Subcommittee of the National 
Research Council's Associate Committee on Scientific Cri­
teria for Environmental Quality. The manuscript was 
critically reviewed and approved for publication by the 
Subcommittees appropriate to the subject and the Associate 
Committee. 





-7-

ARBOVIRUSES AND HUMAN HEALTH IN CANADA 

D.M. Mclean, M.D. 
Division of Medical Microbiology 
University of British Columbia 

Vancouver, B.C. 
V6T 1W5 

INTRODUCTION 

Arthropod-borne viruses (arboviruses) consti­
tute a recurrent hazard to human well-being throughout 
Canada during the warmer months of each year, at times 
of high prevalence of two categories of blood-sucking 
arthropods - culicine and aedine mosquitoes and ixodid 
ticks. Despite the low incidence of clinically manifest 
illnesses, principally encephalitis, which are due to ar­
bovirus infections, the severity of symptoms attracts 
widespread public attention. Control of the spread of 
arbovirus infections has been promoted by knowledge of 
dose/effect relationships between arboviruses and (i) 
their arthropod vectors on the one hand; and (ii) human 
and other vertebrate reservoirs on the other hand. Data 
applicable to the Canadian environment relating to the 
spread of arboviruses by mosquitoes and ticks (paragraph 
4. 1.3 of ACSCEQ Report No. 1) have been compiled in the 
present report. 

The human illness which results from arbovirus 
infections contracted within Canada usually involves the 
central nervous system. Within North America, the four 
arboviruses associated regularly with encephalitis or 
aseptic meningitis are EASTERN EQUINE ENCEPHALOMYELITIS 
(EEE), WESTERN EQUINE ENCEPHALOMYELITIS (WEE), ST. LOUIS 
ENCEPHALITIS (SLE) and CALIFORNIA ENCEPHALITIS (CE) 
(McGowan et at. 1973). Occasional cases of encephalitis 
have developed following infection with POWASSAN (POW) 
and VENEZUELAN EQUINE ENCEPHALOMYELITIS (VEE) viruses. 
One North American arbovirus, COLORADO TICK FEVER (CTF) 
virus, usually evokes severe fever without symptoms refer­
able to the central nervous system. Finally, no illness 
has been attributed to infections in Canada with arboviruses 
of the BUNYAMWERA group, or to TURLOCK and FLANDERS-HART PARK 
viruses. Within adjacent tropical areas of the Caribbean 
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and Central and South America and the Pacific Islands and 
Southeast Asia, however, additional arboviruses pathogenic 
for man are endemic. These include: dengue, which may 
induce high fever accompanied by maculopapular rash plus 
severe aches within the back and limbs; yellow fever, 
which may induce jaundice plus 'black vomit' through in­
duction of mid-zonal necrosis of the liver; and several 
other agents which may induce undifferentiated fevers. 

"Arboviruses are viruses which are maintained 
in nature principally, or to an important extent, through 
biological transmission between susceptible vertebrate 
hosts by hematophagous arthropods; they multiply and pro­
duce viremia in the vertebrates, multiply in the tissues 
of arthropods, and are passed on to new vertebrates by 
the bites of arthropods after a period of extrinsic in­
cubation" (WHO 1967). Currently, 359 arbovirus prototype 
strains have been catalogued (Berge 1975). All share cer­
tain biological properties such as: ability to replicate 
in brains of suckling mice with production of fatal en­
cephalitis; loss of infectivity following treatment with 
sodium deoxycholate or diethyl ether, which demonstrates 
the presence of an outer coat on the virus particle; and 
the presence of ribonucleic acid as the only form of 
nucleic acid (Mclean 1968). Diameters of these enveloped 
virus particles range from 20 to 100 nanometres (nm}. Al­
though most serotypes exhibit cubic symmetry (TOGAVIRUSES}, 
with a particle size of 20 to 50 nm, a substantial number 
exhibit helical symmetry (BUNYAVIRUSES} with a particle 
size of 80 to 100 nm, whilst others show a bullet-shaped 
internal structure (RHABDOVIRUSES) in electron micrographs 
(Pereira and Andrewes 1972). On the basis of hemaggluti­
nation inhibition and complement fixation tests, the ar­
boviruses are subdivided into approximately 40 serological 
groups (Berge 1975). Within each serological group, indi­
vidual arbovirus serotypes are identified by mouse neutra­
lization, plaque reduction neutralization, or immunodif­
fusion tests. 
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PREVALENCE OF ARBOVIRUSES IN CANADA 

Prevalence of one or more serotypes of arbovi­
rus has been established in Canada within all six Pro­
vinces and two Territories west of the St. Lawrence River 
(Fig. 1), by the isolation of virus from wild-caught un­
engorged mosquitoes or ticks on the one hand, or from 
blood or tissues of naturally infected vertebrates on the 
other hand, or from both arthropods and vertebrates (Table 
1). To date, arbovirus foci have not been detected in 
the four Atlantic Provinces, but limited serological sur­
veys suggest their presence. Among these arboviruses, 
only two (POW and WEE) have induced clinical illness in 
human residents of Canada, and subclinical infections 
have been caused by two additional serotypes (CE and CTF). 

HUMAN INFECTIONS 

WESTERN EQUINE ENCEPHALOMYELITIS (WEE) virus 
has caused both widespread outbreaks and sporadic cases 
of acute encephalitis amongst human residents of the 
Prairie Provinces during many summers since 1941. In 
Manitoba, between 1941 and 1949, the case fatality rate 
ranged from 0.7% to 41%, with 15% of 509 cases reported 
in 1941 terminating fatally (Adamson et al. 1950). In 
Saskatchewan during 1965, among 490 patients hospitalized 
with acute encephalitis, WEE infection was confirmed in 
72 of whom 8 (11%) died (Rozdilsky et at. 1968). In 1971, 
for the first time, serologically confirmed infections 
with WEE virus were recorded in three residents of the 
Thompson-Okanagan region of British Columbia (Kettyls et 
at. 1972). Subclinical infections, as determined by anti­
body production in selected population groups without 
overt encephalitis, involved 0.3% of British Columbia 
residents (ibid) and 9% of Alberta inhabitants (Iversen 
et aZ. 1971). During various epidemics, the subclinical 
infection rate in Manitoba ranged from 3 to 19% (Bowman 
1947). 

CALIFORNIA ENCEPHALITIS (CE) virus, SNOWSHOE 
HARE (SSH) subtype, has induced subclinical infections 
in 2.5% of British Columbia residents (Kettyls et at. 
1972) and in 30% of members of a farming community in 
northern Alberta (Iversen et al. 1971), but no cases of 
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Province or 
Territory 

British 
Columbia 

Yukon 
Territory 

Table 1. Prevalence rates of arbovirus infections in Canadian provinces. 

Arbovirus 
serotype 

California 
encephalitis 
1969-1970 

1973 

Western equine 
encephalomyelitis 

Colorado tick fever 
1965-1966 

California 
encephalitis 
1971-1974 

Vertebrate 

equine 
2:60 (c} 

Virus isolation rates 

Mosquito 

Aedes canadenaia 
1 : 1300 (a )t 

Aedes fitchii 
1:8 (d) 

Aedes canadensia 
1 :496 (f,g) 

Aedea cinePeua 
1:1179 (f) 

Aedea communia 
1:1765 (f) 

Cu tiae ta inor­
nata 1:1778 (f) 

Tick 

Dei>macentor 
andersoni 
8:670 (e) 

Antibody incidence 

Human 

subclinical 
48:1936, 2.5% 
(c) 

clinical 3 
subclinical 
6: 1936' 0. 6% 
(c) 

subclin;cal 
2:1936, 0. 11 
(c) 

Vertebrate 

Lepus americanus 
20: 31, 64. 5% (b) 

Marmota ftaviven­
tis 15:252, 6.0% 
(b) 

Citettua cotumbi­
anua 1:146, 0.7% 
(b) 

Lepus americanua 
430:1076, 40% (f) 

Citettus undutatus 
266:3610, 7% (f) 

_. 
...... 



Table l. (Cont'd) 

Province or 
Territory 

Alberta 

Saskatchewan 

Arbovirus 
serotype 

California 
encephalitis 
1964-1968 

Bunyamwera 
group 1965 

Silverwater 
1965 

Turlock 
1965 

Western equine* 
encephalomyeliti~ 
1965 

California 
encephalitis 
1972 

Virus isolation rates 

Vertebrate 

Lopus amo1'iaanus 
l { j ) 

sentinel rabbi ts 
3:36 (j) 

Lepus ame1•i­
canua 2 (j) 

Mosquito 

Ao d'os oommu11i11 
1 :2 000 (h) 

A edea e timu fona 
l :3032 ( h} 

Mixed species 
1 : 3500 approx. 
( k) 

CuZiaeta inol'­
nata 1: 3500 
approx. (k) 

CuZe:i: ta1'saZia 
1:3500 approx. 
(k} 

Aedes cataphylla 
1:313 (1) 

Aedes e:i:crucians 
1:201 (1) 

Aed•a fitchii 
1: 30 7 2 ( 1 ) 

Aedes punctor 
1:238 (1) 

Tick 

HaemaphyBalis 
Ze r:>o1•io-paZ11a ­
+-1•in 15 (j) 

Antibody incidence 

Human 

subclinical 
51:160. 32% 
(c} 

subclinical 
20 : 180, 1n 
( i ) 

Vertebrate 

lie puo amc 1'icanua 
111 : 216, 52% (i) 

sentinel rabbit 
3:14, 21% (i) 

Lepus ame1'icanus 
Q.68% (j) 

Lepus americanus 
44:232, 19% (i) 

-N 
I 



Table 1. {Cont'd) 

Province or 
Territory 

Arbovirus 
serotype 

Western equine* 
encephalomyelitis 
1963-1965 

Cache Valley 
1971 

Flanders-Hart 
Park 1967 

St. Louis 
encephalitis 
1971 

Vertebrate 

birds 12:480 
{n) 

horses 47:279 
(n) 

(1963 only) 

Virus isolation rates 

Mosquito 

Aedes aampeet:rie 
1:988 (m) 

1ledee dors aZi a 
1:766 (m) 

Aedea flav eaaens 
1:3852 (m) 

Aedea epenceri i 
1:2088 (m) 

Aedea vexaris 
1:1477 (m) 

Cu lex tarsa t i a 
1:180 (m) 

Culiseta inor­
nata 1:2810 {m) 

CuZ.iseta ino21-
nata l: 4490 ( o) 

Tick 

Culex ta21salia (p) 
Aedea flavescens (p) 

Cul ex t crrsaZis 
1:100 4 (o) 

Antibody incidence 

Human 

clinical 3 
1963 (only) 
{n) 

Vertebrate 

..... 
w 
I 



Table 1. (Cont'd) 

Prov i nce or 
Territory 

Manitoba 

Ontario 

Arbovirus 
sero t ype 

Western equine* 
encephalomyelitis 
194 1-1947 

California encepha­
li t is 1963, 1965 

Powassan* 1958 

1962 

1964-1966 

S i1 verwa ter 
1960 

1962 

1963 

Vertebrate 

human fatality 
8-41: (q) 

sentinel rab­
bi ts 5:9 ( r } 

human 1 (t) 

J.Jarmo t;a mona:r: 
1 :497 (v) 

Virus isolation rates 

Mosquito 

CuZe:r: tareatis 
( q) 

Tick 

I:r:odes mar:r:i 
1 :14 pools {w) 

I:codes aookei 
1:15 pools (v) 

Haemaphyeaiis 
Zeporis-paZus­
tris 1:24 (x) 

Haemaphysa'lis 
Zeporis-paZus ­
tris l : 21 ( w) 

Haemaphysatis 
leporis - palua­
tris 1:57 pools 
(v) 

Antibody incidence 

Human 

subclinical 
3-19: (q} 

subclinical 
6:180, n (u) 

Vertebrate 

sentinel rabbits 
20:29, 691 (r) 

Lep1w americanus 
9: 107, 8% (s) 

J.Jarmota monax 
437:993, 44,; (t) 

Tamiasaiurua hudso­
n l ue 20:109, 18% (v) 

Lepus ameriaanua 
19:211, 9'r; (x) 

Lepus ameriaanus 
21:107, 20% (s} 

. ~ 

l 

~ 

~ 

' 



Table 1. Cont'd) 

Virus isolation rates Antitiody incidence 

Province or 
Territory 

Quebec 

Northwest 
Territories 

Arbovirus 
serotype 

Eastern equine 
encephalomyelitis 
1972 

Powassan 1972 

California 
encephalitis 
1973 

Vertebrate 

equine 5 (z) 

Mosquito 

Aedes he~odontus 
4: 4757 (aa) 

Tick Human 

clinical 
1 (z) 

* These viruses have been isolated from brains of fatal human cases in the stated Province. 

t Legend to references. 

(a) Mclean et at. 1970 (h) Iversen et at. 1969 (o) Burton et al. 1973 

(b) McLean et al. 1971 (i) Iversen et at. 1971 (p) Hall et al. 1969 

(c) Kettyls et al. 1972 (j) Yuil 1 et al. 1969 (q) Adamson e t al. 1950 

(d) Mclean st al. 1974 (le) Hall et at. l96Bb {r) McKiel et al. 1966 

(e) Hall et al. 196Bb (1) Iversen et at. 1973 (s) McLean et al. 1964 

(f) Mclean et al. 1975a (m) Mclintock et al. 1970 (t) McLean and Donohue 1959 

(g) Mclean st al. 1972 (n) Burton et at. 1966 (u) Mclean et al. 1960 

Vertebrate 

equine 
5:29, 17% (y) 

Lepus ameri"anus 
8:29, 27% (bb) 

(v) Mclean et at. 1967 

(w) Mclean gt al. 1963 

(x) Mclean et al. . 1961 

(y) Bellavance et at. 1973 

(z) Rossier et al. 1974 

(aa) Wagner et al. 1975 

(bb) Gaunt et al. 1974 

~ 

U"I 
I 
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encephalitis due to CE virus have been reported to date 
in Canada. 

Clinical cases of encephalit i s due to POWASSAN 
(POW) virus occurred in a child resident of Ontario in 
1958, who subsequently died (Mclean and Donohue 1959), 
and in a Quebec pediatric patient during 1972 who made a 
slow recovery (Rossier e t al. 1974). In Ontario, 3% of 
human residents developed POW antibody in the absence of 
encephalitis (Mclean et al. 1960). 

COLORADO TICK FEVER (CTF) virus has shown a 
subclinical infection rate of O. 1% in British Columbia 
res i dents (Kettyls et al. 197 2), but no virologically­
confirmed clinical cases of fever due to this agent have 
yet been documented in Canada. 

ST. LOUIS ENCEPHALI TIS (SLE) virus has not yet 
been associated with clinical or subclinical infection in 
r esidents of Canadaf despite its continuing prevalence as 
a cause of encephalitis in human residents of southeastern, 
mi dwestern and western USA and its recent isolation from 
mosquitoes in Saskatchewan (Burton et al. 1973). Simi­
larly, EASTERN EQUINE ENCEPHALOMYELITIS (EEE) virus has 
not yet been associated with human illness in Canada . 

NON-HUMAN VERTEBRATES 

Infections of non-human vertebrates with WEE 
virus occurred in British Columbia during 1971 when brains 
of two of 60 horses which were kept in the Thompson­
Okanagan region (51°N), yielded WEE virus (Kettyls et al. 
1972). In Alberta, 44 of 232 snowshoe hares collected at 
54°N during 1965 had antibody (Iversen et al. 1971). In 
Saskatchewan during the summer of 1963, 47 of 279 horses 
with encephalitis died, and WEE virus was isolated from 
blood or tissues of 12 of 480 nestling wild birds of 20 
spec i es, principally those which frequent sloughs (Burton 
et al. 1966). 

In the eastern townships of Quebec, during the 
summer of 1972, serological evidence of EEE virus in f ec­
tion was detected in five horses which developed encepha -
1 itis among 29 tested, and the brain of one fatal case 
yielded EEE virus (Bellavance et al. 1973). 

a 
See Addendum on page 30. 
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CALIFORNIA ENCEPHALITIS virus infections have 
been demonstrated serologically in 20 of 31 snowshoe hares 
and 15 of 252 marmots (Marmota fZaviventris) collected in 
British Columbia during 1970 near Penticton (49~ 0 N, 120°W} 
(Mclean e t aZ. 1971). In 1971, between Williams Lake 
(52°N) and Prince George (54°N), 39 of 78 snowshoe hares 
(L epus am ericanus) and 1 of 35 Columbian ground squirrels 
(Ci te ZZus columbianus) showed CE neutralizing antibodies 
(Mclean e t al. 1972). In the Yukon Territory, between 
latitudes 61 and 66°N, 430 of 1076 L. americanus and 266 
of 3610 Arctic ground squirrels (CiteZZus undulatus) 
showed CE neutralizing antibodies between the summers of 
1971 and 1974 (Mclean e t al. 1975a). Near Rochester, 
Alberta (54°N, ll3°W), between 1964 and 1968, CE virus 
(snowshoe hare subtype) was isolated from the blood of 
one L. americanus plus 3 of 63 sentinel rabbits. CE anti­
bodies were found in 111 of 216 wild-caught L. ameriaanus 
and antibody conversions in 3 of 14 sentinel domestic 
rabbits (Yuill et aZ. 1969). Near Ottawa, Ontario (45°N, 
76°W), during 1963 and 1965, CE virus was isolated from 
the blood of 5 of 9 sentinel rabbits, and another 20 of 
29 sentinel rabbits showed CE antibody conversions (McKiel 
e t al. 1966). In 1963, near North Bay, Ontario, {46°N, 
79°W), sera from 9 of 107 L. ameriaanus showed CE antibody 
(Mclean et al. 1964). 

POWASSAN virus was isolated from blood of 2 of 
993 groundhogs (Marmota monax) collected near North Bay, 
Ontario, between 1964 and 1966, and POW neutralizing anti­
body was detected in 437 of 993 M. monax plus 20 of 109 
red squirrels (Tamiasciurus hudsoniaus) at the same location 
(Mclean et aZ. 1967). 

SILVERWATER (SIL) virus, which has not yet been 
incriminated as a human pathogen, was isolated· from the 
blood of two L. ameriaanus collected near Rochester, 
Alberta during 1965, and 0 to 68% L. americanus collected 
during each summer between 1964 and 1968 had antibody 
(Yuill et al. 1969). Near North Bay, Ontario, in 1963, 
sera from 21 of 107 L. ameriaanus showed SIL complement 
fixing antibody (Mclean et aZ. 1964), whilst on Manitoulin 
Island (46°N, 83°W), 19 of 211 L. ameriaanus sera contained 
SIL antibod~ during the summers of 1960 and 1961 (Mclean 
et al. 1961). 
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ARTHROPODS 

(i) MOSQUITO VECTORS 

The principal mosquito vector of WEE virus in 
the Prairie Provinces during successive summers has been 
CuZex tarsaZis {Fig. 2). In Saskatchewan, during 1963-
1965, the minimum field infection rate (MFIR = number of 
pools of wild-caught mosquitoes which yielded virus, 
divided by the total number of wild-caught mosquitoes 
processed in pools for virus isolation) for CuZex tarsa­
Zis was 1:180 (Mclintock et aZ. 1970). This was substan­
tially lower than the MFIR for five Ae des species which 
ranged from 1:766 for A. dorsaZis to 1:3852 for A. fZav e ­
sae ns and 1:2810 for CuZis e ta inoPnat a (ibi d. ) (Fig. 3). 
The high MFIR for CuZ ex tarsaZis, the repeated virus iso­
lations during successive summers, the readiness with 
which it feeds on both wild and domestic birds despite 
ingestion of earlier blood meals, its readiness to bite 
man, and the isolation of virus from wild-caught mosqui­
toes as early as 22 June until 15 August, both before and 
during the occurrence of human and horse cases of encepha-
1 itis, provide adequate criteria in support of its role 
as the principal natural vector species. CuZ e x taPsaZis 
was found as far north as 53°N {Burton and Mclintock 
1970), which was the northern limit of prevalence of cases 
of encephalitis. Although virus was isolated from CuZi­
seta inornata less frequently, this species yielded virus 
between 20 and 24 September, which was the latest time 
of year at which virus-infected mosquitoes were collected. 
Both CuZex tarsaZis and CuZiseta inornata overwinter as 
adults, thus providing a means by which mosquitoes in­
fected during late summer may maintain virus until ex­
tensive activity of vertebrates and arthropods commences 
the following spring. There is no field or laboratory 
evidence of transovarial transfer of WEE to date. Low 
MFIR in Aedes mosquitoes, together with the relative in­
frequency with which they imbibe more than one vertebrate 
blood meal, render the role of these five species as 
natural vectors unlikely. 

In Alberta and Manitoba, CuZex tarsaZis has been 
incriminated repeatedly as the principal vector of WEE 
virus. No details are availab l e regarding WEE vectors in 
British Columbia. 



[igyre 2 

W•ldb~l21~ 
(duck) Rural m:::uilO "'- mosqu•lo 

It) 

) 

(ch1ckenl Domestic . 

Mon ( (~ P.i111ensl\ 

Other' Ill \ ) 
momma~ --· . -
~

W11d bird Domestic mosquito Domestic 
~bird 

Bird- mosquito cycle 
(e g. western equine encephalitis) 

No evidence of lranSOVC1rial transfer 
Tronsm1ss1on of infection to man moy be prevenled by: 

( 1 l repellonts and proteclive clothing 
(2Jmosqu1to obotement(larval ond adult) 

..... 
i.o 
I 



Ei9!.u 3 

Wild mammal Rural mosquito (2) 
(Snowshoe hore) <Ac!m communisl 

Rural mo~ito 

-~#' ,, 
Wild molTlmal 

Mal'l'lmol-mosquito cycle 
(e.g.Cohfomia encephalitis) 

(I) 

. Man 
Other 

momma ls 

TrcnlCMlriol transfer is indiarted.Birds ore insusceptible hosts 
Transmission of tnfediontoman maybe prevented by: 

{l)repellonts and protective clothing 
(2)~rto abalement (lorwl ond cxlult) 

I 
N 
0 
I 



-21-

ARBOVIRUSES 

The principal mosquito vectors of CE virus in 
the boreal forest regions of British Columbia (McLean et 
al. 1974), Alberta (Iversen et al. 1969), Saskatchewan 
(Iversen et al. 1973), the Yukon (McLean et al. 1975a) 
and the Northwest Territories (Wagner et aZ. 1975), com­
prise several species of Aedea and Culiseta. These mos­
quitoes also serve as vectors in irrigated farmlands of 
southcentral British Columbia (McLean et al. 1970) and 
southeastern Alberta (Morgante and Semanchuk 1967). Aedes 
aanadensis and A. aommunis have shown the highest MFIR, 
and repeated isolations during successive summers point 
towards these species as principal vectors, although 
seven other Aedes species caught in nature have yielded 
virus (Rozdilsky et al. 1968) (Fig. 3). Virus replica­
tion has been demonstrated in salivary glands of A. aana­
densis, ainereus, aommunis and hexodontus following in­
trathoracic injection and incubation at 21° and 13°C 
(McLean et al. 1975a); A. ainereus transmitted virus by 
biting suckling mice 15 days after intrathoracic injec­
tion following incubation at 13°C (McLean et al. 1974). 
The isolation of CE virus from Aedes larvae collected at 
Kusawa Lake (61°N, l36°W), Yukon Territory, on 16 May 
1974 before the springtime emergence of adult mosquitoes 
at that location (McLean et al. 1975a), strongly suggests 
that this agent has overwintered by transovarial trans­
mission. Culiseta inornata showed MFIR comparable to 
those for Aedes mosquitoes in the Yukon. This species 
has transmitted CE virus 15 days after intrathoracic in­
jection following incubation at 28°C (Mclean et al. 1974); 
infectivity has been demonstrated in salivary glands of 
mosquitoes held continuously for 138 days at 0°C and from 
day 77 to day 194 at -l°C, following intrathoracic injec­
tion (McLean et al. 1975b). In the Yukon, Culiseta inor­
nata emerges during early May, along with some Aedes 
species, and has been collected until mid-June, thus per­
mitting ample opportunity for one or more blood meals 
from vertebrates. Daytime temperatures of 10 to 15°C 
would be sufficient to permit prompt viral replication 
in mosquito salivary glands, following which the virus 
could overwinter within the adult mosquitoes. 

BUNYAMWERA GROUP viruses (CACHE VALLEY} have 
been isolated from Aedes mosquitoes of mixed species col­
lected in central Alberta near Coronation (52°N, lll 0 W) 
during August 1965 (Hall et al. 1968a), when the MFIR was 
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approximately 1:3500, and from CuZiseta inornata collected 
near Weyburn, Saskatchewan (50°N, 105°W) during July 1971 
(Burton et aZ. 1973). Both of these BUNYAMWERA GROUP iso­
lates in Canada were achieved from mosquitoes at prairie 
locations where horses have contracted encephalitis due 
to WEE virus repeatedly during summer, but to date there 
is no evidence that encephalitis due to these viruses has 
affected human residents and horses. To date, these are 
the only two isolations of BUNYAMWERA GROUP viruses from 
mosquitoes in Canada but another BUNYAMWERA GROUP agent, 
NORTHWAY (NOR) virus, was isolated in June 1970 from A. 
hexodontus mosquitoes near Northway, Alaska (63°N, 142°W) 
(Calisher et aZ. 1974), where CE virus was also isolated 
from mosquitoes (Ritter and Feltz 1974). This is 150 miles 
southwest of Dawson City {64°N, 139°W), Y.T., where CE 
virus has been isolated from mosquitoes (McLean et al. 
1975a). 

TURLOCK virus was recovered from CuZiseta in­
ornata mosquitoes collected near Coronation, Alberta 
(52°N, lll 0 W} during August 1965 (Hall et aZ. 1968a). 
Both TURLOCK and mosquito-borne arboviruses of the 
FLANDERS-HART PARK group have also been recovered on 
several occasions from mosquitoes collected in southeast­
ern Saskatchewan (J. McLintock, personal communication·). 

(ii) TICK VECTORS 

COLORADO TICK FEVER virus has been recovered 
from 8 of 22 tick pools comprising 670 Dermaaentor ander­
soni ticks which were collected in forested mountain ter­
rain in southeastern British Columbia mainly near Salmo 
(49°N, 118°W) during the spring of 1965 and 1966 (Hall et 
aZ. 1968b). These comprise the northernmost isolations 
of CTF virus from D. andersoni in locations adjacent to 
their principal areas of prevalence in the States of 
Washington, Idaho and Montana. 

Tick vectors of POWASSAN virus have been identi­
fied only in Ontario near North Bay (46°N) where 18 of 273 
pools of Ixodes aookei collected between 1964 and 1966 
(McLean et aZ. 1964) and 1 of 14 pools of I. marxi col­
lected in 1962 (McLean and Larke 1963) (containing 1 to 9 
ticks per pool) have yielded virus. These ticks feed 
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principally on marmots and squirrels respectively, but 
both species will bite man. Although D. andersoni ticks 
collected in southcentral British Columbia have not 
yielded POW virus, laboratory-infected larval and nymphal 
ticks have transferred virus transstadially, and hamsters 
and mice have been infected by bites of infected ticks 
(Chernesky and Mclean 1969). 

SILVERWATER virus was first recovered from 2 of 
49 pools of HaemaphysaZis Zeporis-paiustris (HLP) ticks 
collected on Manitoulin Island, Ontario (46°N, 83°W) dur­
ing the summer of 1960 (Mclean e t ai. 1961). Near North 
Bay, Ontario (46°N, 79°W), this agent was recovered from 
a pool of HLP ticks collected during July 1962 among 24 
pools tested between July 1959 and October 1962 (Mclean 
and Larke 1963). During May 1963, one HLP tick pool col­
lected in the same region yielded SIL virus, among 57 
tick pools tested during the summer of 1963 (Mclean et al. 
1964). Subsequently, SIL virus was isolated from 15 pools 
of HLP ticks collected from snowshoe hares near Rochester, 
Alberta (54°N, 113°W) during the spring and summer of 1962 
to 1965 (Yuill et ai. 1969). 

(iii) VEGETATION AND TERRAIN 

Mosquito-borne arboviruses are distributed widely 
throughout the grassland and boreal forest regions west of 
the Great Lakes. In grassland reg i ons of the Prairie Pro­
vinces, Culex tarsaiis i s an abundant summertime mosquito 
species. The increasing use of irrigation in agriculture 
promotes the buildup of mosquito populations, especially 
cuiex tarsaZis. This facilitates the natural transmission 
of several arboviruses, but favors particularly the pre­
valence of WEE virus (Mclintock et al. 1970) . The northern 
limit of distribution of c. t arsaZia is 53°N in Saskatche­
wan (Burton and Mclintock 1970), which corresponds both 
with the northerly extent of documented WE E infection in 
man and mosquitoes, and the northernmost fringe of prairie 
grassland. In the boreal forest, however, both near St . 
Walburg and in Prince Albert National Park (53°N), Aedes 
mosquitoes and Culiseta inornata predominate. These 
species are associated particularly with the transmission 
of CE virus, and during the summer of 1972, eight CE iso­
lates were achieved from four Aedes species (Iversen e t ai. 
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1973). In Alberta, cuiex tarsaZis which was collected at 
the northern limit of grassland near Stettler (52°N) has 
yielded WEE virus (Hall et ai. 1968a). In the boreal 
forest near Rochester (54°N), however, the mosquito popu­
lation was composed predominantly of CuZiseta inornata 
and several Aedes species, which have repeatedly yielded 
arboviruses of the CE group (Iversen et ai. 1969). 

In mountain forest regions of British Columbia, 
especially in the Okanagan and Shushwap valleys where 
fruit is grown extensively, large populations of Aedes 
mosquitoes have built up during early summer of each year. 
Extensive mosquito abatement procedures which relied upon 
DDT and organophosphates, until banned during the summer 
of 1971, reduced mosquito populations to negligible numbers 
by mid-July, thus eliminating opportunities for natural 
transmission of arboviruses. Prevalence of CE virus was 
first established positively in the south Okanagan region 
during June 1969 by the isolation of CE virus from wild­
caught A. aanadensis (Mclean et ai. 1970). During the 
summer of 1971, recovery of WEE virus from the brain of a 
horse which developed encephalitis near Salmon Arm, plus 
diagnostically significant WEE antibody increments in 
three human residents of, or visitors to, the Shushwap 
and Okanagan valleys who developed encephalitis (Kettyls 
et aZ. 1972), confirmed the long-suspected prevalence of 
this arbovirus in southeastern British Columbia. 

In montane and subalpine forest regions of cen­
tral British Columbia, the endemic prevalence of CE virus 
was firmly established in July 1973 by the isolation of 
CE virus from A. fitahii mosquitoes collected near Williams 
Lake (52°N) (Mclean et aZ. 1974). Serologic~l evidence 
of infection of small rodents has revealed infection with 
this agent from this point northward in~o boreal forest 
regions of northeastern British Columbia and the Yukon 
Territory (Mclean et ai. 1971, 1975a). 

The boreal forest covers virtually all of the 
Yukon Territory south of the Arctic Circle. Repeated iso­
lations of CE virus from Aedes mosquitoes and CuZiseta 
inornata in or adjacent to forest habitats between 60 and 
66°N during the summers of 1971 through 1974 (Mclean et ai. 
1975a) suggest its endemic prevalence throughout the en­
tire boreal forest region of the Yukon. 
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In the tundra region of the Northwest Territories 
near Rankin Inlet (63°N, 92°W), the prevalence of CE virus 
was clearly demonstrated in July 1973 by its isolation 
from A. hexodontus mosquitoes (Wagner e t aZ. 1975), a 
species typical of boreal forest and tundra regions. 

Although the boreal forest extends eastward to 
the province of Newfoundland and Labrador, insufficient 
studies have been undertaken east of Saskatchewan to 
determine whether or not arboviruses are prevalent in 
this vegetation zone. 

In southeastern mixed forest regions of Ontario, 
endemic foci of mosquito-borne CE virus activity have been 
identified at three locations at latitudes 45 to 46°N: 
Monitoulin Island (Mclean e t aZ. 1961), North Bay (Mclean 
e t aZ. 1964) and near Ottawa (McKiel et aZ. 1966). In 
each location, Aedes comprises the dominant mosquito genus 
within the mosquito population. Although to date no iso­
lations of CE virus have been achieved in this vegetation 
zone east of Ottawa, another mosquito-borne agent, EEE 
virus, was identified for the first time in September 1972 
as the etiological agent in an epizootic of encephalitis 
which affected horses in the eastern townships of Quebec 
(Bellavance et aZ. 1973). 

In the southeastern mixed forest zone, foci of 
activity of two tick-borne arboviruses have also been 
identified. POWASSAN virus has been isolated from a human 
patient, pools both of Ixodes aookei and Ixodes marxi 
ticks and the blood of groundhogs (Marmota monax), near 
North Bay (Mclean and Donohue 1959; Mclean et aZ. 1967; 
Mclean and Larke 1963). Serological evidence of infection 
of a human patient was detected southeast of Montreal 
(Rossier et aZ. 1974). SILVERWATER virus foci were identi­
fied by virus isolation from HaemaphysaZis Zeporis-paZus­
t ris ticks collected on Manitoulin Island (Mclean et aZ. 
1961) and near North Bay (Mclean et al. 1964). 
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GAPS IN KNOWLEDGE 

l. Although the prevalence of mosquito-borne CE 
virus has been establish clearly in the boreal forest 
zone of the Yukon Territory, British Columbia, Alberta, 
and Saskatchewan, an urgent need is to determine and 
map its prevalence throughout the open woodland vegeta­
tion zone along the Mackenzie Valley, immediately east 
of the border between the Yukon and the Northwest Terri­
tories. This need has become imminent through the im­
mediate prospect of location of several thousand workers 
in primitive rural campsites during construction of the 
proposed Mackenzie Valley pipeline, highway, and other 
services. Under these circumstances, a substantial human 
population will become exposed simultaneously to mosquito 
bites throughout May, June, and July of each year. Whilst 
the possibility of development of encephalitis in man fol­
lowing bites by infective mosquitoes is estimated at l :200 
to 1:500, two to five cases could be expected among every 
1000 persons located in an endemic focus. 

An equally urgent requirement is to define the 
prevalence of CE virus in open woodland and tundra regions 
near Inuvik and other coastal settlements on the Arctic 
Ocean on account of: (i) extensive oil drilling operations 
in Arctic Ocean coastal districts, and (ii) the isolation 
of CE virus along the Arctic seacoast at Beaufort Lagoon, 
Alaska, about 200 miles west of Inuvik. 

2. Although CE virus was recovered from mosquitoes 
collected on the tundra near Rankin Inlet, N.W.T., there 
is a complete absence of information regarding possible 
arbovirus prevalence throughout tundra and transitional 
zones of the eastern Arctic. 

3. Arbovirus prevalence has not yet been esta­
blished in boreal forest and southeastern mixed forest 
zones of Quebec, Newfoundland and Labrador, Nova Scotia, 
New Brunswick, and Prince Edward Island. Preliminary 
serological evidence has suggested the prevalence of CE 
virus in Nova Scotia. 

-- .A 
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4. Intensive field investigations are required in 
the eastern townships of Quebec to determine quantitative 
host-vector relationships in foci of activ i ty of mosquito­
borne EEE and tick-borne POW viruses. 

5. Quantitative relationships must be determined 
between the incidence of infection in mosquito larvae, 
adult mosquitoes and animal reservoirs for CE virus in 
the Yukon Territory. With the decline of incidence of 
usual wild vertebrate hosts during 1975, it is essential 
to investigate whether transovarial transfer of this 
virus will alone ensure a sufficiently high proportion 
of infected mosquitoes in successive summers to maintain 
foci of natural infection without fresh introduction of 
virus into the mosquito populations by imbibing viremic 
blood of infected vertebrates before ovulation each s um­
mer. In Wisconsin, the serologically related CE group 
agent, lA CROSSE virus, has infected about 5% of emergent 
A. triseriatus adults derived from parent mosquitoes which 
imbibed infective blood 9 months earlier (Watts e t at. 
1974). 

6. Despite some 30 years of intensive investigation 
of the prevalence of WEE virus in mosquitoes, vertebrate 
reservoirs and human inhabitants of prairie portions of 
Saskatchewan, including the provision of good laboratory 
diagnostic facilities for clinical infections in man, new 
epidemiological investigations are required whenever new 
tracts of prairie are converted from dry-farming to ir­
rigation . 

7. The inf l uence of temperatures approaching 0°C on 
the replication of CE, NOR, WEE and EEE virus in natural 
v~ctor species such as wild-caught Aedes spp . and Cutiseta 
spp. from various vegetation zones in Canada has only 
commenced to be investigated for CE and NOR viruses, and 
no data exist for WEE and EEE viruses. Such knowledge may 
improve our abi l ity to predict outbreaks of mosquito-borne 
diseases and to prevent them. 
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SUMMARY 

Quantitative data have been assembled on the 
prevalence of five mosquito-borne arboviruses in Canada, 
including two ALPHAVIRUSES, EASTERN (EEE) and WESTERN 
(WEE) EQUINE ENCEPHALOMYELITIS, one FLAVIVIRUS, ST. LOUIS 
ENCEPHALITIS (SLE), and two BUNYAVIRUSES, the SNOWSHOE 
HARE (SSH) subtype of CALIFORNIA ENCEPHALITIS (CE), and 
a CACHE VALLEY-like agent. All of these, with the pos­
sible exception of the CACHE VALLEY agent, have induced 
encephalitis in man. Data have also been assembled for 
two human pathogenic tick-borne arboviruses, a FLAVIVIRUS, 
POWASSAN (POW), ~nd an ungrouped agent, COLORADO TICK 
FEVER (CTF). Minimum field infection rates of arboviruses 
in mosquitoes, plus virus isolation rates and/or antibody 
prevalence rates in humans and mammalian or avian reser­
voirs, have been tabulated. Correlations have been deve­
loped between foci of arbovirus activity and the several 
vegetation zones of Canada. Gaps in knowledge of the 
potential hazards of arboviruses under Canadian conditions 
of climate, vegetation zones, and human settlement, have 
been identified; in particular: (i) there are vast regions 
where evidence of arbovirus activity has not yet been 
sought; and (ii) little is known about the effects of at­
mospheric temperature and transovarial transfer rates on 
the maintenance and spread of arboviruses in regions of 
demonstrated arbovirus endemicity. 



-30-

D.M. McLEAN 

ADDENDUM 

HUMAN INFECTIONS WITH SLE AND WEE VIRUSES DURING 
THE SUMMER OF 1975 

During the summer of 1975, clinically-manifest 
human infections with SLE virus were encountered for the 
first time in Canada. By 6 October, 44 of 191 human resi­
dents of southwestern Ontario who developed meningoence­
phal itis had serological evidence of SLE infection (Canada 
Diseases Weekly Report l: 92, 1975). 

In Manitoba, 4 human residents who developed 
encephalitis during August 1975 had laboratory evidence 
of WEE virus infection. Horses were also affected, sen­
tinel chickens showed rising WEE antibody titers, and WEE 
virus was isolated from CuZ ex tarsaZis mosquitoes follow­
ing a substantial population build - up. Following commence­
ment of extensive mosquito abatement programs in Winnipeg 
and environs on 15 August, the c. t arsaZis population de­
clined, and no further human cases of WEE infection were 
reported in the area. In Saskatchewan, although no human 
cases of WEE virus infection have been reported, several 
horse deaths have been attributed to this virus, and WEE 
virus has been isolated from c. t arsaZis (Canada Diseases 
Weekly Report l: 89, 1975). 

In the United States up to 30 September 1975, a 
total of 541 laboratory-confirmed cases of SLE virus in­
fection had been reported from 19 States and the District 
of Columbia, with the highest ~ncidence reported in Illinois, 
Indiana, Ohio and Mississippi (Morbidity and Mortality 
Weekly Report 24: 339, 1975). To 2 September, 82 human 
cases of encephalitis had been reported in Minnesota and 
North Dakota, and 9 had serological evidence of current 
WEE virus infection (ib i d. 24: 295, 1975). Thus, through­
out the Mississippi River drainage basin extending north­
wards into southwestern Ontario, SLE virus prevalence has 
been high during the summer of 1975, whilst in the Red River 
basin extending northwards into the prairie portion of 
Manitoba, WEE virus has been widely prevalent. 
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