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mformatlon of mvestlgatms and to furnish per-
tinent tabular summaries for those who are
] actively engaged in studies on the epidemic en-
i cephahtldes in the Americas. The general goal
- of the workers in this field has been clarification
of the problem of how the etiological agents are
“ maintained and transmitted in nature, with the
“hope that practical means of dealing with these
- diseases may be found. This review stresses the
entomological phases of encephalitis transmis-
‘gion.
The text of the review reflects principally
- the winnowing of data for inclusion in a tabular
~summary. Subject literature has been covered
- through April 1952. Some indication of the
. content of each bibliographic item (but not
- relative values) has been given. However, in a
- work of this magnitude, there will remain errors
involving judgment, interpretation, and other
- variables, as well as transcription difficulties.
- Change of concepts in this rapidly developing
field must be considered, for in many cases the
‘ideas expressed in early works are no longer
tenable and, in some instances, unpublished
data may change the emphasis on, or even re-
fute, a concept previously delineated. In this
regard, the author has adhered to published ma-
terials, with but little exception.
- The published data on arthropod-borne neuro-
tl:opic viruses of Central and South America
‘are limited and are briefly summarized for com-
‘parative purposes. The following types of en-
cephalitis or encephalitis-producing viruses
‘oceur there: Argentlne equine encepha]omyeh—
- tis (176, 253) in which the virus is identical
(329) to that of western equine encephalomyeli-
tis (WEE?) ; eastern equine encephalomyelitis

. ﬁﬁ‘;’

‘1Symbols used in the literature: WEE (western
‘equine encephalomyelitis) ; EEE (eastern equine en-
cephalomyelitis) ; SLE (St. Louis encephalitis) ; VEE
- (Venezuelan equine encephalomyelitis) ; type A (von
F Economo’s disease or lethargic encephalitis) ; type B

(Japanese encephalitis) ; type C (St. Louis en-

IlTheus encephalitis (2]8) from BrazA :
qmto-borne human _infection; Anog

infective for laboratory ammals-
Colombian wilds (64) ; and Ven
encephalomyehtls (VEE) (21 42 1

dust under laboratory conditions.
lished details on VEE, refer to the b

as bemg capable of causing encephah
in the Western Henusphere are thes

encephahtls (28, 32, 34, 101, 131 4:1’3).;. i
and Feemster (32) in 1949 divided tlmﬁl

52, 11(‘. 210, 216, .308) y Japanese B ence
192, 307); Russian tick-borne enceph

geutme equme encephalomyelitis (253) 34
ill (412).



'herpes simplex, measles, lymphogmnu-

Postin fective encephahtls as an
: afffsérmath of infectious hepatitis, smallpox, vae-
cmla, chlckenpox, influenza, mumps, and mea-
sles also belong to this group, along with post-
mccmal encephalitis due to vaccination against
bies and smallpox.
- jfn ‘the second group—suspected primary
virus i nfections—belong types in which anti-
qul have been foiind in the blood of man and
ruses are shown to be neurotropic in lab-
- oratory mduced disease. In this category are
the fdllbwmg virus diseases: West Nile (375),
:B’wamba fever (376), Semliki Forest (373),
Bun amwera (377) Ilheus (218) and Califor-
m_ (4%, 149) in which the syndrome in man
_ has not been adequately described. Von Econo-
umpsdlsease (encephalitis lethargica) and acute
d}ssemmhted encephalomyelitis also are sus-

von Economo S d_lsease in the United States be-
twc_aen‘1920 and 1930 it 1s not at plesent con-

summer, or epldemu forms: St. Louis encepha-
Jlitis; eastern, western, and Venezuelan equine
eﬁcephalomyehtls (216) ; Japanese B encepha-
litis (472) ; Russian Far East (tick-borne, or
T'spl'mg -Summer) encephalitis (75); Australian
‘X disease (76, 287); and into the endemic
viruses: acute hemorrhagic meningoencepha-
lomyélltls, or Ieukoencephallt1S' lymphocytic
--chdmomemngltls' pseudolymphocytic chorio-
meningitis; swineherd’s disease (97); louping
<ill (412) ; acute encephalitis due to rabies; and
~ Sabin B virus. The chief medical problem in
28 .f* Nortl America appears to lie with the epidemic
~ encephalitides (EEE, WEE, and SLE), in
’»‘,_ff.l . which the mortality ranges from 5 to 60 percent.
* The references listed constitute a bibliogra-
i Ph'ym the sense that, in the author’s opinion, all
,'f }mportant papers relating entomology to en-
‘ "cephuhtls published prior to 1952 have been
3 mquded The literature is vast and widely

before 18 1930, w]nch pertam to the ‘purely human

e fi t group, the followmg are usually’ : A
clinical manifestations of alleged encephalms. :

’ =pecmd of bemg caused by prmnry neurotropic

Since 1930, references to the particular diseases
WEE, EEE, and SLE may be found genera]]y' :
concentr ated in the sources discussed. :

Information is scattered throughout the
standard abstracting journals and reference in-
dexes (Biological Abstracts, Review of Applied
Entomology—=Series B, and Bibliography of «
Agriculture, Quarterly Cumulative Index Med-
icus, and Index of American Economic Ento- .
mology by Banks, Coleord, and Hawes). The
standard texts and reference books, such as those
of Rivers (327), Van Rooyen and Rhodes (472),
Bates (36), Smith (363), and Neal (280), are
cited.

The various State agricultural bulletins con-
tain data generally designated for lay consump-
tion and pertain mostly to the care of horses
suffering with these diseases. The annual re-
ports of the U. S. Bureau of Animal Industry
constitute a source from which data on the
prevalence of WEE and EEE in the United
States may be obtained. Veterinary journals
(American Jowrnal of Veterinary Research,
North American Veterinarian, and Jowrnal of
American Veterinary Medical Association)
inform the veterinary profession of new de-
velopments in the field and contain many
important reviews.

With respect to encephalitis in man, some re-
views are to be found in the New England Jour-
nal of Medicine. Technical studies on clinical
cases, epidemiological summaries, and editorials
designed to clarify a confused picture of dis-
ease for the practicing physician are to be found
in the Journal of the American Medical Asso-
ciation. Various State medical journals con-
tain clinical case reports and invitation-type
papers which are written for uninformed prae-

ticing members of the profession. Technical

studies on the viruses are to be found in the
Journal of Immunology, Archives of Pathol-
ogy,and similar publications. Experiments in-
volving laboratory transmission of these
diseases have been described most often in the
Journal of Experimental Medicine, Proceedings
of the Society of Experimental Biology and.

Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides_ .




~ Ayres and Feemster, 1949 (32);
~ (69); Cockburn et al., 1951 (797 ; Davis, 1940

- American J ournal of Public Health, and Pro-
" ceedings of the California Mosquito Control
- Association.
~are to be found in Secience.

Numerous preliminary reports
~ The Matheson
Commission of New York has accumulated and
distributed data on the epidemiology of human

- encephalitis, and the Hooper Foundation of

California has made extensive contributions in

_ the general field of epidemiology of the diseases

(principally WEE and SLE) in the United

-~ States.

Useful general reviews are the following:
Casey, 1942

(87) ; Dingle, 1941 (89) ; Feemster and Get-
ting, 1941 (99) ; Fothergill, 1940 (1071) ; Geiger

- et al, 1922 (108); Giltner and Shahan, 1942

Historical Notations

Four types of encephalitis (literally, brain
inflammation) have appeared in epidemic form

~ in the United States within the last 35 years:*

von Economo’s disease (encephalitis lethargica

_or Japanese A encephalitis), eastern and west-

ern equine encephalomyelitis, and St. Louis
encephalitis® All of these -forms affect the
central nervous system..

Encephalitis Lethargica

Although von Economo’s encephalitis is an
ancient disease (232, 362, 414), in modern times
it has been best known from about 1915, when it
was studied in France by Cruchet et al. (85). It

* See table 7, p. 17.
®In addition to SLE, WEE, and EEE viruses, there
is the California virus named by Hammon and

Reeves which has not been studied in man (147, 149).

Public Health Monograph No. 23, 1954

ion, 1939
1933 and 1933 (249, 250) ; Milzer, 1950

Neal, 1942, 1934, 1928 (280 279, &

Schoemng, 1940 (337); Shahan and Gil
1945 (848) ; Sulkin, 1949 (382); Udall, 1
(409) ; Webster, 1941 (417); anm,;
(429), and Zinsser, 1928 (432). Certain ,?ad 3
pers are given minor consideration in this re-
view because either they do not contam results'
of original tests or the information is of\a genq '
eralized nature (7, 10, 1}, 17, 19, 43-45,5, 55,60,
63, 67, 96, 130, 134, 140, 143, 201, 230, 837, 2R
274, 295-297, 303,306, 309,325,326, 934«339 ;w;,
378, 387, 400, 404, 427). In the literature,
the term “encephalitis” is used somewha-ﬂo@se Y
to cover both encephalitis mvo]vm,g vnm‘sﬂmw
fection in the brain proper and encephaﬂomy&%
litis which is centered in the brain and . spinal
cord. Encephalitis is popularly known ﬁé i
sleeping sickness or brain fever. , ' 2

memngeal dlstmbance This (hsea.se of un- f
known etiology was estabhshed in eplde;me T2
form in New York, N. Y., and in Winnipeg,
Canada, in 1919-20, but by 1926 it had begtm :
to subside in North Amerlca andthe world oy"
Since then, the disease has become relaﬁﬁ@ 3
rare (173, 276-280), and possibly the \ases  seen-
now are of different etiology. Arthrctp,o&é 5
have not been suspected of transmlttmg 'ﬁhi's

essentially winter-season disease.

St. Louis Encephahtls

n 1932, although thele is ev1dence thn.i}q’l‘: ‘, 2
long been endemic in the area (7'9) : ﬂw



, 121). Several hundred cases
he disease has since become
shex emically in the United States,
& red notably in California and
on. Ten cases in 1938 failed to show
es (366), but about one-third of
g 193944 gave serologic evidence
dies (50). Results from a serum
943-44 (371) indicate that there
'qrscms with SLE antibodies who
ornia and Washington after 1937
with persons with SLE antibodies

v _;Vftrr)_und in the following papers:
: _-"8‘)‘; California (159, 179, 184);

‘.'Utah (26) ; ‘md \Vashm"ton
There is evidence that SLE occurs
dlsease in Afnca (372, 374, 375).

s encephahhs is not generally thought
eing “equine” in nature, although it does
s (1, 11, 84, 144, 153, 293) as a
linical infection, and under laboratory con-

~4>’s" Yem

My mduce equine deflths (351 ¥ The

—' @ Selfmed (433), working on Euro-
@ ﬁg ncephalomyehtls in 1924, deter-
ed that the etiological agent of that disease

- reported from Cahforma. The disease as been

found in Minnesota, 1938 ; Arizona, 1941 ; North
Dakota, 1938 and 1941; South Dakota, 1941;
Nebraska, 1941; Montana, 1947; Texas, 1944 -
Manitoba, Alberta, and Saskatchewan, Canada,v e
19413 and Manitoba, Canada, 1947. The virus =
of Argentme equine encephalomyelitis appears
to be identical with that of WEE (273, 353).
A few isolations of WEE virus have been made =~
from human materials (67, 82, 128, 178, 223,
239).

Eastern Equine Encephalomyelitis £ s

Human infection with EEE virus first was
recognized as a nosologic entity with the isola-
tion of the agent by Fothergill et al. (103) and
Webster and Wright (422) in Massachusetts in
1938. This development followed the original
isolation of EEE virus from infected horses by
Giltner and Shahan in 1933 (772). In man
the disease followed a fulminating course re-
sulting in fatality of 74 percent of the 34 per-
sons affected in the first outbreak (23, 425) and
produced somewhat similar results in a later
Louisiana outbreak (257,282). There hasbheen
only scattered evidence of human infection since
1938 : Indiana, 1939 ; Louisiana, 1947 (169,257);
Tennessee, 1947; and. Texas, 194142 (52, 117,
136). A few virus isolations from man have -
been reported (103, 257, 282, 338). The history = |
and present public health significance of EEE
has been summarized recently by Beadle® who
noted that EEE virus had been demonstrated in
warm-blooded forms (man, horses, and birds)
in all of the States bordering the Atlantic
Ocean and the Gulf of Mexico plus Mlcingan,‘
Missouri, Arkansas, and Tennessee.

‘ Beadle, L. D.: Bastern equine encephalitis in the
United States. Mosq. News 12 (2) : 102-107 (1952).

RIS



- infection in warm-blooded animals or in trans-
~ mitting these viruses by means of arthropod
- vectors oftentimes have been overcome through

sheer ingenuity. Of special interest are the

arthropod-vector techniques employed by early
~ experimenters such as Meyer et al. (252), Sim-
~ mons et al. (355), Knowlton and Rowe (213),
and Kelser (202). Many descriptions of the
~ presently used methods are available (6, 71, 72
- 155,157, 341, 421).

Arthropods of many species have been ground
up and injected into laboratory animals in an
_ effort to isolate the viruses WEE, EEE, and

SLE from nature (18, 105, 11}, 12}, 212, 316,
- 368). 'The feces of mice (24) and assassin bugs

(224) have likewise been used. Mitamura et

al. (260) used groundup mosquito eggs in an
effort to show transovarial passage of Japanese

B virus. The fresh brain tissue of man, taken

at autopsy, has been ground and injected into

horses (338), producing either fatal or mild

cases of encephalitis. Brain tissue has also
~been injected into mice (4/8) with positive

results.
Reeves et al. have presented special methods
employed in the attempt to transmit SLE virus
- directly by the bite of Culex pipiens (314). The
~ viremia of such agents is short lived, relatively
; speakin and chance has been an important
- factor in working with them. In Trinidad,
Gllyard (116), working with one of the longer-
lived viremias, noticed that Mansonia titillans
was predominant among the mosquitoes taken.
~ Gilyard trapped six female mosquitoes feeding
- on the back of an encephalitic donkey, and by
placing them on a normal-appearing donkey he
obtained direct evidence of virus transmission
by arthropod biting in that epidemic of Vene-
zuelan equine encephalomyelitis.

Intranasal instillation of virus suspension has
been commonly used, especially in early tests,
~in trying to demonstrate droplet infection via
- the upper respiratory tract of test animals (775,

802, 388, 411, 413). Several authors have re-
sorted to the use of the embryonic chorio-

“Public Health Monograph No. 23, 1954

968,370,371).

Isolation of Virus

fested encepha,htlc symptoms, th
removed aseptically, triturated.
other mice. 1

proper speciation when possib, e
that in preliminary studies Semliki
(373) was recovered from a taxonom
fused group of Aedes sp., and that Bunya
virus (377) was isolated from 15 specimen
a pool of 4,114 mosqmtoes belonguig: Iﬁl ;
cies of Aedes. In this country, i 1

virus 11‘1ve been made from\pqols of :

thropod collecting and handling w _
ditions have been detailed in th
works: 115, 213, 240, 293, and 312,

A1l of the life-cycle stages of cer
date arthropod vectors (especlalftjf_ :
mites) have been utilized in attempts
transovarial transmission of these
369,390,393). Old and young vir:
infected ticks have been successf
lated to show transmission of S

Brodie (58), working with
to infect normal mlce orally




) T ep 5 ! ATH v', Y
_ anfl similar studies on thoma of ferelgn ongm;

m_ osquito succeeded in tl ansmlttnw the virus to
three different guinea pigs and to a cowbird by
"bloedhss puncture. TenBroeck and Merrill

‘d'the umlsual approach of r ‘11'31110' the “titer”

m‘fecfed mosqmtoes (398). me\ th ot WED
has.bee:u accomp]mhed by using the tissues and
¥ dl“gimﬁ of A. aegypti in vitro; and it was found
_ that the midgut of full-grown larvae and the
- &m&es'of newly emerged adults best supported
Vn'us-growth (405). Virus is thought to be
mufol‘mly distributed in the parts of infective
- 5 degyptz (245). Initial feeding of artluopods
- on artifically infected animal hoats (via virus
m;eetion) or on virus suspensions of various
“kinds has, of necessity, been the rule in many
: Iﬁﬁo‘mtory tests. (References 131,132, 1)5, 1,6
f45 260, 379, 399 depict the use of virus in
_-;v blood in brain suspensions, or in other media as
~ @ source of infective agent.)

_AI thropods have been test-fed on a lar ge num-
ber of warm-blooded candidate virus reservoirs
(table 6). Of all the common routes by which
> ~ infection may be given to candidate hosts, the
~intracranial or intracerebral injection and the

& ;§’of virus agent. Dlsease in horses and

Epidemio]ogy

are to be found in these papers: 176, 177, BLbgs- 7
217, 9.’.‘28 253, 288, 302, 346, 365, 416, }20. An
analysis of routine laboratory methods has been
prepared by Milzer (25 9)

Laboratory Infections

Laboratory virus infections in man induced
by accident or by other means serve as a source
of valuable information when the cases can be
adequately studied. Sulkin and Pike have fur-
nished general review up to 1949 of viral in-
fections contracted in the laboratory (384).
Casals et al. summarized two such infections
with Venezuelan equine encephalomyelitis
which were notable for the isolation of that
virus from the nasopharynx and blood of these
nonfatal cases (68). Lennette and Koprowski
(227) were able to study eight patients with the
same disease, which apparently was dustborne.
Two of the four accidental WEE cases in tech-
nicians have resulted in death (104, 119, 170).
The case of WEE followed by Gold and Hampil
(119) is especially interesting in the description
of the successful use of antiencephalomyelitic
immune horse serum administered in large vol-
umes and at frequent intervals. This method is
without value after CN'S symptoms occur. One
worker who handled EEE for 6 years and en-
joyed apparent good health developed neutral-
izing antibodies in his serum (28}). To date
there seem to have been no cases of laboratory
infection with SLE.

in humans (27) serves as an epidemiological
indicator of the presence of infection in certain
areas such as California (750) and Washing-
ton (744). It is sometimes stated that the re-.
porting of human cases of epidemic encepha-
litides has been more carefully done in the
Western States than in the States east of the

Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides
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huma @ses;'h Mnreporteﬂ*m»the@'ﬁ:stn 1
LS : W‘Q‘St ,gumber (226 ca.ses) 111 3l

Q. 48 and the lnghest number (3,156 cases) in

1941, The year 1950 had the highest number
(554 cases) since 1941, and of these infections
333 were from Ca.lifornia.. The National Office
~of Vital Statistics reports a total of 27,748
human cases for the period 1926-50 in all States
. (the lowest number, 702, in 1932; the highest,
« 3,516, in 1941 ; and 1,135 cases in 1950).

Equine Encephalomyelitis

. The term “equine encephalomyelitis” was first
I~ applied to this disease entity by C. H. Stange
- in November 1912 when he spoke before the
A Iowa State Veterinary Medical Association
© (12). At this time the disease in horses was
poorly understood and was variously known as
horse placrue, Borna’s disease, botulism, forage

. poisoning, and sleeping sickness (220). Zwick
- and Seifried, working on European materials,
in 1924 (433) disclosed that the equine disease
was caused by a filtrable virus; this preceded the
. classic work of a similar nature by Meyer and

s co-workers in the United States (252). Nat-
A urally, the horse is the animal which has been
the most studied clinically. Although all of

. the papers cited (17, 86, 154, 2,0, 275) have in-

¢ teresting descriptions of equine disease, the
: early works of Records and Vawter (299-303)
are noteworthy for the inclusion of a series of
photographs of animals with equine encepha-
lomyelitis in progressive stages. Motion pic-
tures were taken of horses with symptoms of the
disease in the Montana outbreak of 1936 (275).
Equine epidemics (presumably involving
EEE and WEE) have been recorded for the
United States in 1847, 1850, 1867, 1882, 1897,
1912, 1919, 1920, 1921, 1923-28, and 1930-31
» (220, 249, 267). Morbidity and mortality data
. for these early epidemics are relatively scarce
~ (249). The 1912 epidemic seems to have been
rather widely distributed, covering 17 States,
with an estimated loss of 35,000 horses and mules

* It should be pointed out that this rather large num-
ber of cases primarily represents the reporting of “in-
fections encephalitis” and not “arthropod-borne virus
encephalitides™” alone, for the number of laboratory
confirmations of the latter eases is a small proportion
of the total figure. *

Public Health Monograph No. 23, 1954

- Since 1944, incidence has crmdually dropped to

206, 268-271) and Snmns (306—36’1) fmm the
Bureau of Animal Industry (U. S. Departmemb
of Agncultule) have presented a cont,lmwus

accumulated through the cooperatlon of locul
veterinarians, T officials, and Bureau in-
spectors and are often based on 'quéstiomxéirés.’ ;
A 15-year summary (361) up to 1951 shows the -

following pe‘ll\ years, with numbers of reportad o
cases: 1935 51‘7) 1937 (173,889)3 193& 7t
(184,662, the ]ncrhest number in 15 years) ; 19405 1
(16,941) ; 1941 (36,872) ; and 1944 (19,590).

the lowest recorded figure of 762 for 1951,
The number of deaths from equine encepha- *
lomyelitis during the period 1935-51 rdnged -
from 274 (19.)1) to 8,210 (1941), _W“Lth 3 ﬁe@:ﬂ‘ Sen "E
of 33,563 equine dbaths Fecordot o the 13-yearﬁ‘" 7o
period (1939-51). Equine deaths ave not're:
corded for the years 1935 through 1938 in the
May 1951 report by Simms (367). The mor-
tality per 100 affected animals has ranged from
211in 1938 (the peak year of the period 1935-50) -
to 60 in 1949 (with only 4,037 cases), with.an
average mortality of 33.2 since 1938.5 On the =
basis of cursory analysis, there is apparent indii T
cation of a possible spread and shifting of the
disease (lumping the incidence of WEE and
EEE) if one considers the number and loca-
tion of the States affected either epidemically
or endemically, as indicated by the Bureau of .
Animal Industly reports, noting cases in 17
States in 1912, and 28, 17, 30, 39, 42, 38, 33, 35,"
34, 33, 33, 3(, 33, 35, 37, 33, and 28 Sta,tes in-
volved for the years 1935 through 1951, re-
spectively. o R

Geographic Distribution R

There is no adequate evidence tlmt @@' i -;a“

diseases have spread geographically fmmﬁe@g %‘1,
tral focus in North America. As an e j 2




the Ohio River and west of the M1551551pp1

"'-_Rlver, with the highest concentrations ‘(5 or
. more cases per 1,000 equines) in the extreme
- southern sectors of Oregon and in parts of Cali-
 fornia. In general, California, especially the
. central regions, appears to have been the 1950
. focal point of disease distribution. During
‘the epizootic period of 1951, California, Ne-

Dbraska, and Missouri had the highest indexes.
The disease has remained rather statically dis-

- trlbuted since the peak year of 1938, while the
‘iqws‘er of the index has been gr adu‘ll This

7 upled with a decredsmfr equine popu-
the United States—from 15,245,000
and 9,130,000 (1948) to a ﬁUule of

: :,,7 463,000 in 1951. The range in the number of
3 _Statesaﬁ'ected by the disease has been 17 (1936)
- to41 (1939) ; in the latter case, all States except
+. Mississippi, Tennessee, South Carolina, West
.. Virginia, Pennsylvania, New York, and New
 Hampshire had reported the equine disease.
- At this writing, equine disease has not been re-
. ported from Tennessee, West Virginia, and

Pennsylvania. The following Provinces in

- Canada have reported equine infections: On-

tario, Manitoba, and Saskatchewan, where the
first case was noted in 1935 (707). Actual virus

. lisolations of WEE and EEE from equines of
| 29 States up to 1951 are presented in table 5

‘These equine diseases probably are widely

- distributed in many foreign countries, as evi-
- denged by the following references: EEE and
- WEE in Canada (341, 348) ; EEE in Panama

(95, 196, 199, 380) , in Brazil (95, 226), in Mex-
ico (95, 248), in Cuba (95), in the Dominican

. Republic (3, 94, 95), and in the Philippine

TIslands (%’1 ); WEE in Argentina (253, 176) ;
 wwhile equine encepln]omyelitis is assumed to
~ have been reported for both Hawaii and Puerto

Rico (361).
 Many data representing the various facets of
epidemiology have been gathered in numerous

- surveys of these human and animal diseases in
- North America, of which the following list

represents the major efforts for each : Q;LE (18,

| 53,69,109, 137, 1}, 149, 150, 152, 15}, 156, 159,
- 179, 182,18}, 921-224, 229, 2)2, 582) ; WEE (66,

72,88, 90, 92, 106, 137, 149, 150, 152, 15}, 156,

- 158,160, 167, 179, 181, 18}, 291, 299, 315, 430) ;

tates in 1940, ‘whereas in- I950, c;,LSeS were, ~ With re péct to ﬁeld mathods, the quesﬁan

rather evenly and lightly distributed north of

naires designed for use in the famous Mlssbttm

SLE outbreak and the questionnaire supplied

observers in equine outbreaks (249, 263) are of
interest. Probably the most complete study of
arthropod vectors of EEE outbreaks was that
of Feemster and Getting (99), in which the
data of an extensive survey have been presented.
Analysis of the recent (1948-49) epidemic of
EEE in the Dominican Republic, by Eklund
and co-workers (94, 95) , was made by use of the
most advanced techniques.

Climate and Seasonal Appearance

Climate and the seasonal appearance of
these diseases (WEE, EEE, and SLE) have
received considerable attention from epidemi-
ologists. Since all but one (Russian tick-borne
encephalitis) of the epidemic encephalitides
are held to be mosquito-borne, and since they
have occurred epidemically principally in tem-
perate regions, the distribution has been pri-
marily in summer and fall months. The Bu-
reau of Animal Industry reports on horses
have selected three seasonal periods (pre-epizo-
otic, epizootie, and postepizootic) as useful in-
dicators. As an example, these periods, with
respective months and number of cases per
month, are presented for 1950 (361): pre-
i January (7), February (6), March
(3), April (11), and May (41); epizootic—
June (94), July (153), August (218), Septem-
ber (303), October (141); postepizootic—No-
vember (39) and December (7).

Many of the equine outbreaks in the United
States have appeared under hot, dry condi-
tions. Such wags the case in the San Joaquin
Valley in 1931, where the number of cases rose
when the temperature ranged between 90° and
100° F. At that time it was tentatively thought
that this condition brought out inapparent
cases (249). High humidity was recorded for
the disastrous horse epidemic of 1912 in Kan-
sas and in more recent outbreaks in Saskat-
chewan, Canada. Records and Vawter (300)
reported three infected horses in Nevada in
November. These animals had been moved in
from a high mountain ranch to another corral
to join a herd of horses in which there had been
no apparent infection for 15 months, and with-

Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides
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£ 1w }
was unlikely since several “Jocalized outbreaks

.~ with a high mortality have occurred in the
~‘winter months.”

TLambert et al. (279) found that young horses
were more susceptible to WEE than older ones,
but that sex differences did not show in a sta-
tistical analysis of a Miles City, Mont., out-
break in 1939. Low indexes of clinical cases
in animals over 2 years old may in large part
be due to immunity developed by clinical or,
more probably, nonclinical infection at an early
age. At present, most infections appear in
horses under 2 years of age. The fact that mice
(283) and chickens (262, 385) are more sus-
ceptible to viruses when young forms the basis
for several laboratory procedures. Young
birds have been studied as sources of these
viruses in nature (379). Chicks may serve as
a short-term source of WEE virus for mosqui-
toes (18).

Certain unusual findings in equine epidemics
are included here for consideration. Fulton
(107) noted that Saskatchewan outbreaks of
WEE occurred in areas known to be very dry
for months and to be without mosquitoes.
Meyer also commented on the same thing early
~in the history of the disease (251). Early stud-
ies,on horse botulism showed the disease (which
included “sleeping sickness’) to be most preva-
lent in the fall and winter, which is a seasonal
distribution not generally found at present in
WEE and EEE. In a notable virus isolation
of EEE from a Florida horse during the mid-
dle of January 1939, the wintertime occurrence
~was tentatively attributed to the probable pres-

. ence of mosquitoes (75, 285). One horse case
of WEE occurred in the center of an area not
completely treated for the insect (163).

Human Encephalitis

An interesting human case of WEE (324)
oceurred in the center of Chicago, and allegedly
careful checking showed no known contact with
arthropods. One wonders at the western dis-
tribution of SLE virus in the United States
and its apparent absence in Canada, as reflected
in reporting. Certain manifestations of these
viruses which appear unusual at present have
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~a virus suspenswn taken f,rom a patlen‘h d;

with SLE (31) ; the suggested relationship ex-
isting between SLE and epidemic keratocon-
junctivitis (74, 332) ; certain changes in viruses
(406), especially the isolation of a mixture of =
viruses from which both SLE and WEE were = =
obtained (762); and the discovery of an agent ©
in normal mouse urine which ueutthed large RN
amounts of SLE virus (286). : k
In recent years SLE has become 111creas1ngl_y
more important in California. At present, two
established endemic foci of WEE are Weld
County, Colo.,, and Kern County, Ca.]lf
Moreover, new viruses have been djscovared, ¥
‘such as the California virus (159). e T R

» .

The age distribution of human cases of wms ‘f
encephalitis has been considered, especially the .7 i
distribution of SLE (50). In general age dis-
tribution varies with the immunity and type
of exposure of a population. SLE was shown
to have a higher case index among older groups~
but no preference for sex or color. -

Transmission of Virus iRl

Kelser’s researches (193) on the direct trans-

mission of WEE virus through the bloodsuek-

ing activity of an arthropod are classic in the
history of the epidemic encephalitides. Kel- = -
ser used A. aegypti of Philippine Islands ovigin
and WEE virus from the brain of a North =
Dakota horse in the-first laboratory transmis-
sion of encephalomyelitis. He injected virus
suspensions into three guinea pigs. Mosqui-
toes were initially fed on the three guinea pi'gs :
at 48, 72, 96, 120, and 144 hours-following in- ¥ i
jection, a period which covers the febrlle stages
of the disease in guinea pigs. Bach- lot of
Aedes was then test fed on normal gumea\plgs
6 days from the time of initial feeding, an inter-
val thought of as the incubation period. AH
guinea pigs died from encephalitis from each of
the mosquito test groups except the last: one
(144 hours). Some of the mosquitoes were in-
fective up to 18 days after initial feeding. A
horse which also was infected by the above
method of direct transmission by arthrepod bite
dled w ith encepha]omyehtls TenBrbeck zmti
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fornia, 1943 ; Nebraska, 1943; Montana, 1944 ;
and North Dakota, 1948. Through 1950, 144
isolations of WEE and 14 isolations of SLE
virus have been made from this important mos-
quito. Thompson and co-workers have recently
reported on the isolation of WEE virus from
A. dorsalis of midwestern United States fo*
the first time.?

One of the main purposes of this survey is to
present tabulations on intermediate and defin-
itive hosts. Studies are summarized in tablesﬁ
1 through 6, which are complete through 1951.
In the use of these tabulations it must be re-

* Thompson, G. A., Howitt, B. F., Gorrie, R., and
Cockburn, T. A.: Encephalitis in Midwest. VI. West-
ern equine encephalomyelitis virus isolated from Aedes
dorsalis Meigen. Proe. Soc. Exper. Biol. & Med. 78:
289-290 (1951). 3
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—149
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ermacentor andersoni. —125, 127
aemaphysahs leporis —149
— 156
— 149
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+ 124, 209
—160, 156
mopon palluium
nenacanthus stramineus - _______
Ground squirrel lice
eratopogoniids
aematobia serrata
ippelates pusio
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3 u%tomozys calcitrans
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~ Nors: + or — preceding blbhogra.phlc number mdlcates posmve or negatlve results durmg ;
~(?) indicates indefinite statement in paper reviewed. T S

n.,n).«f:tembered that in many instances more than  nite statements in the paper e
e reference relates to a single test. Both cold-  parisons may be m}zde with 1
~and warm-blooded animals are listed as they and those given prevm sly by
‘were named in the literature, without regard '
to modern taxonomic placement., While many
arthropod species have been tested for the  mon et al. (152), Ma,nzelh (23 P
presencesof naturally acquired virus infections,  and Berry (392). The sumn
deductions based on epidemiological factors  are especially useful (235).
have compelled workers to seek virus isolations Table 1 indicates that mosg
- principally from mosquitoes, ticks, and mites.  used mostly in attemptingj to
. In these tables, demonstration of the presence erous
* absence of virus during a particular trial is  with WEE
: &enoted by a plus or minus symbol with the ap- Table 2 lists certain a.rbhro pOG
ropriate bibliographic number. These symbols Aedes cantator, Aedes sollicita
are qualitative and imply only that one or more  niorhynchus, Aedes vewans,
were negative or positive as the case may  macentor andersoni, and :
' bilis) which demonstrate
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m by bite is 1nferred i. e., the arthropod became infected by biting a .tbe\ animal which ha.d
us means. Probably A. subalbatus.

L
mals are detailed in the paper by Hutson et al.®
in which only 6 out of the 300 tests were posi-
tive (5 positive WEE and 1 positive SLE
tests). - Asshown in table 5, very few lsolatlons
st with other arthropods. As  of viruses have been reported from ammais

W ) 1&;aib e 4, httle work has been pub- other than horses. Virus has been isolated from :

* Hutson, G. A., Howitt, B. F., and Cockburn, T. A.:
Encephalitis in Midwest. VII. Neutralizing antibodies =
in sera of small wild animals—Colorado, 1950. Procmr‘l =
Soe. BExper, Biol. & Med. 78: 290-293 (1951).
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