Several epidemiologically distinct fea-
tures of eastern equine encephalomyelitis
(FEE) are observed repeatedly during
endemic and epidemic periods; (see Table
1). Major voids in the knowledge of
various aspects of the etiology persist.
Some of these are: The vector of the
virus during endemic periods; the location
of the virus during the winter season in
the United States; and the method of virus
activation during favorable seasons in the
United States. In other words, is the virus
rranstitted  during endemic periods by
nly one or two species of mosquitoes;
ind further, is the virus removed com-
pletely in the winter {rom its summer loca-
dori to be reintroduced the following
spring or summer by migratory birds, or
oes it persist in an arthropod or other
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animal host in a latent or masked stage
from yeat to year in the United States?

While none of these highly complex
problems was approached specifically in
the study reported upon here, the study
was cotaprehensive. It involved collec-
tions of arthropods and bird bloods.
virus isolation studies, serological studies
of birds and ecological studies in Georgia,
South Carolina, and central Florida dut-
ing 1957 and 1958. The major emphasis
was placed on central Florida, in the Or-
lando area, during the spring and early
summer of 1958, and this report covers
only that aspect.

Florida is considered an especially fertile
area for studying EEE. The Florida
peninsula serves as a point of departure
and arrival for the migratory birds, pri-
mary reservoirs of EEE virus, to and from
Cuba, Central and South America, and
Mexico (7). Furthermore, the reported in-
cidence of equine cases of disease during
the past 5 years has exceeded the reported
incidence in other states by a considerable
margin. For example: In Florida during
1956 there were 107 cases, in 1957 there
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TABLE t.—Repeated observations during efidemic and epidemic periods of EEE in the United States

Endemnic period

Epidemic period

Low to moderate rate of serum neutralizing anti-
body 1n wild birds (1. 2).

Infrequent indications of circirlating virtss in wild

birds (1, 2).

Localization of inapparent discase in large wading

birds (z).

Few equine cases and rare human cases {4).

Biological vector uncertain.

High rate of serum neutralizing antibody among
wild birds late in period (1, 2).

Relatively frequent isolations of virus from wild
birds (1, 2).

Inapparent disease in a wide variety of wild

birds (3).

Numerous equine cases and outhreaks of human
cases (4).

Biological vectors incriminated most frequently,
Culiseta melanure (5. 6).

were 386, and in 1958 there were o4
cases (8). Yet with this indication of virus
activity, never has the virus of EEE been
isolated from mosquitoes taken in Florida
even though numerous workers have at-
tempted to do so. Most of these attempts
have not been published, presumably be-
cause of the negative results obtained.

FreLp axp Lasoratory Stupiks

Artrrorobs. Adult mosquito collections
were made fromi March to July at 11 dif-
ferent sites within a s0-mile radius of
Orlando, Florida. Most of the sites were
located immediately adjacent to, or within
fresh water cypress and oak swamps. Both
standard and modified New Jersey light
traps, fitted with live-catch containers, were
used for collection. Collections were re-
moved at midnight and dawn of each day
throughout the study. Specimens were
identified while alive, sealed in screw-cap
vials, placed on dry ice and held for sub-
sequent virus isolation attempts. Within
a weck the specimens were transferred to
an electric freezer, maintained at -60° C.
Suspensions of high suspect vectors such
as Culiseta melanura (Coq.), Mansonia
perturbans (Walker) and Aedes sollicitans
(Walker) were inoculated intracerebrally
into three-week-old Swiss white mice
within 10 days of collection. Other species
had a storage period of 10 to 30 days.
Preparation of mosquitoes into a suspen-
sion for intracerebral inoculation into three-
week-old mice followed standard pro-

cedures except that 20 percent normal rab-
hit serum (phosphate buffered to pH 7.6)
was used as a diluent.

A total of 56171 adult, unengorged female
mosquitoes were retained for virus isola-
tiori attempts. Of this total, representing
8 genera and 24 species, there wete 213
specimens of Culiseta melanura, 154 speci
mens of Mansonia perturbans and 8 speci-
mens of Aedes sollicitans.

Nortie of the mosquito pools inoculated
into mice produced any lethal pattern
which could be perpetuated or isolated

Brros. Birds were collected by using
Japanese Mist Nets and by shooting. Blooc
was collected from birds by several dif
feredt methods, as dictated by the size of
the bird. Small birds were difficult tc
bleed from veins or by cardiac puncture
Bending the head backwards and snipping
the throat with iris scissors and allowing
the blood to spurt into a sterile vial provec
convenient for small birds. Larger bird
were bled from veins or by cardiac punc
ture using a small hypodermic needle anc
suitably sized syringe. Blood was im
mediately transferred into sterile vaccin
bottles and placed in refrigeration. Wher
an adequate quantity of blood permitted
serum was removed and the residual bloot
was diluted with an equal volume of 2
percent normal rabbit serum. The bloo
was then frozen and held for virus isols
tion attempts. The serum was retaine
under refrigeration until serological studie
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were performed. Frozen whole bloods
were used both for virus isolation attempts
and serological studies.

Three hundred and twenty birds, repre-
senting 44 species, were collected duting
the spring and early summer of 1938 in
central Florida. Ninety-six specimens of

1.5 logs of EEE virus. Four of these
specimens also neutralized at least 1.5 logs
of WEE virus, see Tuble 2.
Hemagglutination-inhibition (HI) test
of whole bloods, teportedly satisfactory at
some laboratoties (10) gave equivocal re-
sults. HI test of 65 bird seta gave clear-cut

serum or whole blood neutralized at least  results at a dilution of 1:20, using 8 units

TABLE 2 —Results of studies on birds collected in Florida, 1938

Species

Residence Pos. EEE (WEE) EEE virus
status (¢) neut. testt 1solatecd
Total Coll.

Water turkey Perm. 1/4 o
Double-breasted cormorant Perm. o/t o
Green heron Perm. o/2 o
Lattle blue heron Perm. t(1)/2 o
American egret Perm. 2/8 o
Snouwy egret Perm. 2/4 o
Osprey Permm. 1 (0)/1 o
Bob-white Perm. /3 o
Kildeer Permi. & Wisiter 2/5 0
Spotted sandpiper Winter o/t G
Ground dove Perrn. & Winter 0/3 0
Yellow-billed cuckoo Sumimer 0/1 0
Chuck-will's widow Sumener o/2 0
Red-headed woodpecker Perm. 8/21 0
Red-bellied woodpecker Perm. 4/12 0
Pileated woodpecker Perm, 1/3 0
Red-cockaded woodpecker Perm. o/1 o
Yellow-shafted flicker Perm. 0/4 0
Crested flycatcher Summer 2/16 0
Fastern kingbird Sumrner 0/6 0
Crow Perm. 2/7 0
Bluejay Perm. 2/7 0
Tufted titmouse Perm. 1/4 1
Carolina wren Perm. o/5 1
Blue-gray gnatcatcher Perm. 0/2 0
Bluebird Perm. & Winter 6/16 1
Catbird Perm. & Winter 1/2 o
Mockingbird Perm. 2/4 0
Brown thrasher Pernd. & Winter 1/3 0
Loggerheaded shrike Perm. & Winter 7/14 0
Yellow-throated warbler Summer o/1 0
Parula warbler Perm. & Winter 0/3 0
Northern waterthrush Winter 0/1 0
Blackpoll warbler Winter o/1 0
Meadowlark Perm. & Winter 25 (2)/59 1
Red-wing blackbird Perm. & Winter 3/16 0
Rusty blackbird (?) Winter 2/6 1
Brewer’s blackbird (?) ? 1/9 0
Boat-tailed grackle Perm, 3/6 0
Sumrner tanager Summer 1/1 0
Cardinal Perm. 10/29 0
Towhee Perm. & Winter 4/22 1
English sparrow Perm. o/t 0
Pine-woods sparrow Perm. o/1 0
Total 96 (4)/320 6

* Neutralized at least 1.5 logs of virus.
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TABLE 3.—Comparison of FEE serum neutraliza-
tion and hemagglutination-inhibition tests of

65 bird sera collectzd in Florida, ros8
HI test
Serum e
Neut. test Positive " Negative
Positive * 17 6
Negative 14 28
Total 63

* Neutralized at Jeast 1.5 logs of FEE virus.

"Inhibited hemagglutination st a dilution of
r:20 or greater using 8 units of antigen.
of antigen. Some specimens inhibited

hemagglutination at dilutions as high as
12160, A modification of the methud of
Clarke and Casals (11) was used. Table 3
shows the results of HI tests of 63 hli‘d
sera in comparison with the results of
seturn neutralization tests of the same sera.
Whole bloods and normal rabbit serum
diluted bloods (from which most of the
original serum had been removed) were
inoculated incracerebrally into three-week-
uld mice for virus isolation attempts. Virus
was isolated from six species of birds, three
of which were collected on the same day
from the same location. All six isolates
were identified as EEE virus by serum
neutralization tests, see Table 4. Hyper-
immune- serums to the viruses of EEE,
WEE and SLE were prepared in rabbits.
( Diffculty was experienced in maintaining

TABLE 4.—Identification of virus isolates ob-
tained from birds collected in Florida, 1958

Neutralization test results
(Log LDso of neutralization index)

EEE rabbit WEE rabbit
immune serum.  immune serum.

(J-90B strain (L2-34a strain
Blood source EEE virus*) WEE virus*)
Rusty blackbird(?) 3.7 < 1.0
Meadowlark 3.2 1.0
Tufted titmouse 4.0 <1.0
Carolina wren 3.0 <r1.0
Towhee 3.5 <1.0
Bluebird 3.3 < 1.0

* Furnished by Dr. R. W. Chamberlzin, Mont-
gomery Laboratories, US DHEW, PHS, CDC.

a reasonably uniform infectivity titer with
SLE vitus, hence its homologous antiserum
was tinreliable in these tests.)

Discussion

The hiological vector of EEE virus in
Florida is stifl not established. Presumably
the satre species of mosquitoes which have
be(‘n (\O“Si(k’r(‘d as vectors (:IS(\V\'hCr(’, With
the possible exception of Connecticut ( r2),
would also be considered in Florida, since
all the areas support populations of Culr-
setd melanura and Mansonia perturbans.

In the present study, of the 44 species of
birds collected 23 are classified as perma-
nent residents, 1o as hoth permanent and
winter residerits, 5 as winter residents (two
of which are of qncstwnab e 1dentity) and
6 as summer residents (12).

The isolation and identification of EEE
vitus fromi six species of passerine birds
indicates considerable virus activity in the
area.

The laboratory finding of 30 percent
“immunes” armong the bird population by
serum neutralization test is consistent with
the findings of others following an epi-
demic cycle of EEE virus. The four speci-
mens which showed immunity o WEE
infection might well be instanices of cross-
reaction. However, WEE infection was
diagnosed in horses in Flagler County,
Florida in 1959 (13).

Little has been published in the litera-
ture pertaining to the use of the HI test
on wild bird sera and a great deal of addi-
tional work is indicated. Assuming that
the response observed in EEE experimen-
tally infected chicks (wherein HI antibody
is consistently demonstrable before serum
neutralizing antibody, the latter appearing
approximately 10 days following infection
(14)) is analogous to the response in wild
birds naturally infected with EEE, consid-
erable speculation as to geographical origin
of infection may be made. The results of
these tests in this study lend strength to the
opinion that there is a similarity between
the response elicited from chicks follow-
ing experimental infection with EEFE virus
and response of wild birds naturally in-
fected with EEE virus.



Jung, 1960

Mosotito News of

Of the 17 birds found positive both by
HI and serum neutralization tests, none
were recognized as immatures. This is
interpreted to mean thar the birds in this
group were infected in 4 previous year or
sufficiently early in rgs8 to allow for the
development of serum neutralizing anti-
hody by the time the survey was conducted.

The finding of 6 birds negative by HI
test but positive by serum nentralization
test is interpreted as bieing indicative of
old infections or the result of individual
variation among wild birds for the per-
sistence of HI antibody. There is great
need for studying the duration of HI anti-
body in EEE infected wild birds. Once
these base-line data have heen determined,
the value of the HI test in this procedure
can be established.

Fourteen birds were positive by HI test
but negative by serum neutralization test.
Additionally, 3 of the 14 birds were recog-
nized as immature forrus, suggesting local
hatching. If these 14 specimens, particu-
larly the three immatures, merely had not
yet had time to develop serum neutralizing
antibody, only two obvious conc]usions
are possible. Either they became infected
just before arriving in the area or they
became infected almost immediately after
arriving in the area. The sparse informa-
tion in the literature pertaining to the
duration of serum neutralizing antibody in
wild birds, experimentally and naturally
infected with the virus of EEFE, leaves a
wide margin for ultimate contradiction.
It has been shown in some experimentally
infected wild birds that high levels of
serum neutralizing antibody are obtained
but their duration, as with HI antibody,
also is unknown (3). From field and labo-
tatory studies one can conclude that EEE
serumy neutralizing antibody persists at
least one year in certain avian species (3),
though to pursue the conclusion beyond
this period is difficult to confirm.

Most present workers consider the bird
to be the most important key to a full
understanding of EEE in the United States.
The problem of ascertaining whether the
virus is reintroduced each year into the
United States by northward migrating

birds or whether the virus overwinters in
the United States within its endemic range
in an arthropod or other animal is a
cardinal one. However, once the virus
of EEE is found ovetwintering in the
United States ini a form which will allow
its transmission under favorable condi-
tions, the question of its annual reintro-
duction by migtatory birds will be rele.
gated to almost academic interest. In
Florida, bird studies are more comiplex
than in many other areas. Permanent resi-
dent species are diluted by northern mem-
bets of the same species during the wiriter
season.  Somne of the permanent residents,
perhaps accompanied by rorthern migrants,
emigrate to Cuba, Central and South
America, Mexico, and probably to other
Gulf coast dreas of the United States; to
immigrate again the following year. This
situation serves to complicate field studies
and point out the necessity for intimate
ornithological assistance.

The study revealed that the virus of
EEE was estremely active in localized
foci and probably would have precipitated
an eguine outbreak were the populations
of both vectors and susceptibles quantita-
tively adequate. This leads to the postu-
lation that the virus of EEE in central
Florida exists year-round in delimnited
fresh-water-swamp areas, becoming active
during favorable seasons and held in
check by the combined influences of sis-
ceptible hosts and  density of efficient
vectors.

SuMMARY

The data obtained during the 1938
Florida study reveal:

a. Absence of detectable virus in the
mosquito population during a seasonal
period when few equine cases attributable
to the virus of EEE were reported in the
immediate vicinity. Only 10 equine cases
were reported from the study area during
1958 as compared with 67 cases the pre-
vious year.

b. The finding of 30 percent “EEE im-
munes” among the wild bird population
by serum neutralization test during the
spring and early summer of 1958 con-
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firms a widespread exposure to the virus
in a previous period, presumiably 1957.

¢. The detection of HI antibody to the
virus of EEE in 14 birds, three of which
were immature forms, without detectable
setum  neutralizing antibody gives rise
to the opinion that the infection was
recent and of local origin.

d. The relationship of the virological
and serological findings to the epidemi-
ology of EEE in the United States is
discussed.
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