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SPECIAL REPORT OF THE DEPARTMENT OF PUBLIC
HEALTH ON INVESTIGATION AND STUDY OF
EASTERN ENCEPHALITIS AS CONTINUED DURING
1960.

4
December 7, 1960.

To the General Court of Massachusetts.

The Department of Public Health has continued its investigation
relative to equine encephalitis, now referred to as eastern encepha-
litis, in accordance with authority delegated by chapter 12 of the
Resolves of 1960. The resolve reads as follows:

Resolved, That the department of public health is hereby authorized and di-
rected to continue further the investigation and study authorized by chapter thirty-
seven of the resolves of nineteen hundred and fifty-seven and most recently con-
tinued by chapter thirty-six of the resolves of nineteen hundred and fifty-nine,
relative to the spread and the means of control of equine encephalitis, otherwise
known as horse sleeping sickness, which causes a fatal disease in man. Said de-
partment shall, in the course of its investigation and study, confer and co-operate
with such agencies of the commonwealth or any political divisions thereof, and
with such civic and other associations or organizations as may be engaged in mak-
ing a study and investigation of said disease. Said department shall also invite
the assistance and co-operation of the public health service and any other federal
agency that may have an interest in the problem. For said purpose said depart-
ment may expend for services, traveling expenses, materials, equipment and sup-
plies, the unexpended balance made available by chapter thirty-six of the resolves
of nineteen hundred and fifty-nine and an additional sum not exceeding thirty-one
thousand dollars from such sums as may be appropriated. Said department shall
report to the general court the results c
mendations, if any, together with draft

its investigation and study and its reoom-
of legislationnecessary to carry its recom-

Amendations into effect, by filing th
”sentatives on or before the first Wee

me with the clerk of the house of repre-
day of December in the current year.

A “Special Report of the Department of Public Health on an
Investigation and Study Relative to Equine Encephalitis” was
submitted to the General Court of Massachusetts on December 4,
1957, inaccordance with the provisions of chapter 37 of the Resolves
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of 1957. By that document, House, No. 3029, the General Court
was informed of the nature and seriousness of equine encephalitis
as it has occurred in our Commonwealth; of the previous field and
laboratory studies; the studies of mosquitoes which transmit the
disease; and of domestic fowl and wild birds which apparently are+1

reservoirs of the virus and the source of infection for horse and
for man.

That report described the irregular periodicity of the disease,
pointing to the three epidemic years in Massachusetts of 1938,
1955 and 1956, during which there were numerous human cases and
deaths in addition to many losses among horses and birds. It
explained that a complicated set of biological circumstances is
necessary for the spread of the virus to man. It pointed out that
through research directed toward an understanding of these biolog-
ical circumstances better and less costly methods of control than
those presently used must be found in order to effectively and
efficiently prevent future outbreaks of this dread disease.

With authority delegated by chapter 111 of the Resolves of 1958
these investigations were continued and a “Special Report of the
Department of Public Health on Continued Investigation and
Study of Equine Encephalitis” was submitted to the General
Court of Massachusetts on December 5, 1958, in accordance with
the provisions of those resolves. By that document, House, No.
2587, the General Court was informed on the continued studies
which the Department had carried on in a co-operative program
with the Technology Branch of the Communicable Disease Center
of the United States Public Health Service, the latter working out
of the field station which had been established in Taunton in a
building of the institution which is now known as the Paul A. Dever
State School.

That report described the results of studies of adult mosquitoes
and other blood sucking arthropods; ecology and control of the
Culiseta mdanura mosquito, which is the mosquito believed respon-
sible for transmitting the virus from bird to bird and from which
the encephalitis virus has been repeatedly recovered; studies con-*
ducted on vertebrate hosts and reservoirs; wild bird survey; bat
survey; sentinel pigeon program; and sentinel domestic fowl and
animal programs.

That report presented evidence of a definite but low level of
occurrence of the disease in birds and mammals during 1957; but
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despite thousands of specimens examined which had been collected
in 1958, there were no recoveries of the equine encephalitis virus
during that year. Thus once again the baffling intermittent perio-
dicity of the disease was exemplified in that no evidence of the pres-
ence of the virus in the Commonwealth in any species was obtained.
Despite the negative findings, and even because of them, marked
contributions to our knowledge of this disease and its eventual
control were made during that year.

Under authority delegated by chapter 36 of the Resolves of 1959
the investigations were continued, and on December first of that
Hear a “Special Report of the Department of Public Health on
Investigation and Study of Equine Encephalitis as Continued
During 1959” was submitted to the General Court.

During that year thousands of arthropods (insects and mites)
were examined for the presence of encephalitis virus; hundreds of
bloods were obtained from wild birds of numerous species and from
wild mammals of southeastern Massachusetts and from many
amphibians and reptiles. No eastern virus was recovered from these
species with the exception of the pheasants in Dracut. Although
with one exception virus itself was not recovered from these species,
anti-bodies were found in the bloods of several species of birds,
one rabbit, and also in sentinel flocks of domestic fowl. This indi-
cated that these species had been previously infected with the virus.
Laboratory studies on the blood of bats which had been collected
during 1958 also revealed antibodies for eastern encephalitis in two
species.

Because of marked virus activity, which was observed in adjacent
States to the south, and especially in New Jersey where there were
numerous human cases and deaths, it was felt that 1960 might be a
crucial year provided that circumstances were favorable for the
development in eastern Massachusetts of large numbers of the
mosquito vectors of this disease. Fortunately, the meteorological
conditions were such that there was a paucity of these insect vectors
after July, 1960, and the Commonwealth did not experience any
Avert eastern encephalitis in horses or humans. Had such occurred,
Tiowever, the Department, in co-operation with the United States
Public Health Service, was prepared to rapidly expand research
and surveillance activities. Although our concern was amply
justified on the basis of past experience with the disease in Massa-
chusetts, the fact that clinical cases did not occur enabled us to
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conserve a considerable proportion of the funds allocated in accord-
ance with chapter 12 of the Resolves of 1960.

One new finding of great importance which was made during 1960
was the recovery of the western type of encephalitis virus from
twenty-eight pools of mosquitoes collected during the latter part
of 1959 in Raynham, Lakeville and Middleborough. This virus
was recovered from two species of mosquitoes: Culiseta melanura
and Aedes canadensis. This constitutes the first record anywhere
in the world of a recovery of this virus from the latter species.

Furthermore, western encephalitis virus was isolated from one of..
10 pheasant brains submitted from a flock stricken in Middle*
borough. This constitutes the first confirmed demonstration of
active infection with western encephalitis in a Massachusetts ver-
tebrate. In addition, in one flock, 37 of 40 turkeys possessed western
encephalitis antibody, indicating that they had been infected with
the virus although virus itself was not recovered from this flock.

These totally unsuspected findings of the widespread presence of
the virus of western encephalitis in Massachusetts pose a threat of
another crippling type of viral encephalitis which warrants con-
tinuing surveillance. This will be accomplished simultaneously
with the research on the eastern type. Although this type of en-
cephalitis is not quite so highly fatal in man as is eastern encepha-
litis, its epidemic potential is greater than that for the eastern
variety and it takes a heavy toll in mental retardation and paralysis
among infected humans in those portions of the United States
where it occurs.

As a result of the research conducted during this past year with
eastern encephalitis, several important advances which can con-
tribute to eventual control were made in our knowledge of this
disease. These are not enumerated here but are described in some
detail in the attached appendix.

Obviously it is important that this study and investigation be
continued until the most efficient control measures can be deter-
mined. Surveillance must be continued not only on eastern enceph-
alitis but also on western encephalitis virus. The study must befjf
conducted in such a manner as to enable the rapid expansion of
activities in the event that clinical cases of either the eastern or west-
ern variety of encephalitis should occur in horses or in humans, or
in the event that considerable virus activity is noted in lower species.

The accompanying bill requests that the study be continued and
that the remainder of the unexpended funds allocated for use during
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1960be made available for studies in 1961. To this should be added
an additional appropriation of $20,000 for the current year to cover
the research and surveillance activities during the coining season.

Respectfully submitted

ALFRED L. FRECHETTE, M.D., M.P.H.,
Commissioner of Public Health.

GORDON M. FAIR, 8.5., Dr. Ing.,
WILLIAM H. GRIFFIN, D.M.D.,
PAUL J. JAKMAUH, M.D.,
HUGH R. LEAVELL, M.D.,
CHARLES F. WILINSKY, M.D.,

Public Health Council.
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The co-operative stud}' on eastern encephalitis was continued dur-
ing 1960 by the Massachusetts Department of Public Health and
the Communicable Disease Center, United States Public Health
Service. The operational headquarters for the field investigations
were located on the premises of the Paul A. Dever State School.
The virus and serological tests were performed in the Virus Section
of the Massachusetts Department of Public Health Diagnostic
Laboratories and at the Encephalitis Section Virus Laboratory of
the United States Public Health Service in Greeley, Colorado.

Each year from 1957 to the present either eastern encephalitis
virus or antibody (formed in the blood following infection with the
virus) has been detected in one or more species of lower animals in
the Commonwealth; however, neither human nor equine cases of
eastern encephalitis have been clinically detected since the 1956
outbreak. Thus, our data indicate that the so-called “interepidemic
periods” between outbreaks of the disease may be due to the absence
of the combination of biological and physical conditions necessary
for the build-up and spread of the virus to humans and equines,
rather than to the absence of the virus. Sufficient evidence has
not yet been obtained to support either the hypothesis that the virus
is reintroduced periodically into the area, or the hypothesis that the
virus can over-winter here and is always present in Massachusetts.

A disquieting new finding during 1960 was the rather widespread
distribution of the western encephalitis type of virus and antibody
throughout southeastern Massachusetts. Western encephalitis
virus is the cause of most human and equine arthropod-borne en-
cephalitis in North America, but it has not yet been associated with
disease along the eastern seaboard. Unfortunately, in areas where
western encephalitis has occurred, the infection rate among humans
is much greater than that generally encountered during outbreaks
of eastern encephalitis. The newly discovered occurrence of western

Appendix.

CONTINUED INVESTIGATION AND STUDY OF EASTERN
ENCEPHALITIS IN MASSACHUSETTS.
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encephalitis in Massachusetts poses a potential threat of another
crippling disease which warrants continuing surveillance.

Arthropod Studies.
Adult mosquitoes and other blood-sucking arthropods were col-

lected by several methods and tested for the presence of virus. In
addition, indices of mosquito populations were systematically ob-
tained for correlation with measurements of virus activity. An
analysis of this type of data obtained during non-outbreak and out-
break years should elucidate the role of the different mosquito
species as reservoir hosts or transmitters (vectors), or both, of
eastern encephalitis.

Arthropod Surveillance.
In the previous document, House, No. 2650 (January, 1960), it

was reported that no virus was isolated from the arthropod speci-
mens which had been tested, and no eastern encephalitis virus was
recovered from the specimens tested during the year 1959. How-
ever, 28 pools (groups of arthropods of a given species combined for
test purposes) were found to be positive for the western type of
encephalitis virus. This virus was obtained from two species of
mosquito, Culiseta melanura and Aedes canadensis. The Culiseta
melanura were found infected at two locations in Raynham, and at
single sites in Lakeville and Middleborough. Only one of the virus
isolations was from Aedes canadensis; this constitutes the first
record of the virus from this species. The remainder of the isola-
tions, from Culiseta melanura, represent the first records of western
encephalitis virus from this species in Massachusetts. Western
encephalitis virus was first isolated in the eastern United States
from C. melanura collected in Louisiana and was found also in New
Jersey. Twenty-three of the western encephalitis isolations were
made in a study site located adjacent to the Hockomock Swamp
between August thirty-first and September third. These data in-
dicate that there was a considerable amount of western encephalitis
virus activity in the swamp in lower animals during the late summer
of 1959. On the other hand, in four Raynham study sites, no virus
was isolated from 142 pools of arthropods collected during 1959.
The tests on nine pools are still not completed. Likewise, the results
obtained from the 1959 arthropod transmission and infection rate
field experiment still have not been completed —in both cases -

because of the great laboratory load involved.
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The reduction of mosquito breeding sites due to lack of rain re-
sulted in relatively small mosquito population in southeastern Mas-
sachusetts after July, 1960. In fact, discontinuance of several field
experiments being conducted in swamp sites which usually support
large mosquito populations during the summer was necessitated by
the lack of mosquitoes. The arthropods collected in 1960 are cur-
rently being tested for virus. The generally low mosquito popula-
tions could help to explain the absence of overt disease in the Com-
monwealth in this particular year in spite of the threat posed by
the New Jersey outbreak of 1959.

In the 1957report (House Document No. 3029) on the investiga-
tion and study relative to eastern encephalitis, a statement was made
that “neither the importance of this species in the life cycle of EEE
nor its role as a vector of the disease has been determined.” As the
result of progress made through studies conducted within the Com-
monwealth, that statement is now obsolete. The isolation of the
virus from over-wintering larvae of Culiseta melanura indicated that
the species may be involved as an over-wintering host for the virus;
however, additional data are being sought to substantiate this. In-
formation obtained from a mosquito host preference study revealed
that C. melanura took blood meals from birds, mammals, and rep-
tiles, and that birds were the preferred hosts. These data, the iso-
lations of the virus from this species in Massachusetts (and in several
other states), and the prior observation that the species sometimes
bites humans under natural conditions indicated its importance as
an epizootic vector and its possible involvement in transmission of
the disease to man.

Since C. melanura larvae can be readily collected in fresh water
swamps during the spring thaw, it has been generally assumed that
these mosquitoes over-winter in the larval form. Efforts to recover
the larvae over-wintering in the swamps during previous winters had
often been unsuccessful. During the winter of 1959-60, a field ex-
periment was conducted to ascertain how C. melanura larvae over-
wintered. This study was carried on in two swamps, one in Bed-
ford and the other in Raynham, from October 20, 1959 through
June 1, 1960. Two or three hundred larvae were placed in each of
seven containers at Bedford and six containers at Raynham. The
pipe-like containers were five inches in diameter and four feet in

Culiseta melanura Ecology and Control.
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length. They were submerged in the mud and water in root holes
which had natural populations of C. melanura larvae. Mud was
poured into the containers to a depth of several inches, the larvae
were added, and the end of the container above the water surface
was screened and covered with leaves. From monthly observa-
tions of the larvae made by removing a container and inspecting
its contents at the field station headquarters, it was proved that
the species do over-winter as larvae. Furthermore, it was observed
that they avoid freezing by entering the mud, and that they burrow
deeper into it as the winter becomes colder. The lowest mud tem-
perature recorded in the containers was 34.5° F., and larvae were
recovered from mud depths greater than six inches. Living larvae
were collected throughout the period of the study; no collections
were attempted in April, but the March collections were made on
the last day of the month and the May collections on the second.

Studies on techniques for controlling C. melanura larvae were con-
tinued during 1960. Heavy applications of a granular larvicide for-
mulation (two per cent dieldrin) were applied to a small study plot
in February. Complete control of the larvae was obtained in the
treated area through July eighteenth, whereas C. melanura larvae
were observed in a nearby untreated study plot on June 8 and
July 18. Due to a lack of rain, the study plots became dry by Au-
gust 9, and the study was discontinued when later inspections re-
vealed that no breeding occurred in either of the study plots during
the remainder of the season.

Vertebrate Hosts and Reservoirs.

There was no evidence of eastern encephalitis epizootics or epi-
demics in Massachusetts in 1960. Primarily, for this reason the
vertebrate serologic survey was conducted at a reduced rate, es-
pecially for mammals, reptiles and amphibians. However, the wild
bird survey was carried on at a more intense level to obtain infec-
tion rate data for correlation with similar data from the sentinel

Jbhicken flocks which were maintained. In addition to the 1959
sentinel flock locations, one additional flock was placed in West-
port to include a coastal location and to obtain a more complete
picture of virus activity in southeastern Massachusetts. During
the spring of 1960, a search for virus among birds migrating into
Massachusetts from the South was conducted.
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Domestic Bird Studies.
Results obtained from the 1959 sentinel chicken flocks were

highly elucidating as to the activity of encephalitis virus. These
chickens were maintained from June 22 to October 16, 1959, in
Raynham, in the vicinity of a swamp which produced large num-
bers of Culiseia melanura. Serum specimens collected from these
sentinel chickens at the end of the season and tested for hemag-
glutination-inhibition antibodies against eastern encephalitis anti-
gen revealed (Table I) a high transmission rate (65 per cent positive®!
near the center of the swamp, and lower rates (about 35 per cent
positive) at the other sites located up to two miles from the edge
of the swamp. Since no human or equine cases of arthropod-borne
encephalitis were reported during 1959, it appears that high levels
of enzootic transmission may occur in Massachusetts without in-
volving horses or humans.

Table II tabulates the laboratory findings on the domestic flock
survey conducted in 1959. Only one chicken in a group of 618 do-
mestic fowl was positive for eastern encephalitis antibody. An
additional eleven pheasants were sampled in Wareham, Massachu-
setts. Two of these birds were positive for eastern encephalitis
antibody; however, it was not certain that these infections oc-
curred during 1959 because it was not known whether or not they
were birds hatched in that year. In one flock, 37 of 40 turkeys had
western encephalitis antibody.

Western encephalitis virus was isolated from one of ten pheasant
brains submitted from a flock stricken in Middleborough. This con-
stitutes the first demonstration of
cephalitis virus from vertebrates in

active infection of western en-
Massachusetts.
icken flocks were bled from six
tes 1 and 4 each ten times, and
sting of the blood specimens for

During 1960, the five sentinel ch
to ten times, the sentinel flocks at si
the other three flocks six times. Te
the detection of specific antibody h
ratory results are not yet available.

is been initiated, but the laho-

fan antibody survey was made'
ar in nine farm flocks. Three

In October and November, 1960,
among fowl hatched during the ye
flocks of chickens, turkeys and pheasants in Barnstable, Bristol,
Middlesex, Norfolk, and Plymouth counties were sampled to de-
termine the 1960 transmission rates. Serologic tests on these blood
specimens are being performed.
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At the time of the previous report, 37 of the wild bird specimens
collected during 1959 had not been tested. None of these speci-
mens were found to be positive for virus or antibody in laboratory
tests completed during 1960.

V ild bird populations were sampled during tiie spring migration
at four study sites. Periodically throughout the breeding season,
samples were taken at two study sites in Raynham, and during the
fail migration catbirds were bled on Block Island, Rhode Island.

In April, May and June, 1960, a search for eastern encephalitis
virus among migrating birds was conducted in co-operation with
the Massachusetts Audubon Society and the Northeastern Bird-
Banding Association. Two Audubon sanctuaries in Wellfleet and
Easthampton, and one in Middletown, Rhode Island, were chosen
as good locations to intercept migratory birds in their northward
journey. These sanctuaries were already participating in a band-
ing program called “Operation Recovery”, designed to study yearly
bird migration on the eastern coast; large numbers of migratory
birds are banded at these stations. The Audubon personnel were
instructed in the technique of wild bird bleeding, and they ob-
tained blood samples from the migrating birds at the time of band-
ing. All the blood specimens were tested for virus and were found
to be negative (Table III). Antibody studies were not undertaken
because the object of the study was to detect any introduction of
virus into the State.

Throughout the wild bird breeding season, birds were collected,
banded, bled and released at several study sites. In the wild bird
study, emphasis was placed on the aforementioned sites 1 and 4
in Raynham. A total of 912 blood specimens were obtained from
wild birds during 1960: no Wood specimens were collected from
November 15 through December 31, 1959 (Table IV). Of the wild
bird bloods, 691 specimens were obtained from birds collected at
sites 1 and 4, using Japanese mist nets. The mist nets, which were
each about 7 x 40 feet, were placed at 100-foot intervals along two
1,032-foot lines that intersected at right angles at their mid-points.

Ihe lines followed the cardinal directions of the compass. A
total of 16 nets were used at each site. The first netting period
began at noon and concluded shortly after dark; the second be-
gan the next morning about sunrise and concluded at noon. The
operation was alternated so that birds at each site were collected
every other week.

Wild Bird Studies.
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A total of 113repeat blood specimens were obtained from 83 birds
in study sites 1 and 4 during 1960. A maximum of five repeat blood
samples were obtained from any given bird (identity was made
possible by the use of bird bands); this maximum was obtained
from only two birds. The repeat blood samples obtained from the
individual birds will be tested for eastern encephalitis virus and
antibody to determine the correlation between the data obtained
regarding virus activity among the wild birds and similar data for
the sentinel chickens at the two study sites. Laboratory tests on
these blood specimens are not yet completed.

A large population of American and Fish crows that gather in the
vicinity of the pigpens on the Paul A. Dever School grounds offered
the opportunity to obtain a large number of these birds. The birds
were captured by the use of corn that had been soaked overnight
in a drug. This doped bait rendered the birds helpless for several
hours and they were easily gathered from the ground. The birds
were held overnight. The next day they were banded, bled and
released. The crows were sampled three times in 1980 and 115
blood samples plus 17 repeat samples were obtained. Thirty-five
samples have been tested and S birds were positive for eastern
encephalitis antibody. Ninety-seven remain to be tested.

Four reports of sick birds (two from Middleborough, one from
East Bridgewater, and one from the Brockton Board of Health)
were investigated. It was possible in the two instances in Middle-
borough and the one in East Bridgewater to obtain recently dead
specimens or blood samples, or both, from birds of the species re-
ported to be afflicted. The specimens (a crow, pigeon, goldfinch and
five house sparrows) obtained in Brockton, however, were badly
decomposed and therefore not suitable for testing. A bobwhite
quail and two starlings were obtained in Middleborough in good
condition and vital organs such as the brain, liver and kidneys were
removed for virus testing. All were negative. The vital organs from
two recently dead specimens and nine blood samples from live
trapped house sparrows were collected in East Bridgewater. These,
too, were negative for virus.

Since eastern encephalitis antibody was recovered from a cotton-
tail rabbit during the 1959 mammal survey, a number of mammals
were collected and tested during 1960. The 68 mammal blood speci-
mens from the 1959 survey which were untested at the time of last

Mammal Survey
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year’s report (House Document No. 2650, January, 1960) were
tested in 1960 and found negative for virus and antibody. It was
decided that an intensive mammal serological survey would be con-
ducted only if an eastern encephalitis epizootic or epidemic occurred.
A total of 82 mammals were collected this year (Table V) of which
12 remain untested. Of the 70 tested to date, four pigs were posi-
tive and 66 other mammals were negative for eastern encephalitis
antibody. Thirteen of these mammals (five cottontail rabbits and
eight eastern gray squirrels) were collected in Dracut in the vicinity
.of the pheasant pens which housed birds that were stricken with
Eastern encephalitis during 1959. All of the mammals collected in
Dracut were negative for eastern encephalitis antibody.

No amphibian survey, as such, was conducted this year. How-
ever, 11 specimens (Table VI) which were collected for laboratory
study were tested. All were negative for eastern encephalitis virus
and antibody. The 14 amphibians that were untested in 1959 have
been tested and were negative.

Reptile Survey.
No reptile survey was conducted this year. Fifty-nine specimens

(Table VH) were collected for laboratory studies. Fifty have been
tested and found to be negative for eastern encephalitis virus and
antibody. The six reptiles that were untested in 1959 were tested
and found to be negative for virus and antibody.

Laboratory studies were conducted to determine the duration of
viremia in artificially infected vertebrates and to measure the
amount and duration of viremia in the artificially infected animals.
Chickens, blue jays, and pigeons circulated relatively high concen-
trations of virus following inoculations of small amounts (30 TC 11)w

tissue culture infective doses) of virus, whereas crows and leop-
aid frogs did not. Cottontail rabbits and gray squirrels were in-
oculated with larger amounts uf virus (100 TC ID 50 ), but only the
rabbits were observed to circulate the virus. The virus level in the
rabbits was below that needed to infect mosquitoes. Eastern en-
cephalitis antibod}' was detected in all the aforementioned animals
which circulated virus as well as in some in which virus was not
detected in the blood. Among the latter were crows indicating

Amphibian Survey.

Artificially Infected Animals.
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that they had experienced undetected viremia. In another experi-
ment using virus inoculations of 1,000 TC IDflo, it was determined
that amphibians and reptiles also could circulate eastern encephalitis
virus. Birds (chickens and crows) circulated the virus in their blood
at high concentrations from 1 to 4 days following inoculation.
Snakes and turtles usually exhibited longer incubation periods for
the virus, but in these cold-blooded vertebrates it remained in the
blood up to 4 weeks following infection. Only one amphibian cir-
culated virus, and this occurred only during the second day follow-
ing inoculation. Preliminary data available on the formation of|k
antibody in the cold-blooded animals indicate that the virus-anti-*'
body reaction is similar to that which occurs in warm-blooded ani-
mals. In the 1959 report an objective for 1960 was the refinement
of laboratory techniques for finding antibody. This objective has
been realized by means of serial bleedings on a number of these
inoculated animals. A new technique was perfected which is five
times as sensitive for antibody as methods previously in use. A
paper on this subject is shortly to be published in the professional
journal Science.

Information obtained from these experiments can be of great
value when the next outbreak occurs in guiding toward the under-
standing and control of this serious disease.

Studies Needed During 1961.

Even though it was not feasible to complete laboratory work on
all the material obtained, certain of the findings accumulated in
1960 make it possible to focus more sharply on the aspects of these
investigations that appear most promising. The 1960 studies re-
vealed that western encephalitis virus was also present in Massa-
chusetts. Follow-up studies on this finding are clearly needed.

Several aspects of eastern encephalitis infection should be the
subject of investigation during 1961. Further collecting and test-
ing of blood-sucking arthropods for virus is required to obtain in-
formation on the importance of various species as reservoirs oil
transmitters of the virus. Progress has been made in the problem
of persistence versus reintroduction of the virus. However, further
studies are needed on over-wintering of mosquito larva1 , and on
spring migration of birds, in a search for conclusive evidence for the
merchanism or merchanisms leading to the periodic appearance of
eastern encephalitis in animals or man in Massachusetts.
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Adaptation of the sentinel flock technique to serve as a means of
monitoring current encephalitis viius activity in selected sites may
provide a system of warning of an impending outbreak of disease.
Such a program, started early in the season, could obviate a crisis
such as occurred in 1956. In addition, studies on sentinel flocks
will help to pinpoint the mechanism and the seasonal pattern of the
virus spread.

Continuation of studies in progress are needed to obtain informa-
tion on the role of cold-blooded animals as reservoirs of the virus.
The finding of encephalitis antibodies in three bats, in the prelimi-nary 1958 survey, indicates a need for a more thorough survey of
bats in the Commonwealth, as an additional vector or reservoir
animal.

In 1959, the New Jersey State Health Department found, in a
study of persons residing in the epidemic area, that over 4 per cent
had antibodies against the virus, without a history of overt disease.
This is a much higher percentage than had been found in earlier
studies. It is important that a similar survey be conducted in the
swamp areas of southeastern Massachusetts to determine whether
or not there has been inapparent virus infection among humans in
this area, since we have uncovered definite evidence of viral activ-
ity in the sentinel chicken docks stationed in the area. The proj-
ect should be particularly worth while at this time, because we have
now perfected the plaque reduction tool of greatly increased sensi-
tivity discussed above. It is proposed, therefore, to obtain small
samples of blood from a reasonably large representative segment
of the population residing in the vicinity, and to test the samples
of blood for the presence of antibodies to eastern encephalitis.

All of the above studies are dependent on adequate laboratory
support. In addition, the laboratory should carry forward the fol-
lowing objectives, which are directed to more precise or more effi-
cient laboratory procedures and methods:

1. To apply the more efficient plaque reducing antibody tech-
nique on a large scale to field specimens of blood of all species.

$ 2. To evaluate the HI antibody test by species. In the 1960
eastern encephalitis inoculation study, certain species (pigeons and
crows) were found to produce antibody detected by neutralization
tests, but not by HI. These sera are on hand for renewed study.

An excellect correlation was found between HI and neutraliza-
tion in chickens, turkeys and hogs. The HI test is advantageous,
ifreliable, because it detects eastern and western antibody in one test.
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3. To study the distribution of virus antigens in the infected
mosquito with the aid of fluorescence microscopy.

Again, an early start in the above studies is crucial, and work
should begin in February. Delay in starting field work may mean
a year lost in elucidating the mechanism which introduces or re-
activates the virus in the Commonwealth. Moreover, studies sup-
ported throughout the entire season, and carried on for several
years, should make it possible to explain the as yet unexplained
fluctuations of the disease in animals and in man.

»
Recommendations.

It is urgent that the necessary appropriation and authorization
for continuation of this investigation and study of arthropod-borne
encephalitis be procured before mid-February of 1961.

Early as possible detection of both eastern and western strains
of the virus in the Commonwealth is essential in order that pre-
vention of the extension of the diseases from bird to man may be
accomplished.

The necessary arrangements for intensification of the study should
be completed in the event that the sentinel flocks show high levels
of infection early in the year and especially if overt human or equine
cases occur.

These objectives can only be obtained if the study is intensified
and continued as requested in an accompany bill.

Respectfully submitted,

F. RANDOLF PHILBROOK, M.D.,
Director, Division of Communicable Diseases.

RICHARD O. HAYES, Ph.D.,
In charge, Taunton Field Station (P.H.S. ).

GEOFFREY EDSALL, M.D.,
Superintendent, Institute of Laboratories

ROBERT A. MacCREADY, M.D.,
Director, Diagnositc Laboratory.

JOAN B. DANIELS, 8.A., *

In charge, Virus Section, Diagnostic Laboratory.
RALPH E. WHEELER, M.D., Dr.P.H.,

Consultant Ornithologist.
KATHLEEN S. ANDERSON, A.8.,

Ornithologist.
ROBERT FRAZER, 8.5.,

Entomologist.
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Table I. —■ Hemagglutination-Inhibition (HAI ) Antibody Rates in Chicken
Sentinel Flocks maintained in Pine Swamp Area, Taunton, Massachxisetts,
during the 1969 Transmission Season.

Miles from Number of i Per Cent with
Flock Location. Swamp. Sera Tested. EE Antibodies.

Site 1 0 37 65

Site 2 0.1 37 35

Site 3 0.4 42 36
*

Site 4 2.0 43 35

Table 11. Domestic Flocks as Indicators of Arthropod-borne Encephalitis
Activity during 1959.

Number Positive. l
Location, Number Number

Species. i County and Town. Tested. Untested.
EE. WE.

Chickens . , Barnstable Bourne 50

Bristol North Attleborough 37
Bristol Swansea ... 60
Bristol Westport ... 50
Middlesex Tyngsborough .21
Plymouth Halifax 22 - 1

Plymouth Lakeville. - 50

Turkeys . Bristol Taunton ... - 50
Essex Methuen ... 30
Middlesex Dracut 40
Norfolk East Weymouth .40 - 37
Plymouth Middleborough 43

Pheasants . . Barnstable East Sandwich 46
A Middlesex Ayer ... 50

Plymouth Marshfield 30
Totals 509 100 37

l* w W _

Hemagglutination-Inhibition or plaque reducing antibody.
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Table 111. Ijaboratory Examination of Migratory Bird Bloods obtained in Massa-
chusetts and Rhode Island in 1960.

Number of Number Positive
Location of Station. Bloods Collected. EE Virus.

Easthampton 142
Middletown, R. 1 355
Wel l fleet 335
Taunton area 246

Totals 1,078

Table IV. Laboratory Examination of Bird Bloods obtained in Massachusetts,
November 15, 1959, through November 15, 1960.

Number Blood Specimens obtained.
Number Number

Species. ( Bloods Positive E£
j Initial Bloods. Repeat Bloods. Tested. Antibody.

Blackbird, Red-winged 2 -

Catbird 84 I 8

Chicadee, Black-capped 101 37
Cowbird 27 I
Creeper, Brown ... 2 -

Crow, American and Fish . 115 17 35 8

Cuckoo, Black-billed 1

Dove, Mourning ... 1 -

Flicker, Yellow-shafted 5 1

Flycatcher, Crested ... 3
Flycatcher, Least ... 1

Finch, Purple .... 1 - -

Crackle, Common ... 14 -

Jay, Blue 32 1

Junco, Slate-colored 2

Oriole, Baltimore ... 7
Ovenbird 51 20

Owl, Barred .... 1

Redstart 2

Robin 46 6

Sparrow, Chipping ... 2

Sparrow, Field .... 3
Sparrow, House ... 32
Sparrow, Song .... 10
Sparrow, Swamp ... 3
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Table IV. Laboratory Examination of Bird Bloods Obtained in Massachustts,
November 15, 1959, through November 15, 1960.— Concluded.

I Number Blood
Species.

i Initial Bloods,

Sparrow, Tree .... 2
Sparrow, White-throated . 1

Starling 5
Tanager, Scarlet ... 4

•Thrasher, Brown ... 9
Thrush, Hermit ... 1

Thrush, Swainson’s ... 3
Thrush, Wood

.... 43
Towhee, Rufous-sided . 34
Veery 30
Vireo, Red-eyed

...
10

Warbler, Black-throated Green . 1
Warbler, Black and White . 12

Warbler, Blue-winged . . I

Warbler, Canada ... 10
Warbler, Pine .... 8
Water-thrush, Northern 32
Woodpecker, Downy . 10
Woodpecker, Hairy ... 6

Yellowthroat, Northern . 12

Totals 782

PEdMENS OBTAINED. Number Numl)er
Bloods Poistive EE

Repeat Bloods. Tested- Antibody

17

3

1

3

1

130

Table V. Laboratory Examination of Blood from Mammals obtained in Massa-
chusetts during 1960.

Number Number Number Positive
Species. Collected. Tested. Untested. EE Antibody.

IHare, Snowshoe.... i 2 2
Pigs, Domestic .... 29 29 - 4

0 fßabblt, Eastern Cottontail .22 21 1
Rat, Norway

.... 8 7 1

Skunk, Striped
.... 4 1 3

Squirrel, Eastern Gray . . 15 10 5

Weasel, Long Tail ... 1 - 1
Woodchuck

.... 1 - 1
Totals 82 70 12 d
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Table VI. —• Laboratory Examinations of Blood from Amphibians obtained in
Massachusetts during 1960.

Number Number Number Positive
Species. Collected. Tested. Untested, EE Antibody.

Frog, Bull 1 1

Frog, Green ....
9 9

Frog, Leopard ....
1 1

Totals 11 11
■ - i

Table VII. Laboratory Examination of Blood from Reptiles obtained in Massa-
chusetts during 1960.

Number Positive
Untested. EE Antibody,

Number
Tested.

Number
Species. Collected.

Snakes:
DcKay 1

Garter 14

Milk 6
Racer, Northern black 4

Ribbon, Eastern ...
1

Water, Northern ... 4
Turtles:

Box, Eastern ....
8

Musk 1

Painted, Eastern ... 5
Snapping .... 6
Spotted 7

Wood 2

Totals 59

9

3

1

13

1

30
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INVESTIGATION AND STUDY RELATIVE TO EQUINE ENCEPHALITIS
2003-21

Financial Report

Period Covered: April, 1957, through December 7, 1960. Chapter 37, Resolves of
1957. Chapter 111, Resolves of 1938. Chapter 36, Resolves of 1959. Chapter316,
Acts of 1960.

Continuation authorized by Chapter 12, Resolves of 1960.

I IAppro- Encum-
priations. Payments. brances. | Balance.

«
- -02 Salaries, Other ..... 58.322.56 §8,322.56 -

-

-03 Services, Non-Employees 45,167.21 37,850 64 §1,289.75 §6,026.82

-07 Laboratory, Medical and General 22,355.23 12,868 52 1,852.05 7,634.66

-10 Travel and Automotive Expense . 2,860 00 1,556.60 571.68 731.72
-12 Repairs, Alterations and Additions 955.00 654.22 - 300.78
-14 Office and Administrative Expenses 450.00 74.74 97.11 278.15

-15 Equipment 5,890.00 2,585.23 1,664.69 1,640.08

Totals §86,000.00 $63,912.51 $5,475.28 §16,612.21

1961 Fiscal Year (July 1, 1960, through December 7, 1960)

-03 Services, Non-Employe §18,679.73 §11,363.16 §1,289.75 §6,026.82*

11,434.68 1,947.97 1,852.05 7,634.66’-07 Laboratory, Medical and General
-10 Travel and Automotive Expense

-12 Repairs, Alterations and Additioi
-14 Office and Administrative Expens

-15 Equipment ....

1,739.24 435.84 571.68 731

300.78 - - 300.78

400.00 24.74 97.11 278.15 f

390.96 1,664.69 1,640.08ft
,250.16 $14,162.67 $5,475.28 $16,612.21Totals

•D.S. 12/21/60. "D.S. 12/23/60. tD.S. 12/2/60. }D.S. 12/20/60.

i
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Payments Account 2003-21.

1957. 1958. I 1959. 1960, 19G1. Total

-02 Salaries, Other - \ $8,322.58 - $8,3;

4,520.28 $7,089.87 $14,877.33 511,363.16 37,8;-03 Services, Non-Emplc

-07 Laboratory, Medical and General $5.53 3,240.27 2,395.06 5,279.69 1,947.97 12,868.140

10 Travel and Automotive Expense - 941.20 125.32 54 21 435.84 1,556.60

486.59 167.63 - 654-12 Repairs, Additions and Alter;

50.00 - 24.74 74.7414 Office and Administrative Expe

16 Equipment - - 467.00 1,727.27 390,96 2,585,23 Ml
$5.63 517,024.31 $10,613.84 122,106.16 $14,162.67 $63,912.51

Financial statement verified under requirements of chapter 7,
section 19 of the General Laws, January 5, 1961.

JOSEPH T. O’SHEA,
For the Comptroller.

Approved for publishing.
JOSEPH ALECKS,

Comptroller.

I
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In the Year One Thousand Nine Hundredfand Sixty-One

Resolve further continuing the investigation and study by

THE DEPARTMENT OF PUBLIC HEALTH RELATIVE TO EQUINE
ENCEPHALITIS.

Resolved, That the department of public health is hereby au-
thorized and directed to continue further the investigation and
study authorized by chapter thirty-seven of the resolves of nine-
teen hundred and fifty-seven and continued by chapter one
hundred and eleven of the resolves of nineteen hundred and fifty-
eight, chapter thirty-six of the resolves of nineteen hundred and
fifty-nine and chapter twelve of the resolves of nineteen
hundred and sixty, relative to the spread and the means of
control of equine encephalitis, otherwise known as horse sleeping
sickness, which causes a fatal disease in man. Said department
shall, in the course of its investigation and study, confer and
co-operate with such agencies of the commonwealth or any
political divisions thereof, and with such civic and other associ-
ations or organizations as may be engaged in making a study
and investigation of said disease. Said department shall also
invite the assistance and co-operation of the public health service
and any other federal agency that may have an interest in the
problem. For said purpose said department may expend for
services, traveling expenses, materials, equipment and supplies,
the unexpended balance made available by chapter twelve of
the resolves of nineteen hundred and sixty and an additional
sum not exceeding twenty-one thousand dollars from such sums
as may be appropriated. Said department shall report to the
general court the results of its investigation and study and its
recommendations, if any, together with drafts of legislation
necessary to carry its recommendations into effect, by filing the
same with the clerk of the house of representatives on or before
the first Wednesday of December in the current year.
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