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Department of Public Health,
State House, Boston 33, January 22, 1962

To the General Court of Massachusetts.
I have the honor of submitting to the Legislature the report re-

quired by the provisions of chapter 62 of the Resolves of 1961, pro-
viding for an investigation and study by the Department of Public
Health relative to eastern encephalitis.

Respectfully submitted,

ALFRED L. FRECHETTE, M.D.,
Commissioner of Public Health.
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SPECIAL REPORT OF THE DEPARTMENT OF PUBLIC
HEALTH ON INVESTIGATION AND STUDY OF
EASTERN ENCEPHALITIS AND RELATED VIRUS
DISEASES AS CONTINUED DURING 1961.

January 22, 1962

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 62 of the
Resolves of 1961. The Resolve reads as follows:

Resolve further continuing the Investigation and Study by the Depart-
ment of Public Health relative to Equine Encephalitis.

Cbc Commontocaltl) of e^assadnisetts

Chapter 62

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
continued by chapter twelve of the resolves of nineteen hundred and sixty, rela-
tive 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 associations 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
ifor services, traveling expenses, materials, equipment and supplies, the unex-
pended balance made available by chapter twelve of the resolves of nineteen hun-
dred and sixty and such additional sums as may be appropriated therefor. 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 neces-
sary to carry its recommendations into effect, by filing the same with the clerk of
the house of representatives on or before the fourth Wednesday of January, nine-
teen hundred and sixty-two. Approved April IS, 1961.
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This study was initiated by the Legislature in 1957 after Massa-
chusetts had experienced, in 1956, the 3rd outbreak of eastern
encephalitis in man in the Commonwealth. In the 3 outbreaks in
1938, 1955 and 1956, 50 recognized cases of the disease occurred in
man, and 34 of the patients died. No other State in the Union has
experienced so many outbreaks, or suffered so many cases or deaths
from this disease. As a consequence the General Court provided,
by chapter 37 of the Resolves of 1957, that the Department should
carry out a study and investigation of this disease, and that it
should co-operate, in the pursuit of this study, with appropriate
agencies of the Commonwealth and with civic organizations, andP
should invite the assistance and co-operation of the public health
service or other interested federal agencies. The study was ex-
tended successively by similar Resolves (chapter 111, 1958; chap-
ter 36, 1959; chapter 12, 1960 and chapter 62, 1961) and funds for
the operations of the investigation have been appropriated each
year for the operation of the study. Reports of the progress of the
study have been made annually in December, 1957 (House, No.
3029), December, 1958 (House, No. 2587), January, 1960 (House,
No. 2650) and January, 1961 (House, No. 2600). Rather than
catalog again the principal findings of each year of the study, it
would seem more useful, at this time, to summarize the over-all
progress and the continuing problems of the study as they are seen
today.

Beginning in 1957, the U. S. Public Health Service established a
field team for study of the disease in co-operation with the Massa-
chusetts Department of Public Health. The team has been based
at the Paul E. Dever State School near Taunton, close to the center
of the encephalitis area, where the disease has occurred most fre-
quently in both horses and man, near the Hockamock Swamp and
similar forest swamps of southeastern Massachusetts. Co-operation
between the Federal and State groups has been highly effective,
each group providing essential talents and services which the other
could not provide.

No cases of eastern encephalitis have occurred in man or horses||
in Massachusetts since 1956. Nevertheless, the virus has been shown
to be present in each year since then, primarily in the great swamp
area where the most intensive studies have been carried out. The
virus has been found on numerous occasions in one species of mos-
quito (Culiseta melanura) which is prevalent in the swamp area,
and on one occasion in another species. Moreover, the virus has
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been isolated on a number of occasions from domestic and wild
pheasants, and a sharp outbreak of illness in 1959, in a pheasant
flock as far away as Dracut, was shown to be caused by the eastern
encephalitis virus.

Furthermore, it has been clearly shown that several young birds
captured in or near the swamp have been recently infected with the
virus, and striking evidence of local spread of the virus as far as 2
miles from the swamp under study was obtained in 1959, by placing
“sentinel ” flocks of young chickens in or near the swamp and testing
them at repeated intervals for the development of antibodies to
the virus. In addition, evidence demonstrating the occurrence of
infection in turkeys, swine and rabbits, and in catbirds, bluejays,
crows, chickadees and a great many other species of wild birds has
accumulated over the years of study, providing further indication
that the virus either persists in the Commonwealth from year to
year, or else is reintroduced each year by migratory birds coming
from the Gulf of Mexico, the Caribbean or South America where
other foci of eastern encephalitis infection are known to exist. In-
deed it is possible that the infection is kept alive in Massachusetts
by both mechanisms. The study team has shown, on one occasion,
that the virus could be detected in overwintering larvae of C.
melanura, and ingenious experiments carried out in 1959-60 demon-
strated that the larvae of this mosquito could survive the winter,
buried in the mud of the swamp. On the other hand, the frequent
finding of immunity in certain species of migratory birds, when
considered in relation to the high concentration of virus found in the
blood of some experimentally infected birds, means that the virus
may well be flown in from the south or indeed from the Southern
Hemisphere —as the birds return in the spring. A fact which lends
credence to this hypothesis is that several species of birds migrate
all the way from the rain forests of Brazil where they spend the
winter and where eastern encephalitis is constantly present.

The reasons for the tremendous variations in the prevalence of the
virus from year to year are by no means clear. Studies by the team

to the likelihood that a rather special type of heavy rainfall
pattern not only in the spring and summer, but in the previous
fall may be the essential factor in triggering an epidemic. When
this combination of circumstances occurs, excessive numbers of the
swamp mosquito may develop—they may find unusually large num-
bers of young birds to feed on and thus the virus may be carried
to other birds and then to other types of mosquito which range over
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a much larger area of the State. Thus a whole new chain of virus
spread may be set off, infecting mosquitoes that are much more
likely to feed on man. However, this theory has yet to be tested,
since a season of such unusual rainfall has not occurred since the
study began. Still another possibility • supported by the findings
of the 1958 study is that bats may take part in the dissemination
of the virus.

Two other significant and disturbing findings have arisen during
the past 3 years of the study. In the first place western encephalitis
virus has been found in mosquitoes from the swamp in 1959, 1960
and again in 1961. This virus widespread in the western U. S.
but only occasionally found in the East had not been proven to
be present in Massachusetts prior to 1959. Since it, too, has caused
many cases of fatal or, crippling disease in man, the problem of
mosquito-borne encephalitis in the Commonwealth is broader and
more complicated than was formerly thought to be the ease.

Secondly, during each of the last two years, a number of unidenti-
fied viruses 37 in all have been isolated from mosquitoes cap-
tured in the swamp. These viruses are neither eastern, western nor
any other type of virus already known to be present in the United
States. Too little is known about them as yet to permit any state-
ment concerning their significance. However, experience in many
other countries has repeatedly shown that viruses first discovered
in mosquitoes were often later found to cause disease in man. There-
fore, it is our conviction that the possible role of these new viruses
in causing human or animal disease in the Commonwealth must be
investigated.

Despite the extremely complex biology of the eastern encephalitis
virus, the nature of which continues to elude scientific teams now
studying this virus in New Jersey, Maryland, Florida, Alabama
and elsewhere, some concrete progress has been made in develop-
ment of measures for controlling the swamp mosquito C. melan-
ura which appears to maintain the virus cycle in nature. Small-
scale tests with insecticides have been sufficiently promising to
justify further and larger-scale control trials, not only in
but also in winter when insecticide dusting in the depths of the
swamps may be easier to carry out.

The above summary makes no mention of many other important
studies that have recently been accomplished. These include strik-
ing improvements in the laboratory techniques for identifying virus
infection, a recent survey of the prevalence of unrecognized human
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infection in the Hockamock swamp region, and several other studies
now in progress, but not yet completed.

Clearly, it is important to continue these studies on this problem
until the mechanism by which these viruses are maintained in
Massachusetts is understood, until the mechanism which sets off
epidemics has been discovered, until the significance of the more
recently discovered viruses is known, and until effective measures
for the control of the spread of the encephalitis viruses are worked
out. The appendix to this report lists ten important objectives
|which should be supported in 1962. Moreover, the study team
must be prepared to deal with the tremendously expanded problems
that would arise should an outbreak of clinical encephalitis occur.

The type of study summarized above, and projected for the com-
ing year, cannot be effectively carried out unless the work, and in
particular the laboratory work, can be continued without inter-
ruption throughout the year. The method of appropriating the
funds has, up to now, not made this possible. The Department is,
therefore, preparing a budget for the continuation of this study in
fiscal 1962-63, and this will be forwarded later as a part of the
Supplemental Budget of the Department.

Furthermore, the continuation of the current work is impeded by
the fact that expenditure of the funds provided by chapter 62 of the
Resolves of 1961 terminates as of January 25, 1962. Therefoie, we
are requesting that the study authorized by chapter 62 of the Re-
solves of 1961 be revived and continued and that the Department be
authorized to continue the study until a definite understanding of
the ecology and control of this disease is achieved.

An accompanying bill is forwarded for the purpose of achieving
these objectives.

Respectfully submitted

ALFRED L. FRECHETTE, M.D., M.P.H
issioner of Public I

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

Public Health Council
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CONTINUING INVESTIGATION AND STUDY OF EASTERN
ENCEPHALITIS AND RELATED VIRUS DISEASES IN
MASSACHUSETTS IN 1961.

#

Studies and surveillance of the two arthropod-borne virus en-
cephalitides, eastern encephalitis and western encephalitis, now
known to be present in Massachusetts were carried out during 1961.
The studies were a continuation of the co-operative project between
the Massachusetts Department of Public Health and the Commu-
nicable Disease Center, U. S. Public Health Service. Financial
assistance for the studies was provided also by the National Insti-
tutes of Health, U. S. Public Health Service.

The field studies were centered in the counties of Bristol and Plym-
outh, but surveillance projects for both eastern and western en-
cephalitis were carried out also in the counties of Barnstable, Bristol,
Middlesex, Norfolk and Plymouth. Evidence of low-level activity
of both eastern and western encephalitis was detected among birds
during 1961, and the western encephalitis virus was again isolated
from mosquitoes as well as from the blood of a catbird. Fortunately
no human or equine case of either eastern or western encephalitis
was reported during the year.

The virus laboratory studies wr ere performed in Boston at the
Virus Section, Diagnostic Laboratories, Institute of Laboratories,
Massachusetts Department of Public Health and in Greeley, Colo-
rado, at the Encephalitis Section, Technology Branch, Communi-
cable Diseases Center, Public Health Service, U. S. Department of
Health, Education and Welfare.

*

A.RTHROPOD StUDII

Adult and larval mosquitoes and other blood-sucking arthropods
were collected, identified and processed for virus isolation tests.
Valuable data were obtained in studies conducted to determine the
hours ofpeak activity of adult Culiseta melanura and allied mosquito

Appendix.
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species, and to develop a satisfactory method for the control of
C. melanura larvae. Special attention was given to C. melanura be-
cause this mosquito is known to transmit eastern encephalitis virus.

Arthropod Surveillance
The details regarding the initial isolations of western encephalitis

virus from Massachusetts mosquitoes collected during 1959 were in-
cluded in the last previous report, House No. 2600 (January, 1961).
In the aforementioned report it was noted that testing of the arthro-

-1960 was not completed: these testspods collected during 1959 and
were completed during 1961.

During the year, tests were c mpleted on the arthropods collected
■d traps during 1959, and 50 virusin light traps and animal-bait

isolations were made (Table I Twenty-three of these isolations
Laboratory at Greeley, Colorado.were made by the U.S.P.H.S

None of these viruses was eastern, western or St. Louis encephalitis
virus, and their identity remains to be determined. As previously
reported, the Massachusetts laboratory made the other 27 isola-
tions, all of which were identified as western encephalitis virus.

Fifteen virus isolations (Table II) were made in 1961 from the
331 pools of arthropods collected during 1960 from Pine Swamp

port sites. Three of the isolates
1 study were identified as western
)f the other 12 has yet to be deter-
they are not eastern encephalitis

sites 1, 2, and 4 and from Wes
obtained in the Pine Swamp site
encephalitis virus. The identity
mined; tests performed indicate
(EE), western encephalitis (WE), or St. Louis encephalitis viruses.
Three of the isolates of unidentified viruses were obtained from
insects other than mosquitoes. One isolation was made from flies
of the family Psychodidae (moth flies), and 2 other isolations were
from members of the family Tabanidae (horse flies, greenheads, deer
Flies).

The possible significance for human disease of these 12 unidenti-
fied viruses and those isolated from the 1959 arthropod specimens

4re mains to be studied as soon as adequate facilities permit
Tests of the 26,531 arthropods collected during 1961 are still in

progress. Isolations of western encephalitis virus have been obtained
from 2 pools of C. melanura collected during the summer of 1961.
One of the positive pools was obtained from Pine Swamp site 2
during August and the other was obtained from site 3 during Septem-
ber. Since the western encephalitis virus has been isolated from mos-
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quitoes collected in southeastern Massachusetts each of the past 3
years, it appears that this arthropod-borne virus is now established
in the Commonwealth.

Although the population of mosquitoes in the study areas was
initially high during the early summer of 1961, the scarcity of rain
inhibited the production of large mosquito populations. However,
an above-normal amount of precipitation during September com-
bined with mild temperatures in September and October contribu-
ted towards an unusually prolonged mosquito 'season in 1961.

An abundance of vectors is one of the prerequisites for an out-
break of a vector-borne disease. Great differences in the size of
mosquito populations frequently occur from year to year in Massa-
chusetts and other areas. We believe a large C. melanura population
enhances the likelihood of an eastern encephalitis outbreak. On the
basis of our observations of C. melanura in Massachusetts, we be-
lieve that the 3-month period August-September-October of one
year in combination with the 3-month period of May-June-July of
the next year are the critical periods for the propagation of the
species. Excessive amounts of precipitation in the former period
enhance the size of the overwintering larva population, and excessive
amounts of rain in the latter period enhance the build-up of summer
adult populations. An analysis of the precipitation patterns in
Massachusetts for the years 1916-1960 revealed that only during
1938, 1955, 1956 and 1959 did precipitation in each of these two
critical periods exceed the mean total by more than 6.5 inches. It
would seem to be more than coincidence that the only EE outbreaks
among humans in Massachusetts occurred in 3 of the 4 years men-
tioned above.

Culiseta melanura Ecology.

Knowledge regarding the time of day at which an arthropod vector
species becomes most active is important for an understanding of
the epidemiology of the disease it transmits. Culiseta melanura is
known to be a vector of eastern encephalitis to other arthropods and
to birds, and it may be involved also in direct transmission of the
disease to man or horse. Needed information on C. melanura peri-
odicity was obtained by operating mosquito traps at selected time in-
tervals during the summers of 1959, 1960 and 1961. The mosquito
collection data obtained from bird-baited traps at periodic intervals
during continuous 24-hour collection periods in July and August,
1959, indicated that C. melanura were most active for the two-hour
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period after sunset. However, these data did not clarify how much
C. melanura activity occurred during the period from 2 hours after
sunset to sunrise. In the next year, 1960, periodic collections during
a 24-hour interval in June indicated that the activity was principally
within 1 hour of sunset, but the number of mosquitoes collected in
1960 was so small that discontinuance of the study was necessitated
by the lack of mosquitoes. In 1961, 4 monthly trials with bird-
baited traps during June through September and 3 monthly trials
with mosquito light traps during June through August were carried
out from 2 hours before sunset to 2 hours after sunrise. Periodic
collections revealed that approximately 70 per cent of the C.
melanura obtained by both trapping techniques were collected dur-
ing the 2-hour period after sunset. Over 95 per cent of the total were
collected during the 6-hour period commencing 2 hours before sunset
and ending 4 hours after sunset. The observed periodicity of some
of the other mosquito species was not as sharply restricted to this
6-hour period.

Culiseta melanura Control.
The excellent protection afforded C. melanura larvae by their

habitat, beneath the roots of overturned trees within permanent
fresh-water swamps, renders the standard mosquito control opera-
tions used in Massachusetts ineffective for controlling this mosquito
species. The promising results obtained in studies on controlling
the larvae with heavy applications of granular dieldrin insecticide
the previous year were followed up by additional experiments in
the Hockamock Swamp area during 1961.

In mid-July x/i acre study plots were treated with applications of
either granular dieldrin or granular heptachlor insecticides each at
rates of 0.5 and 1.0 pound per acre. The insecticide was applied
using a knapsack type of mechanical duster. Mosquito larva abun-
dance in 3 adjacent untreated study plots was compared with that
in the treated plots to evaluate the effectiveness of the 4 insecticide
applications. The most effective C. melanura larva control was
'attained in the plot treated with 1.0 pounds of heptachlor per acre.
Essentially complete control was achieved for 62 days following the
treatment. The control obtained with the 0.5 pound of heptachlor
per acre also was very good. Dieldrin was less effective than hep-
tachlor in controlling C. melanura larvae. The results obtained in
these studies indicate that C. melanura larvae can be controlled
using granular formulations of insecticides; whereas, previous
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efforts to control the larvae by other methods have been relatively
unsuccessful.

Transovarian Transmission Project.

During 1960 and 1961, studies were carried out to determine
whether eastern encephalitis virus can be transmitted from an in-
fected female mosquito to her progeny. Such transovarian trans-
mission of the virus to overwintering larvae could serve to perpetu-
ate the virus cycle. To test this hypothesis, field-caught female
C. melanura were infected by allowing them to feed on young
chickens which had been inoculated with the virus. Eggs laid bj*P
these mosquitoes were raised in the laboratory, and the progeny
tested for virus. Thirty-one such tests carried out in 1960 were
negative. The study is being continued on 256 additional pools,
since even an occasional positive transmission would support the
hypothesis that this mechanism may operate in nature.

Vertebrate Hosts and Reservoirs.

No recognized outbreaks of arthropod-borne encephalitis occurred
during 1961 in the Commonwealth. Comparative studies with
regard to sensitivity and persistence were made on hemagglutina-
tion inhibition and neutralization antibody techniques. A survey
of 328 humans residing in areas endemic for eastern encephalitis was
made to determine whether or not inapparent infections of the
disease had occurred. Sentinel chicken flocks and domestic farm
flock poultry were studied to obtain data on the relative amount of
virus activity which occurred during the year. Wild birds were
studied to monitor current virus activity. The studies on reptiles
experimentally infected with eastern encephalitis virus were con-
tinued.

Comparative Antibody Studies.
As proposed in the 1960 report the sensitive plaque-reduction

(PR) neutralization test developed in the Massachusetts Labora-
tory was applied on a large scale to human sera (Table HI), to" 1
domestic bird sera and to wild bird sera (Tables 111 B, V, VI and
VII). In a paper published in 1960, applications of this test to
bloods of experimentally inoculated animals showed it to be five
times as sensitive as other methods for determining neutralizing
antibody.
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The Massachusetts Laboratory continued to compare methods of
finding antibody. The results generally confirm observations of
other virologists, namely that the neutralization test with this
group of viruses is highly specific, that is, it generally indicates that
an animal has been infected with a particular virus, such as EE.
The hemagglutination-inhibition (HI) test, on the other hand, is
broadly reactive and is most useful in finding out whether any mem-
ber of a whole group of viruses has been active in a region.

HI antibody is frequently shorter lived than neutralizing antibody
but the rate of HI antibody decrease varies with species and individ-
uals. Although all of 10 Massachusetts human cases of EE had
HI titers still demonstrable after 2 to 22 years (Table 111 A), inocu-
lated chickens showed a variable decline in HI (EE) titer for one
and one half years, whereas in inoculated pigeons (Table 111 B),
HI dropped to undetectable levels six months after infection.

In contrast, the neutralizing antibody levels in all three species
remained elevated and probably will do so for the life of the animals.
Thus neutralizing antibody determinations enable recognition of
the long-range activity of a single virus. HI antibodies, on the
other hand, are useful primarily for detection of recent activity of
members of a group of related viruses but do not necessarily identify
the virus.

During the latter part of May and early June bloods were col-
lected from human volunteers in Weymouth, Easton, the Bridge-
waters, Raynham, Taunton and Brockton with special emphasis
on persons who were living near the large swamp areas in 1938, 1955
or 1956. Of the 328 blood specimens from volunteers, 3 were posi-
tive for eastern encephalitis neutralizing antibodies when tested
by the plaque-reduction (PR) method. This compares with the
report of 3 positive of the 537 examined in the 1956 study.

None of the 3 persons positive in the 1961 study just completed
has at any time exhibited recognized signs of encephalitis. It is
evident, therefore, that although inapparent infection does occur
it is not widespread. It is interesting that of the three persons ex-
hibiting antibodies, one owned a horse which died of encephalitis
in the 1956 outbreak, and one was the sister of a girl who died of
encephalitis in the 1956 outbreak. The two sisters slept in the same

Study of Eastern Encephalitis Antibodies in Man.
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room, and both suffered numerous mosquito bites prior to the illness
of the one sister who contracted encephalitis and died. Thus these
two subjects with antibodies both lived in areas of marked EE virus
activity during 1956.

Domestic Bird Studies.
The 4 sentinel chicken flocks located in and near Pine Swamp

during 1959 which were tested for HI antibodies against eastern
encephalitis revealed a high transmission rate at the site near the
center of the swamp and lower rates at the other sites located up to
2 miles from the edge of the swamp. Completion of the studies of the
blood samples obtained in the serial bleedings gave more detailed
information regarding the manner and rate of spread of eastern
encephalitis infection. Antibody was first detected in the flock
located in the center of the swamp on August 11, and subsequently
was found in the peripherallylocated flocks (Table IV). Thus,
infection occurred first in the swamp site and then apparently spread
out into the neighboring areas.

The results of specific antibody tests performed on sera collected
from five sentinel flocks of chickens maintained from mid-May to
mid-October in 1960are given in Table Y. Four of the sentinel flocks
(sites 1-4) were in Raynham, and the other sentinel flock (site 5)
was at Westport. These data revealed that eastern encephalitis
was present at a very low level of activity. The low incidence of
infection in these flocks made it impossible to draw conclusions re-
garding the seasonal spread of these viruses in 1960.

Table VI tabulates the laboratory findings on the 1960 antibody
survey of domestic flocks hatched in that year. Thirty-five chickens,
115 turkeys, and 106 pheasants were sampled from flocks in Barn-
stable, Bristol, Middlesex, Norfolk and Plymouth counties. The
interpretation of these results was made difficult by a number of
apparent cross reactions in the HI test. However, the data indi-
cated that some transmission of eastern and possibly western en-
cephalitis occurred among domestic fowl in Massachusetts during
1960.

The number of sentinel chicken flocks was increased to 7 in 1961.
Five flocks were maintained at the same sites utilized in 1960. The
two new flocks, at sites 6 and 7, were established adjacent to fresh-
water swamps in Taunton to obtain baseline data for the forth-
coming evaluation of the effect of C. melanura control on eastern
encephalitis transmission rates. These two new flocks were bled a
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total of three times in May (pre-exposure), July and mid-October.
The flocks at sites 1 and 4 were bled 10 times and the chickens at
sites 2, 3 and 5 each were bled 6 times. Testing of the blood speci-
mens has been initiated, but has not yet been completed.

The autumn collection of blood samples among domestic fowl
hatched during 1961 at 7 farms has been completed. A flock of
chickens, 3 flocks of turkeys, and 3 flocks of pheasants were sampled
at the same locations sampled during 1960 in Barnstable, Bristol,
Middlesex, Norfolk and Plymouth counties. The serologic test re-
sults on these blood specimens are not yet available.

At the time of the last report the antibody test results on the 130
repeat blood samples taken from wild birds during 1960 at sites 1
and 4 were not completed. These tests were completed during 1961.
A very low level of both eastern and western encephalitis trans-
mission was detected in the wild bird blood samples obtained during
1960. A robin captured at site 1 was positive for western encephali-
tis HI antibody. This was an immature robin, so that infection
must have occurred in 1960. One adult towhee had a positive
eastern encephalitis HI antibody blood sample; since it was an
adult bird, it was not possible to determine the year of its infection.
Conversion from a negative to a positive serum was noted in a tow-
hee, captured at site 4. The bird converted from negative to posi-
tive for eastern encephalitis HI antibody between April 27 and May
25, so it was possible to establish the time of its infection as early
in 1960. None of the other repeat blood samples were positive for
either virus or antibody.

To compare the sensitivity of the two types of tests being used to
detect antibody, sera from 38 of the wild birds were tested for anti-
body by both the HI technique and the PR technique. One half
of each serum specimen was tested by the HI technique at the U. S.
Public Health Service Laboratory in Greeley, Colorado, and the

pother half of the specimen was tested by the PR technique at the
Massachusetts State Laboratory in Boston. Ten out of the 38
were positive for eastern encephalitis by the PR technique, while
only 2 were positive by HI antibody. No conversions from nega-
tive to positive were observed by either method. In no instance was

mple found to be positive for HI antibody and negative forr.

neutralizing antibody by the PR technique. From these finding:

Wild Bird Studies
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and those given just below it would appear that the PR technique
for neutralizing antibody is a more sensitive test for eastern enceph-
alitis in wild bird sera than the HI antibody technique.

Serologic tests also were completed on 78 additional crow bloods
which had been collected in 1960 from areas other than sites 1
and 4. Forty of these bloods were positive for eastern encephalitis
antibody by the PR technique, but only 21 were positive by the
HI technique. The infection rate in crows was much higher than
the infection rate of the wild bird populations sampled at sites 1
and 4. Since it was not possible to determine the age of these crows
and because crows have a relatively long life span, the high anti-
body rate among crows may reflect an accumulation of several years
of infection.

During 1961 a search for eastern encephalitis virus in migratory
birds was conducted during April, May and June. Netting opera-
tions were restricted to Pine Swamp, Raynham, where yearly trans-
mission of eastern encephalitis virus was known to have occurred.
In the study of spring migrants (Table VII) 223 blood samples
were collected from 27 species of birds. All of these blood samples
were negative for eastern encephalitis virus, so there was no concrete
evidence that birds migrating from the South in 1961 were intro-
ducing virus into Massachusetts. Before such negative findings can
be regarded as significant, it will be necessary to carry out similar
studies in years of high virus activity.

Studies were conducted during the 1961 nesting season to obtain
data on prevalence and transmission of eastern encephalitis in the
summer population of catbirds and chickadees at sites 1 and 4,
and to determine the trend of the bird populations at these two sites.
The aforementioned two bird species were chosen for testing be-
cause: (1) the chickadee was the only species captured at both
sites 1 and 4 in nearly equal numbers, and (2) catbirds in the past
have shown a rate of infection that was higher than the general rate
for wild birds, and they could be captured at site 1 in large numbers.
On a few occasions other bird species were bled in these studies.
All bird bloods were tested for presence of virus. A single virus
isolate, of WE virus, was obtained from a catbird. Thirteen of the
245 blood specimens from birds collected during the nesting season
study were positive for eastern encephalitis antibody (Table VII).

A total of 23 bird blood specimens (13 from nesting season study
and 10 from spot-checked migrant birds) were found positive for
eastern encephalitis antibody in 1961. Two of the positive birds, a
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black-capped chickadee and a catbird, were immature; thus, they
were infected in Massachusetts during 1961. Both of these positive
birds were captured in the swamp. No other antibody conversion
from negative to positive was detected during the 1961 season.
Therefore, it was not possible to determine which, if any, of the 21
remaining positive birds also were infected in 1961

A significantly greater number of wild birds were captured at the
site 1 study area during 1961 than were captured there during 1960.
This increase, however, may indicate increased bird activity in the
net clearings rather than a true population increase. The net clear
ings stand out more sharply in the dense vegetation of Pine Swamp
than do the net clearings in the more open woodland of site 4. The
number of birds captured at site 4 during 1961 was not significantly
different from the number captured there the previous year.

A sharp rise in the number of immature catbirds was noted duringt immati

the August netting periods. That is, the adult to immature ratio
Ito 11 ratio in August. Since thewhich was 1 to 1 in July became

number of young birds in the August ratio greatly exceeds the
number of immatures captured inaverage catbird brood, th

August may have been compo, :d of the young produced in the
■ds from the surrounding area orswamp plus an influx of y

mi further South. This large risepossibly by reverse migration fr
birds occurred during the peak ofin the immature population of c

the mosquito population. The data give insight into the com-
lead to an outbreak of arthropod-bination of phenomena which n
population of young (and thereborne encephalitis. Thus, a lar

ts of the virus, associated withfore susceptible) birds servir
to transmit it from host to host,arge population of mosquitoe

constitutes a potentially dangerous situation which may result in
the spread of this disease to humans.humans

Overwintering of Reptilian Hosts Artificially
Infected with Eastern Encephaliti

I Laboratory studies were initiated to determine the duration of
viremia in hibernating reptilian hosts. It has been theorized that
these hosts may overwinter eastern encephalitis virus.

Four eastern garter snakes were inoculated with 1,000 tissue cul-
ture infective doses at the 50 per cent level of virus and were then
caged with two previously artificially infected garter snakes that
were positive for EE antibody. The cage containing the snakes was
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placed in a vegetable-root cellar during December, 1960. However,
the facilities proved unsatisfactory for winter survival. In 1961 an
improved type of overwintering cage was constructed, and was
placed in the soil of a hillside. The overwintering cage was nearly
filled with decayed wood and soil. Two box turtles, 1 wood turtle,
1 garter snake and 1 water snake were inoculated with EE virus,
were held for a week in the laboratory, blood samples were taken,
and the reptiles were then placed in the overwintering cage in
November, 1961. The survivors will be sampled for virus in the
spring of 1962.

At the same time five painted and three spotted turtles also were
inoculated and are being held in a refrigerator at 40° F in an
aquarium. These, too, will be tested for virus in the spring of 1962.

Studies Needed During 1962.

The studies completed during the past year, especially when viewed
in relation to previous studies, point to several important new de-
velopments, and to several gaps in the knowledge required for the
control of mosquito-borne encephalitis viruses in Massachusetts.
The following list of studies most urgently needed in 1962 is designed
primarily to fill in critical gaps in knowledge concerning the spread
and the control of these viruses and to define more exactly the
number and nature of mosquito-borne viruses which are present in
Massachusetts. Specifically, the proposed studies will be directed at:

(1) Closing the gaps in existing knowledge of the mechanism or
mechanisms by which eastern encephalitis (EE) persists —or
reintroduced, or both in Massachusetts

(2) Surveillance by various means, to detect the appearance and
spread of EE, of western encephalitis (WE) and related viruses in
Massachusetts. Emphasis will be on early spring detection and on
provision of an early warning system in case pre-epidemic con-
ditions develop.

3) Search for the as yet unknown mechanisms by which, in cer-
tain years, EE spreads far beyond its natural swamp habitat.

(4) Studies on use of insecticides for control of mosquitoes in the
swamp areas, with emphasis on wintertime (pre-seasonal) control.

(5) Sharper definition of the extent of WE infection in Massa-
chusetts.

(6) Identification of as many as possible of the 50 “new” viruses
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found during the past two years in the Hockamock Swamp area,
and studies on the possibility that they may infect man.

(7) Completion of the existing backlog of laboratory virus studies
on material collected in 1961, including mosquitoes for the transovar-
ian studies.

(8) Further analysis of the information that can be extracted
from each of the tests used for measurement of EE and WE anti-
bodies.

(9) Detailed study of weather patterns in relation to EE epi
demies.
' (10) Detailed study of bird migration patterns in relation to the
spread of EE or WE.

A more detailed discussion of the objectives listed above follows:
The 1960-61 studies have demonstrated that EE virus, even

though it was never widely disseminated during these 2 years, not
only was present but was able to infect birds even in early spring.
It appears certain that once the virus is present in an area, it needs
only a certain combination of biologic and physical conditions to
enable it to spread much more widely. Hence it is imperative that
an effective surveillance system be established in early spring and
carried through the summer, to detect the presence and the extent
of the virus. Such a program would employ “sentinel” flocks of
chickens, near a swamp area, complemented by sampling studies
of farm flocks of chickens or pheasants, along with representative
sample tests on wild bird species already shown to be frequently
infected with EE. Sampling should be carried out in several
areas of the State, in order to detect any unusual distribution of
infection, such as occurred in the Dracut pheasant outbreak of 1959.

A continuing search for the source of EE (and WE) viruses is
essential. While previous studies in Massachusetts have shown
that EE may overwinter in hibernating mosquito larvae, there is
also some circumstantial evidence that the virus may be reintro-
duced in the spring by migrating birds, and the possibility that the
virus overwinters in reptiles is also under study. It may well be

all three mechanisms are involved; therefore studies on all
three should be pushed to a conclusion. Knowledge of the role of
these mechanisms will help provide a basis for early detection of
virus activity, for estimates of its intensity, and hence for better
forecasting of the periodic outbreaks that have been characteristic
of EE in Massachusetts for many years.
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Present knowledge of EE does not explain how it is spread beyond
the swamp areas in epidemic years. The joint study team must
continue to search for additional mosquito vectors such as Aedes
vexans —• and for additional mammals such as swine, rabbits or
bats which might become infected in years of exceptionally high
virus activity and thus spread the virus beyond its normal range.

Even in the absence of complete knowledge of the mechanism of
spread of these viruses, preliminary mosquito control trials have
proved promising, and have pointed to the likelihood that the use of
granular insecticide formulations may provide effective control oH
C. melanura, the mosquito most frequently found infected with EEw
virus in the swamp region. Studies should be carried out to de-
termine the minimum amount of granular insecticide per acre neces-
sary for long-term control of C. melanura larvae in their fresh-water
swamp habitat, and the evaluation of the effectiveness of such con-
trol when the insecticide is applied to the frozen swamps as a wi liter
treatment. Such a study is essential for the formulation of an
economically feasible control technique which would be compatible
with good wildlife conservation practices. Conduct of the winter
control studies would depend on availability of funds for use in the
winter months a fiscal arrangement repeatedly requested by the
Department but never authorized to this date.

Repeated findings, over a number of years, have definitely shown
the presence of Western encephalitis (WE) virus in Massachusetts.
Since this virus is also capable of causing fatal human disease, a
search for its hatitat, extent and means of spread must be con-
tinued, until enough is known about it to make possible a realistic
estimate of the risk that it creates.

As before, the large number of specimens collected for study dur-
ing the warm seasons cannot be completely studied in the limited
facilities of the Virus Laboratory by the end of the calendar year.
Hence a considerable part of the 1962 program must of necessity be
completion of the backlog of virus laboratory work.

The finding of no less than 50 strains of unidentified, apparently
new” viruses in mosquitoes collected in the Hockamock Swamp

area urgently requires the identification of these viruses, along with a
study of the possibility that they are responsible for disease in ani-
mals or man. Identification of these viruses can only be carried out
by the establishment of additional laboratory facilities, and will
probably require at least 2 years of work. Along with identification
of these viruses, the human sera collected during the 1961 serum
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survey for EE infection will be tested for the presence of antibodies
to these new viruses.

This year’s studies on the hemagglutination-inhibition (HI) test
and the plaque reduction (PR) test for antibody detection have
shown that each test apparently serves a different purpose, one
providing broad, “dragnet” information while the other pinpoints
the specific virus at hand. The exact nature and use of the informa-
tion given by each test, for each of the viruses involved, will be
worked out in studies planned for 1962.

A detailed analysis of the seasonal weather patterns associated
with unusual or extensive spread of EE in Massachusetts has been
started by the Taunton Field Station (USPHS) team, and com-
pletion of this analysis in 1962 is planned.

Extensive data are on hand, on the extent of bird infection with
both EE and WE, and on the species of birds involved. These data
need to be correlated and analyzed with the assistance of experts on
bird migration, in order to bring clearly into focus the most likely
mechanisms of bird transmission of these viruses, and thus to in-
dicate the way in which conclusive studies on the role of birds in
spreading this disease can be most efficiently planned.

These objectives can be obtained only if the study is intensified
and continued by adequate regular annual appropriations as a part
of the Department budget.

Respectfully submitted,

JOAN B. DANIELS, 8.A.,
In charge, Virus Section, Diagnostic Laboratory.

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

NICHOLAS J. FIUMARA, M.D.,
Division of Communicable Diseases
GIRARD, Ph.D.,

Directoi
KENNETH I

Assistant Director, Diagnostic Laboratory.
RICHARD O. HAYES, Ph.D.,

In charge, Taunton Field Station (P.H.S.).
ROBERT A. MacCREADY, M.D.,

Director, Diagnostic Laboral
F. RANDOLF PHILBROOK, M.D.,

Director, Public Health Research, Development
Training.

RALPH E. WHEELER, M.D., Dr.P.H.,
Consultant Ornithologist
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Table I. Virus Isolations from Arthropods Collected in Massachusetts during
1969.

Number of Positive Pc
Number of

Pools Tested.Artiiropoi

WE Ot

Mosquitoe

Anopheles punctipennis

A. quadrimaculatus

»
Aedes abserratus

11,011A

A

A. excrm
A. fitchii 1

11A. triseriatu:

207A. vexai

3ulex pi

186C. restuans

C. salinarius
C. tcrritans

97,113 264

3

Culiseta mcli

C. melanur

33C. melanura (larv 1,311

198

1;itans

morsit

Mansonia pertr 258

18ranotaenia sapphirina

Other Arthropods

Heleidae (Biting Mic

Hippot ,ouse Fly

Psychodidae (Moth Fly) 420

Fly)

Pagoniinae (Deer Fly) . 18

Pabanidae, Tabaninae (Greenhead Fly 1

Mallophaga (Biting Lc 21

24,96

unless otherw1Mosquito spc
2 A pool was c •mbined for test purpof 1 to 50 sp(

ilated
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Table 11. Virus Isolations from Arthropods Collected in Massachusetts during
1960.

Arthropods.

Mosquit

Anopheles punctipcnnis

A. quadrimaculatus

Aedes abserratus

A. abserratus (larvai

A. canadensis .

A. cantator

A. cinereus

A. excrucians

A, fitchii

A. triseriatus

A. vexans

Culex pipien

C. salinarius
C. territans

Culiseta melanura .

C, melanura (larvae]

C. minnesotae

C. morsitans

Mansonia perturbans

Uranotaenia sapphirini

Other Arthropods

Heleidae (Biting Midge)

Muscidae

Psychodidae (Moth Fly

Simuliidae (Black Fly)

Tabanidae, Pagoniinae (Deer Fly)

Tabanidae, Tabaninae (Grecnhead Fly)

Total

i Mosquito species are adult female, unless otherwise indicated.
i A poo l was comprised of Ito 60 specimens of a given type combined for test purposes.
' No eastern encephalitis virus Isolated.

Numbee of Positive Pools.'
Total Number of

Ipecimens. Pools Tested,



HOUSE — No. 3465. [Mar26

i

Table 111. Duration of HI and of Neutralizing Antibodies for EE.

A. Human Survivors of Natural Infection.
ANTIBODY TITERS IN 1058, 1900 OR 1961.'

Date. j
Patient. HI. [ Neutralizing.

Clinical EE. EE. WE. PR. Mouse Test. *

M.C, .
.

. 1938 40 - 1 80 Not Done

B 1938 80 - 320 Not Done j
R. . . . 1938 160 - 320 Not Done

L.F. . . . 1938 320 - 640 Not Done

D.A. .

. . 1938 Not Done Not Done 40 Not Done

B.F. . . . 1955 40 - 160 Not Done

D.B. . . . 1955 160 - 320 Not Done

P.M. , . . 1966 160 - 640+ 1000+

A.C. . . . 1956 20* - 160 1000+
D.S, . . . 1956 40 4 - 40 Not Done

K.S. .
.

. 1956 160 4 - Not Done Not Done

P.P. . . . No Clinical Disease 6 40 - 160 1000+

A.Me. .
.

. No Clinical Disease6 40 1000+

S. ... No Clinical Disease 6 160 - 640 1000+

B. Experimentally Inoculated Pigeons.

TIME AFTER INOCULATION.

43 Days. 90 Days. 6 Months to 19 Months.

HI. PR. HI. PR. HI. PR.

Bird /I ... 320 + 10 + - +

Bird #2 . 320 + - s + - +

Bird #3 ... 640 + 40 + - +

Bird #4 ... 80 + - + - +

1 2-22 years after infection.
2 Mouse test expressed as neutralization index.
*
- equals negative in 1/20 dilution.

4 Declined from titers of 256 or higher in early convalescence.
5 1961 survey of volunteers.



1962.] HOUSE No. 3465. 27

Table IV, Hemagglutination-Inhibition (HI) Antibody Rates in Chicken Sen-
tinel Flocks maintained in Pine Swamp Area, Taunton, Massachusetts, during
the 1969 Transmission Season.

r, j| Per Cent Positive on Indicated Dates.
_

Site Miles fromNumber. Swamp.
July 1. j July 14. I July 27. j August 11. August 26. October 16.

1 0 0 0 0 19 35 65
2 0.1 0 0 0 0 14 35
3 0.4 0 0 0 0 7 36

Table V. 1960 Sentinel Flock Serology Results (Boston Laboratory).

HI Antibody. l Neutral Antibody (PR). 2

Sentinel Flock Number.
EE. WE. EE. WE.

Site 1 1/25 3/26 2/29 0/2

Site 2 0/31 j 0/31 1/34 N. D. J

Site 3 ..... 0/25 0/25 3/30 N. D.
Site 4 1/31 .1 1/31 0/34 0/2

HI
PR

Table VI. Domestic Fowl Flocks as Indicators of Arthropod-borne Encephaliti
Activity in Massachusetts during 1960.

Neutral
Location. x_

, 111 Antibody. l AntibodyNumber (PR). 2
Species, Bloods .

Collected.
County. Town. EE. WE. EE. WE.

Chickens . . Bristol Bourne 35 7/30 6/30 11/35 N, D. 3

Turkeys . • Bristol Taunton 36 0/35 1/35 0/35 0/31
Norfolk East Weymouth 40 0/40 0/40 0/40 N. D.
Plymouth Middleborough 39 0/39 0/39 0/39 N. D.

Pheasants . - Barnstable East Sandwich 35 1/35 3/35 0/35 0/3
Middlesex Ayer 35 0/35 1/34 0/35 N. D.
Plymouth Marshfield 36 3/36 6/36 0/36 N. D.

J 111 positive at 1:20 dilution or greater,
2 PR neutralization positive at 80 per cent or more.
3N. D. Not done. Tests as necessary to complete the study to be conducted.
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Table VII. Neutralizing Antibody Test Data for Wild Birds in Massachusetts
during 1961}

Nesting Season.Spring Migrants, 'OTALS,

Col- Tested Posi“ Col “ Tested Posi‘ , Coh Tested Posi
lected. lestea - tive. lected. iestea - tive. lected. Aescea - tive

2

4

Blackbird, Red-winged

Blackbird, Rusty ... -
- - 4

234 171 11

103 4 'jp
Catbirds .... 82 29 2 152 142 9

97 4 109Chickadee, Black-capped .9 6 100

Creeper, Brown ...
-

-
- 4 4

1Cuckoo, Black-billed . 1

1Flycatcher, Least ... - - - 1
3Finch, Purple

...
3

Flicker, Yellow-shafted .531 9 14

5

3 1

Goldfinch .... 5 .3 3

Grackle, Common 2 9

1Grosbeak, Rose-breasted . 1
Hawk, Broad-winged . -

- 1 1

Jay, Blue
.... 7 1 - 13 201

Junco, Slate-colored . . 2

Kinglet, Ruby-crowned . 1 1

Nuthatch, White-breasted . 1 1 11

Orioles, Baltimore 1 -
- 4

Ovenbird .... 2 - - 31 1 133

1Owl, Barred ....

-
- - 1

Robin 9 3 1 3 181

Redstart .... 2 -
- 9 11

Sparrow, Song
...

3 - - 3 6

Sparrow, Swamp 17 6 4 42 6 4

Tanager, Scarlet ...

- -
- 3 3

Thrasher, Brown 4 - - 10 14

Thrush, Gray-cheeked . - - - 3 3

Thrush, Hermit ...

- - - 12 12

Thrush, Swainson’s 1 -
- 1

*Thrush, Wood ... 3 1 - 28 1 31

Towhee, Rufous-sided 13 3 340

Veery 13 2 - 35 48

Vlreo, Red-eyed
...

- - - 5 5
23Warbler, Black-poll . - - 23
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Table VII. Neutralizing Antibody Test Data for Wild Birds in Massachusetts
during 1961 Concluded. 1

Totals,Nesting Season.Spring Migrants.

Col- mp_ fpH Posi- Col- Tp(;1 -pf1 Posi- Col- Tt d Posi-
lected Tested- tive. looted. Tcsted- tive. lected. Aestea * tive.

Warbler, Black-throated Blue - i 1
Warbler, Black and White .5 -

- 13 2-18 2

Warbler, Canada ... 2 1 - 13 - - 15 1
Cape May . i 1

Warbler, Chestnut-sided .11--- - 11

Warbler, Myrtle .

Warbler, Nashville

2

1 - - 1

Water Thrush, Northern
Waxwing, Cedar .

45 4 1396 4 1

2

11 1Woodpecker, Downy

Woodpecker, Hairy

Yellowthroat, Northern

1 9

4 - - 4

16 - - 37 4 121 4 1
523 2 68 10 687* 245 2 13 910* 313 2 23Total

1 PR neutralizing positive at 80 per cent or more.
2 Tested for virus only single catbird positive for WE virus hi nesting season study.
»Includes 442 birds collected in population studies but not bled.
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In the Year One Thousand Nine Hundred and Sixty-Two.

Resolve further continuing the investigation and study by

THE DEPARTMENT OF PUBLIC HEALTH RELATIVE TO EQUINE EN-

CEPHALITIS.

1 Resolved, That the department of public health is hereby!^
2 authorized and directed to revive and continue further the in-
-3 vestigation and study authorized by chapter thirty-seven of the
4 resolves of nineteen hundred and fifty-seven and most recently
5 continued by chapter sixty-two of the resolves of nineteen hun-
-6 dred and sixty-one, relative to the spread and the means of
7 control of equine encephalitis, otherwise known as horse sleeping
8 sickness, which causes a fatal disease in man. Said department
9 shall, in the course of its investigation and study, confer, and

10 co-operate with such agencies of the commonwealth or any polit-
-11 ical divisions thereof, and with such civic and other associations
12 or organizations as may be engaged in making a study and in-
-13 vestigation of said disease. Said department shall also invite
14 the assistance and co-operation of the public health service and
15 any other federal agency that may have an interest in the prob-
-16 lem. For said purpose said department may expend for services,
17 traveling expenses, materials, equipment and supplies, the unex-
-18 pended balance made available by chapter sixty-two of the
19 resolves of nineteen hundred and sixty-one and such additional
20 sums as may be appropriated therefor. Said department shall
21 report to the general court the results of its investigation and
22 study and its recommendations, if any, together with drafts of
23 legislation necessary to carry its recommendations into effect,
24 by filing the same with the clerk of the house of representatives
25 when a definite understanding of the ecology and control of
26 encephalitis disease is achieved.

C6e Commontoealti) of Massachusetts
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