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RELATIVE TO EQUINE ENCEPHALITIS.

December 4, 1957.

To the General Court of Massachusetts

In accordance with the authority delegated to it, the Department
of Public Health has carried on an investigation relative to equine
encephalitis, as provided by chapter 37 of the Resolves of 1957.
This resolve reads as follows:

Resolved, That the department of public health is hereby authorized and directed
to make a study and investigation 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 study and investi-
gation, confer and co-operate with such agencies of the commonwealth or any
political divisions thereof, and with such civic and other associations or organiza-
tions, 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 agencies that may have an interest in the problem.
For said purpose said department may expend for services, travelling expense,
materials, equipment and supplies, a sum not exceeding thirty-five thousand dollars
from sums available in item 2003-01 of chapter seven hundred and forty-six of the
acts of nineteen hundred and fifty-six. Said department shall report to the general
court the results of its study and investigation, and its recommendations, if any,
together with drafts of legislation necessary to carry its recommendations into

«ect, by filing the same with the clerk of the house of representatives on or before
e first Wednesday of December in the current year.

The funds for this study were made available in advance of final
action on the general appropriation bill in response to a request
from His Excellency the Governor in a special message to the
General Court dated March 7, 1957, in which a reference was made

SPECIAL REPORT OF THE DEPARTMENT OF PUBLIC
� HEALTH ON AN INVESTIGATION AND STUDY

C&c Commontuealti) of



HOUSE —No. 3029. [Apr.4

to the threat of the recurrence of equine encephalitis of which there
had been an epidemic in the State in 1956.

Nearly two thirds of all the cases in man of this disease, due to the
eastern virus, which have occurred in the nation have been reported
from Massachusetts. Only in this State have there been recurrent
epidemics. The disease is thought to be spread by mosquitoes, but
the exact variety has not yet been determined.

Equine encephalitis (horse sleeping sickness) appeared to be a
satisfactory designation for the disease until 1938, when the first
cases in man were discovered here in Massachusetts. Later studies
indicate that it is really a disease of birds, and that horse and man
become involved only when the disease reaches epidemic propor-
tions in birds. There are two viruses involved: the eastern virus,
in the States along the Atlantic seaboard and the coast of the Gulf
of Mexico, and the western virus, in the area west of the Mississippi.
A few cases of each have been transported across these lines into the
other areas. The disease is also found in the West Indies and the
northern coast of South America.

Since it seems quite certain that wild birds are the reservoir of the
virus of the disease, one of the questions which needs answer is
whether the virus is continuously present in the State, or whether it
must be reintroduced annually by birds infected in the south or the
West Indies which migrate north each spring. It will probably take
several seasons to collect enough evidence to settle this question.

The Public Health Service considers our State to be the best
area in which to investigate the method of spread of eastern equine
encephalitis. Because of the interest of the Department in trying
to attack the unsolved problems relative to the disease, the Com-
municable Disease Center of that Service has established a Field
Laboratory in the area involved, headed by an entomologist who
was formerly in California working on western equine encephalitis.

The temporary field personnel employed with funds for this study
in 1957 made their headquarters at the Public Health Service
Laboratory and were under the supervision of the entomologist
during the portion of their time when collecting mosquitoes. They
worked under Dr. Ralph E. Wheeler of Tufts Medical School when
collecting samples of blood from birds.

The testing of mosquitoes for the presence of virus, and the testing



HOUSE No. 3029.1958. 5

of bird bloods for the presence of antibodies have been carried out
at the Virus Section of the Diagnostic Laboratory of the Depart-
ment. Temporary laboratory personnel have been assigned to this
laboratory to aid in carrying the greatly increased load of work.

The summer of 1957 did not provide favorable circumstances for
the spread of equine encephalitis among birds. Rainfall was making
low records, beginning early in the spring, and as a consequence
mosquitoes were scarce. Even though infected birds may have

®>een present in the State early in the season, there were not enough
mosquitoes to transfer the virus from these to other birds. No
cases have, therefore, appeared in horse or man, and none in pheas-
ant farms, which have been a good indicator of the presence of the
disease in former years.

This failure of the virus to appear in indicator animals is ex-
plained by the low number of birds showing antibodies against the
eastern virus in 1957. In 1953, 33 birds out of 146 (22.6 per cent)
tested showed antibodies for eastern virus. In 1956, 71 birds out
of 152 (47.4 per cent) tested showed antibodies for the same virus.
In 1957 only 12 birds out of 235 (5.1 per cent) tested showed such
antibodies. Most of these were probably infected in 1956 and do
not indicate activity in 1957. Nineteen hundred and fifty-three
can be considered a normal year, 1956 a high year, and 1957 a low
year for transfer of the virus. In 1953 eastern virus was isolated
from one bird, in 1956 from four, and in 1957 from none.

Further evidence is furnished by the scarcity of the virus in
mosquitoes. In 1956 five pools of mosquitoes (Culseta melanura)
yielded eastern virus. In 1957 pools of the same mosquitoes con-
tained no eastern virus.

When it became evident that 1957 would be a year in which the
virus of encephalitis would be difficult to find in birds and mos-
quitoes, activities were curtailed to a level of determining the situa-
tion in such a year. All of the funds made available for the studyswere not used.

It is important that these studies be pursued until the most
efficient control measures can be determined. An accompanying
bill requests that the study be continued, and that the remainder
of the funds be made available for studies in 1958. To this should
be added an additional amount of ten thousand dollars from unex-



HOUSE — No. 3029. [Apr.6

pended balances in the budget of the Department for the current
year to provide a sum large enough to cover the expected activities
in the coming season.

Additional details in regard to the studies carried out are found
in the appended report of the Director of the Division of Communi-
cable Diseases.

Respectfully submitted

SAMUEL B. KIRKWOOD, M.D
Commissioner of Public Health.

GORDON M. FAIR, 8.5., Dr.lng
WILLIAM H. GRIFFIN, D.M.D.
PAUL J. JAKMAUH, M.D.
RAYMOND L. MUTTER
CONRAD WESSELHOEFT, M.D.
CHARLES F. WILINSKY, M.D.

Public Health Council.
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[ltem No. 2003-21]

Subsidiary
Account. Payments. EScumbrajfcls.Appropriatioi

$16,263 00 $8,572 75 $350 00 $7,340-02

11,400 00 4,450 88 145 40 6,803 72,803

-07 6,237 00 1,368 51 2,910 21 1,958

1,100 00 890 16 209 84
Totals $35,000 00 $16,282 30 $3,616 46 $16,102

I

INVESTIGATION AND STUDY RELATIVE TO EQUINE
ENCEPHALITIS.
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In the Year One Thousand Nine Hundred and Fifty-Eight.

Resolve authorizing the department of public health to
REVIVE AND CONTINUE THE INVESTIGATION AND STUDY RELATIVE
TO EQUINE ENCEPHALITIS.

1 Resolved, That the study and investigation authorized and
2 directed by chapter thirty-seven of the resolves of nineteen
3 hundred and fifty-seven is hereby revived and continued for the
4 purpose of continuing the investigation and study relative to
5 the spread and the means of control of equine encephalitis,
6 otherwise known as horse sleeping sickness, which causes a fatal
7 disease in man. Said department shall, in the course of its study
8 and investigation, confer and co-operate with such agencies of
9 the commonwealth or any political divisions thereof, and with

10 such civic and other associations or organizations as may be
11 engaged in making a study and investigation of said disease.
12 Said department shall also invite the assistance and co-operation
13 of the public health service and any other federal agency that
14 may have an interest in the problem. For said purpose said
15 department may expend for services, travelling expenses, ma-
-16 terials, equipment and supplies, the unexpended balance avail-
-17 able in item 2003-21 of chapter seven hundred and forty-six of
18 the acts of nineteen hundred and fifty-six, and an additional
19 sum not exceeding ten thousand dollars from sums available in
20 item 2003-01 in the unexpended balance in the budget of the -,

21 department. Said department shall report to the general court^
22 the results of its study and investigation and its recommenda-
-23 tions, if any, together with drafts of legislation necessary to carry
24 its recommendations into effect, by filing the same with the clerk
25 of the house of representatives on or before the first Wednesday
26 of December in the current year.

Cfie Commontoealtf) of



November 1, 1957

To Dr. Samuel B. Kirkwood, Commissioner of Public Health

Dear Sir : Herewith is submitted a report on an investigation
and study relative to equine encephalitis, as authorized under the
provisions of chapter 37 of the Resolves of 1957.

This resolve was passed as the result of a Special Message from
his Excellency the Governor (House, No. 2790) regarding a bill
(House, No. 2649) to authorize the study, reading as follows:

The Commonwealth of Massachl
Execdtive Department,

State House, Boston, March 7, 1957

To the Honorable Senate and House of Representative .

In view of the fact that there may be a recurrence of the fatal encephalitis, other-
wise known as sleeping sickness, during the summer and fall of this year, it is im-
portant that a study and investigation relative to the spread and means of control
of equine encephalitis be authorized immediately.

To delay in this matter until final action on the general appropriation bill would
serve to defeat the purpose of the study and investigation which in order to be
effective must begin before the spring of this year. I recommend that a sum not
exceeding $35,000 be appropriated from the general fund in advance of final action
on the general appropriation bill. Attached hereto is a draft of the legislation which

intended to accomplish the foregoing purpose

Respectfully submitted,

Foster Furculo,
Governor of the Commonwealth.

This study was authorized as the result of a third outbreak of
equine encephalitis which occurred in 1956.

Cf)c Commontoealtf) of Massachusetts

REPORT OF THE DIRECTOR OF THE DIVISION OF
COMMUNICABLE DISEASES OF THE DEPARTMENT

* OF PUBLIC HEALTH ON AN INVESTIGATION AND
*

STUDY RELATIVE TO EQUINE ENCEPHALITIS.
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The Disease in Man in Massachusetts.
In the United States, eastern equine encephalitis has occurred in

epidemic form in Massachusetts only, except for one outbreak in
Louisiana and Texas in 1947. In other States a few sporadic cases
have been reported. The epidemics in Massachusetts have been
small, 34 cases in 1938, 4 cases in 1955, and 12 cases in 1956, making
a total of 50 cases. No sporadic cases have been recognized in thej
State in intervening years. In all the other States only about 25
cases have been discovered through 1956. Although the series of
cases in Massachusetts is small the serious nature of the infection in
man is apparent.

The age and sex in the 50 cases are shown in Table 1. The cases
are concentrated in the group under ten years of age (34 of the 50
patients, or 68 per cent). No cases occurred in the group twenty
through thirty-nine years of age nor in those sixty and over. The
greatest concentration occurs under six months of age, and 42 per
cent of the cases were in those under two years of age. Half the
cases were in children under five years of age. The reason for this
age distribution has been attributed to the fact that mosquitoes
are allowed to bite longer by infants and young children. It may
be that the greater susceptibility of the young plays a part.

The seasonal distribution of the human cases in Massachusetts
has varied somewhat in the three years in which the disease has
appeared. The first case in 1938 began early in August, the epidemic
peak was reached during the last week in August, and the last
patient became ill before the middle of October. In 1955 the first
cases occurred about the middle of September, and the last one
before the middle of October. In 1956, however, the disease
appeared early, the first case having its onset in the last week in
July, and the last one in the third week in September. There was
no peak in 1956. It may be that vigorous mosquito-control meas- ,

ures in 1956 prevented all but a few sporadic cases, thus
a peak in August.

The seasonal distribution of the cases in horses was similar to that
for cases in human beings, particularly in 1938. However, cases in
horses occurred throughout the season in 1955 and were more num-
erous in the period before the appearance of the first case in a human
being. The curve tended to be flat in 1956, with some concentration
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in the middle of the season; that, again, was perhaps affected by
mosquito control that year.

The geographic distribution of the infections in human beings and
horses was similar in each of the three epidemic years. There was
a marked concentration in southeastern Massachusetts from a few
miles north and west of Boston southward to within a short distance
of the Atlantic coast and the Buzzards Bay shore.

The clinical manifestations of eastern equine infections do not
pilfer markedly from those of other varieties of arthropod-borne
encephalitis except in the consistent severity of the symptoms.

The occurrence of the various characteristic symptoms among the
50 cases is shown in Table 2. Stupor and coma are the most fre-
quent manifestations. In most cases the stupor is deep, and the
patient cannot be roused. Convulsions are almost as frequent and
continue to occur throughout the acute stages, being more frequent
in children than in adults. Twitching of localized muscles may be
combined with convulsive seizures or may occur separately in those
who have no convulsions. Stiff neck, often accompanied by general-
ized rigidity, is a frequent manifestation. Vomiting, irritability and
cyanosis are often seen in the younger children. Headache is con-
stant in the older patients.

One of the measures of the severity of eastern equine infections is
the fatality rate. Table 3 shows that 34 of 50 patients died, and only
16 survived. If the two bottom lines of the table are considered
separately, the fatality rate among those under ten was about 65
per cent, whereas it was 75 per cent in those ten and over.

Sequels: in Survivor
It is to be expected that in a disease in which the clinical mani-

festations are as severe as those in infections with the eastern
equine virus, marked brain damage would be evident in those who
survive. This has been the experience in Massachusetts.

% In the 50 cases that occurred in Massachusetts in 1938, 1955 and
1956, only 16 patients survived. As shown in Table 3, the survival
rate among those under ten is higher (35.3 per cent) than that among
those ten and over (25.0 per cent). The survival rate in those forty
and over (44.5 per cent) is higher still. The sex difference is not
remarkable.

The severity of the sequelae shows a marked association with age.
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Table 4 demonstrates that 6 out of 8 survivors under five years of
age had severe sequela;, and only 1 had none, whereas 3 out of 4
survivors forty and over had no sequelae, and the fourth only mild
damage. It should be noted that all the young survivors were
under three years of age. It is interesting that the infection is more
fatal to adults but that, if the older patient survives, he has milder
sequelae. The survivors in the group five through nine years of age
occupy an intermediate position in the severity of the symptoms.
There were no survivors among those aged ten through thirty-nhuf
in the Massachusetts series.

Previous Field and Laboratory Studies on Equine
Encephalitis.

•Figures in parentheses refer to the Bibliography, p. 26.

At the time of the outbreak in horses and humans in 1938, the
only known vectors of the equine viruses were eight species of
mosquitoes belonging to the Aides genus. Most of the laboratory
experiments had been carried on with the western virus, but it was
supposed that the same mosquitoes could also spread the eastern
virus. The public was warned of the danger of mosquitoes in 1938,
but no other public health measures seemed to be indicated. In
1941 Hammon (2) and his co-workers isolated western virus from
free living mosquitoes of the Culex genus (C. tarsalis), thus showing
that transmission of the western virus was not limited to the Aides
genus.

The role of small vertebrates as reservoir hosts had not yet been
revealed, but miscellaneous observations had begun to point toward
such a role. In 1933 Giltner and Shahan (3) produced the disease
in pigeons and suggested that birds might play a part in the trans-
mission of the disease. In 1936 Remlinger and Bailly (4) showed
that a variety of birds were susceptible, as well as the laboratory
animals usually used in studies of-the viruses. In 1938
and Dingle (5) isolated eastern virus from pigeons ill of a paralyzing
disease, and Tyzzer and Sellards (6) obtained the same virus from
ring-necked pheasants. These birds came from Massachusetts and
Connecticut. In 1943 Hammon and his co-workers (7) demon-
strated that barnyard fowl could act as reservoirs of western equine
and St. Louis viruses.
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After the outbreak of equine encephalitis in 1938, several years
passed without the discovery of a single case of the disease in man.
In fact, there was no evidence that there had been any activity of
the virus in the State in succeeding years.

The state-wide mosquito (8) survey carried out in 1939, in which
nearly a quarter of a million adults and larvae were identified, sup-
plied a tremendous amount of basic information regarding the mos-
quito population of the State. In connection with the survey

(|Davis (9) carried out transmission experiments and added two mos-
quitoes to the list of vectors (A. atropalpus and A. triseriatus).

The 1953 Survey.

It was considered certain, however, that the disease would even-
tually recur. In the spring of 1953 heavy rains appeared to be
setting the stage for a year of mosquito abundance. A survey was
planned to determine if the virus was present in the State, and thus
capable of being spread by a heavy mosquito population. The Virus
and Rickettsial Laboratory of the Public Health Service agreed to
do the laboratory work, and recommended that the study be limited
to the serological examination of blood specimens from wild birds.
Domestic fowl and small mammals were not considered to be im-
portant reservoir hosts of the eastern virus.

The survey was limited to the environs of a great cedar swamp,
Hockomock Swamp, which lies in the communities of Easton, West
Bridgewater, Bridgewater, Raynham, Taunton and Norton. Hu-
man population is sparse within a mile of the edges of the swamp,
but there are heavy populations within five miles. This is one of
several swamps which lie in the general area in southeastern Massa-
chusetts where the disease appeared in 1938. In fact, the first cases
in horses were reported from the vicinity of Hockomock Swamp.

During the months of July and August, four medical students
made two trips each week into the area to obtain blood specimens
!from birds and horses and to collect mosquitoes to determine the
varieties present. One trip per week was made by two students
during the first three weeks of September. Two situations made it
impossible to reach the desired goal of 400 specimens from birds.
In the first place, three of the medical students had never used shot-
guns before, and had to learn to bring down the birds. In the second
place, the technic of bleeding small birds from the heart, particu-
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larly those partly exsanguinated by gunshot injuries, is difficult, and
many samples were insufficient or unsatisfactory for examination.

In spite of these handicaps, a total of 146 specimens of blood from
birds were obtained. In addition, blood specimens from 19 horses
were collected. Of the latter, one had antibodies for the eastern
virus alone, six for western virus alone, and two for both. The
results of the neutralization tests on the bird blood are shown in the
accompanying table (Table 5). It will be seen that 20 (13.7 per
cent) of the birds showed evidence of infection with eastern virus!
alone, 2 (1.4 per cent) with western virus alone, and 13 (8.9 per
cent) with both.

A total of 105 (71.8 per cent) had no antibodies for eastern virus,
and 8 (5.5 per cent) were not tested for eastern equine antibodies.
Only the last bird shot in the study yielded eastern virus by isola-
tion, although all of the 146 bloods were tested for virus. Because
of an insufficient quantity of serum, 15 birds were not tested for
western virus antibodies.

There is some doubt about the significance of the serological
evidence of infection with western virus. The titers were all very
low, 11 showing a neutralization index of 54, and 4 an index of 35.
In 13 samples this might represent cross reactions with eastern
virus, since in 7 birds the neutralization index was over 1,000, and
in 6 birds, 677.

Since most of the birds showing positive tests are migratory, it
cannot be positively stated that the infection causing the antibodies
was acquired in Massachusetts. However, usual migrations do not
cross endemic areas of western virus, so this virus may well be in
the State. The isolation of eastern virus from one bird just before
migration began demonstrated quite well that this virus is present
in the vicinity of Hockomock Swamp.

We also had other confirmatory evidence of the presence of this
virus. Early in the fall two horses died of clinically diagnosed
encephalomyelitis. The brain of one yielded the eastern virus at the.
Bureau of Animal Industry in Washington, D. C. These horses
were kept on farms near to each other but twenty miles east of
Hockomock Swamp. They were located in the vicinity of other
swampy areas.

This survey would appear to demonstrate that both eastern and
western viruses are present in Massachusetts, but that the infection
rate in reservoir hosts is not high enough to produce infections in
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horses and man except in an occasional year when conditions are
particularly favorable for transmission. Whether the viruses are
present every summer is unknown. No active infections with
western virus have yet been demonstrated in the State.

The Problem of Unapparent Infections.
Both the western equine virus and the St. Louis virus produce

subclinical infections as well as frank cases of en-
cephalitis. A few observations in the Dominican Republic (10) and

in Louisiana (11) indicate that unapparent infections with the
eastern equine virus are rare.

To determine if the same situation exists in Massachusetts, speci-
mens of blood were obtained in 1956 from 356 persons living in the
area of the 1953 survey one mile from the edge of Hockomock
Swamp. The age distribution of this group was: 0-4,21; 5-9,50;
10-14, 49; 15-19, 21; 20-29, 41; 30-39, 71; 40 and over, 103. No

person in this group showed a high neutralization test for eastern
equine virus, two only being positive, one with an index of 32 and
another with an index of 80. Blood specimens taken at the same
time from two persons ill of the disease in 1938 showed neutraliza-
tion titers of over 1,000, so it is known that these antibodies persist
in the blood for years after a recognized infection.

Blood specimens were also obtained from 43 patients in a mental
disease hospital in the area. None showed a significant neutraliza-
tion test. Specimens were obtained from 39 patients and 100 em-
ployees in a school for feebleminded in the area. The only patient
showing antibodies (neutralization index greater than 2,000) was a
boy known to have the disease in 1955. One employee showed a
neutralization index of 100. She had been residing in the endemic
area all her life.

In summary, out of 537 persons with no history of encephalitis,
three (0.7 per cent) showed low titers of neutralizing antibodies.

1 These observations indicate that unapparent infections with
eastern equine virus are so infrequent as to be of little significance.

The 1955 Outbreak

The supposition that the virus of eastern equine encephalitis is
almost constantly present in Massachusetts received further con-
firmation when a small outbreak occurred in 1955. Late in the



HOUSE No. 3029. [Apr.16

season, after 44 horses had been affected, four human cases were
recognized by Boston hospitals. The disease also became more im-
portant in pheasants. Four pheasant farms had losses due to the
virus, and two pheasants found ill in the field also yielded eastern
virus. The diagnosis was confirmed by virus isolation in only one
of the horses, due to the fact that the U. S. Department of Agri-
culture had discontinued its virus diagnostic service. One of the
human cases was fatal and was confirmed by virus isolation. The
other three were confirmed by a marked rise in antibodies. (12, 13).

The 1956 Outbreak.
The collection of the blood specimens from residents near Hocko-

mock Swamp, mentioned above, was in process when the first horse
was reported ill early in August, 1956. Within four days the
pathology of the brain in a child dying of encephalitis suggested
infection with eastern virus. Both cases were confirmed by virus
isolation. This was the earliest in the season that cases had ever
been recognized, and gave opportunity to organize studies which
might contribute to our knowledge of the disease.

Another survey of birds was organized and by the end of the
season 152 blood specimens had been obtained from birds, not in-
cluding specimens taken from sick birds arriving at our Virus
Laboratory before death.

By the end of the season seventeen suspect human cases were
under investigation. Eleven were confirmed by laboratory pro-
cedure, 5 by virus isolation post-mortem, and 6 a rise in anti-
bodies for eastern virus. A twelfth case was recorded as being
clinically and epidemiologically characteristic; but no post-mortem
examination was made and no blood specimens submitted.

Forty-one horses were reported as having encephalomyelitis.
Brain tissue was examined in nine of these. Virus was isolated
from eight. A rise in antibodies in a horse which survived confirmed
the diagnosis in one other. Brain specimens were obtained mainly
from horses dying along the fringe or outside the area in which
cases had occurred in previous years.

Deaths due to the disease occurred on seventeen pheasant farms,
all confirmed by isolation of virus from the brains of sick birds.
Seven pheasants were found dead in the open fields. Five of these
yielded eastern virus.
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Of sixteen wild birds found ill and submitted to the Virus Labora-
tory, three yielded eastern virus and the others were negative.

Of three mammals sent to the Virus Laboratory, only a sick pet
monkey yielded eastern virus.

Seventy-five of the 152 birds sampled in the survey showed evi-
dence of infection with either eastern equine virus or St. Louis virus
(see Table 5). Serological evidence of eastern virus infection was
shown in 55 birds, virus was isolated from 4 birds and both eastern

|and St. Louis infection was indicated in 12 others. This makes a
total of 71 birds with evidence of eastern virus infection. Only
four birds showed St. Louis virus antibodies alone. No evidence
of western equine virus infection was found.

More than 7,000 specimens from 18 species of mosquitoes were
obtained between August 23rd and September 23rd. Killing frosts
made collecting beyond the latter date unprofitable. More than
90 per cent of the specimens were obtained in New Jersey type
light traps, and the remainder from shelter or biting collections.
About one third of the mosquitoes reached the laboratory alive and
were processed for virus isolation tests. These were identified to
species while under chloroform anaesthesia, hermetically sealed in
glass tubes, and were stored at minus 64° Centigrade in a Revco low
temperature cabinet. Following about five months of storage, the
tubes of Culex specimens (except C. territans ) and the Culiseta
melanura were removed and re-identified. The tubes were removed
and rechecked one at a time, and the specimens were in an ice bath
continually during the re-examination. Approximately forty-five
minutes was the longest time any of the specimens were out of the
low temperature cabinet.

The results of testing the 347 lots of mosquitoes, two lots of biting
midges (Heleidm), and one of bird lice (Mallophaga) are listed in
Table 6. Using the chick embryo tissue culture technique of
Daniels (13), the eastern equine virus was isolated from five lots of
Culiseta melanura.

Culiseta melanura is thought to prefer avian hosts as its source
for blood meals. It may be an important vector for the transmission
of eastern equine virus from bird to bird. Whether this species
occasionally bites horse or man, and whether it is instrumental in
spreading the disease to mammals, is yet to be determined.
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The Irregular Periodicity op the Disease
The irregularity of the appearance of eastern equine encephalitis

in man and horse needs to be explained. The sixteen years between
the first human cases in 1938 and the second appearance in 1955
seems to be a long period. The supposition is that the proper set
of biological circumstances did not occur during the period. A sec-
ond phase of the problem is the question as to why Massachusetts
provides the most suitable conditions for epidemics of the disease.

The biological circumstances necessary for the spread of the east-
ern virus to man must include

1, The presence of the virus in the State.
2. The concentration of the reservoir hosts in an are,

3. The presence of the proper kind of mosquitoes in abundance
in the same area at the same time. (Two kinds of mosquitoes may
be necessary one to complete the transfer from bird to bird,
another to spread the virus from bird to man and horse).

4. The concentration of human population near the area where
the virus is building up in the birds.

The great swamps of Massachusetts seem to provide the proper
tting for such outbreaks. There is a great concentration of wild

birds during the breeding season. Mosquitoes of many varietie
are usually abundant. Heavy human populations live in close
proximity to these large swamps. Conversely, the disease does not
occur in parts of the State where such swamps are absent

It is supposed that the virus builds up most rapidly in birds
during the nesting season. The susceptible bird population is rap-
idly increasing during this time, and for a time the nestlings are
lying defenceless in the nests, immobilized and without feathers
However, if there are no birds carrying the virus in the blood, or
if mosquitoes happen to be scarce at the particular time, there may
be no build-up of the infection that season, consequently no spill-
over into horses or man.

Research in Other States

For a number of years the Virus and Rickettsia Laboratory of
the Public Health Service has been carrying on studies in the great
swamp areas of Louisiana. Much of our knowledge of the ecology
of the eastern equine virus has come from these studies.
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Since 1950 a group at Rutgers University has been studying the
ecology of Culiseta melanura in New Jersey. This is the mosquito
which appears to play an important role in the spread of the virus
among birds.

A study has been organized at Yale University to help attack the
unsolved problems of eastern equine encephalitis. In Connecticut
the disease has been limited to horses and pheasants. The Yale
group is interested to determine if nestlings play an important part

4 in the build-up of the virus in the reservoir host.
The Connecticut Agricultural Experiment Station is working on

the part played by hibernating mosquitoes in carrying the disease
over the winter.

Studies Carried Out in 1957.

The studies planned for 1957 included the collection of mosquitoes
alive for virus isolation, the collection of blood specimens from wild
birds and from pheasants kept on pheasant farms to be examined
for virus and for antibodies for equine viruses, and the placing of
sentinel pheasants to warn of the presence of equine encephalitis.

Mosquito Collection
It was not until May 29 that funds became available and the

first temporary field employee was put to work. Fortunately, the
Public Health Service had established the Taunton Field Station
at the edge of Hockomock Swamp under Dr. Richard O. Hayes of
the Technology Branch of the Communicable Disease Center, and
limited collections had already been started. Later, an entomol-
ogist trained at the University of Massachusetts and three medical
students were employed to complete the field staff.

Most of the time of the entomologist and the laboratory assistant
and a part of the time of the three medical students was devoted to
collecting mosquitoes. Only the entomologist was able to continue
in employment after the middle of September, the others returning
to school.

Vector Survey.

Adult mosquitoes and other bloodsucking arthropods were col-
lected by several methods in localities where previous virus activity
has been observed. Natural shelter, biting, net, New Jersey light



HOUSE —No. 3029. [Apr.20

trap, and dry ice baited trap collections were made to insure that a
species not obtained by one method would be obtained by another.
Mosquitoes were obtained from only two of forty-three routine
weekly visits to a selected group of volunteer “collectors.” All
other' specimens were obtained by field station personnel. The
per cent of the total number of mosquitoes collected by each of
the various methods and by the volunteers is given in Table 7.

A tabulation of the 7,348 arthropods obtained in the vector
survey between April 2 and October 18, 1957, is given in Table 8.
Male mosquitoes and female specimens dying before identification
are unsuitable for virus isolation tests. Female specimens suitable
for testing were sealed in glass tubes and stored at —6l ± 1° Centi-
grade until tested. Each tube contained a group (“pool,” or
“lot”) of 10 or less mosquitoes segregated as to species, place of
collection, and abdominal contents blood, eggs, etc. A list of
the mosquito species and other arthropods processed for EEE virus
isolation tests is given in Table 9.

The severe drought which occurred from June through October,
1957, drastically reduced the number of mosquito breeding sites.
The predominance of Culex species during this period reflects the
fact that mosquito breeding was practically limited to water in
“permanent” impoundments and in domestic habitats, such as
cesspools.

Only 52 pools of more than 1,000 pools processed for virus testing
have been tested; they were negative for EEE virus. The test
results on the remaining pools are, therefore, not available.

Culiseta Melanura Ecology.
The only EEE virus recovery from a naturally infected arthropod

in New England has been made from the mosquito Culiseta melanura.
Five recoveries from this species were made from specimens col-
lected during the 1956 outbreak. Neither the importance of this
species in the life cycle of EEE nor its role as a vector of the disease 4||
has been determined. Since EEE was recovered from C. melanura
during other studies conducted in Louisiana and New Jersey, a
large cedar swamp has been selected for studies designed to obtain
ecologic and biologic information on this potential vector.

The first record of this species having bitten man was obtained in
this study. The fact that C. melanura -was observed to bite man is
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significant in that this increases the possibility of the species being
important as a bird-to-man vector. Previous studies have shown
C. melanura to be principally an avian feeder.

During this study, the initial observations were made on C.
melanura swarming habits and the regular formation of swarms at
sunset.

Sentinel Pheasant Program.
Fifty-one female pheasants were distributed through three

counties in thirteen towns to serve as indicators (sentinels) of virus
activity. Volunteer co-operators agreed to care for the birds and
to notify the laboratory when a bird became obviously ill or para-
lyzed. Prior to distribution, blood samples obtained from each bird
were tested and found negative for EEE virus and antibody. A
second blood sample was taken from each of the birds which sur-
vived throughout the experiment (Table 10). Each of these
bloods will be tested for the presence of EEE antibody to determine
whether or not virus infection occurred among the sentinels.
Thirteen of the birds died during the course of the experiment, two
died in the before being placed with volunteers, and two
escaped from their keepers. Brain material from eight of the dead
birds was processed for virus tests. The deaths of the other five
birds were not reported to the laboratory until the pheasants were
being collected for the final bleeding. In only one instance wms the
sickness of a sentinel bird reported before its death.

By the end of the experiment, most of the sentinel pheasants had
severe scalp and beak damage sustained during their confinement in
the small cage. The most severely damaged bird, however, was one
which the volunteer caretaker had placed directly on the ground
in a relatively large cage.

At the end of the studyr
,

all the birds wr ere released in areas with
suitable food and cover 30 on the Myles Standish State School
grounds (Taunton), and 6 near the State Agricultural Farm (Bayn-
ham).

The laboratory results of the antibody tests on the second blood;
and on the virus tests on the brains are not yet available.

Study of Blood Specimens from Wild Birds.

The study of birds for current or past infection with eastern
equine encephalitis had been done in previous years (1953 and 1956)
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entirely by sampling a wide range of species. They were collected
by shooting them and bleeding them from the heart after death.
This method of collection resulted in a fair proportion of defective
specimens and probably in rather unreliable laboratory reports.

This year a relatively successful attempt was made to work
largely with a few species of living birds by obtaining specimens of
nestlings before leaving the nest or trapping older ones, bleeding
from the jugular vein, then banding and releasing them. It was
hoped that some of these banded birds could be subsequently re-
captured, bled again and released, thus giving us not only better
samples but more from each bird. In this way it was hoped that a
better idea of the natural history of the infection among birds could
be obtained. Shooting this year was largely confined to securing
samples of birds, such as crows, where nests are difficult to find and
trapping is not practicable. The conversion from shooting to live
collection was done in a relatively short time and with more suc-
cess than might be expected with an inexperienced crew.

Another feature of the study this year was that a fairly successful
effort was made to secure a sample of birds from areas known to be
free of horse and human cases of encephalitis, the aim here being to
see whether birds were also free of infection, or wdiefcher the freedom
of horses and humans could be due to some environmental defect
in the chain of transmission.

One hundred and sixty birds were collected by trapping. Of
these, 30 were taken in a non-epidemic area and the balance were
taken in and around Hockomock. These birds were largely im-
mature, and none showed evidence of present or past infection.
Nearly fifty nestlings were bled and banded in the Hockomock area

none of these showed any evidence of infection.
Forty-seven crows were collected by shooting 36 in the Hocko-

mock area and 11 outside of the encephalitis endemic area. None
of the immature birds were found to have current infection, but
most of the adults, especially in the Hockomock sample, showed
evidence of past infection

A good deal of planning and outfitting went into the bird-work
this year. Had 1957 been a normal year we should have been able
to answer several questions about the occurrence of eastern equine
encephalitis among birds in Massachusetts. Not a little evidence
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for past infection among birds was found in 1953. A great deal
more was found when cases were occurring among horses and hu-
mans in 1956. We found no evidence of current infection among

birds this year, and thus were able to show that in a year when there
are no horse or human cases, birds (the assumed reservoir host) are
also virtually unaffected. This in itself is not a small contribu-
tion, but more could have been accomplished if drought conditions
had not been so prevalent. Presumably, the vector was so re-
duced in numbers that few new cases could have occurred.

More questions, however, remain to be answered than were settled
this year. A highly susceptible bird population is evidently build-
ing up. It is quite likely that another and more normal year may
see the beginning of another epidemic among birds. The equip-
ment has largely been assembled this year and experienced per-
sonnel now are available

A. careful study of crows is indicated; they seem to be quite
commonly infected. The accidental finding of antibodies in pig!
suggests that more mammals should be included in subsequent stud-
ies. If young pigs are studied periodically they may give an early
index of spread. Free living bats have never been carefully studied
and should be included in collections another year, both to deter-
mine their possible significance as reservoir hosts of encephalitis
and also of rabies. Recent studies in Florida and Texas have in-
dicated that rabies is not uncommon among free-living bats

Bird Banding Studi
During the summer and fall 184 birds of 26 species were banded,

almost all of them being banded in East Middleborough where a
field study area was set up because of the concentration of infected
mosquitoes of the Culiseta melanura species at this location in 1956.

The birds banded have been taken by one or more of the following
three methods: In automatic ground traps, in mist nets, and as
nestlings at the nesting sites. Banding has been continued with
regularity, whether or not medical students were available to take
blood samples.

Of the 184 birds banded, 110 were “experimental” birds from
which blood samples had been either taken or attempted. During
the period covered by this report, 65 birds have been retaken one
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or more. It is of some interest to note that 17 of these “repeats”
were retaken several days or weeks, and in some instances several
months, after prior blood samples. Two of these birds have been
frequently retrapped after having had two blood samples taken at
six-week intervals. Black-capped chickadees have been found to be
one of the most difficult species to bleed, and so we are particularly
pleased to note that one individual chickadee continues to return
regularly to the traps after having had three blood samples taken.

Of the 26 species banded, 23 are birds breeding locally, 15 of these
would be classed as residents in summer only, 5 as year-round resi-
dent birds, 2 as migratory, and 1 as a fall-and-winter visitor.

During the same period Mrs. Lawrence B. Romaine of North
Middleborough has co-operated in trapping and banding birds,
and with the taking of blood samples when it was possible for the
medical students to bring the bleeding equipment to her home. She
has banded 99 birds of 13 species, 13 of these being experimental.

1. In the three years in which equine encephalitis has involved
man in Massachusetts, there have been 50 cases, 34 of which proved
fatal.

2. There were serious aftereffects among the young survivors.
3. Wild birds appear to be the source of the disease for horse and

man. Surveys carried out in 1953 showed that 22.6 per cent of
birds had been infected with the virus; in 1956, 47.4 per cent, and
in 1957, 3.3 per cent.

4. Culiseta melanura appears to be the mosquito which spreads
the virus from bird to bird, and perhaps from bird to man and horse.

5. Massachusetts is the best area in which to study the unsolved
problems regarding the disease. Nearly two thirds of all the cases
of eastern equine encephalitis in the country have occurred in this
State.

6. A field station for the study of the disease has been estab-
lished in Taunton by the Technology Branch of the Communicable
Disease Center of the Public Health Service. The Department and
this station are carrying on a co-operative program.

7. The disease was at such a low level in all hosts during 1957
that several problems could not be attacked. Studies must be con-
tinued in more favorable years for obtaining results.

Summary.
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8. Better methods must be found for preventing the spread of
the disease to man than wholesale mosquito control because the
cost of such measures are almost prohibitive. Much additional in-
formation is needed before alternative control measures can be
devised.

Respectfully submitted

ROY F. FEEMSTER. M.D., Dr.P.H.,
Director, Division of Communicable Diseases.

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

RALPH E. WHEELER, M.D., Dr.P.H.,
Consultant Ornithologist.

RICHARD O. HAYES, Ph.D.,
In charge, Taunton Field Station (PHS).

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

MARY CARR BAKER, A.8., M.P.H.,
Field Agent

MARGARET A. PARSONS, 8.5., M.S.
Entomologist.

ANDERSON, A.8.,KATHLEEN S.
Ornithologist.
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Table 1. C ases of Eastern Equine Encephalitis according to Age and Sex of Pa-tients over and under Ten Years of Age in Massachusetts.i
j( 1938 ’ (( 1955 - 195- j Totals. |

Age Group. Fe- Fe- Fe- rtranH
|| -^l3les * males. Males, males. Males, males. Males, males. Totals.

0— 5 months ..125 - i ,
„0 - 1 1 3 6 9 (18%)

6—ll months . . ! 1 •> o 3 2 5 (10%)
1 year ...24- ,
! 1 2 5 7 (14%)

2 years 2 2 - 2 (4%)
3 years

,- - 1 - 1 1 (2%)
4 years - 1I 1 1 (2%)
9yearS - ■ 'I 4 1 -

- 1 3 5 4 J 9(18%)
10+yCarS ' ' 'I 6 4 £ 1 1 3 8 16(32%)

T °tak ' 17 17 31 3 9 23 27 50 (100%)

Table 2. Signs and Symptoms.

Sign or Symptom, j Number of Perrw*™Patients. Percentage,

Drowsiness, stupor or coma 46
Convulsions 37
Stltfneck 31 62
VomitinS 26 52
Twitching 18 30
Rigidlt y 16 32
HeadaChe 15 30
Irr;,iblli 'y 10 20
Cyanosis . I

STATISTICAL TABLES
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Table 3 Survival Rate.

Number ol Number ol Percentage Mortality
Age Group (Years). Cases. Survivors. Surviving. (Per Cent).

q g
..... 34 12 35.3 64.7

10-19 7 0 - 100-°

20—39
40—59 9 4 44* 5 55,5

60-f “
“

" ~

Totals 50 16

Averages ....

- - 32.0 68.0

0— 9 ..... 34 12 35.3 64.7

10+ 16 4 25.0 75.0

Totals 50 16
Averages ....

-
” 32.0 68.0

Table 4. Seriousness of Sequelae in Survivors.

Survivors Survivors Survivors Survivors
Age Group. i with Severe with Moderate with Mild with No Totals

Sequelae. Sequelae. Sequelae. Sequel®.

1 40— 5 months 3 1

6—ll months 1 ~ “
" 1

1 year ...
1 1

2 years ... 1 “ ”
~ 1

3 years .

4 years .

0— 4 years ...
6 1 , - 1

5 9 years ...

- 2 1 1 4

10—39 years .

40—59 years ..." " 1 3 4

60years ...

-
“ “ 4 1

Totals ... 6 3 2 6 16
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Table 5. Laboratory Examinations of Bird Bloods.

1953 Survey. 1956 Survey.

POSITIVE POSITIVE
NEUTRALIZATION. NEUTRALIZATION.

Total- MV?' j Total ‘
Both. WEE. EEE. EEE. SLE. Both.

3 3 - Bittern 1 - I 1
, AO - - Bluebird 1-1 - 2

22 1 8 4 1 8 Catbird 6-1 - 7

8 6 1-1 Chickadee 2 11 3 7
11 - Cowbird 3 11 8 13
0 - - Crow 6 - 6
3 3 - Dove 2 7 9
4 4 - Duck 1 - - 1 2
0 - - Flicker - 1 - - 1

4 4 - Flycatcher 1-1 2 4
0 - - Crackle I 2 - 1 3 6

10 6 1 - 3 Jay | 5 - 3 2 10
6 4 1 1 - Kingbird - - 0
11 - Ovenbird 2 - -

- 2

4 3 1 -
- Phoebe 2 -

- 2 4
0 - - Pigeon 1 - - 15 182

18 16 1-1 Robin 5-3 - 8
4 4 - Sandpiper - 1 - 8 102

5 4 -
- 1 Sapsucker - - 0

15 11 4 Sparrow 5 - - 11 172

1 1 - Starling 2 - - 3 5

0 - - Swallow 1 - - - 1

85 2-1 Towhee 1 - - 1 2

6 4 2 - - Thrush j 1 - - - 1

1 1 - Vireo 2 - -
- 2

1 1 - Warbler ; 1 - -
- 1

2 2 - Waxwing 2 - 2

i27 92 13 2 19 55 4 12 66 141
*193 19 _

'
- 11 ID

146 in - 77 152

35 Total positive l Total posi-
tive2 75

146 j 152

’Vims (EEE) from 1 catbird, included in total.
Virus (EEE) from 2 pigeons, 1 sandpiper and 1 sparrow, included in total.

3 Nineteen other birds negative (6 finches, 1 grosbeak, 2 herons, 3 kilideer, 2 orioles, 1 thrasher, 1 woodpecker and 3
2bats, also negative, are not included in the ottal.

4 Eleven other birds negative (2 cuckoos, 2 finches, 6 gulls, 1 woodpecker); 15 mammals also negative (4 chipmunks,
»squirrels and 2 rabbits) not included in total.
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Table 6. Laboratory Examination of Arthropods for Eastern Equine Encepha-
litis Virus in Massachusetts, 1956.

Number Number of Number of
tested. Pools. 1 Positive Pool;Arthropo: Pools. 1 Positive Pools.

Anopheles punctipennis .

Anopheles quadrimaculatus

Aedes canadensis
Aedes cantator

Aedes cinereu

Aedes excrucian.

Aedes sollicitans

Aedes triseriai

Aedes vexam

Culiseta impatiens

Culiseia melanura

Culiseta morsitans
Culex pipiens .

Culex restuans

Culex salinarius
Culex territans .

Mansonia perturbans

Uranotaenia sapphiri

Heleidae
.

Mallophag

Total

dsTable 7. Per Cent of the Total Number of Mosquitoes collected by Five Methoo
and by Volunteers.

Method. Per Cent.

Aspirator natural shelter 48.0

New Jersey type light trap 29.0
Aspirator biting man 19• 0

Nets 3.0
Trap dry ice bait °-9
Volunteers 9.1

Number of mosquitoes per poolranged between 1 and 50.
Ten mosquitoes per pool.
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Table 8. Monthly Arthropod Totals Obtained in Vector Survey, April 3 through
October IS, 1967.

j i Au- Sep- Octo
gust, tember. ber.

Species. April May. June Total

Anopheles punctipennis .

Anopheles quadrimaculatus

Aedes abserratus ...
- 118

Aedes aurifer ....

Aedes canadensis ...

Aedes cantator ....
Aedes cinereus .... - -

Aedes excrucians ...

Aedes fitchii ....

Aedes intrudens
...

Aedes sollicitans ...
- -

Aedes triseriatus ...

Aedes irivittatus
...

Aedes vexans ....

Culiseta impatiens ...
-

-

Cviiseta melanura
...

- 6

Cvlisela morsitans ...

Culex pipiens .... 65
Cuiei restuans ....
Culex salinarius ...

Ct/iex territans .... - 1

Mansonia perturbans .

Uranotaenia sapphirina . .
-

4

1 1
412 530

9 9

Mosquito subtotal
Tabaniinae

12565 7,245

13 43
Pagoniinae 13

Hippoboscidae

Dermacentor variabilis
Otherarthropods sub-total
Arthropod total

20 25 - - - 45

0 0 39 43 21 0 0 103
65 125 1,316 879 1,703 1,611 1,649 7,348

836 1,682 1,611 1,649

9 21
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Table 9. Monthly Totals of Arthropods processed for Virus Isolation Tests,
April 2 through October 18, 1957.

t T.i An- Sep- Octo- Tt ,April. May. June. July. gust. tember. ber.

_
- -

- X - 1

I
96 266 | - -

- - 362

9 -
- - - 9

248 31 4 - - 283

9 3 1 - 1 14

5 2 - - - 7

26 8 1 - - 35

13 -
- -

- 13

1 - ----
- 1

2 3 175 6 186

_
_ 4 3 19 4 - 30

1 -
- 1

4 10 63 46 - 113

8 - 2 - * 10

2 56 18 107 36 7 226

111 - HI

gj _ _ 1 633 538 1,662 2,889

60 90 47 2 2 201

1 23 18 6 - 48

1 - 1 4 14 20

301 28 10 - - 339

11 1 12

65 98 1,004 220 1,072 765 1,677 4,901

11 - 21 - “ 32

_-7--*- 7

2 -
- - 2

18 17 -
- ~

“

- 36 19 21 | -

65 98 1,040 239 1,093 765 1,677 4,977

IPECIE!

Anopheles punctipennis .

Anopheles quadrimaculatus

Aedes abserratus

Aedes aurifer
Aedes Canader
Aedes cantator

Aedes cinereus

Aedes excrucians
Aedes fitchii

Aedes intrudens
Aedes sollicitans
Aedes triseriatus

Aedes trivittatus
Aedes vexans

Culiseta impatiens

Culiseta melanura
Culiseta morsitans
Culex pipiens .

Culex resiuans .

Culex salinarius
Culex territans .

Mansonia perturbans

Uranotaenia sapphhina

Mosquito sub-total
abaniini

Pagoniinse

ippo:

Dermacentor variabilis
Other arthropod sub-tota
Arthropod total
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Table 10. Sentinel Pheasant Experiment ,

Total Number of Number of Number of Number of
Location. Birds used. Birds dead. Birds replaced. Birds bled.

Bristol County:

Berkley 2 1 - 1

Easton 5 1 - 4

A Norton 4 - - 4

Raynham .... 7 2 (1 escaped) 4

Taunton 2 - - 2

Norfolk County:

Braintree 1 1

Holbrook 8 3 - 5

Plymouth County
Bridgewater

Brockton
Hanover

3 (1 escaped4

Middleborough
Plympton I 1

West Bridgewater

Tot 13 36
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