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Station.” I gave this presentation in New Haven at an open house event in the spring of 2008.
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appreciated.
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mosquito control program. Practicum Project, University of Connecticut, MPH program, 23 pages.
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The Connecticut Agricultural Experiment Station,
hereafter referred to as the Experiment Station, was
founded in 1875 for “the purpose of promoting agri-
culture by scientific investigation and experiment” as
the Nation’s first state agricultural experiment station
(Horsfall 1992).

In that year, the Experiment Station’s first Director,
Wilbur O. Atwater, hired a chemist and two assistants
and established a chemistry laboratory in Judd Hall
(Figure 1) at Wesleyan University in Middletown,
Connecticut. In October 1875, the Experiment
Station began to analyze fertilizers to prevent fraud
(Atwater 1904).

The focus on analyzing fertilizers continued after
the Experiment Station relocated to Sheffield Hall
(Figure 2) at Yale University in New Haven, Con-
necticut in 1877 under Director Samuel W. Johnson,
“the Nestor of agricultural chemistry in the United
States” (Atwater 1904). The Board of Control was es-
tablished by General Statute at that time, and the Ex-
periment Station has continued to be governed by this
eight-member citizen board to this day. The Experi-
ment Station moved in 1882 to its current location on
six acres of land on Suburban Street, which was later
renamed Huntington Street, in New Haven (Figure 3).

The Department of Biochemistry (now the Depart-
ment of Biochemistry and Genetics) was established
in 1886, and the Department of Mycology (now the
Department of Plant Pathology and Ecology) was
created in 1888. Wilton E. Britton was hired in 1894
as a horticulturist. In 1901, the Connecticut General
Assembly established the Office of State Entomologist
at the Experiment Station. The Station’s Board of Con-
trol appointed Britton as State Entomologist, and he
established the Department of Entomology in 1901
(Turner 1974). The Department of Entomology was
initially located on the second floor in Thaxter Building
(Figure 4) and moved into an addition to Johnson
Building in 1910 (Figure 5). Upon completion of the
Jenkins Building in 1932, the Department relocated to
the second floor and basement of the new Jenkins Build-
ing, where it has been to the present day (Figure 6).

The Experiment Station’s first document in public
health entomology was published on mosquitoes

Introduction

Figure 1. Judd Hall, Wesleyan University, was
completed in 1871.

Figure 2. Sheffield Hall, Yale University, was
demolished in 1931.

Figure 3. Chemistry Building (l), built in 1882, is the
Experiment Station’s Osborne library. Eli Whitney Jr.
house (r) was built in 1859 and no longer exists.
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(Britton and Viereck 1904). During the past 105
years, the Experiment Station has published hundreds
of scientific papers or State reports on mosquitoes
and other arthropods of public health importance.
The part played by the Experiment Station in
keeping citizens informed of the importance of
biting arthropods and their control is a continuous,
unfolding story of responding to important ento-
mological and ecological problems affecting the
health of people living in or visiting Connecticut.
Our scientific findings not only benefit local citi-
zens, but also they are of interest and benefit to
scientists and others throughout the United States
and beyond.

Public health entomology at the Experiment Station
began at a time when malaria was causing disease in
Connecticut citizens and salt marsh mosquitoes were
a scourge to residents and visitors of shore areas
along Long Island Sound. It was also a time when
epic medical discoveries had relatively recently docu-
mented the importance of mosquitoes in transmitting
the human pathogens causing malaria, filariasis, and
yellow fever. The importance of controlling mosqui-
toes in terminating the epidemic of yellow fever and
reducing the numbers of cases of malaria in Havana,
Cuba, had been heralded throughout the country
(Anonymous 1902, Gorgas 1904). Also, the control
of salt marsh mosquitoes by ditching had begun in
New Jersey (Smith 1902) and Long Island, New York
(Britton and Viereck 1904). In Connecticut, an ex-
tensive salt marsh in Stratford had been privately
ditched for the control of mosquitoes as had salt
marshes in the Indian Neck and Pine Orchard sec-
tions of Branford, Fairfield, and fresh water sites in
Hartford (Britton and Viereck 1904).

I begin by describing the Connecticut experience
with two mosquito-associated diseases, yellow fever
and malaria, that impacted the state during its rela-
tively early history. This is followed by a review of
the important discoveries made elsewhere, linking
mosquito bites to human disease, and I then provide
a historical overview of the Experiment Station’s sci-
entific and practical work in public health entomol-
ogy that began with surveying for mosquitoes and led
to the seminal publication of Britton and Viereck
(1904), more than 100 years ago.

Figure 4. Thaxter Building was built in 1889
and was demolished in 1959.

Figure 5. Johnson Building, completed in 1910.

Figure 6. Jenkins Building, constructed in 1932.
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The sections in this historical review are intended to
present the work of scientists at the Experiment Station
responding to the needs of Connecticut citizens, and
do not cover the complete field of each scientific and
medical subject. The emphasis throughout is on the
accomplishments in public health entomology at the
Experiment Station.

Yellow Fever and Malaria
in Early Connecticut

Yellow fever

Yellow fever was initially recognized as a disease in
America in the seventeenth century (Warren 1951).
It was one of the major plagues of the world, causing
devastating epidemics in tropical and subtropical re-
gions, and in areas as far north as Boston, Massachu-
setts, in the United States and north to England and
Spain in Europe. Widespread epidemics frequently
swept over the West Indies, Central America, and the
southern United States. Between 1702 to 1800,
epidemics of yellow fever appeared in the United States
on at least thirty-five occasions and between 1800 and
1879, this disease was recorded in every year but two
of them (Hiscock 1942). About 13,000 deaths were
recorded during the 1878 epidemic in the Mississippi
Valley (Warren 1951). Eastern cities situated along
the Atlantic Coast were often repeatedly infected with
summer epidemics. For example, 20, 15, 8, and 7

epidemics were recorded for Philadelphia, Pennsylvania,
New York, New York, Boston, Massachusetts, and Bal-
timore, Maryland, respectively. One tenth of the popu-
lation was reported to have perished during the 1793
epidemic in Philadelphia, Pennsylvania (Hiscock 1942).

Yellow fever is an acute infectious disease of short
duration and extremely variable severity, caused by a
virus that is transmitted by mosquito bite and followed
by life-long immunity in the survivors (Kerr 1951).
Both the causative agent and method of infection were
unknown when yellow fever struck fear into people in
the late 1700s and 1800s. Seaports were susceptible to
the introduction of yellow fever because the mosquito
vector, Aedes aegypti (L.), breeds in artificial containers,
including the water casks of sailing vessels. Sailors in-
fected with yellow fever would serve to infect biting
mosquitoes on board ship. Infected mosquitoes would
transmit the virus to others. When the ship entered a
port during summer, infected mosquitoes would feed
on visitors to the ship or would leave the ship, feed on
susceptible residents, and breed in artificial containers
in the port so that transmission could continue during
the warm months. This mosquito cannot survive the
cold, and epidemics would cease in temperate North
America with the advent of cold weather.

Seafaring towns in Connecticut were not immune and
at times suffered just as greatly as did larger cities else-
where (Figure 7). Yellow fever in Connecticut was asso-

Figure 7. New Haven Chronicle masthead, 1786, showing New Haven Harbor. The first cases of yellow
fever occurred in June 1794 in people living or visiting in Long Wharf, a few rods from where a sloop
had been hauled. This sloop had recently arrived from Martinico and had been used to transfer the sick
in the West Indies. Of the 150 people who contracted yellow fever, 64 died.



THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION www.ct.gov/CAES 7

ciated with the maritime trade with islands in the West
Indies, which, at the time, were often ravaged with this
disease. Epidemics were documented in Norwich (1753)
(Brandt 1994) (Figure 8), New Haven (1794) (Hoadley
1900), Middle Haddam (1796) (Tully 1823b), New
London (1798) (Caulkins 1895, Labensky 1942), and
Middletown (1820) (Tully 1823a, 1823c). Cases were
also reported in other years, for example, in Hartford in
1799 and in New Haven in 1743 and 1805 (Sternberg

1908). The manner in which yellow fever was intro-
duced into seaports in Connecticut and the terror it
sometimes caused are illustrated by the 1796 epidemic
in Chatham (now part of Middle Haddam). The brig
Polly arrived at Knowles Landing in Chatham, which
was situated along the Connecticut River, from Cape
St. Nicholas Môle, Haiti, in August 1796 (Tully
1823b). One crew member had died at sea from yel-
low fever. People from the community who went
aboard the ship or who were close to the ship became
infected, as did others who were associated with these
individuals. In all, eleven residents from Chatham con-
tracted the illness and nine died from a disease that
had been introduced into the community by a single
sailing vessel. All but five of the about 200 healthy
town residents fled following the death of the third
person, leaving the five remaining persons to take care
of the sick and to bury the dead.

Tully (1823b) reported that there was scarcely a season
for the past 25 years in which individual instances of
yellow fever had not occurred on the Connecticut
River. The Connecticut River at the time was a major
artery of commerce.

Figure 9. The New London Courthouse, as it appears
today. Built in 1784, it was converted to a makeshift
hospital during the yellow fever epidemic of 1798.

Yellow Fever Epidemic in Norwich, Connecticut, 1753
Benedict Arnold, who defected from the Continen-
tal Army to the British Army during the American
Revolutionary War, was born in Norwich and was
a student at a private academy in Canterbury,
Connecticut, when the epidemic swept through
Norwich (Brandt 1994). His attendance at this
private academy saved him from possible exposure
to the yellow fever virus.

His mother, Hannah Arnold, wrote in letters to
the 12-year-old Benedict:

– August 13, 1753. “Deths are multiplied all round
us ... and more daly expected ... . Your uncel Zion
Arnold is dead ... Capt bill has lost all his sons John
post has lost his wife John Lathrop and his son
barnabus are boath dead....” (Arnold 1753)

– September 10, 1753. “My dear ...I should send for you to ye funeral, but ye contagion
is such I am afraid ” (Brandt 1994). Benedict’s eight-year-old sister, Mary, had died.

Benedict’s youngest sister, Elizabeth, also died of yellow fever before the epidemic subsided.

Benedict Arnold,
Engraving by H. P. Hall

Norwich is located at the convergence of the Thames,
Shetucket, and Yantic rivers (red star). This map is
part of a map of the Colony of Connecticut, drawn
by Moses Park, November 24, 1766.

Figure 8.
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The largest epidemic in Connecticut occurred in
1798 in New London, which is located along the
Thames River and was a major port for the State
(Avitable 2009). Eighty-one of 350 stricken people
died within the compact portion of New London,
with a population of about 2,800 (Caulkins 1895,
Graves 1922, Labensky 1942), although total number
of cases of 246 and more than 350 were listed by
others (Graves 1920, 1922) (Figure 9). The disease
was almost totally confined within an area of 30 rods
to the north and 30 rods to the south and 30 rods
in width of the residence with the first case (Graves
1922). In one small neighborhood, there were 15
houses with 92 persons of which 90 were stricken.
As had happened in Chatham, Connecticut, two years
earlier in 1796, panic set in and many left the infected
district of New London. A few cases also appeared in
1795 and 1803 in New London (Sternberg 1908).

Another sizeable outbreak had occurred in New Haven
in 1794 (Figure 7). The probable source of this epi-
demic was a sloop that arrived in New Haven in early
June. The sloop earlier had been used to transfer pa-
tients, sick with yellow fever, from place to place in the
West Indies (Hoadley 1900). The first person in New
Haven became ill on June 10 and the last person died
in November. In all, 64 of 150 persons diagnosed with
yellow fever died in New Haven, which at the time
had a population of 3,471.

A possible epidemic occurred in 1746 among the Mo-
hegan Indians living in a village along the Thames
River between Norwich and New London, Connecticut
(Webster 1799). The disease began in August and ended
with cold weather. The sick Indians were attended to by
Dr. Elisha Tracy of Norwich, Connecticut, who ac-
quired the disease but recovered. According to Dr. Phile-
mon Tracy, Elisha Tracy’s son, the disease “began with
severe pain in the head and back followed by fever; in
three or four days, the skin turned ‘as yellow as gold’,
a vomiting of black matter took place, and generally a
bleeding at the nose and mouth til the patient died.”
About 100 Indians perished. The disease was local and
did not extend to other nearby villages.

The evidence supporting that this epidemic was caused
by yellow fever was provided in part by the attending
physician who included the time of year when it oc-
curred and clinical symptoms matching those reported
by Carter (1931) and Kerr (1951). American Indians

were known to be susceptible to yellow fever, and this
epidemic, local in nature, occurred along a river where
ships from the Caribbean traveled and in an area where
other yellow fever epidemics have been documented.

The last epidemic of yellow fever in the United States
occurred in 1905 in New Orleans, Louisiana, and
other southern port cities where 5,000 cases and 1,000
deaths were recorded (Warren 1951).

Malaria

Many diseases were classified under the general term
malaria in colonial times (Barber 1929), but it is cer-
tain that malaria, even though its cause (Plasmodium)
and method of transmission (bite from an Anopheles
mosquito infected with Plasmodium sp.) were un-
known, was causing human disease in North America
in the 1600s (Boyd 1941). The hallmark of acute
malaria is high fever, chills, and rigor (Wyler 1990).
Malaria occurred in New England chiefly near marsh
land and wet soil with decaying vegetation and where
the water was stagnant (Chapin 1884).

Epidemics were recorded in Massachusetts from 1647
through 1668, and malaria had become endemically es-
tablished along the eastern seaboard from Massachusetts
to the Caribbean long before the end of the colonial pe-
riod (Boyd 1941). In Connecticut, malaria was reported
to be present in Pomfret during early settlement, and
in 1671 malaria was reported in New Haven and other
towns along the shore of Long Island Sound eastward to
New London (Chamberlain 1881). Malaria was reported
in Guilford in 1668 (Graves 1922). It was reported to be
present in Enfield in 1780 and in New Milford from
1782–1799 (Chapin 1884). In 1904, Britton and
Viereck reported that malaria almost certainly occurred
in portions of Connecticut for nearly 250 years, but they
were quick to write that “the term malaria, like charity,
covers a multitude of sins and is doubtless applied to
many troubles of a different nature.”

In tracing the history of malaria in Connecticut,
Chapin (1884) reported that it affected the early set-
tlers along the shore of Long Island Sound in south-
western Connecticut. It reappeared from 1792–1800
along the Housatonic and Connecticut rivers. Malaria
became “very prevalent” along Long Island Sound
from 1828-1836 and spread up the Housatonic and
Connecticut rivers. The largest epidemic began about
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1860 in southwestern Connecticut and gradually
spread throughout the state (Britton and Viereck
1904, Chapin 1884) and into adjacent Rhode Island
and Massachusetts with maximum mortality occurring
in 1881 (Chapin 1884) (Figure 10). Returning Federal
soldiers from the Civil War were infected and carried
their parasites into Connecticut and likely contributed
immensely to the epidemics (Boyd 1941, Britton and
Viereck 1904). By 1882, malaria was probably present
in all Connecticut towns (Britton and Viereck 1904).

Malaria was a serious disease in the greater New Haven
area beginning in the 1850s, although epidemics were
not recorded until the 1860s according to Chamber-
lain (1881), who, at the time, was Secretary of the
State Board of Health in Connecticut. In 1864, there
were 70 cases near the Cove River, West Haven. In
1870, in Whitneyville, 71 cases occurred among
25–30 families, and throughout Hamden 2,000
citizens were reported to have had malaria, out of a
population of 3,028.

In 1871, 75% of the inhabitants of West Haven (Or-
ange) were afflicted. Epidemics seemed to follow the
flooding of land and “upheaval of earth” (Chamberlain
1881) that resulted in “stagnant, shallow, still water
filled with dead vegetable matter” (Chapin 1884). The

epidemics were often near recently constructed dams
and railroads and near mill ponds and swamps. In a
twenty-town area, mortality from 1869 through 1880
totaled 862 cases, with the highest number of deaths
documented in 1880. Mortality in the New Haven
area from 1873 through 1880 totaled 100 cases.
Deaths from malaria from 1894-1903 in Connecticut,
as tabulated by the Connecticut State Board of Health,
totaled 1,073 (Britton and Viereck 1904).

The Golden Age of Discovery
The late 1800s through 1901 was the golden age when
mosquitoes and ticks were scientifically documented to
transmit disease-causing pathogens to humans and ani-
mals (Figure 11). The Englishman, Sir Patrick Manson,
demonstrated the development of a filarial parasite,
Wuchereria bancrofti, which causes the disease lym-
phatic filariasis, in mosquitoes in 1877 (Cook 1993).
The French physician Charles Louis Alphonse Laveran
demonstrated the malaria-causing parasite (Plasmod-
ium) in human red blood cells in 1880 (Laveran
1907). The American Theobald Smith demonstrated
in the early 1890’s that ticks transmitted the Babesia
parasite causing Texas cattle fever and that the disease
could be controlled through eradication of ticks
(Smith and Kilborne 1893). Manson encouraged his

Malaria in Connecticut During and After the Civil War
1861: An epidemic spread from southwestern Connecticut into
Rhode Island and Massachusetts

1870: 71 cases occurred among 25-30 families in Whitneyville
(a section of Hamden, Connecticut)

1881: Maximum mortality occurred

1894–1903: 1,073 deaths from malaria reported by the
Connecticut Board of Health

Anopheles quadrimaculatus
(primary vector in the
United States)

Malaria parasites inside
red blood cells

Soldiers returned from
the south infected with
malaria parasites.

Sgt. Oliver A. Pond,
Civil War soldier
from Connecticut,
discharged July, 1865

Malaria often followed
impoundment of
streams for power or
water supply.

Figure 10.
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Figure 12. “Conquerors of Yellow Fever” by Dean Cornwell (1939). Dr. Lazear (who died from yellow fever)
is applying a vial with an infected mosquito to the arm of Dr. Carroll (who contracted the disease, but survived)
on August 27, 1900. Dr. Reed (standing, in white), Dr. Agramonte (on left, holding his hat), and Dr. Finlay
(with white hair, in civilian suit) look on. (The Yellow Fever Commission was composed of Reed, Lazear,
Carroll, and Agramonte) (Smith 1985).

Figure 11.

The Microbe Hunters – The Golden Age of Discovery

Laveran*
malaria parasite

*Recipients of the Nobel prize

Smith
ticks as vectors of a
parasite of cattle

Manson
mosquitoes as vectors
of filaria parasites

Ross*
mosquitoes as vectors
of malaria parasites

Grassi
Anopheles mosquitoes
as vectors for human
malaria

1877 1880 1893 1898 1898
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fellow countryman Ronald Ross to look at the impor-
tance of mosquitoes in transmitting the malaria para-
site. Ross demonstrated the complete life cycle of bird
malaria involving mosquitoes and birds in 1898 (Ross
1902). Battista Grassi reported in late 1898 to the Ac-
cademia dei Lincei that mosquitoes of the genus Ano-
pheles were the vectors for the causative agent of human
malaria (Cook 1993, de Kruif 1950). Laveran and Ross
each received the Nobel Prize for their discoveries.

In 1900, Walter Reed and his Yellow Fever Commis-
sion, by using human volunteers, confirmed what the
Cuban physician Carlos Finlay (Finlay 1881) had been
stating for years: that yellow fever resulted from the
bite of the mosquito, Aedes aegypti, and demonstrated
that the disease was caused by a filterable agent, now
known as yellow fever virus (Reed et al. 1900, Reed
and Carroll 1902) (Figure 12).

The question then arose “could yellow fever be con-
tained by controlling mosquitoes”? Major William
Gorgas was given this task in Havana, Cuba. Within
one year, the results were astounding (Anonymous
1902) (Figure 13). Prior to 1901, the average number
of cases per year was 751. The last case was reported
on September 1, 1901 (Gorgas 1904). Malaria also was
reduced as it had been in Albanella, Italy, in 1900 by
Grassi, who had people sleep inside screened houses
(de Kruif 1950). Results of the mosquito control effort
in Havana were so dramatic that Gorgas was later as-
signed, in 1904, to reduce yellow fever and malaria
during the building of the Panama Canal. This, he and
others did successfully (Warren 1951).

Public Health Entomology
at the Experiment Station

First publications on mosquitoes

Wilton Everett Britton (Figure 14) was hired as horti-
culturist at the Experiment Station in 1894 after
graduating from the New Hampshire College of
Agriculture and Mechanic Arts in 1893 and studying
under Liberty Hyde Bailey at Cornell University. He
continued his graduate studies, while working at the
Experiment Station, and received his Ph.D. from the
Department of Botany at Yale University in 1903.
From the time he arrived, Britton began studying a
variety of important insect problems. In 1901, the
Station’s Board of Control appointed Britton as
Entomologist of the Station and State Entomologist.
In 1903, he began devoting attention to the salt marsh
mosquito, Aedes sollicitans (Walker). In time, these
studies led to the organization of state-wide marsh
drainage programs and the law pertaining to mosquito
elimination in 1915 (Friend 1939).

On December 15, 1903, in Hartford, Dr. Britton
reported the importance of the landmark discoveries
establishing the ability of mosquitoes to transmit the
causative agents of malaria and yellow fever to humans,
and methods of mosquito control, at a conference
of Connecticut health officers (Figures 11, 12, 13),
and the following year published, along with H. L.
Viereck, the first Station publication in public health
entomology (Britton and Viereck 1904). They re-
ported 22 species of mosquitoes in Connecticut, results

Figure 13.

Mosquito and Disease Control Measures
Used in Havana, 1901:

Surveillance Quarantine
Drainage Kerosene oil
Fumigation Ordinance
Quinine (fines)
Screening Education Panama Canal, 1915

Similar methods used in
Panama to reduce mosquito-
borne infections allowed
the canal to be built.

William Gorgas

William Gorgas

Results in Havana
� Mosquito breeding sites reduced
� Last case of yellow fever reported on September 1, 1901
� Follow-up programs prevented reintroduction from visiting ships
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of surveys of mosquito breeding areas in several towns,
the need for and methods of controlling mosquitoes, and
the offer to send a specialist to examine areas suspected of
breeding mosquitoes. They wrote that mortality and
prevalence of illness from malaria could be reduced
through the elimination of mosquito breeding areas.

Mosquito investigations and control efforts were often
limited in the immediate years that followed. In 1912,
Britton published a paper describing the plague of mos-
quitoes along the coastal region of Connecticut (Britton
1912). He made clear that the 22,264 acres of salt or
tide water marshes in Connecticut were the principal
contributors to the hoards of mosquitoes in the south-
ern portions of the state. He advocated the drainage of
the marshes (Figure 15) for the control of mosquitoes
and stated the application of oil to the breeding pools
(Figure 16) was only a temporary measure to be used
until the drainage of the marsh could be accomplished.
He further discussed the need for cooperation within
and among communities, and the need for legislation to
accomplish drainage of the marshes.

Malaria in Greenwich

The last epidemic of malaria in Connecticut was docu-
mented in Greenwich in 1912 and 1913 (Trask 1916).
Dr. E. O. Parker, chairman of Mosquito Committee of
Greenwich, reported an unofficial record of 900 authen-
tic cases of malaria in 1912 (Britton 1912). The Exper-
iment Station conducted a survey at the request of the
town for mosquito breeding areas within a radius of
one mile of the Town Hall. In 1913, a private contractor
was hired by the Town of Greenwich to drain and fill

fresh water marshes for the control of malaria-
causing Anopheles mosquitoes in the southern part of
town, which was carried out during the summer, fall,
and winter of 1913. Britton was called on to mediate
differences between the town health officer and the con-
tractor. Only 15 new cases were reported in 1914 (Brit-
ton 1914). This decrease in numbers of cases of malaria
was attributed to the drainage of fresh-water marshes,
which reduced the numbers of Anopheles mosquitoes.

Malaria was recorded as present throughout Connecti-
cut in 1900 but absent in 1945 (Figure 17). Efforts to
reduce malaria through mosquito control, as was done
in Greenwich, were effective locally, but the recession
of malaria throughout the United States in the twenti-
eth century resulted from other causes. The tremen-
dous amount of agricultural drainage in the central
United States reduced numbers of Anopheles species
and subsequent human disease. Other factors coopera-
tively contributing to the decline of malaria included
the liberal use of quinine and overall medical assis-

Figure 14.
Wilton E. Britton

Figure 15.
Draining a
salt marsh

Figure 16. Applying oil to pools with mosquito larvae
with the “Double Forester” pump, 1912.

�
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tance, and the general improvement of the standard of
living, which resulted in people having better nourish-
ment, housing (particularly the use of screening), and
clothing (Barber 1929, Boyd 1941).

Mosquito control from 1915 through 1939

The Experiment Station focused on surveillance and
control of mosquitoes during this 25-year period. In
1915, the Experiment Station Director (Edward H.
Jenkins) was authorized by law to make rules and or-
ders regarding the elimination of mosquitoes and to sur-
vey and eliminate by draining, filling or otherwise
treating mosquito breeding areas (Britton 1915). Brit-
ton wrote that in 1915, “Seldom are mosquitoes so
abundant along the Connecticut coast. Aedes sollicitans
was breeding in nearly every un-drained salt marsh.”

During the following year, 1916, the largest single con-
tract up to that time for mosquito control in Connecti-
cut was executed in Branford, Guilford, and Madison
(Britton 1916). Approximately 2,668 acres of salt
marsh were ditched to eliminate mosquito breeding
(Figure 18). Funding was provided by the Connecti-
cut Shore Mosquito Extermination Association, Inc.

All monies were obtained by private subscription. The
ditching work was to be approved by the Director of
the Experiment Station and done under his direction.
A contract was made with a New York firm and the
work started without a survey for mosquitoes, and
much ditching was done without keeping the Director
informed. Numerous problems ensued, including ob-
jections by many property owners.

Nonetheless, the numbers of mosquitoes were greatly re-
duced, and the positive results of the work were appar-
ent in all three towns. For example, the summer hotels
were better patronized than in previous years. One
hotel in 1915 was practically empty twice during the
mosquito-breeding season, and the management re-
sorted to offering special inducements to guests. During
1916, this hotel was filled throughout the entire sum-
mer and turned away many prospective customers.

In 1917, maintenance work on the ditches dug in the
salt marshes was placed under the Experiment Station
Director instead of the towns (Walden 1917). Fur-
thermore, the amended Act stated that the Director
may make rules and orders concerning the elimination

Figure 17. Note the distribution of malaria throughout Connecticut in the map of 1900 and its absence
in 1945. Note the absence of malaria from the United States in 2007.

Distribution of Malaria

2007

1900–2002

2007
2002
1994
1975
1965
1945
1900
Malaria-free
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of mosquitoes and mosquito breeding places, and he
may enter upon any swamp, marsh or land to ascertain
if mosquitoes breed thereon, or to survey, drain, fill or
otherwise treat or make any excavation or structure
necessary to eliminate mosquito breeding. Mosquito
control, maintenance of drainage ditches, and survey
work were carried out in several shoreline towns in 1917
and following years.

In 1923, Britton wrote, “The great mosquito plague of
Connecticut is caused by the abundance of only a few
kinds of mosquitoes. A few years ago in the southern
half of the State, the salt marsh mosquitoes were the
most prominent, and this is true today except in cer-
tain sections where the salt marshes have been ditched”
(Britton 1923).

New Jersey light traps were used for the first time in
1932 in Connecticut to assess numbers of mosquitoes
(Turner 1932). Similar but smaller light traps are still
currently used to assess mosquito populations and
prevalence of West Nile and eastern equine encephalo-
myelitis viruses throughout Connecticut (Andreadis et
al. 2001b).

Beginning in November 1933, two Federal mosquito
control projects were funded through the Civil Works
Administration and administered by the Experiment
Station (Botsford 1933). One was a project that author-
ized ditching of salt marshes and fresh water swamps
and the repair or construction of tide gates and dikes.

The other was a State project for ditching salt marshes.
The aim, using these funds, was to complete the ditch-
ing of the remaining salt marsh areas, repair tide gates
and dikes, and also focus on permanent drainage work
in many towns where malarial mosquitoes, Anopheles
sp., were breeding in fresh water.

Twenty-seven towns had salt marshes totaling about
20,000 acres. About 11,000 acres had been ditched
from 1904-1933 and approved for state maintenance.
The remaining 9,000 acres, in large part, were ditched
from November 1933 through October 1934 with the
help of Federal financing (Botsford 1934). Using the
work-force paid with Federal funds, mosquito control
work was carried out through 1935 in all shore line
towns except Bridgeport, Groton, and Stonington, and
efforts were completed in the inland towns of Ansonia,
Derby, Shelton, New Canaan, Hamden, North Haven,
Southington, East Hartford, Manchester, and Essex
(Botsford 1935) (Figure 19).

Control efforts included surveying for mosquitoes,
ditching of salt marsh areas and fresh water extensions,
building masonry sea walls and sod dikes, installing
tide gates with masonry abutments and in masonry
manholes, building timber jetties to protect outlets of
marshes, and laying of pipe outlets. In fresh water
areas, mosquito control work included ditching fresh
water swamps in populated places, filling sections im-
practical to drain, lowering improperly graded highway
culverts and field drains which caused swampy places,

Figure 18. Skinner ditching spade, 1916 Figure 19. Draining the bottom land, East Hartford, 1935
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constructing both open and closed storm drains, grad-
ing and straightening natural streams and waterways,
including adding stones to sides to prevent erosion of
banks. These efforts reduced the mosquito nuisance in
the shore line and inland areas of Connecticut. It was
stated that all of the work was engineered and con-
structed with the idea of permanency and satisfaction
to all concerned. Not only did this work reduce the
nuisance of mosquitoes, but it also improved sanitary
and flood conditions.

About 11,500 acres of salt marsh in 16 towns, Stamford,
Norwalk, Westport, Fairfield, West Haven, New Haven,
Hamden, East Haven, Branford, Guilford, Madison,
Clinton, Westbrook, Old Lyme, Groton, and Stoning-
ton, were ditched with funds raised locally. These ditch-
ing systems were accepted by the Experiment Station for
maintenance, according to statute (Botsford 1936).
However, ditching supported by Federal funds could
not be maintained by the Experiment Station under the
Mosquito Act, and upkeep of the drainage systems was
left entirely in the hands of local governments.

In January 1936, the mosquito control project, which
was administered by the Experiment Station, was trans-
ferred from the Civil Works Administration to the
Works Progress Administration with an average of 600
men employed (Botsford 1937). This effort was contin-
ued through 1938. The September 21, 1938 hurricane
caused significant damage to the mosquito control ef-
forts in salt marshes. For example, the stone and earth

dikes in Great Harbor and Shell Beach in Guilford were
almost totally destroyed (Botsford 1938).

General Assembly legislation in 1939 transferred all
phases of mosquito control work from the Experiment
Station to the new Board of Mosquito Control (Bots-
ford 1939). The Director of the Experiment Station
(William L. Slate) was Chairman of this Board. Works
Progress Administration projects, in cooperation with
towns, continued under the supervision of the Experi-
ment Station. In 1940, the Works Progress Adminis-
tration projects were significantly reduced, and the
Director of the Experiment Station continued as
Chairman of the Board of Mosquito Control (Botsford
1940). Although the control of mosquitoes was no
longer the responsibility of the Experiment Station, it
is important to note that the State accepted for main-
tenance 11,000 acres of salt marsh and thereafter was
legally obliged to keep the ditches, dikes, and tide gates
in good condition (Botsford 1941).

Mosquito control remained under the direction of the
State Board of Mosquito Control until 1950 when du-
ties of the Board were transferred to the State Depart-
ment of Public Health. The mosquito control program
remained in the Department of Public Health until
1992 when responsibilities for wetlands restoration
were funded by the Department of Environmental
Protection. Mosquito control efforts were transferred
to the Department of Environmental Protection in
1997, where it has remained to this day.

Yale Bowl: 1945
DDT for a Mosquito-Free Concert

Cooperative Effort with:

� Connecticut Agricultural
Experiment Station

� Federal Bureau of Entomology
and Plant Quarantine

� U.S. Coast Guard

� Yale University

� New Haven Orchestra
Association

Mist blower

Before Treatment: mosquitoes biting at rate of 5 bites per minute
After Treatment: 1 mosquito was seen during the concert

Helicopter spraying

Figure 20.
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It is worth noting that Connecticut salt marshes were
ditched in colonial times by farmers to increase yields
of salt meadow cord-grass (Spartina patens), improve
access of farm equipment, and to mark property
boundaries (Rozsa 1995). Maintenance of ditches dug
for mosquito control continues to this day, but begin-
ning in 1985, open marsh water management methods
were instituted by the Department of Public Health.
These procedures are relatively effective in reducing
salt marsh mosquitoes and are less intrusive in harming
the ecology of the marsh. Abandoned ditches will fill
slowly, allowing restoration of hydrologic flow.

Mosquito control, 1945

The Department of Entomology began testing chemi-
cals and different methods of application for the con-
trol of several important insect pests, including
mosquitoes. These studies included the application of
DDT to about 85 acres of land in New Haven, includ-
ing the Yale Bowl, for the control of mosquitoes (Bots-
ford 1946, Friend 1946a).

The New Haven Orchestra scheduled six outdoor con-
certs at the Yale Bowl in July and August 1945. The
Experiment Station, in cooperation with Federal agen-
cies, Yale University, the New Haven Orchestra, and
the United States Coast Guard, applied DDT shortly
before the first and last concerts by helicopter and by
mist blower before all six concerts. The mosquito den-
sity before the first concert was estimated to be about
five biting mosquitoes per minute. During the concert,
one mosquito was reported. Mosquitoes were virtually
absent for about five days following each treatment.
The audiences agreed that they were not annoyed by
mosquitoes (Figure 20). DDT is no longer sold or
used in the United States.

Mosquitoes, taxonomy, biology, and ecology

Fifty species of mosquitoes have been recorded in Con-
necticut (Andreadis et al. 2005). Taxonomic keys,
listings of species, and the ecology of various Con-
necticut species have been published on four occasions
since 1904 (Table 1). Dietrich Bodenstein (1945) con-
ducted the first laboratory study of mosquitoes at the
Experiment Station and reported on the growth of im-
mature organs. Robert C. Wallis (Figure 21) began his
studies on the ecology of Connecticut mosquitoes in
1953. He was followed by Calvin A. Lang, John F.
Anderson, James T. Sheldahl, Louis A. Magnarelli,
Theodore G. Andreadis, Charles R. Vossbrinck, An-
drew J. Main, Philip M. Armstrong, Goudarz Molaei,
and Shaoming Huang. The various studies on growth,
genetics, larval development, effects on day-length and
temperature on induction and termination of diapause,
which governs the seasonal appearance of specific
species, blood- and nectar-feeding needs and behavior,
and field and seasonal ecology of various species were
conducted to improve upon integrated pest manage-
ment methods of control of many important species in
Connecticut and to provide vital ecological information
on the important vectors of human and veterinary
viruses and pathogens (Table 1)(Figure 22). Addi-
tional contributions to the ecology of mosquitoes
will be found under the sections entitled Mosquitoes,
biological control and Mosquitoes, arthropod-borne
viruses.

Louis A. Magnarelli, a graduate of Cornell University,
was hired in 1975. He wrote the initial scientific paper
on the blood-feeding habits of Connecticut mosqui-
toes (Magnarelli 1977c), but after the arrival of West
Nile virus in the United States in 1999, the urgent
need of knowing the feeding habits of vectors of this

Figure 21. Dr. Robert C. Wallis
collecting mosquitoes as they

alight on his arm, 1953.

Figure 22. A female mosquito, Aedes
canadensis, collected in Connecticut
and feeding on the arm of Dr. Louis
A. Magnarelli. In the 1960s and
1970s, Magnarelli, Anderson, and
Andreadis would routinely feed field-
collected mosquitoes on themselves for
experiments they were conducting.
Laboratory animals are now used to
feed mosquitoes. �

�
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Mosquito species Type of Study Citation

Many

Many

Many

Many

Many

Aedes aegypti (L.)

Aedes albopictus (Skuse)

Aedes atropalpus (Coquillett)

Aedes canadensis (Theobald)

Aedes cantator (Coquillett)

Aedes communis (De Geer)

Aedes japonicus (Theobald)

Aedes punctor (Kirby)

Aedes sollicitans (Walker)

Aedes stimulans (Walker)

Aedes triseriatus (Say)

Anopheles punctipennis (Say)

Culex pipiens L.

Culex restuans Theobald

Culisetamelanura (Coquillett)

Culisetamorsitans (Theobald)

Psorophora ferox (Von Humboldt)

Table 1. Experiment Station publications on the taxonomy and biology of mosquitoes.

(Andreadis 2003, Andreadis et al. 2005, Britton and
Viereck 1904, Matheson 1945,Wallis 1960)

(Anderson 1975, Andreadis 1988c, Magnarelli 1983b,
Morrison and Andreadis 1992, Sheldahl 1974,Wallis
1955)

(Magnarelli 1977a, 1978d, 1979a, 1983a, Magnarelli
and Andreadis 1987)

(Magnarelli 1977c, 1979b, Molaei and Andreadis 2006,
Molaei et al. 2006a, Molaei et al. 2006b, Molaei et al.
2007, Molaei et al. 2008, Molaei et al. 2009a, Molaei et
al. 2009b)

(Anderson 1967b, Shepard et al. 2006)

(Bodenstein 1945, Lang 1956, Lang andWallis 1956,
Wallis 1956,Wallis and Lang 1956,Wallis 1961, 1962a)

(Andreadis 2009)

(Anderson 1966, Anderson 1968a, b)

(Magnarelli 1983a,Wallis and DeBishop 1957)

(Andreadis 1990c, Magnarelli 1978a, 1979a, Magnarelli
and Andreadis 1984)

(Andreadis 1986a)

(Andreadis et al. 2001a, Andreadis andWolfe 2010,
Fonseca et al. 2001)

(Andreadis 1986a)

(Anderson 1970b, Magnarelli 1977b, 1979a)

(Anderson 1967a, Magnarelli 1983a, 1990a)

(Magnarelli 1986)

(Magnarelli 1978b)

(Huang et al. 2008, Huang et al. 2009)

(Wallis 1959b)

(Andreadis andMunstermann 1997,Wallis 1953, 1962c)

(Wallis 1957)

(Magnarelli 1980)

exotic virus became paramount. Dr. Goudarz Molaei,
a graduate of the University of Toronto, Canada, was
hired by Dr. Andreadis in 2004 to initiate studies on the
identification of blood-meals ingested by mosquitoes in
areas where West Nile virus was prevalent and humans
were being infected in Connecticut and elsewhere.

These findings were extremely important in helping
to identify where specific species of mosquitoes were

acquiring the virus from birds in nature and how this
virus was being transferred to humans. A relatively
early paper identified robins as an important avian
host for Culex pipiens (Molaei et al. 2006a), probably
the most important mosquito vector of West Nile virus
in Connecticut. This significant scientific manuscript
published in the March 2006 issue of Emerging Infec-
tious Diseases was recognized by Discover Magazine as
one of the top 100 discoveries for the year 2005.

Taxonomy and biology

Field ecology, distribution,
egg laying

Nectar feeding

Blood feeding

Genetics

Growth, development, blood
feeding, egg production and
laying

Field ecology, distribution

Growth and development

Nectar feeding, egg laying

Field ecology, nectar
feeding

Field ecology, distribution

Field ecology, distribution,
genetics

Field ecology, distribution

Growth and development,
nectar feeding

Growth and development,
nectar feeding

Nectar feeding

Blood feeding

Genetics

Ecology

Ecology, genetics

Feeding habits

Field ecology and
nectar feeding
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Drs. Theodore G. Andreadis and John F. Anderson
hosted a Centers for Disease Control mosquito identi-
fication forum for northeastern United States and
Canada during June 4 through June 8, 2001. Ten sci-
entists participated in the training session. Dr. Harry
M. Savage was the organizer for the Centers for Dis-
ease Control, and John J. Shepard and Michael C.
Thomas were the primary instructors (Figure 23).

Mosquitoes, biological control

John F. Anderson, a graduate of the University of Illi-
nois, was hired in 1964 to initiate studies on biological
control of mosquitoes in an attempt to find alterna-
tives to chemical insecticides. Pathogenic viruses,
fungi, and microsporidia were identified (Table 2).

Theodore G. Andreadis, a graduate of the University of
Florida, was hired in 1978. He has published extensively
to the present day about natural enemies of mosquitoes
(Figure 24). He described new species, evaluated patho-
3gens in the laboratory and field for their efficacy in

controlling mosquitoes, documented natural epizootics
of these pathogens in the field, demonstrated their ultra
structure, and described their complicated life cycles.
Studies using molecular biology, often in collabora-
tion with Charles R. Vossbrinck, a graduate of the
University of Illinois who was hired in 1996, were
used to identify the different forms of the pathogens
in mosquitoes and the intermediate copepod host.
These studies were important in identifying natural
enemies of mosquitoes in Connecticut and the North-
east, unraveling their complex life cycles, assessing
their importance in naturally reducing numbers of mos-
quitoes, and evaluating their possible use in integrated
pest management programs for control of mosquitoes
(Figure 25).

Mosquito identification, rearing, and laboratory exper-
imental work shifted from the Jenkins Building to the
second floor of the Slate Building in the 1990s. Mos-
quitoes were also reared in the insectary at Lockwood
Farm in Hamden, Connecticut.

Fig. 23. Centers for Disease Control mosquito identification
forum, 2001. Back row (l to r): Theodore Andreadis (host),
Doug Serafin, Lisa Ireland, Edward Briggs, John Turmel,
Michael O’Connell, David Prodanas, Robin Lindsay. Front row
(l to r): Michael Thomas (instructor), John Shepard (instructor),
Lisa Mills, Justin O’Leary, John Anderson (host).

Figure 25. The Experiment Station
works closely with state, city, and
town elected officials and employees.
Drs. Anderson (l) and Andreadis (r)
along with State Representative
Terry Backer (c) identified a serious
infestation of salt marsh mosquitoes,
Stratford, 1996. They applied a
biological insecticide to kill the
mosquito larvae that same day.

Figure 24. Dr. Andreadis at
Electron Microscope, 1986

�

�



Mosquito species Microbial pathogenor predator Type of Study Citation
Fish

Microsporidia

Microsporidia

Amblyospora abserrati

Edhazardi aedis

Iridescent virus

Amblyospora albifasciati

Amblyospora auriferi

Erynia aquatica

Amblyospora canadensis

Acanthocyclops vernalis,
Diacyclops bicuspidatus thomasi
Amblyospora connecticus

Erynia aquatica

Coelomomyces

Cytoplasmic polyhedrosis virus

Andreanna caspii
Amblyospora cinerei

Amblyospora excrucii

Coelomomyces

Amblyospora stictici

Amblyospora stimuli

Iridescent virus

Acanthocyclops vernalis,
Diacyclops bicuspidatus thomasi
Amblyospora legeri

Baculovirus, CuniNPV

Stempellia magna

Cytoplasmic polyhedrosis virus

Amblyospora salinaria

Amblyospora opacita

Hyalinocysta chapmani

Erynia aquatica

Table 2. Experiment Station publications on the biological control of mosquitoes, 1904-2009.

(Britton and Viereck 1904)

(Baker et al. 1998, Vossbrinck et al. 1998,
Vossbrinck et al. 2004)

(Andreadis 1987, 2007, Becnel and
Andreadis 1999)

(Anderson 1968c, Andreadis 1994b)

(Andreadis 1994c)

(Tesh and Andreadis 1992)

(Micieli et al. 2001, 2009)

(Andreadis 1994b)

(Anderson and Ringo 1969,
Anderson and Anagnostakis 1980)
(Anderson 1968c, Andreadis 1993a)

(Andreadis and Gere 1992)

(Anderson 1968c, Andreadis 1982,
1983a, b, 1985a, b, 1986c, 1988a, b,
1989a, b, 1990a, Andreadis 1990b,
Andreadis 1990d, 1991, 1994b, 2005,
Lucarotti and Andreadis 1995)
(Andreadis and Magnarelli 1983)

(Andreadis and Magnarelli 1984,
Lucarotti and Andreadis 1995)
(Andreadis 1981)

(Simakova et al. 2008)

(Anderson 1968c, Andreadis 1993a, 1994c)

(Anderson 1968c, Andreadis 1994b)

(Andreadis andMagnarelli 1984,
Lucarotti and Andreadis 1995)

(Andreadis 1994b)

(Anderson 1968c, Andreadis 1985c,
1994b, 1999)

(Anderson 1970a)

(Andreadis and Gere 1992)

(Anderson 1968c)

(Andreadis et al. 2003)

(Anderson 1968c)

(Andreadis 1986b)

(Becnel and Andreadis 1998)

(Anderson 1968c)

(Andreadis 1994a, 2002, Andreadis and
Vossbrinck 2002, Andreadis 2005)
(Anderson and Ringo 1969, Anderson
and Anagnostakis 1980)

Many

Many

Many

Aedes abserratus,
(Felt and Young)

Aedes aegypti (L.)

Aedes aegypti

Aedes albifasciatus
(Macquart)
Aedes aurifer (Coquillett)

Aedes canadensis (Theobald)

Aedes canadensis

Aedes canadensis

Aedes cantator
(Coquillett)

Aedes cantator

Aedes cantator

Aedes cantator

Aedes caspius (Pallas)
Aedes cinereusMeigen

Aedes excrucians (Walker)

Aedes sollicitans (Walker)

Aedes sticticus (Meigen)

Aedes stimulans (Walker)

Aedes stimulans

Aedes stimulans

Anopheles punctipennis (Say)

Culex nigripalpus Theobald

Culex restuans Theobald

Culex restuans

Culex salinarius Coquillett

Culex territansWalker

Culisetamelanura
(Coquillett)

Culisetamorsitans
(Theobald)

Predation

Molecular biology

Review article

Description, life cycle,
transmission, pathology,
prevalence of infection
Life cycle, transmission,
pathology, prevalence
of infection
Transmission, pathology

Transmission, prevalence
of infection
Description, life cycle,
transmission, pathology,
prevalence of infection
Description, pathology,
prevalence of infection
Prevalence of infection,
description, pathology
Predation

Description, life cycle,
transmission, pathology,
prevalence of infection,
biological control

Description, pathology,
prevalence of infection
Description, prevalence
of infection
Description, pathology,
prevalence of infection

Pathology

Prevalence of infection,
description
Description, life cycle,
transmission, pathology,
prevalence of infection
Description, prevalence
of infection

Description, life cycle,
transmission, pathology,
prevalence of infection
Description, life cycle,
transmission, pathology,
prevalence of infection
Description, pathology,
prevalence of infection
Predation

Prevalence of infection,
pathology

Infection, pathology

Prevalence of infection,
transmission
Description, pathology,
transmission
Description, life cycle,
transmission
Prevalence of infection,
pathology

Life cycle, transmission, path-
ology, prevalence of infection
Description, pathology,
prevalence of infection
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Mosquitoes, arthropod-borne viruses
(arboviruses)

Effects of arboviruses on humans range from sub-
clinical to mild infections, to hemorrhagic disease, or
to acute central nervous system disease involving en-
cephalitis or meningitis, which may result in irrever-
sible paralytic or other pathologic conditions or death
(Work 1975). The first mosquito-associated virus
isolated in Connecticut was eastern equine encephalo-
myelitis and was made from dying ring-necked pheas-
ants by a group at Harvard University (Tyzzer et al.
1938). That same year, the first epidemic of this virus
in humans was documented in Massachusetts
(Fothergill et al. 1938, Howitt 1938).

Ten arboviruses have been isolated from mosquitoes in
Connecticut. These viruses and the authors who made
the first isolations (five were made initially by the Yale
Arbovirus Research Unit, and five were made at the
Experiment Station) include eastern equine encephalo-
myelitis (Wallis et al. 1960), Flanders (Main et al.
1979b), Jamestown Canyon (Sprance et al. 1978,
Whitman et al. 1968), Highland J (Main et al. 1979c),
trivittatus (unpublished data by the Experiment Sta-
tion), Keystone (Main et al. 1979a), La Crosse (Arm-

strong and Andreadis 2006), Potosi (Armstrong et al.
2005), West Nile (Anderson et al. 1999), and Cache
Valley (Main 1981). Nine (all but Keystone virus) of
these viruses were isolated from mosquitoes collected,
identified, and tested at the Experiment Station
through 2009.

Flanders, Highland J, Keystone, trivittatus, and Potosi
viruses are not known to cause human disease. Cache
Valley virus has caused death in one human (Sexton
et al. 1997), has caused congenital defects in lambs
(Edwards 1994), and this virus may have similar effects
in humans (Calisher and Sever 1995). Eastern equine
encephalomyelitis, West Nile, and La Crosse viruses
have caused serious illness, including death, in humans
in the United States. West Nile virus has resulted in 69
reported cases and 3 fatalities in Connecticut.

With the looming closure of the Yale Arbovirus Re-
search Unit in the mid 1990s (Anonymous 1994),
which was a continuation of the Rockefeller Founda-
tion Virus Program (Theiler and Downs 1973), Direc-
tor Dr. John F. Anderson obtained permission in 1997
and 1998 from Professor Gregory H. Tignor to work
with the last Yale technician still working with arbo-
viruses, Shirley Tirrell. She had been trained under re-

Figure 26.

Bonnie Hamid Jodie Correia

Michael Thomas (l),
John Shepard
Mosquito identification

2004: Moved into
new virus isolation
lab in Johnson-
Horsfall Laboratory.

Mosquito-Borne Viruses: Late 1990s and early 2000s
1996: Began surveillance for mosquitoes infected with Eastern
Equine Encephalitis in southeastern Connecticut. We collected and
identified the mosquitoes; viruses were isolated and identified at
Yale University.

Shirley Tirrell

1998: A laboratory, which had been
used for Rocky Mountain spotted fever
and Lyme disease studies, was converted
to a virus isolation lab. Yale facilities
were no longer used.

�

Tanya Petruff Shannon Finan

�

Angela Bransfield



THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION www.ct.gov/CAES 21

tired Professor Robert E. Shope. It was in this Yale lab-
oratory that Anderson learned procedures for safely
handling viruses, their method of isolation, and the
serology procedures used to identify them once they
had been isolated and grown in tissue culture.

Anderson then set up a virus laboratory at the Experi-
ment Station in Britton Building in 1998 where studies
on Rocky Mountain spotted fever and Lyme disease pre-
viously had been conducted. Yale generously provided
an important cell line of Vero cells and various needed
reagents, including immune serum to specific viruses.
Shirley Tirrell assisted Anderson for several months after
the new laboratory had been established. Thereafter, all
virus isolations from mosquitoes collected in Connecti-
cut were made at the Experiment Station (Figure 26).

Surveillance for mosquitoes and their viruses has
been performed annually from 1996 to the present (An-
dreadis et al. 1998). These scientific activities have been
integral to the public health response to West Nile virus
and eastern equine encephalomyelitis virus and have
provided an early warning system that has directed tar-
geted intervention strategies and helped prevent trans-
mission of mosquito-borne infections to humans
(Figure 27). More than two million mosquitoes have
been trapped and tested. The seasons associated with

increased risk of human exposure to specific viruses have
been identified (Anonymous 2009).

Jamestown Canyon virus
Jamestown Canyon virus causes mild febrile illness and
rarely encephalitis or aseptic meningitis (Grimstad
1988). Antibodies to Jamestown Canyon virus have
been reported in several Connecticut residents accord-
ing to a State Department of Public Health study
(Mayo et al. 2001), and there has been one docu-
mented human case, which exhibited mild symptoms
(Nelson et al. 2002). In a study comparing isolates of
Jamestown Canyon virus over 40 years, Armstrong and
Andreadis (2007) concluded that Jamestown Canyon
virus was stably maintained in Connecticut in several
mosquito species. In a ten-year study of Jamestown
Canyon virus in Connecticut, Andreadis et al. (2008)
reported the isolation of this virus from 22 species of
mosquitoes collected throughout many different areas
of Connecticut. The vast majority of isolations were
from species of Aedes. The virus was isolated from June
through September. White-tailed deer (Odocoileus vir-
ginianus), which have antibodies to Jamestown
Canyon virus (Zamparo et al. 1997), are primary hosts
for many Aedes species (Molaei et al. 2008) and are
likely the principal amplification hosts for Jamestown
Canyon virus (Andreadis et al. 2008). Jamestown

Figure 28. Dr. Theodore G. Andreadis (r), Governor John Rowland (l)
and Sidney Holbrook (c), Commissioner of Department of Environmental
Protection, at a news conference, Stonington, 1996.

Figure 27. Mayor Dannel Malloy of
Stamford views the West Nile virus
through the Experiment Station’s electron
microscope, 1999. The City of Stamford
had initiated mosquito control to reduce
risk of citizen-exposure to the virus, and
Mayor Malloy visited Drs. Anderson and
Andreadis to learn more about West Nile
virus and the control of mosquitoes.
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Canyon virus likely overwinters in Connecticut, as it
does elsewhere, in mosquito eggs infected by vertical
transmission (Grimstad 1988).

La Crosse virus
La Crosse virus causes encephalitis, primarily in chil-
dren, and is responsible for about 100 cases a year in
the upper Midwest and Appalachian Mountains.
There have been no human cases in Connecticut to
date. This virus has been isolated from one pool of
Aedes triseriatus (Say) (Armstrong and Andreadis
2006), a species that occurs throughout the state and
is relatively abundant in suburban forests and some
urban areas where the primary amplification hosts,
eastern chipmunk (Tamias striatus) and eastern gray
squirrel (Sciurus carolinensis), are present. La Crosse
virus is vertically transmitted from infected females to
eggs and survives the winter in mosquito eggs (Watts
et al. 1973). La Crosse virus is a potential public
health problem in Connecticut.

Eastern equine encephalomyelitis
An outbreak of eastern equine encephalomyelitis virus
occurred among penned pheasants in Connecticut in
1951. Robert C. Wallis, a graduate of Johns Hopkins
University, was hired in 1953 to focus on the role of
mosquitoes in transmission of this virus and collabo-
rated with colleagues at the University of Connecticut
and other institutions (Jaynes et al. 1962, Jungherr and
Wallis 1958, Satriano et al. 1958, Wallis et al. 1958a,
Wallis et al. 1958b, Wallis 1959a, Wallis et al. 1960).
These studies showed that intra-pen transmission by

ring-necked pheasants of eastern equine encephalo-
myelitis virus was caused by feather picking and that de-
beaking prevented the spread of the virus within a pen.
They also demonstrated that eastern equine encephalo-
myelitis virus was maintained longer in feather quills
than in the blood stream and that pheasants do not
serve as reservoirs for eastern equine encephalomyelitis
virus because of low viremias (concentration of virus).
Additionally, they documented that Connecticut’s
sylvan-swampland ecology enabled dissemination of
eastern equine encephalomyelitis virus among birds
and mosquitoes, and they isolated this virus from Aedes
vexans (Meigen). After Wallis left the Experiment Sta-
tion for Yale University in 1962, he and his students re-
ported on the close association of the mosquito Culiseta
melanura with an outbreak of eastern equine encephalo-
myelitis virus in pheasants and horses in Connecticut
(Wallis and Main 1974).

An arbovirus surveillance program was initiated by the
Experiment Station in 1991 and 1992 in collaboration
with Paul M. Capotosto of the Department of Environ-
mental Protection and Yale University (Andreadis et al.
1992, 1994). The epidemiology of eastern equine en-
cephalomyelitis virus in Connecticut was reviewed in
1993 (Andreadis 1993b).

In 1996, eastern equine encephalomyelitis virus became
wide-spread in mosquito populations in southeastern
Connecticut. Working with Shirley Tirrell at Yale Uni-
versity, Andreadis and Anderson made multiple isola-
tions of this virus from eight species of mosquitoes with

Figure 29. Dr. Anderson at Barn
Island Wildlife Management
Area, Stonington, where he was
collecting mosquitoes for virus
surveillance. This area was closed
to the public because of infected
mosquitoes that Anderson had
collected earlier, 1996.

Figure 30. Dr. Philip Armstrong, 2007 Figure 31. Michael Vasil examines a CDC
light trap for mosquitoes, which uses carbon
dioxide as well as a light to attract mosquitoes.
A fan draws the mosquitoes down into the net-
ted cage, 2000.
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most isolations from Culiseta melanura (Andreadis
1998, Andreadis and Anderson 1998, Andreadis et al.
1998). Isolations were from mosquitoes captured in red
maple/white cedar swamps and areas distant from these
swamps. Connecticut Governor John Rowland became
involved and with advice from the Departments of
Health, Environmental Protection, Agriculture, and the
Experiment Station ordered limited aerial and ground
spraying of the insecticide Scourge in southeastern
towns (Figure 28). Some outdoor state facilities were
closed (Figure 29), and towns altered school programs
to reduce risk of human exposure to mosquito bites. No
humans contracted the virus.

As a result of the high prevalence of infected mosquitoes
with eastern equine encephalomyelitis virus in 1996,
“An Act Concerning Mosquito Control and Aerial Ap-
plication of Pesticides”, created the Mosquito Manage-
ment Program the following year in 1997 to monitor
mosquito breeding populations for the prevalence of in-
fectious agents that can cause disease in humans and to
determine when measures to abate any threat are neces-
sary. The Experiment Station is responsible for the trap-
ping, identification, and arbovirus testing of mosquitoes
for the mosquito management program, which is admin-
istered by the Department of Environmental Protection.

This program is health-based and focuses on preven-
tive efforts and mosquito monitoring for early detec-
tion of viruses that could cause human disease in
Connecticut. It is based on an integrated pest manage-
ment approach, which includes a combination of sur-
veillance, education, source reduction, larval and adult
mosquito control, and personal protection measures.

Theodore G. Andreadis leads this program for the
Experiment Station. A number of African penguins,
Spheniscus demersus, housed at the Mystic Aquarium in
Stonington, Connecticut, were reported in 2003 to
have signs of disease. The disease was later shown in a
joint study to be caused by eastern equine en-
cephalomyelitis virus (Tuttle et al. 2005). The pen-
guins were in an outdoor facility and likely were bitten
by mosquitoes naturally infected with this virus.

Philip M. Armstrong, a graduate of Harvard School of
Public Health and hired in 2004 (Figure 30), reported
that eastern equine encephalomyelitis virus survives
winters in northeastern United States and that this
virus is reintroduced into Connecticut from nearby
states (Armstrong et al. 2008).

West Nile virus
With support from the Connecticut Department of
Public Health, Director Anderson and Dr. Andreadis
began trapping mosquitoes on Sunday, September 5,
1999, one day after mosquito-borne illnesses and
deaths in New York City were reported, which initially
were thought to be caused by St. Louis encephalitis
virus (Gough 2000, White 2001). Mosquito traps
(Figure 31) were placed in Greenwich, Connecticut,
so as to be relatively close to New York City where
humans were becoming ill.

With the help of the Greenwich Police, Health, and
Parks and Trees Departments, Phyllis and Paul Mazik
in Stamford, Connecticut, and the Innis Arden Golf
Club in Greenwich, the Experiment Station made the
first culture of the causative virus from North Ameri-

Figure 32. Dr. Theodore G. Andreadis (l),
Connecticut U. S. Congresswoman Rosa
DeLauro (c), and Director John F. Ander-
son (r) look at a General Accounting Office
report on West Nile virus, which mentions
work of the Experiment Station, at an
exhibition on research by Land Grant
Universities and agricultural experiment
stations held on Capitol Hill in Washing-
ton, DC, 2001.

�
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can mosquitoes, which turned out to be the exotic
West Nile virus. At about the same time, the Depart-
ment of Pathobiology at the University of Connecticut
informed the Experiment Station that they had re-
moved the brain of a dead crow that had died in Nor-
walk, Connecticut. The virus was isolated by the
Experiment Station from the brain of this crow.

The viruses from the crow and the mosquitoes ap-
peared to be similar. Charles Vossbrinck sequenced the
RNA of the viruses, which were identified as West Nile
virus, a pathogen that occurs naturally from northern to
southern Africa and other parts of the Old World. The
Experiment Station (Anderson et al. 1999) and Centers
for Disease Control and Prevention (Lanciotti et al.
1999) independently published their separate findings
of the introduction of the exotic West Nile virus into the
New World in a December issue of Science magazine
(Figures 32 and 33).

Our research initiatives have further elucidated the
natural history and epidemiology of West Nile virus
in the northeastern United States including the role of
various mosquitoes and birds, evaluated the compe-
tence of various mosquitoes to transmit and serve as

over-wintering hosts for West Nile virus, examined the
feeding and biting behavior of the primary mosquito
vectors of West Nile and other mosquito-borne viruses,
developed more sensitive and rapid molecular diagnos-
tic techniques to identify viruses, documented the
introduction and establishment of two invasive mos-
quitoes from Asia, tested novel mosquito trapping
methodologies to enhance the early detection of
mosquito-borne viruses, and evaluated the efficacy of
new and established biological agents to control mos-
quitoes (Figure 34).

The Experiment Station led research on many aspects
of the epidemiology of this invasive virus and its mos-
quito vectors and participated in many experiments
with Professor Erol Fikrig at Yale University and other
collaborators. The virus was isolated from 17 species of
mosquitoes from June through October, 1999-2003 and
most frequently from specimens collected in densely
populated areas of Fairfield and New Haven Counties
where the highest rates of dead crow sightings were re-
ported (Andreadis et al. 2001b, Andreadis et al. 2004).
The largest numbers of isolates were from Culex pipiens
pipiens (n=86), Culex salinarius (n=32), Culex restuans
(n=26), Culiseta melanura (n=32), and Aedes vexans

West Nile Virus: 1999

Figure 33.

September, 1999:
Cultures of an un-
known virus were
made from mosqui-
toes trapped near
Ball Washer Number
4, Innis Arden Golf
Club, Greenwich,
Connecticut.

Dr. Charles Vossbrinck
sequenced the RNA of
the unknown virus. It
was identified as West
Nile virus, new to
North America.

The report of
this new virus
was published in
Science, Volume
286, December
17, 1999

Winter 1999: Would the
virus survive the winter?
Dr. Theodore Andreadis,
with help from Phyllis and
Paul Mazik, collected over-
wintering mosquitoes in
Stamford, Connecticut. No
positive mosquitoes were
found in the few Culex
mosquitoes collected
that first winter.
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Figure 34. Michael Misencik
sampling larval mosquitoes in
a catch basin treated with a
biological control agent,
Stratford, 2009.

Figure 35. Dr. Andrew Main, a
graduate of Yale University, and
who was trained in the Yale
Arbovirus Research Unit, took
a sabbatical leave from the
American University in Cairo,
Egypt where he was chairman
of the Department of Biology.
He worked with Dr. John F.
Anderson at the Experiment
Station in 2001-2002. He later
worked at the Experiment Station
both as a scientist and as a
volunteer through 2009.

Figure 36. Data used to compile this figure are from publications by the Experiment Station and others. During summer, West
Nile virus is transmitted among birds by horizontal transmission primarily by Culex pipiens pipiens in tree canopies and at
night, although other species of mosquitoes are likely involved. Occasionally, the virus is transmitted to humans and to horses.
The virus survives during winter in vertically infected hibernating (diapausing) Culex pipiens pipiens that have not taken a
blood meal. The following spring, vertically infected females emerge from hibernation and initiate amplification of the
virus by horizontally transmitting the virus to birds.

West Nile Virus Transmission in Connecticut
Horizontal Transmission

Virus

Aedes vexans
Culex salinarius

Incidental Infections

Bridge vectors

Virus

Incidental Infections

Eggs infected
with virus

Vertical Transmission

Culex pipiens pipiens
Culex restuans

Infected female progeny
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(n=12). Culex pipiens pipiens was identified as the likely
most important enzootic and epidemic vector. Culex
salinarius was mentioned as a prime bridge vector
(transmission from birds to mammals) late in the sea-
son. This species readily feeds on both birds and mam-
mals, including humans. A correlation was made both
temporally and spatially among isolations of West Nile
virus from field-collected mosquitoes and subsequent
human cases in coastal Fairfield and New Haven
Counties and in central Hartford County where sev-
eral human cases were documented. In a collaborative
effort with members of the public health community,
the Experiment Station reported that portions of the
West Nile virus genome could be used to follow the geo-
graphical and temporal movement of variant strains in
North America (Anderson et al. 2001a, b).

Ticks as well as mosquitoes were reported as vectors of
West Nile virus in the Old World. Our studies in collab-
oration with Dr. Stephen K. Wikel at the University of
Connecticut Health Center showed that common Con-
necticut ticks were not competent to transmit this virus
and put an end to further discussion of the possible im-
portance of hard-bodied ticks as vectors in the New
World (Anderson et al. 2003).

West Nile virus has survived and caused human disease
in northeastern United States from 1999 to the present
even though mosquitoes are inactive during the winter.
Three papers were published addressing how the virus
survives from year to year in New England. In a joint
study led by colleagues from the University of Con-
necticut, we reported that the virus was present in

mid-winter in the tissues of a red-tailed hawk, suggesting
that the virus could survive through transmission from
prey to predator (Garmendia et al. 2000). In subsequent
experiments, West Nile virus was documented to be nat-
urally transmitted vertically from the female mosquito
to her offspring and that this is the likely means by
which this virus survives the winter in Connecticut
(Anderson et al. 2006, Anderson and Main 2006)
(Figures 35 and 36).

There are no effective antiviral compounds available to
suppress infections of West Nile virus. Working with
James J. Rahal, a physician at Weil Cornell University
in New York City, Anderson reported on the efficacy
of interferon alpha-2B against West Nile virus in cell
culture (Anderson and Rahal 2002) and its use as ther-
apy in humans diagnosed with St. Louis virus menin-
goencephalitis (Rahal et al. 2004).

Birds had been reported as important amplifying hosts
for West Nile virus in Africa and Europe (Hayes 1989,
Hubalek and Halouzka 1999). Crow deaths were pro-
posed as a sentinel surveillance system in the northeast
(Eidson et al. 2001), although in Connecticut intense
epizootics among crows occurred without humans ac-
quiring infection of West Nile virus in a study lead by
the Connecticut Department of Public Health (Hadler
et al. 2001). Molecular analysis of blood meals of field-
caught mosquitoes showed that the important vectors in
Connecticut, Culex pipiens pipiens and Culex restuans,
fed extensively on birds and that Culex salinarius fed on
both mammals and birds (Molaei et al. 2006a, Molaei et
al. 2008) (Figure 37). Studies on analysis of mosquito-

Figure 39. Receiving virus collection from Yale (Y).
From left: Shannon Finan, Leigh Cash, Philip Armstrong,
Martin Costello (Y), Deborah Ferry (Y), James Watkins
(Y), Benjamin Fontes (Y), Robert Klein (kneeling) (Y),
Bonnie Hamid, John Anderson, 2005.

Figure 37. Dr. Goudarz Molaei
stands by his thermocycler, which
he uses to identify host animals fed
upon by mosquitoes, 2010.

Figure 38. Dr. Francis J.
Ferrandino, Experiment
Station mathematician and
statistician, assisted in the
analysis of complex field and
laboratory data, 2010. He
is a graduate of Rensselaer
Polytechnic Institute and
was hired in 1982.
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acquired bloods of other species in Connecticut and
elsewhere are reviewed in the Section of this publication
entitled Mosquitoes, taxonomy, biology and ecology.

In a collaborative laboratory study led by scientists in
the United States Army, the potential of 25 species of
mosquitoes to transmit West Nile virus was reported
(Turell et al. 2005). Nearly all Culex species tested were
reported as efficient enzootic or amplifying vectors for
the virus. Other information needed to assess the im-
portance of a mosquito species as an efficient enzootic or
amplifying vector for West Nile virus in the field include
(1) its abundance, (2) host-feeding preferences, (3) in-
volvement with other viruses, and (4) frequency of iso-
lation of West Nile virus from field-caught specimens.

The relatively low numbers of human cases in Connecti-
cut caused by West Nile virus is a result of infrequent
feeding of Culex pipiens pipiens on humans. This mos-
quito not only feeds preferentially on birds, but also is
much more abundant in the tree canopy compared to
the ground where humans live (Anderson et al. 2004,
Anderson et al. 2006, Andreadis and Armstrong 2007)
and feeds almost exclusively at night when humans are
indoors (Anderson et al. 2007) (Figure 38).

The extrinsic incubation period for West Nile virus in
Culex pipiens pipiens, the interval between ingestion of
an infectious bloodmeal and the time mosquitoes are ca-

pable of transmitting the virus, is important in the over-
all epidemiology of the virus. Studies determined that
horizontal transmission rates increased with incubation,
with 75% or more transmitting on days ≥16 after infec-
tion at 26oC. Females vertically transmitted West Nile
virus following the second through fourth blood meals
on days 13-33 after infection (Anderson et al. 2008).
Several horses have contracted West Nile virus infec-
tions in Connecticut. Magnarelli et al. (2008) re-
ported antibodies to this virus in vaccinated and
non-vaccinated horses.

The Yale Arbovirus Research Unit discontinued oper-
ating in 1995 (Anonymous 1994). Years later, Profes-
sor Durland Fish and Michael H. Merson, Dean of the
School of Public Health from Yale University, and
Director John F. Anderson of the Experiment Station
worked together to keep a significant portion of the
virus collection in New Haven for research purposes.
On April 1, 2005, 475 different species of viruses,
which had been isolated primarily from arthropods
from throughout the world, were transferred from Yale
University to the Experiment Station’s new biosafety
level-3 laboratory (Figure 39) within the newly con-
structed Johnson-Horsfall Building (Figure 40).

Director Anderson participated in a number of studies
on various aspects of the molecular biology of West
Nile virus led by Professor Erol Fikrig at the Yale

Figure 40. Johnson-Horsfall
Building, completed in 2003.
New Horsfall wing (l), which
houses the biosafety level-3 virus
laboratory and original Johnson
Building (r) with new elevator
tower and atrium.

Figure 41. Top: Dr. Magnarelli with
an emergence trap for horse flies in
a salt marsh; Bottom: Dr. Anderson
cutting sod in a salt marsh for deer
fly research, Milford, 1978.

�

�
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School of Medicine (Bai et al. 2007, Gould et al.
2005, Kong et al. 2008, Town et al. 2009, Wang et al.
2001a, Wang et al. 2001b, Wang et al. 2002, Wang et
al. 2003, Wang et al. 2004). Additional collaborative
studies continued with Dr. Tian Wang when she
joined the University of Colorado (Wang et al. 2006,
Wang et al. 2008, Welte et al. 2008). Anderson also
participated in studies initiated by L2 Diagnostics on
development of a protective vaccine for West Nile
virus (Bonafe et al. 2009, Ledizet et al. 2005).
Dr. Andreadis collaborated with Yale scientists Scott
O’Neil and Robert B. Tesh on insect densoviruses and
culturing Wolbachia symbionts (O’Neill et al. 1995,
O’Neill et al. 1997) and with Durland Fish and his
students in modeling studies of West Nile virus
(Brown et al. 2008, Diuk-Wasser et al. 2006).

Mosquitoes, dog heartworm
Dog heartworm is a serious disease of domestic and
feral dogs. It is caused by a nematode, Dirofilaria
immitis, transmitted among dogs by mosquitoes.
Mature heartworms are found in the heart. Chemical

therapy can be effective if infections are diagnosed
relatively early in the disease. Magnarelli (1978c)
studied the role of mosquitoes as vectors and con-
cluded that at least six Connecticut species may be
involved in transmission.

Horse flies and deer flies, biology and control
Horse flies and deer flies are serious biting pests of
humans and domestic animals in coastal and inland
regions of Connecticut. Louis A. Magnarelli and An-
derson conducted extensive field and laboratory studies
of important species primarily during the 1970s and
early 1980s (Figure 41). These studies focused on the
biting behavior, egg laying, hovering and swarming of
males, distribution of larvae in marshes, control of im-
matures in salt marshes, autogeny (ability of females to
lay their first batch of eggs without feeding on blood),
the importance of sugars from floral sources for suste-
nance of the adults, and natural enemies (Table 3).
These studies form a foundation for implementation
of integrated pest management programs should abun-
dance of specific species become intolerable.

Horse fly or deer fly species Type of Study Citation

Many

Many

Atylotus bicolor (Wiedemann)

Chrysops aterMacquart

Chrysops atlanticus (Pechuman)

Chrysops cincticornisWalker

Chrysops fuliginosusWiedemann

Hybomitra aurilimba (Stone)

Hybomitra lasiophthalma
(Macquart)

Tabanus nigrovittatusMacquart

(Magnarelli and Anderson 1980b, 1981,
Magnarelli 1985a)

(Anderson 1985b)

(Magnarelli 1988a)

(Magnarelli and Burger 1984)

(Anderson 1969, 1971, Anderson 1973a, Anderson
1973b, Anderson and Magnarelli 1978, Magnarelli and
Anderson 1977, Magnarelli and Anderson 1978b,
1979b, Magnarelli et al. 1979b, Magnarelli and Ander-
son 1980a)

(Magnarelli et al. 1982b)

(Anderson and Kneen 1969, Anderson 1973a, Anderson
1973b, Anderson andMagnarelli 1978, Magnarelli and
Anderson 1977, Magnarelli and Anderson 1978b,
1979a, Magnarelli et al. 1979b, Magnarelli and Ander-
son 1980a, Magnarelli 1985b)

(Magnarelli 1984)

(Magnarelli 1984)

(Anderson 1971, Anderson and Magnarelli 1979,
Magnarelli and Anderson 1977, Magnarelli and
Anderson 1978b, Magnarelli et al. 1979b, Magnarelli
and Anderson 1980a, c, Magnarelli and Stoffolano Jr.
1980)

Blood and sugar feeding
behavior, egg deposition

Review article on control

Autogeny, nectar feeding

Autogeny, nectar feeding

Mating, autogeny, biting
behavior, nectar feeding,
larval distribution, protozoan
infection

Fecundity and oviposition
behavior

Biting and mating behavior,
egg deposition, nectar feeding,
larval distribution, control, pro-
tozoan infection

Male hovering and swarming

Male hovering and swarming

Autogeny, nectar feeding,
blood feeding, egg deposition,
larval distribution, natural
enemies

Table 3. Experiment Station publications on the biology, control, and natural enemies of horse flies and deer flies.
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Culicoides (no-see-ums), phlebotomine sand
flies, black flies, non-biting midges, and house
and other muscoid flies
The no-see-ums (Culicoides species) are the smallest
biting flies of humans in Connecticut. They can at
times be extremely annoying, particularly along Con-
necticut coastal areas. Magnarelli (1981) studied sugar
feeding and egg development of two common coastal
species, Culicoides hollensis (Melander and Brues) and
Culicoides melleus (Coquillett), and reported that both
species were likely autogenous. Magnarelli et al. (1984f )
reported on the autogenous and anautogenous devel-
opment of eggs in the exotic phlebotomine sand flies
Phlebotomus papatasi (Scopoli), Lutzomyia longipalpis
(Lutz and Neiva), and Lutzomyia anthophora (Addis),
and later with a colleague from Yale, he reported that
sand flies fed repeatedly on sugars and blood in nature
to obtain sustenance for survival and egg production
(Magnarelli and Modi 1988). These sand flies are
vectors of pathogens of humans in other parts of the
world.

Black flies can be severe nuisances to humans living
near or visiting streams during warmer months of the
year. Magnarelli and Burger (1984) reported autogeny
and the importance of sugars for longevity in
Simulium decorum Walker.

Non-biting midges belonging to the genus Chironomus
occasionally become a nuisance because of their exces-
sive numbers as occurred near South Cove in Old Say-

brook, Connecticut in the mid-1960s (Figure 42). Ex-
periment Station scientists documented the biology of
Chironomus atrella (Townes) and its susceptibility to
chemical insecticides (Anderson and Hitchcock 1968,
Hitchcock and Anderson 1966, Hitchcock and Ander-
son 1968). Dr. Stephen W. Hitchcock, a graduate of the
University of California, Berkeley, was hired in 1958.

House flies, Musca domestica L., and other relatively
large flies such as blow flies, Lucilia sp., Phaenicia sp.,
and Phormia regina (Meigan) have not only been a
nuisance to Connecticut citizens from the earliest of
times, but they also can carry human disease-causing
organisms. These flies have often been called filth flies
because of their development in manure, human excre-
ment, garbage, and dead animals. Experiment Station
scientists published two bulletins to keep citizens in-
formed on the biology of these flies, the association of
these flies with animal and human waste and garbage,
and the methods of reducing their abundance through
manure management, cleanliness, use of chemical in-
secticides, and biological control (Stafford III 2008,
Wallis 1962b).

Extensive studies were carried out on insecticide
resistance of house flies to chemical insecticides in
the 1960s by Dr. Raimon L. Beard (Beard 1960,
1965a, d, e). Dr. Beard was a graduate of Yale Univer-
sity and was hired in 1943 (Figure 43). Additional
studies were conducted in the laboratory on house flies
to determine their role in degradation of poultry ma-

Figure 42. Dr. Stephen Hitchcock sampling
emerging adult midges, Chironomus
atrella, in Old Saybrook, 1966.

Figure 43. Dr. Raimon L. Beard,
using a Thin-Window Counter
(early radiation detector), 1961.

Figure 44. Dead house
flies in walkways between
chicken cages after Dr.
Anderson applied a gran-
ular insecticide, 1984.



30 www.ct.gov/CAES THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION

nure (Beard and Sands 1973), response to high ozone
environments (Beard 1965c), susceptibility to fungal
toxins (Beard 1965b, Beard and Walton 1969), and
suitability as hosts to insect parasites for biological
control (Beard 1964a, b).

In the 1980s, extreme numbers of house flies were a
nuisance to many suburban citizens living near poultry
farms, primarily in eastern Connecticut. In collabora-
tion with a colleague at the University of Connecticut,
Dr. Aaron Spandorf, Experiment Station scientists de-
veloped manure management procedures for control,
demonstrated the efficacy of an insecticide that was ap-
plied to the feed of chickens, and documented the util-
ity of applying other insecticides to selected areas
within the coops or immediately outside the coops on
the farm property (Anderson 1985c, Anderson et al.
1986f ) (Figure 44). These efforts significantly reduced
the numbers of flies escaping from farms and reduced
citizen complaints.

Bed bugs
Bed bugs, Cimex lectularius L., are invasive and were
probably brought to the New World on sailing ships in
Colonial times. The first research on bed bugs in Con-
necticut was conducted by B. H. Walden in 1906. He
used hydrocyanic acid to fumigate a house and eradi-
cated the bed bugs (Walden 1907). Subsequently, he
treated five additional houses (Walden 1910). It is
worth noting that fumigation of buildings with Vikane
(sulfuryl fluoride) for control of bed bugs is currently
being used in other states. In 1945, a practical experi-
ment using DDT against bed bugs was conducted in
cooperation with the Ensign Bickford Company of
Simsbury (Friend 1946b). DDT was the treatment of
choice for control of bed bugs throughout the country

for many years following World War II, and bed bugs
all but disappeared as a problem in Connecticut and
elsewhere.

Bed bugs, however, have resurged in relatively recent
years and at times in great numbers (Figure 45). Dr.
Gale E. Ridge and Rose T. Hiskes reported that the
number of samples of bed bugs brought or sent to the
Kenneth A. Welch Insect Inquiry Office of the Experi-
ment Station increased from one in 1996 to 70 in
2007. Infestations in many apartment buildings and
some hotels in several Connecticut cities were reported
in 2007-2009. The Experiment Station initiated inves-
tigations with colleagues from the private sector and
reported on a carbon dioxide, heat and chemical lure
trap for capturing bed bugs in buildings (Anderson et
al. 2009). A Connecticut company, BioSensory, com-
mercialized the trap.

Anderson and Dr. Richard S. Cowles, a graduate of
Michigan State University and hired in 1994, began
testing the efficacy of different insecticides to kill bed
bugs in 2008 (Figure 46). Dr. Gale Ridge, who was
hired in 1998 and is a graduate of the University of
Connecticut, organized two forums on bed bugs in
2009 (Figure 47). The Donald F. Jones Auditorium at
the Experiment Station was filled to capacity with in-
terested citizens on both occasions.

An ecological diagram of the life cycle of the bed bug
in an apartment in Connecticut is shown in Figure 48.
The five nymphal stages and male and female adults
must feed on blood for survival, growth, and reproduc-
tion. All that is needed is a single human to serve as
the host, and without a concerted effort to control
bed bugs, populations can become enormous and,

Figure 45. Bed bug fecal droppings,
cast skins, and live bed bugs on a
white sheet in an apartment in New
Haven, 2007. Figure 46. Dr. Richard S. Cowles apply-

ing an insecticide to be tested on bed
bugs, 2009.

Figure 47. Dr. Gale Ridge (l) and Dr. Kirby
C. Stafford (r) at a bed bug forum hosted
by the Experiment Station in 2009.
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in extreme cases, result in the infestation shown in
Figure 45. Unlike mosquitoes and ticks, bed bugs are
not known to transmit pathogens to humans.

Urticaria, myiasis, and caterpillar
infestations in humans
Insects cause discomfort to humans and animals not
only by their feeding and stinging habits, but also by
having immature stages feed directly in the body or by
having setae and spines of immature Lepidoptera cause
eruptions of transitory itchy wheals. An epidemic of
urticaria among children caused by excessive numbers
of wind-blown first-instar larvae of gypsy moths,
Lymantria dispar L., was documented in Newtown,
Bristol, and Burlington, Connecticut in the spring
of 1981 (Anderson and Furniss 1983). Vesicular and
filamentous setae of the larvae are attached to large
gland-like cells, which suggested that one or both of

the setae may have been responsible for the urticaria.
Larvae or maggots in the order Diptera feed, at times,
on human or animal (living or dead) tissues, liquid
body substances, or ingested food. This disease is called
myiasis. Four human cases of furuncular, traumatic,
and nasal myiasis caused by Sarcophaga species, Musca
domestica (house fly), Cuterebra species (bot fly), and
Phaenicia sericata (Meigen) (blow fly), were reported in
Connecticut in 1980 (Magnarelli and Andreadis 1981).
In 1983, the Experiment Station documented a case of
myiasis in the nose of a patient who had undergone
open heart surgery in a Connecticut hospital and likely
acquired the infestation in the hospital (Anderson and
Magnarelli 1984b). Dozens of second-stage larvae of
Phaenicia sericata were removed from this patient.
Also in 1983, a leaf miner (Lepidoptera: Gracillaridae)
was reported living in the wound of a hospitalized
patient in Connecticut (Anderson et al. 1984a).

Figure 48. Natural history of the bed bug in a bedroom in Connecticut.
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Yellowjackets and wasps
Yellowjackets (Vespula spp.) and paper wasps (Polistes spp.)
are valuable scavengers and predators of many insect
pests, but they can become serious pests of man. In Au-
gust of 1991, excessive numbers of these insects annoyed
and stung patrons at the Connecticut Tennis Center in
New Haven. Dr. Theodore Andreadis and Kenneth A.
Welch identified the insects, determined locations of
their nests, and developed highly effective methods of
reducing their numbers (Andreadis and Welch 1992)
(Figure 49). Kenneth A. Welch was a graduate of South-
ern Connecticut State University and was hired in 1967.

Ticks, ecology and control
Ticks were becoming abundant in Connecticut in the
1970s, and with the support of Experiment Station
Director Paul E. Waggoner, Magnarelli and Anderson
began their studies on the ecology of ticks, particularly
Dermacentor variabilis (Say), and shortly thereafter,
Ixodes scapularis Say, in the mid to late 1970s. These
studies documented the tick species present in Con-
necticut, their geographic and seasonal distributions,
and their host animals, including those that feed on
humans. At the same time, Magnarelli and Anderson
initiated studies on Rocky Mountain spotted fever and
babesiosis, and with the scientific assistance from the
Rocky Mountain Laboratories of the National Institutes
of Health in Hamilton, Montana, the Yale Arbovirus
Research Unit in New Haven, and the Connecticut

Department of Public Health in Hartford, the two
used current serologic procedures and methods of iso-
lating the causative agents of human and veterinary
disease (Figure 50). In time, with support of the Ex-
periment Station’s Board of Control, they established
serology and isolation facilities. The serology labora-
tory was established on the second floor of the Jenkins
Building, and an isolation laboratory for tick-associ-
ated human and veterinary pathogens was built on the
first floor of the Britton Building.

In their first paper, Anderson and Magnarelli (1980)
reported 15 species of ticks to be present in the state.
Ticks were obtained from small and medium-sized
mammals collected throughout the state, from deer ex-
amined at deer-check stations operated by the Depart-
ment of Environmental Protection during the hunting
seasons, from veterinarians, and from citizens. Five of
the species were reported to feed on humans. Three of
the species, Dermacentor variabilis, Ixodes (dammini =)
scapularis and Amblyomma americanum (L.) feed
readily on humans. Ixodes cookei Packard and Rhipi-
cephalus sanguineus (Latreille) feed on humans less
frequently. Dermacentor variabilis was prevalent
throughout Connecticut; Ixodes scapularis was predom-
inately abundant in southeastern Connecticut, although
specimens were collected elsewhere (Figure 51). It was
noted that both Dermacentor variabilis and Ixodes
scapularis were not abundant in Connecticut in the

Figure 49. Kenneth A. Welch and Dr.
Theodore Andreadis displaying wasp
traps, 1992.

Figure 50. John F. Anderson, Willy Burgdorfer (Rocky Moun-
tain Laboratories), and Louis A. Magnarelli (l. to r.) at the
Rocky Mountain Laboratories, U.S. Public Health Service,
National Institutes of Health, Hamilton, Montana, October,
1977. Dr. Burgdorfer urged Drs. Magnarelli and Anderson to
develop their own serologic and isolation facilities.
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early part of the 1900s. The increase in dog popula-
tions from 1950 to 1980 and the abundance of rac-
coons were suggested as possible reasons for the
increase in Dermacentor variabilis. The increase in the
population of white-tailed deer was the likely reason
for the increase in populations of Ixodes scapularis.

In subsequent years, ticks from other continents were
reported feeding on exotic snakes in Connecticut
(Anderson et al. 1981b, 1984b), on humans who had
recently been in other countries before coming to
Connecticut (Anderson et al. 1981a), and on an im-
ported dog (Anderson et al. 1984b). Such ticks could
become established and possibly serve as vectors of ex-
otic or established human or domestic animal-causing
pathogens. For example, a dog purchased in South
Africa and brought into New Preston, Connecticut,
was infested with numerous specimens of the tick
species Haemaphysalis leachi (Audouin) and died from
Babesia canis (Anderson et al. 1984b). A Connecticut
citizen parasitized by Rhipicephalus simus Koch was di-
agnosed with boutonneuse fever, an African disease
caused by Rickettsia conori (Anderson et al. 1981a).
Additionally, eight Ixodes ricinus were identified off
humans returning from Europe from 1990 through
2009 of which one was infected with borreliae. Cur-
rently, the brown dog tick, Rhipicephalus sanguineus, is
the only known exotic tick established in Connecticut.

The host-animals for the various feeding stages of
Ixodes scapularis and related species prevalent in west-
ern North America, Europe, and Asia were reported in
several papers (Anderson and Magnarelli 1984a, An-
derson et al. 1986c, Anderson 1988, 1989a, Anderson

et al. 1990c, Anderson 1991, Anderson and Magnarelli
1993c). As noted in these papers, the species of Ixodes
that are the primary vectors of Borrelia burgdorferi
and other causative agents of human disease have the
largest number of different vertebrate host species of
all known species of ticks.

The hosts for Ixodes scapularis, Ixodes ricinus, Ixodes
persulcatus Schulze, and Ixodes pacificus Cooley and
Kohls are extensive and include mammals, birds, and
reptiles, and each feeds on more than a hundred differ-
ent species of vertebrate animals. The importance of
white-footed mice as hosts for larval and nymphal
Ixodes scapularis and of white-tailed deer for adult
Ixodes scapularis was emphasized in relatively early
papers (Anderson and Magnarelli 1980, 1984a). Birds
were reported as a natural means of passively transport-
ing ticks relatively long distances, thereby enabling
ticks to establish new colonies and exposing humans to
pathogens carried by ticks (Anderson and Magnarelli
1984a, Anderson et al. 1990c, Magnarelli et al. 1992c,
Stafford III et al. 1995).

Kirby C. Stafford III (Figure 52), a graduate of Texas
A&M University, began his studies at the Experiment
Station in 1987. He focused his laboratory and field
studies on the control and ecology of Ixodes scapularis.
The abundance of specific stages of ticks at certain
times of the year in yards, including lawns, playground
areas, gardens, paths, and lawn-forest areas is crucial
information for developing integrated pest manage-
ment programs that reduce risk of exposure to tick
bites (Stafford III 1992a, Stafford III and Magnarelli
1993, Stafford III 1994, 2007) (Figure 53).

Figure 51. Adult female
Ixodes scapularis (l)
and Dermacentor
variabilis (r)

Figure 52. Dr. Kirby C. Stafford III
feeding ticks on laboratory mice in
the insectary at Lockwood Farm,
1990.

Figure 53. From left, Dr. Anuja Bharadwaj, Tara Raftery,
and Heidi Stuber collect ticks from a flannel cloth. The ticks
crawled onto the cloth as it was dragged over the ground,
Bridgeport, 2007.
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Several studies were completed on methods of reduc-
ing numbers of ticks and, therefore, reducing risk of
exposure to Lyme disease and related tick-associated ill-
nesses through application of pesticides, burning of
ground cover, reduction of the invasive Japanese bar-
berry shrub, and exclusion of deer by electric fencing
(Brei et al. 2009, Dolan et al. 2004, Hoen et al. 2009,
Pound et al. 2009, Stafford III 1991a, b, 1992b, 1993,
1997, Stafford III et al. 1998b, Stafford III et al. 2009,
Williams et al. 2009).

Dr. Stafford’s research demonstrated that the most
effective way to reduce ticks and reduce risk of acquiring
a tick-associated illness was to apply an insecticide (aca-
ricide) to the lawn and shrubs at the appropriate time
of year coupled with changes in landscaping to reduce
prime habitats of ticks (Stafford III 1991b, Stafford III
and Magnarelli 1993, Stafford III 2007). Relatively
small amounts of insecticide are usually needed when
applied during the beginning of the nymphal period in
May or early June, and if needed during the adult season
in the fall in October or in spring if no fall application
was made. Applications were shown to be most effec-
tive when directed along the perimeter of the lawn
and woodland edges or other areas known to harbor
ticks. Many commercial applicators of pesticides and
homeowners rely upon the information provided by
Stafford III (1997) (Figure 54).

Successful topical treatment of white-tailed deer with a
pesticide to kill adult Ixodes scapularis in Old Lyme,
Connecticut also was reported (Brei et al. 2009, Hoen

et al. 2009, Pound et al. 2009, Stafford III et al. 2009).
Over a five-year period, up to 24 “4-Posters” were dis-
tributed within a 5.2 km2 area and maintained with
feed (corn) to attract deer and apply the pesticide
(amitraz) to the anterior part of the deer during the
active adult tick season. This treatment significantly
reduced the numbers of nymphal ticks for a six-year
period, compared to an untreated area in adjacent Old
Saybrook, Connecticut. This passive topical treatment
of the primary host for adult ticks reduced the num-
bers of nymphs in subsequent years, thereby reducing
risk of exposure of humans to tick-associated
pathogens.

Biological control of ticks using natural enemies, such
as a parasitic wasp, Ixodiphagus hookeri Howard, and
pathogenic fungi, was also explored (Stafford III et al.
1996, Stafford III et al. 2003, Tuininga et al. 2009).
The efficacies of applications of imidacloprid/perme-
thrin to dogs to prevent transmission by ticks of
Anaplasma phagocytophilum and Borrelia burgdorferi
were also studied and reported (Blagburn et al. 2004,
Spencer et al. 2003). In addition, scientists at the Ex-
periment Station wrote review articles on the control
of ticks (Anderson 1989d, Ginsberg and Stafford III
2005, Stafford III 1989, Stafford III and Kitron 2002,
Stafford III 2007).

Three review articles on ticks, covering major aspects
of their life history and ecology throughout the world
were published (Anderson 2002, Anderson and
Magnarelli 2008, Stafford III 2007).

Figure 54. Dr. Kirby C. Stafford III (r) testifying before a
Connecticut Department of Public Health and Attorney
General hearing on Lyme disease at the Legislative Office
Building 29 January, 2004. Dr. James Hadler, State Epi-
demiologist, is on the left.

Fig. 55. Elizabeth Alves, tick-testing laboratory in
Slate Building, identifying a tick with the aid of a
binocular microscope, 2010.
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Ticks, identification and testing for
Borrelia burgdorferi for citizens
In 1983, Connecticut citizens requested that the
Experiment Station identify and test ticks off humans
and pets for the causative agent of Lyme disease, Borre-
lia burgdorferi. We agreed to perform this service freely.
We were able to identify all submitted ticks, but ini-
tially we were only able to test live ticks for the spiro-
chetes that caused Lyme disease. Our only means of
testing ticks for spirochetes was by culture or by an
indirect fluorescent antibody (IFA) test.

In the late 1980s, Director John Anderson began
working in the laboratory of Dr. David H. Persing and
with his technician Paul N. Rys at the Yale School of
Medicine to learn the protocol for the polymerase
chain reaction, which enabled us to detect spirochetes
in dead ticks (Persing et al. 1990). This procedure,
which is still used today, enabled us to test almost all
submitted ticks.

Currently, citizens are encouraged to submit their spec-
imens to their local health department, which then for-

wards the ticks to the Experiment Station (Figure 55).
Since 1990, 90,408 ticks representing 18 species have
been identified. Almost all of the specimens were feed-
ing on humans. Ixodes scapularis was the most common
species submitted [N=83,211 (91%)]. Nine of the
species were not native to Connecticut.

This service is important because it (1) provides an
accurate identification to species and stage of the
tick, (2) provides the approximate time the tick was
attached (based upon the approximate quantity of
blood in the midgut), and (3) determines whether
the tick was infected with borreliae. This information
was often then used by the citizen, in consultation
with his/her physician, to determine whether anti-
biotics would be administered. We currently do not
test recently attached ticks because they were not
feeding for a long enough period of time to transmit
borreliae. Local health departments were discouraged
from sending Dermacentor variabilis ticks. Dermacentor
ticks, which are not competent to transmit Borrelia
burgdorferi, were identified when submitted, but they
were not tested for borreliae.

Figure 56.

Ticks as Vectors of Rocky Mountain Spotted Fever: 1970s

� Established a lab at the Experiment Station for work with
human pathogens.

� With National Institutes of Health, made first isolation of
causative agent of Rocky Mountain spotted fever from a
Connecticut patient.

� With National Institutes of Health, made first isolations
of causative agent of Rocky Mountain spotted fever from
Connecticut ticks.

� Developed antibody-detecting tests for Rocky Mountain
spotted fever in wildlife.

The Disease:
RockyMountain spotted fever rash

TheVector: American dog tick
Dermacentor variabilis

Carol Lemmon
inoculating a flask in
a biosafety cabinet

The Pathogen:
Rickettsia rickettsii
(red dots)
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Ticks, bacterial and protozoan pathogens

Rocky Mountain spotted fever
In 1977, Magnarelli suggested to Anderson that the
two of them initiate a study of Rocky Mountain spot-
ted fever (Magnarelli and Anderson 1978a). Rocky
Mountain spotted fever is a tick-associated disease
caused by a bacterium, Rickettsia rickettsii. A number
of cases had recently been reported on Long Island,
New York (Benach et al. 1977) and a few cases had
been reported in relatively recent years by the Con-
necticut Department of Public Health. These bacteria
are relatively small and appear as thin or short rods (1μ
to 2μ in length) or as spheres (0.3μ in diameter) and
live within cells. They occur naturally in certain
species of ticks, particularly in Dermacentor variabilis
in the eastern United States.

Humans are accidental hosts and become infected by
a tick bite. Onset of disease may manifest itself initially
by a few days of general malaise or it may be sudden.
The first signs may often include a splitting headache
accompanied by pains in the back, joints, and legs
(Raoult and Walker 1990). The patient may have a
stiff neck and light is painful to the eyes. Temperature
rises rapidly to 102o F or greater, and the patient may
suffer episodes of delirium. As the infection progresses,
endothelial cells lining the capillaries burst, blood
seeps through the capillary walls and causes hemor-
rhages that appear as the characteristic spots on the
skin. The rash appears first on the wrists and ankles

and later on the limbs, trunk and face. They often
appear on the palms of the hands and soles of the
feet. Mortality in untreated patients is slightly over
20%. Effective antibiotics are chloramphenicol and
tetracyclines.

In collaboration with colleagues from the National
Institute of Allergy and Infectious Diseases, National
Institutes of Health, Rocky Mountain Laboratories,
Hamilton, Montana and with the support of the Con-
necticut Department of Public Health, Magnarelli
and Anderson collected and tested several thousand
ticks for the presence of spotted-fever group rickettsiae.
Ticks were collected by moving a flannel cloth over
vegetation, by public referral, and by examination of
wild and domestic animals. Spotted-fever group rick-
ettsiae were reported in 0.8% to 2.8% of the Derma-
centor variabilis tested (Magnarelli et al. 1979a, 1981a,
Magnarelli et al. 1981b, Magnarelli et al. 1982a,
Magnarelli et al. 1985a, Magnarelli and Anderson
1989a). Rates of infection varied according to the
stage of tick collected, method of collection, and the
sampling site.

In Connecticut, 15 cases of Rocky Mountain spotted
fever had been reported by the Connecticut Depart-
ment of Public Health from 1965-1977. Travel histo-
ries indicated that all had likely contracted their illness
locally (Magnarelli et al. 1979a, 1981a). Residences of
patients were in 12 towns and were scattered from
Darien in southwestern Connecticut to Putnam in

No. positive sera/
Common Name Scientific Name Total sera tested (%)

Dog

Eastern chipmunk

Eastern woodrat

Eastern gray squirrel

Meadow vole

Raccoon

Short-tailed shrew

Striped skunk

Virginia opossum

White-footed mouse

White-tailed deer

Woodchuck

Woodland jumping mouse

174/1576 (11.0)

7/20 (35)

1/1 (100)

36/79 (46)

4/24 (16.7)

106/315 (33.6)

1/5 (20)

4/24 (16.7)

8/36 (22.2)

68/995 (6.8)

14/549 (2.6)

4/14 (28.6)

2/3 (66.7)

Canis lupus familiaris L.

Tamias striatus (L.)

Neotoma floridana (Ord)

Sciurus carolinensis Gmelin

Microtus pennsylvanicus (Ord)

Procyon lotor (L.)

Blarina brevicauda (Say)

Mephitis mephitis (Schreber)

Didelphis virginiana Kerr

Peromyscus leucopus (Rafinesque)

Odocoileus virginianus (Zimmermann)

Marmotamonax (L.)

Napaeozapus insignis (Miller)

Table 4. Connecticut mammalian sera with positive antibody titers to Rickettsia rickettsii antigen, 1976-1982.
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northeastern Connecticut. The causative agent of
Rocky Mountain spotted fever, Rickettsia rickettsii, was
isolated from the blood of an infected child who lived
in West Hartford (Magnarelli et al. 1981b) and from
four Dermacentor variabilis and one Ixodes texanus
Banks collected in Newtown, where 6 humans likely
contracted Rocky Mountain spotted fever (Anderson
et al. 1986e). These are the only isolations of Rickettsia
rickettsii to have been made in Connecticut. Rickettsia
montana, a spotted fever-group Rickettsia that is not
known to cause disease in humans, was isolated from
Dermacentor variabilis collected in locations where
Rocky Mountain spotted fever was not prevalent (An-
derson et al. 1986e, Magnarelli et al. 1981b). Both
disease-causing and non-disease-causing spotted fever-
group rickettsiae occurred naturally in Connecticut
ticks (Figure 56).

Hundreds of wild animals were captured to determine
the stages and species of ticks feeding on small and
medium sized mammals at various times during the
year and to obtain blood samples to test for the ani-
mals’ prior exposure to spotted-fever group rickettsiae.
Antibodies to spotted fever-group rickettsiae were de-
tected from 1976-1982 in sera collected from 12 wild
mammals, including white-tailed deer, and from dogs
(Magnarelli et al. 1981b, Magnarelli et al. 1983,
Magnarelli et al. 1984b) (Table 4).

Several of these animals may be good indicators of
rickettsial activity in specific foci, although, because
more than one species of Rickettsia are present in ticks,
the reactions of sera to Rickettsia rickettsii may not be
specific. Inasmuch as Rickettsia rickettsii is vertically
transmitted by infected female ticks to offspring via
eggs (Burgdorfer and Varma 1967), we do not know if
these animals are amplifying hosts and are important
in the epidemiology of Rickettsia rickettsii other than
serving as host animals for the tick vector, Dermacentor
variabilis.

Data on the prevalence of ticks infected with spotted-
fever group organisms, the prevalence of wild and do-
mestic animals with antibodies to Rickettsia rickettsii,
and the locations of the residences of patients diag-
nosed with Rocky Mountain spotted fever led us to
conclude that spotted-fever group rickettsiae were pres-
ent in inland and coastal regions of Connecticut and
that spotted fever-group rickettsiae were distributed in
separate foci in the state (Magnarelli et al. 1981b).

Human granulocytic anaplasmosis, human
monocytic ehrlichiosis, and domestic animal
ehrlichiosis
Diseases in domestic animals are often recognized
before similar diseases are reported in humans. This
was the case with human monocytic ehrlichiosis and
human granulocytic anaplasmosis. Members of the
genus Ehrlichia, a closely related genus to Anaplasma,
were reported to infect dogs as early as 1935 (Keefe et
al. 1982). The infecting species was Ehrlichia canis.
Later, equine monocytic ehrlichiosis, caused by
Ehrlichia risticii, was discovered in Maryland and
Virginia (Knowles et al. 1983). Human granulocytic
anaplasmosis, initially called human granulocytic
ehrlichiosis and caused by Anaplasma phagocytophilum,
was reported in the upper Midwestern United States in
1994 (Bakken et al. 1994), seven years after human
monocytic ehrlichiosis, caused by Ehrlichia chaffeensis,
had been first reported from a human living in
Arkansas (Maeda et al. 1987).

Anaplasma phagocytophilum is an obligate, intracytoplas-
mic bacterium that is transmitted to humans by a tick
bite (Bakken and Dumler 2008). Infections range from
asymptomatic to fatal disease. Symptomatic patients
often present with a nonspecific febrile illness with
shaking chills, myalgia, and headache. Tetracycline anti-
biotics and rifampin are effective in treating infections.

Louis A. Magnarelli and colleagues from the Experiment
Station, Yale University, and other institutions set out in
the late 1980s to determine the possible importance of
Ehrlichia and Anaplasma pathogens in causing human
and veterinary disease in Connecticut, the role of ticks in
transmitting these organisms, and the role of wild ani-
mals in maintaining these pathogens.

Human studies
In a collaborative retrospective study led by the Centers
for Disease Control, human monocytic ehrlichiosis was
reported in United States Army reservists from Con-
necticut after a field training exercise in New Jersey (Pe-
tersen et al. 1989a). These reservists had serologic
evidence of Ehrlichia infection. Later, evidence for anti-
bodies to Ehrlichia chaffeensis and Ehrlichia equi in hu-
mans living in Connecticut and Minnesota that were
diagnosed with Lyme disease was reported by Magnarelli
et al. (1995d), thereby suggesting that patients with
Lyme disease may also have had exposure to Ehrlichia
(Anaplasma). IFA staining methods and Western blot
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analyses were used to reveal probable human cases
of human granulocytic anaplasmosis infection in Con-
necticut in 1995 and 1996 (Magnarelli et al. 1998a,
Magnarelli et al. 1998b). Many of these patients also
had antibody to the etiologic agents of human mono-
cytic ehrlichiosis, babesiosis, or Lyme disease.

These findings led the authors to suggest that when
one of these tick-borne diseases is clinically suspected
or diagnosed, clinicians should consider the possibility
of other current or past tick associated infections.
Additional collaborative studies led by scientists else-
where developed and standardized an IFA assay for the
detection of human antibodies to the agent of human
granulocytic anaplasmosis (Nicholson et al. 1997), and
still another investigation demonstrated that the
human granulocytic anaplasmosis agent did not pro-
duce significant antibody to Borrelia burgdorferi (Bun-
nell et al. 1999). Joint studies with scientists at the
University of Texas, Galveston led to a publication on
the ultrastructure of different genogroups of Ehrlichia
(Popov et al. 1998).

Additionally, Magnarelli working in collaboration with
colleagues at the Yale School of Medicine reported that a
44kDa antigen from the human granulocytic anaplas-
mosis agent reacted with immunoglobulin G (IgG) anti-
bodies in 18 patients diagnosed with human granulo-
cytic anaplasmosis (IJdo et al. 1997). This finding sug-
gested that this protein might be useful in diagnosis of
this disease. The gene encoding this 44kDa protein was
then cloned and a fusion protein was shown to be useful
in helping to diagnose human granulocytic anaplasmosis
in humans (IJdo et al. 1998, IJdo et al. 1999). An addi-
tional study demonstrated that this disease was causing
illness in a 12-town area around Lyme, Connecticut in
1997-1999 (IJdo et al. 2000a). In a related study, the
DNA of Ehrlichia chaffeensis was detected in Ambly-
omma americanum ticks feeding on humans in Con-
necticut and Rhode Island, thereby suggesting that
human monocytic ehrlichiosis may be occurring in
southern New England (IJdo et al. 2000b).

Domestic animal studies
The first case of canine ehrlichiosis in Connecticut was
reported by Magnarelli et al. (1990d). Antibodies to
Ehrlichia canis and Ehrlichia risticii were later reported
in a retrospective study to be present in dog and horse
sera from Connecticut and New York (Magnarelli and
Anderson 1993). We reported that 11.7% of the dog

sera had antibodies to Ehrlichia canis and 9.1% of the
horse sera contained antibodies to Ehrlichia risticii.
The two studies were the first indication that these two
species of Ehrlichia possibly were infecting domestic ani-
mals in northeastern United States. Later, more exten-
sive studies of ill and clinically normal dogs and horses
supported these earlier findings that domestic animals
living in tick-infested areas were being exposed to
Ehrlichia (Magnarelli et al. 1997c, Magnarelli et al.
1999c, Magnarelli et al. 2000b). A fusion protein, ini-
tially developed for use with humans (IJdo et al. 1998),
was then shown to be useful in detecting antibodies of
granulocytic ehrlichiosis in dogs and horses (Magnarelli
et al. 2001a, Magnarelli et al. 2001b). Cattle were also
reported to being exposed to Ehrlichia (Magnarelli et al.
2002a). Duration of the antibody response in horses to
Ehrlichia equi was also reported (Van Andel et al. 1998).

Wild animal studies
Magnarelli et al. (1995e) reported Ehrlichia-like
organisms in ticks from five different states, including
Connecticut, and the Canadian Province of British
Columbia and the detection of DNA of the human
granulocytic ehrlichiosis pathogen. With the establish-
ment of these organisms in ticks, serosurveys were
undertaken of wildlife upon which the ticks feed.
A retrospective study of sera from white-footed mice
captured in Connecticut in the 1980s and early 1990s
revealed antibodies that reacted with Ehrlichia chaffeensis
and Ehrlichia equi antigens along with those of Babesia
microti and Borrelia burgdorferi (Magnarelli et al.
1997a). This study revealed that white-footed mice
probably are important in the epizootiology of all four
human pathogens. A follow-up study detected anti-
bodies to the agent of human granulocytic anaplasmosis
in small rodents as far south as Florida (Magnarelli et al.

Figure 57. Dr. Kirby C. Stafford III placing Sherman box traps
to capture white-footed mice alive in Lyme, Connecticut, 1990.
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1999b). In a related study, Stafford III et al. (1999)
reported antibody to the human granulocytic anaplas-
mosis agent in about 50% of the white-footed mice
captured in Connecticut in 1997 and 1998 (Figure 57).
Moreover, many of the mice also had antibodies to Bor-
relia burgdorferi and Babesia microti. The DNA of the
human granulocytic anaplasmosis agent was detected in
17 of 47 (36%) of the mice, but only 4 (24%) of the
mice were positive at each capture, leading the authors
to conclude that infection of granulocytic Anaplasma in
mice may be transient. Ehrlichia organisms were also
cultured from three of the mice. A recombinant protein
of Anaplasma phagocytophilum also showed that white-
footed mice captured in southern and northern portions
of Connecticut had past or current infections (Magna-
relli et al. 2006). Genetic variants of Anaplasma phago-
cytophilum were reported in a collaborative study led by
the Centers for Disease Control from Ixodes scapularis
and small mammals from Connecticut and Rhode Island
(Massung et al. 2002). Some of these variants may inter-
fere with the maintenance and transmission of the true
agent that causes human disease. Sera from deer also
had antibodies to Anaplasma phagocytophilum (Magna-
relli et al. 1999a, Magnarelli et al. 2004b). A study with
scientists from the Universities of Minnesota and Rhode
Island resulted in the culturing of an intracellular
prokaryote from Ixodes scapularis (Kurtti et al. 1996).

Babesiosis
Babesiosis is primarily a disease of animals and is caused
by protozoa belonging to the genus Babesia, which are
obligate parasites of red blood cells. More than 100
species are recognized, and all are transmitted by ticks.
The first cases in the United States in humans with intact
spleens were reported on Nantucket Island, Massachu-
setts (Western et al. 1970). The etiologic agent was iden-
tified as Babesia microti. The mammalian reservoir and
tick vector were documented to be the white-footed
mouse, Peromyscus leucopus (Healy et al. 1976), and
Ixodes scapularis (Spielman 1976), respectively.

Symptoms of infected patients range from asymptomatic
to severe disease that may result in death (Vannier et al.
2008). Most cases present with mild illness characterized
by malaise and fatigue, which may include intermittent
fever with accompanying chills, sweats, headache, arthral-
gia, myalgia, anorexia, and cough. The disease may be-
come severe in persons with immunosuppressive
conditions. Treatment regimens include the combination
of atovaquone and azithromycin, or the combination of
clindamycin and quinine (Vannier et al. 2008).

Anderson and Magnarelli began their studies in the
late 1970s by attempting to find the etiologic agent,
Babesia microti, in white-footed mice and other small
rodents in Connecticut. Antibodies to Babesia microti
were detected in field-caught white-footed mice, par-
ticularly in New London County (Anderson et al.
1979b). We first isolated Babesia microti in hamsters
from bloods we had collected from white-footed mice
and meadow voles, Microtus pennsylvanicus, collected
on Prudence Island in Narragansett Bay, Rhode Island
(Anderson and Magnarelli 1983). We further reported
the co-infection of these two rodents with Babesia mi-
croti and Borrelia burgdorferi and suggested that larval
Ixodes scapularis could ingest both pathogens and sub-
sequently transmit both during feeding as a nymph
(Anderson et al. 1986d). The transmission of both
pathogens during a single tick bite was reported by a
group at Harvard University (Piesman et al. 1986).
Anderson, Magnarelli and colleagues from the Rhode
Island Department of Environmental Protection and
the University of Minnesota (1987d) reported Babesia
microti to be present only on islands in Narragansett
Bay, Rhode Island with white-tailed deer and the tick
Ixodes scapularis. Both this tick and Babesia microti
were absent in islands without white-tailed deer. This
study convincingly demonstrated that human babesio-
sis would occur primarily in areas where white-tailed
deer were relatively abundant.

The first case of human babesiosis in Connecticut oc-
curred in 1988 in New London County (Gadbaw et al.
1989), where we had detected antibody in white-
footed mice in 1976 and 1977 (Anderson et al.
1979b). These studies were in collaboration with in-
vestigators at the Lawrence and Memorial Hospital in
New London and the State Department of Public
Health. Thirteen patients were diagnosed with
babesiosis in 1988-1990 (Anderson et al. 1986d).
Five of eight patients also had significant IgG or IgM
titers to Borrelia burgdorferi, the causative agent of
Lyme disease, thereby suggesting that these patients
may have had co-infections of both pathogens. We iso-
lated Babesia microti from the bloods of seven patients
and from 27 mice captured in the yards of persons di-
agnosed with babesiosis. These data strongly suggested
that patients were likely being bitten by ticks acquired
around their homes. This was the largest number of
human cases infected with Babesia microti reported on
the mainland of the United States to that date; almost
all other cases had been reported in people living on or
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visiting islands. Infection rates in white-footed mice
captured in southeastern Connecticut remained rela-
tively high in subsequent years, indicating that this
pathogen is persisting and well established in this part
of the state (Stafford III et al. 1999).

In 2002, four patients from Greenwich, which is
located in the southwestern part of Connecticut,
adjacent to New York State, were diagnosed with
babesiosis. Two of the patients had no travel history
away from Greenwich prior to their illness. Babesia
microti was isolated from white-footed mice and east-
ern chipmunks, Tamias striatus, captured in the yards
of these two patients (Anderson and Magnarelli 2004).
These data showed that a new focus of Babesia microti
had been established in Connecticut, and we predicted
that this disease would become more prevalent in
southwestern Connecticut and adjacent New York
State. An earlier study had reported antibody to
Babesia microti in mice collected in Bridgeport
(Stafford III et al. 1999).

In 1989, an apparently healthy regular blood donor gave
blood that was transfused into a patient without a spleen
in Waterbury Hospital. The patient became ill with
babesiosis. In a collaborative study with the State De-
partment of Public Health and the Connecticut Blood
Bank, blood was subsequently drawn from the donor
and inoculated into a laboratory hamster. The hamster
developed a Babesia microti infection, thereby confirm-
ing that the blood donor had an asymptomatic infection
and that Babesia microti had been transmitted to the pa-
tient by blood transfusion (Mintz et al. 1991). This was
the first case of babesiosis being transmitted by transfu-
sion in Connecticut. Blood donors at risk to tick bites
are now screened for infection with Babesia microti.

Babesia gibsoni, a pathogen of dogs in Asia, was iso-
lated from a Connecticut dog that summered on Cape
Cod, Massachusetts. In a collaborative study with
Harvard University and a private veterinarian, the
isolate was identified (Anderson et al. 1979a). This
was the first report of this species of Babesia in a North
American dog that had not traveled outside of the
country. This disease is now commonly reported in
dogs in southern United States and elsewhere in the
country. A later study showed this Babesia to be genet-
ically distinct from Babesia microti (Conrad et al.
1992). An IFA test for this Babesia was developed in
collaboration with the Centers for Disease Control

(Anderson et al. 1980). This pathogen was later shown
in another study with the Department of Pathobiology
at the University of Connecticut to be infectious to
coyotes and coydogs (Roher et al. 1985).

We discovered a previously unknown species of Babesia
infecting raccoons, Procyon lotor, and named it Babesia
lotori (Anderson et al. 1981c). The possible tick vector
is Ixodes texanus.

Lyme disease
Lyme disease is caused by a spirochete that is trans-
mitted from white-footed mice to humans by the bite
of a hard-bodied tick, Ixodes scapularis. However, the
causative agent, the tick vector, and the role of wild
animals in the epidemiology of this disease were un-
known when a clustering of arthritic children was ini-
tially described from the Connecticut towns of Old
Lyme, Lyme, and East Haddam in 1977 (Steere et al.
1977) and the skin lesion known as erythema migrans
had been reported in southeastern Connecticut (Mast
and Burrows 1976).

Lyme disease is a multisystemic disorder that occurs in
stages and affects the skin, heart, nervous system, and
joint tissues (Steere 2001). Antibiotics, including tetra-
cyclines, penicillins, and cephalosporins are often pre-
scribed. Patients treated during early stage Lyme
disease usually recover completely. A few persons, par-
ticularly those diagnosed with later stages of the dis-
ease, may have persistent or recurrent neurological and
arthritic symptoms. One to four thousand cases of
Lyme disease are reported annually by the Connecticut
Department of Public Health (www.ct.gov/dph).
Louis A. Magnarelli and John F. Anderson were study-
ing Rocky Mountain spotted fever in Old Lyme at the
time Lyme disease was described and began looking
for organisms in ticks that might be associated with this
newly described disease. At a meeting of the American
Society of Rickettsiology in Atlanta, Georgia, in late
1981, Willy Burgdorfer informed Magnarelli and
Anderson that he had discovered the causative agent of
Lyme disease, a spirochete, and let them read a draft of
the paper that had been accepted but not yet published
in Science magazine (Burgdorfer et al. 1982).

Magnarelli and Anderson, who were sharing a hotel
room, stayed up that night and into the early hours
of the next morning in Atlanta discussing how they
would begin field and laboratory studies of this newly
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discovered spirochete that later would be described by
Russell C. Johnson of the University of Minnesota and
named Borrelia burgdorferi, in honor of Willy Burgdorfer
(Johnson et al. 1984). Upon returning from the meeting
in Atlanta, Magnarelli began his efforts on serological
studies, and Anderson began his efforts to find and
culture the spirochetes from ticks and wild animals.

Ecology and Epidemiology of Lyme disease
The Experiment Station, in collaboration with the
National Institutes of Health, Rocky Mountain Labo-
ratories, was one of two laboratories that first isolated
Borrelia burgdorferi from wild mammals. This study
was important in demonstrating that wild animals,
particularly white-footed mice, were the important
reservoirs for this spirochete (Anderson et al. 1983).
The study also reported that 35% of the Ixodes scapu-
laris ticks tested from East Haddam and Lyme, Con-
necticut were infected with spirochetes (Table 5). The
spirochetes from wild animals and ticks reacted with
sera from humans that had been diagnosed with Lyme
disease, thereby further supporting the claim that a
spirochete was the causative agent of Lyme disease
(Figure 58). The spirochete was also isolated from
ticks collected in Rhode Island (Anderson and
Magnarelli 1983).

Anderson and Magnarelli (1984a) reported both mam-
malian and avian hosts for spirochete-infected Ixodes
scapularis and published the first composite ecological
diagram showing the ecology of the tick in relation to
its numerous vertebrate hosts. This diagram, which
showed the importance of various mammals and birds
in maintaining and establishing tick colonies and in
the dispersal of ticks, is as true today as it was when it
was published more than a quarter of a century ago.
Many studies followed and reported on prevalence of
infected questing and feeding ticks on mammalian and
avian hosts geographically and throughout the year in
Connecticut (Figure 59). Additionally, prevalence of
antibody to Borrelia burgdorferi was determined in
many domestic and wild animals, and antibody tests
were developed for humans.

Scientists at the Experiment Station made the first
isolation of Borrelia burgdorferi from a wild bird and
demonstrated that the spirochete from the bird was
infectious to a laboratory mammal (Anderson et al.
1986c). This study and others showed that birds could
become infected with Borrelia burgdorferi, transport
the Lyme disease-causing agent relatively long dis-
tances, and infect juvenile Ixodes scapularis and Ixodes
ricinus feeding on infected birds (Anderson and

Figure 58.

Lyme Disease: Its Vectors and Natural Hosts: 1980s

We showed the wide range of hosts available to the vector tick
and the Lyme disease-causing spirochetes.We demonstrated that
white-footedmice were themain natural hosts for the spirochetes
and that birds could disperse both the ticks and the spirochetes.
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causative agent of
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Magnarelli 1984a, Anderson et al. 1990c, Hubalek et al.
1996, Magnarelli et al. 1992c, Stafford III et al. 1995).

Several additional ecological studies of Borrelia burgdor-
feri were published. Prevalence of infection of Borrelia
burgdorferi in mice collected in areas with and without
Lyme disease was documented and found to be highest
in areas where Lyme disease was most common (Ander-
son et al. 1986b). However, spirochetes were isolated
from mice and ticks in Fairfield County, Connecticut
where the disease was not yet known in 1984, and we
then accurately predicted that this was a developing
focus of Lyme disease. In a related study conducted on
islands within Narragansett Bay, Rhode Island, Borrelia
burgdorferi was present only on islands infested with
Ixodes scapularis, and this tick was present only on is-
lands with deer (Anderson et al. 1987d). This study sug-
gested to us that the risk of acquiring Lyme disease and
babesiosis could be reduced through elimination of deer.
Stafford III (1993) demonstrated that excluding deer by
electric fencing reduced numbers of Ixodes scapularis.
Another study revealed that Borrelia burgdorferi infected
white-footed mice at all seasons of the year in Connecti-
cut, but prevalence of infection was two-fold lower in
winter, when nymphs are absent, than in summer when
nymphal ticks were abundant and feeding on and in-
fecting mice (Anderson et al. 1987b). Larval ticks are
most abundant from July to September and become in-
fected while feeding on infected mice. The relatively

high prevalence of Lyme disease in humans was reported
by Stafford III et al. (1998a, 1999) to be correlated
with abundance of infected ticks. The major method
of transmission of Borrelia burgdorferi in Connecticut
is by larval Ixodes scapularis feeding upon infected
white-footed mice and later transmitting the spiro-
chete as nymphs, but one study suggested that vertical
transmission, that is the passage of the spirochete from
the female tick to her offspring, can occur, although it
is relatively rare (Magnarelli et al. 1987a).

The geographical and seasonal distributions of this spiro-
chete in juvenile and adult ticks collected by dragging
flannel cloth over vegetation and off humans, mammals,
and birds were reported for Connecticut and elsewhere
(Anderson and Magnarelli 1984a, Anderson et al.
1986b, Anderson et al. 1986d, Anderson et al. 1987a,
Magnarelli and Anderson 1984, Magnarelli et al. 1984a,
Magnarelli et al. 1986a, Magnarelli and Anderson
1989a, Magnarelli et al. 1991a, Magnarelli et al. 1995c,
Stafford III et al. 1995) (Figure 60). Ixodes scapularis has
moved west and north in relatively recent years from
southeastern Connecticut, where it was initially rela-
tively abundant.

John F. Anderson and Magnarelli, in an effort to fur-
ther understand the epidemiology of Lyme disease,
collaborated with colleagues located elsewhere in the
United States and reported on prevalence of infected

Figure 59. Dr. Magnarelli (standing) and
Dr. Anderson viewing spirochetes using
dark-field microscopy, 1986.

Figure 60. Drs. Magnarelli (l) and Anderson (r) stand outside the Town Hall of
Old Lyme, Connecticut, 1993. Lyme disease was named after the towns of Old
Lyme and Lyme, Connecticut. Magnarelli, Anderson, and their technicians spent
hundreds of hours collecting ticks, mammals, and birds in the woodlands of Old
Lyme and surrounding towns and analyzing samples in their laboratories to help
understand the natural history of Lyme disease and to help reduce risk of human
illness from the causative agents of this and related tick-associated diseases. Dr.
Kirby C. Stafford III, not shown in the picture, conducted numerous studies on the
control of ticks in Old Lyme and nearby communities.



Prevalence of infected ticks

Prevalence of infected ticks

Prevalence of infection as determined
by isolation of Borrelia burgdorferi and
prevalence of infected ticks

Prevalence of infection as determined
by isolation of Borrelia burgdorferi and
prevalence of infected ticks

Prevalence of infection as determined
by isolation of Borrelia burgdorferi and
prevalence of infected ticks

Prevalence of infection as determined
by isolation of Borrelia burgdorferi and
prevalence of infected ticks

Prevalence of infected ticks

First isolation of Borrelia burgdorferi
from awild bird

Prevalence of infected ticks

Prevalence of infection as determined
by isolation of Borrelia burgdorferi and
prevalence of infected ticks

Prevalence of infected ticks

Prevalence of infected ticks

Isolation

Prevalence of infected ticks

Prevalence of infected ticks

Prevalence of infected ticks

Prevalence of infected ticks

Prevalence of infected ticks

Cat
Felis catus L.

Dog
Canis lupus familiaris L.

Eastern chipmunk
Tamias striatus (L.)

Human
Homo sapiens L.

Meadow vole
Microtus pennsylvanicus (Ord)

Raccoon
Procyon lotor (L.)

Red squirrel
Tamiasciurus hudsonicus
(Erxleben)

Veery (song bird)
Catharus fuscescens (Stephens)

Virginia opossum
Didelphis virginiana Kerr

White-footed mouse
Peromyscus leucopus
(Rafinesque)

White-tailed deer
Odocoileus virginianus
(Zimmermann)

Woodchuck
Marmotamonax (L.)

Woodland jumping mouse
Napaeozapus insignis (Miller)

Bank vole Clethrionomys
glareolus (Schreber)

Wood mouse
Apodemus sylvaticus (L.)

Yellow-necked mouse
Apodemus flavicollis (Melchior)

Birds (many species)

Mammals (many species)

(Magnarelli et al. 1990a)

(Anderson andMagnarelli 1983)

(Anderson et al. 1983, Anderson et al. 1985,
Anderson et al. 1987e)

(Anderson et al. 1996, Magnarelli and
Anderson 1989a, Nadelman et al. 1990)

(Anderson et al. 1986d, 1987d)

(Anderson et al. 1983)

(Anderson et al. 1983)

(Anderson et al. 1986c)

(Anderson et al. 1987e)

(Anderson andMagnarelli 1983, Anderson
et al. 1983, Anderson et al. 1985, 1986b,
Anderson et al. 1986d, Anderson et al.
1987a, Anderson et al. 1987b, Anderson et
al. 1987e, Anderson et al. 1991, Magnarelli
and Anderson 1988b, Magnarelli et al.
1995c)

(Anderson and Magnarelli 1983, Anderson
et al. 1987a, Anderson et al. 1987e,
Magnarelli et al. 1984d, Magnarelli et al.
1986a, Magnarelli et al. 1993, Magnarelli et
al. 1995c)

(Magnarelli and Swihart 1991)

(Anderson andMagnarelli 1984a)

(Anderson et al. 1986a)

(Anderson et al. 1986a)

(Anderson et al. 1986a)

(Anderson and Magnarelli 1984a, Anderson
et al. 1986c, Anderson et al. 1990c, Hubalek
et al. 1996, Stafford III et al. 1995)

(Oliver et al. 1999)

Table 5. Experiment Station publications on the isolation or detection of Borrelia burgdorferi from blood or
tissues of wild animals and humans and from attached ticks on humans and wild and domestic animals.
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ticks and animals and the presence of antibodies to
Borrelia burgdorferi. These locations included Rhode
Island (Anderson and Magnarelli 1983, Anderson et al.
1986d), New York State (Anderson et al. 1987e, 1988,
Magnarelli et al. 1986a, Magnarelli et al. 1995b),
North Carolina (Magnarelli et al. 1986a, Oliver et al.
1999), New Hampshire (Anderson et al. 1987e), Wis-
consin (Anderson et al. 1987a), Pennsylvania (Ander-
son et al. 1990b), Maryland (Magnarelli et al. 1991b),
Georgia (Magnarelli et al. 1991b), Florida (Magnarelli
et al. 1991b), Illinois (Nelson et al. 1991), South Car-
olina (Magnarelli et al. 1992b), Alabama (Magnarelli
et al. 1992b), Mississippi (Magnarelli et al. 1992b),
and Ontario, Canada (Gallivan et al. 1998).

Several review articles on serology, isolation, and epizo-
otiology of borreliae and Lyme disease were published
(Anderson 1985a, 1988, 1989a, b, c, d, Anderson et al.
1989, Anderson 1991, Anderson and Magnarelli 1992,
1993a, b, c, Anderson et al. 1994, Anderson and Magna-
relli 1994, 1998, 1999, Burgdorfer et al. 1991, Magna-
relli 1989a, 1991, 1997, 2009, Wilske et al. 1991).

Genetic variants of Borrelia burgdorferi were also re-
ported by Experiment Station scientists. One was from
upstate New York (Anderson et al. 1988) and later iden-
tified as Borrelia bissettii. Another was isolated from cot-
tontail rabbits and Ixodes dentatus (Anderson et al.
1989). This was later described and named Borrelia an-
dersonii in recognition of John F. Anderson (Marconi et
al. 1995). Still another was infectious but nonpatho-
genic in mice (Anderson et al. 1990a), and others were
recovered from Ixodes scapularis and Ixodes dentatus
Marx feeding on humans (Anderson et al. 1996).
Genetic variability of these isolates was later reported in
comparison to isolates from throughout the United
States (Mathiesen et al. 1997) and from Europe (Zingg
et al. 1993). These isolates also were screened in vaccine
studies (Schaible et al. 1993, Zhang et al. 1997).

Although Ixodes scapularis is the primary vector of
Borrelia burgdorferi, Experiment Station scientists re-
ported finding this spirochete in insects [fleas, Orcho-
peas leucopus (Baker), and botflies, Cuterebra fontinella
Clark (Anderson and Magnarelli 1984a), deer flies, horse
flies, and mosquitoes (Magnarelli et al. 1986b, Magna-
relli and Anderson 1988b)] and suggested that some of
these biting arthropods may be secondary vectors. Deer
flies, horse flies, and mosquitoes have been reported to be
possible vectors of borreliae in Europe (Hard 1966,
Stanek et al. 1987), and in a collaborative study with sci-

entists in a laboratory in France, we reported an instance
of possible transmission by black flies (Simulium sp.)
(Doby et al. 1987). Laboratory studies demonstrated
that borreliae could survive for up to six days in adult
mosquitoes (Magnarelli et al. 1987d). At the Experiment
Station, this spirochete was isolated from engorging but
not questing Dermacentor variabilis (Anderson et al.
1985, Magnarelli and Anderson 1988b). This tick is not
a competent vector. Spirochetes were also found in the
tick, Ixodes cookei (Magnarelli and Swihart 1991).

In 1986, in a joint study with scientists from France, an
Experiment Station publication reported the first isola-
tions of Borrelia burgdorferi in France from Ixodes ricinus
(Anderson et al. 1986a), including a novel isolate, which
was later described as a new species, Borrelia garinii, an
important human pathogen (Baranton et al. 1992).
John F. Anderson also worked with Zdenek Hubalek on
the ecology of Borrelia burgdorferi in the Czech Republic
(Hubalek et al. 1996).

A new genus and species of spirochete was isolated from
short-tailed shrews and white-footed mice collected in
Connecticut and Minnesota (Anderson et al. 1987c).
This spirochete was later characterized and named
Brevinema andersonii in recognition of John F. Anderson,
who first isolated this spirochete (Defosse et al. 1995).
It is not known to cause human or veterinary disease.

Antibody studies of Borrelia burgdorferi and
other bacteria in wild and domestic animals
The first serologic tests for detecting Borrelia burgdorferi
antibodies in wild animals were reported by Magnarelli
et al. (1984a, 1984c, 1984d) (Table 6) (Figure 61).

Figure 61. Tia Blevins using an ELISA plate reader in the
serology laboratory, 2010.
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Antibody was present in small, medium, and large wild
animals in areas where Ixodes scapularis and human
disease were prevalent and to be virtually absent in
animals where ticks were scarce and Lyme disease was
not reported (Magnarelli and Anderson 1984). They
suggested that antibody testing of white-footed mice
be included in monitoring programs for Lyme disease
and also be used to assess the efficacy of programs
aimed at controlling ticks (Magnarelli et al. 1988a).
Additional studies were performed with cottontail rab-
bits (Magnarelli et al. 1990b). Subsequent studies were
focused on improvement of serologic procedures, assess-
ing different strains of borreliae to sera from different
geographic areas, testing recombinant antigens, and
detecting antibodies to multiple tick-associated human
pathogens (Fikrig et al. 1993, Gallivan et al. 1998,
Magnarelli et al. 1991b, Magnarelli et al. 1995a,

Magnarelli et al. 1995b, Magnarelli et al. 1995c,
Magnarelli et al. 1997a, Magnarelli et al. 1997b,
Magnarelli et al. 1999a, Magnarelli et al. 2006, Oliver
et al. 1999, Stafford III et al. 1999).

Scientists at the Experiment Station were among the
first to report Lyme disease in dogs (Magnarelli et al.
1985b, Magnarelli et al. 1987c). The serologic tests that
were developed were used by veterinarians to confirm
canine infections wherever Lyme disease was prevalent
(Levy and Magnarelli 1992, Magnarelli et al. 1990c).
Also, IFA and enzyme-linked immunosorbent assay
(ELISA) tests were developed to detect antibodies to
Borrelia burgdorferi in horses and to document the pres-
ence of antibody with reported lameness (Magnarelli et
al. 1988b, Magnarelli and Anderson 1989b). Similar
studies were reported for cats (Magnarelli et al. 1990a)

Table 6. Experiment Station publications on serologic studies of wild and domestic animals for detection of Borrelia
burgdorferi and other bacteria.

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody

Prevalence of antibody; disease

Prevalence of antibody

Prevalence of antibody; disease

Prevalence of antibody; disease

Animal Type of Study Citation

Cotton mouse
Peromyscus gossypinus (LeConte)
Eastern cottontail
Sylvilagus floridanus (J. A. Allen)
Eastern chipmunk
Tamias striatus (L.)

Eastern gray squirrel
Sciurus carolinensis Gmelin
Raccoon
Procyon lotor (L.)

Virginia opossum
Didelphis virginiana Kerr
White-footed mouse
Peromyscus leucopus
(Rafinesque)

White-tailed deer
Odocoileus virginianus
(Zimmermann)

Wild mammals (many species)

Domestic cat
Felis catus L.
Domestic cow
Bos taurus L.
Domestic dog
Canis lupus familiaris L.

Domestic horse
Equus ferus caballus L.

(Magnarelli et al. 1992b)

(Fikrig et al. 1993, Magnarelli et al. 1990b,
Magnarelli et al. 1995b)

(Magnarelli et al. 1984a)

(Magnarelli et al. 1984a)

(Magnarelli et al. 1984a, Magnarelli et al. 1984c,
Magnarelli et al. 1991b, Magnarelli et al. 1995a,
Magnarelli et al. 1995b)

(Magnarelli et al. 1984a)

(Magnarelli et al. 1984a, Magnarelli et al. 1984c,
Magnarelli et al. 1988a, Magnarelli et al. 1992b,
Magnarelli et al. 1995a, Magnarelli et al. 1995b,
Magnarelli et al. 1997a, Magnarelli et al. 2006,
Stafford III et al. 1999)

(Gallivan et al. 1998, Magnarelli et al. 1984d,
Magnarelli et al. 1986a, Magnarelli et al. 1991b,
Magnarelli et al. 1993, Magnarelli et al. 1995b,
Magnarelli et al. 1995c, Magnarelli et al. 1999a,
Magnarelli et al. 2004b)

(Oliver et al. 1999)

(Magnarelli et al. 1990a, Magnarelli et al. 2005,
Magnarelli et al. 2007)

(Magnarelli et al. 2004a)

(Fikrig et al. 1993, Levy andMagnarelli 1992,
Magnarelli et al. 1985b, Magnarelli et al. 1987c,
Magnarelli et al. 1990c, Magnarelli et al. 1990d,
Magnarelli et al. 1997b, Magnarelli et al. 2001c)

(Fikrig et al. 1993, Magnarelli et al. 1988b,
Magnarelli et al. 1997b, Magnarelli et al. 2000b,
Magnarelli and Fikrig 2005)
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and cattle (Magnarelli et al. 2004a). Improvements
of serologic tests for domestic animals, finding co-
infections with other tick-transmitted pathogens
(Ehrlichia and Anaplasma), and evaluation of recombi-
nant antigens were subsequently reported (Fikrig et al.
1993, Magnarelli et al. 2000b, Magnarelli et al. 2001c,
Magnarelli et al. 2004b, Magnarelli et al. 2005,
Magnarelli and Fikrig 2005). Another study focused on
detection of Borrelia burgdorferi in urine of animals by
an ELISA to improve diagnosis of infections (Magnarelli
and Anderson 1994, Magnarelli et al. 1994b).

Magnarelli et al. (2007) also reported the detection of
antibodies to the organism that causes tularemia, Fran-
cisella tularensis, in cats that lived in Connecticut and
New York State (Magnarelli et al. 2007). Still in another
related study, the human and veterinary pathogen Lepto-
spira interrogans, which is not transmitted by ticks or in-
sects, was isolated from the skin of a dog (Anderson et
al. 1993).

Serologic tests for Borrelia burgdorferi in humans
Magnarelli et al. (1984c, 1984e) published on methods
for one of the first tests to detect antibodies to Borrelia
burgdorferi in humans by ELISA and IFA, and, while
both procedures confirmed Lyme disease, they con-
cluded that ELISA was likely to be the preferred test
(Figure 62). Improvement of the ELISA and IFA tests
remained a focus of Magnarelli for the next 20 some
years (Figure 63).

Subsequent serologic studies with human sera reported
cross reactions with other human pathogens, docu-
mented early and persistent antibodies, and provided im-
provements for the test (Magnarelli and Anderson 1987,
Magnarelli et al. 1987b). These studies detected IgM
and IgG antibodies to Borrelia burgdorferi, but because of
cross-reactivity among Borrelia and Treponema, clinical
data and use of other serologic tests were likely needed

sometimes to separate a diagnosis of Lyme disease from
other infections (Magnarelli 1988b, Magnarelli and An-
derson 1988a, Magnarelli et al. 1990e, Magnarelli and
Anderson 1991). Assay sensitivity of Ig, IgM, and IgG
antibodies was relatively low when serum samples were
taken within three weeks of onset of erythema migrans,
but during neuritis or arthritis, IgG antibody levels were
usually elevated, and serologic verification of disease was
more easily achieved (Magnarelli 1988b).

Fractions of the spirochete were then tested, and those
with molecular masses of 34, 39, 59, and 68 kilodaltons
had comparable sensitivity but greater specificity than
tests with whole-cell spirochetes. Based on these studies,
it appeared that serological diagnosis of Lyme disease
might be improved by using subunit antigens (Magna-
relli et al. 1989). A recombinant flagellar protein,
p41-G, was used to confirm disease during early stages
of illness (Magnarelli et al. 1992a). A recombinant outer
surface protein C was later shown to help confirm Borre-
lia burgdorferi infections (Magnarelli et al. 1996). The
use of class-specific ELISA with purified recombinant
antigens and Western blot analyses confirmed earlier
studies that used recombinant antigens and led to the
conclusion that immunoblotting is advised as an adjunct
procedure when relatively low antibody titers were ob-
tained by ELISA (Magnarelli et al. 2000a, Magnarelli et
al. 2002b). Different strains of Borrelia burgdorferi and
species of Borrelia from different parts of the world were
found to react similarly to serum samples from persons
with Lyme disease (Magnarelli et al. 1994a).

Serologic studies for Borrelia burgdorferi and isolation of
Babesia microti from humans in southeastern Connecti-
cut indicated that patients were likely coinfected with
both organisms (Anderson et al. 1991). Subsequently,
Magnarelli et al. (1995d) provided serologic evidence
of human exposure to multiple tick-associated
pathogens and suggested that whenever the clinical

� Figure 62. ELISA plate
(green color indicates positive
antibody reactions).

Figure 63. Dr. Louis
A. Magnarelli report-
ing on serologic tests
in humans at a Lyme
disease meeting in
1992.

�



THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION www.ct.gov/CAES 47

picture of disease was unclear, additional laboratory test-
ing with multiple tick-borne pathogens be done.

Louis A. Magnarelli published a number of review arti-
cles pertaining to the quality and methods of various
serologic tests that were being performed in hospital,
public, and private laboratories for Lyme disease. These
writings emphasized that serological tests for Lyme dis-
ease were useful and remained the most practical means
of laboratory diagnosis, but quality control needed to be
improved (Magnarelli 1989b, c, d, 1990b, 1991, 1995).

Beginning in 1984, the Experiment Station staff began
analyzing human serum samples for antibodies to Borrelia
burgdorferi. More than 6,000 serum samples were per-
formed for the Connecticut State Department of Public
Health without fee during that year. This experimental
procedure was also used in three hospitals in Connecticut
and a major research laboratory at the University of Min-
nesota. Experiment Station staff also provided reagents
for an ELISA and expertise to personnel in clinical labo-
ratories within Connecticut and nationally. For many
years thereafter, Magnarelli provided needed services and
reagents to hospitals throughout the country (Figure 64).

Collaborative studies with other scientific institutions
I have already reported on numerous collaborative stud-
ies with scientists elsewhere, but in addition, the Experi-
ment Station was involved in many scientific experi-
ments relating to Lyme disease and other diseases and
often led by Professor Erol Fikrig or others at Yale Uni-
versity, physicians at the Connecticut State Department
of Public Health, and elsewhere. These experiments per-
tained to necrotizing splenitis (Rank et al. 1989), labora-
tory-based surveillance of Lyme disease (Petersen et al.
1989b), isolation of Borrelia burgdorferi from patients
(Nadelman et al. 1990), hantavirus (Wilson et al. 1995),

Rift Valley fever (Linthicum et al. 2007) and tick immu-
nity (Nazario et al. 1998). Extensive molecular studies
were published on how Ixodes scapularis feeds and how
Borrelia burgdorferi survives in and is transmitted be-
tween ticks and mammals. Important spirochete and
tick proteins that contribute to the tick-mammal cycle
were identified (Das et al. 2000, Fikrig et al. 2004, Li
et al. 2007a, Li et al. 2007b, Narasimhan et al. 2002,
Narasimhan et al. 2004, Narasimhan et al. 2007a,
Narasimhan et al. 2007b, Pal et al. 2000, Pal et al.
2004a, Pal et al. 2004b, Pal et al. 2006, Ramamoorthi
et al. 2005, Sukumaran et al. 2006). Collaborations
continued with Dr. Utpal Pal after he relocated to the
University of Maryland (Coleman et al. 2008, Pal et al.
2008, Promnares et al. 2009). Additionally, the effect
of feeding duration on transmission of Borrelia
burgdorferi and Anaplasma phagocytophilum was re-
ported (des Vignes et al. 2001).

Concluding Remarks
Public health entomology at The Connecticut Agricul-
tural Experiment Station began at a time when malaria
caused human disease and death and hordes of salt marsh
mosquitoes made life miserable in many shoreline com-
munities. Effective mosquito control programs were de-
veloped and completed in the early part of the 20th

century. Natural enemies of mosquitoes were identified
and attempts were made to assess their use in integrated
pest management programs. Blood and sugar feeding
habits were documented. Previously unknown mosquito-
associated viruses were later identified and studied,
including West Nile virus, and surveillance programs for
the most important viruses were established to help
reduce risk of human disease. Similarly, when ticks and
associated human diseases became a serious health prob-
lem in the latter part of the last century, the Experiment
Station promptly responded by studying the ecology
and control of ticks, the epidemiology of tick-associated
pathogens, and developing serologic tests for humans and
domestic and wild animals. These studies and various
services to the public, such as tick identification and
development of serology techniques, were done to reduce
risk of citizen exposure to disease, and to confirm specific
infections. The Experiment Station has promptly re-
sponded to a multitude of public health challenges in the
past and will continue doing so as new challenges arise
with evolving changes in rural and urban landscapes and
living accommodations and the introduction of new in-
vasive species of biting arthropods and human pathogens
from abroad.

Figure 64. Congresswoman Rosa DeLauro visiting the serology
laboratory of Dr. Louis Magnarelli. From l to r, Dr. Magna-
relli, Rosa DeLauro, Tia Blevins, Lesha Peyton, July, 1997.
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