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Executive Summary

This arelysis of the potential for the transmission of mosguito-borne infection in Suffolk County
examines the forces that determine risk of infection and the efficacy of the existing abatement
efforts that are practiced there. Vector-borne infections tend to arise explosively, affecting large
segments of the resident population. They are linked to environmental degradation and to the
importation of novel pathogens, vectors, or reservoir hosts.

The recent outbreak of West Nile Virus (WNV) infection in Suffolk County (and elsewhere in
the region) spanned the years 2000 through 2003 and waned in 2004. Regionally, transmission
intensity has remained level or risen during July and into September of 2005. Although fewer
than two dozen residents of Suffolk County have suffered clinical disease from WNV, it is
particularly pernicious because it strikes where people feel most secure, in their homes and in
urban and suburban sites. Everyone feels vulnerable; but the burden falls most heavily on the
elderly. Abatement efforts may have reduced risk of human infection in Suffolk County.

Diverse kinds of mosquitoes may acquire and transmit WNV in nature. Although the enzootic
vector in this region, Culex pipiens, feeds mainly upon birds, some proportion of these
mosquitoes feed on mammals, particularly during late summer and early fal. Thus, these
mosquitoes, when infectious, can pose direct risk to people. Abatement efforts against this
mosquito may moderate the amplification of WNV in nature, and may limit exposure of people

to such infected mosquitoes.

The salt marsh mosquito, Ochlerotatus sollicitans, is a maor nuisance to the residents along the
Atlantic-facing coast of Suffolk County. Because of its abundance, relatively indiscriminate
choice of hosts (feeding on birds and mammals), penchant for attacking people, and competence
as a vector for arboviruses, it may also serve as a bridge vector of virus from birds to other hosts,
including people. Abatement efforts, which have long been directed against this particular

mosquito, may reduce risk of human infection in Suffolk County.

Risk of acquiring Eastern Equine Encephalitis (EEE) may have increased in recent years, due,
possibly, to the return of wetland forest within the County. EEE infection is often fatal. The
burdensome sequellae in those who survive infection may cost society, on average, severd

millions of dollars. The salt marsh mosquito has occasionally been found to carry this pathogen;

Cashin Associates and Harvard School of Public Health 1
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thus, it may serve as a bridge vector to transfer EEE from its sylvan cycle to human hosts.
Certain abatement measures that may help reduce risk of one of these infections would do so for
the other.

Various other mosquito-borne pathogens may become established in North America, and Sindbis
virus seems to be a prime candidate for such an event. Its cycle is similar to that of WNV. Its
potential for invasion isillustrated by arecent outbreak in Scandinavia.

A tick-borne infection, due to the agent of Lyme disease, which was introduced into Suffolk
County during the mid-1900s, stands as an example of the burden that such an infection can

impose on a human population.

The mosguito abatement activities that have long been practiced in Suffolk County are consistent
with those generally accepted and utilized by those within the public health and vector
management community to diminish nuisance caused by mosguitoes as well as to limit risk of
vector-borne infection. Evaluating the extent to which these efforts are effective, however, is a
difficult and controversial process. We encourage public health and vector management officials
in Suffolk County to further optimize their surveillance and intervention activities as conditions
warrant and as resources alow.

Cashin Associates and Harvard School of Public Health 2
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1. Introduction

1.1. Mosquito-Bor ne Disease

Mosquitoes transmit numerous infections that powerfully threaten human health. The burden of
these infections is heaviest in West Africa, where malaria severely constrains human activities.

Rudyard Kipling wrote of the “Bight of Benin, where many go out, but few come in.” The
writings of such 19" Century travelers as du Chailu and Kingsley described the mortal dangers
that await visitors to the region (malaria continues to be transmitted intensely there). Visitors
generaly notice few mosquitoes; but before quinine became readily available, malaria is said to
have claimed between five to ten percent of English visitors to the region annually. Indigenous
adults, however, live apparently normal lives because their malaria infections are modulated by
acquired immunity. Young children are particularly vulnerable because disease-modifying
immunity develops slowly. Those that survive to later childhood become immune but continue
to be infected by this chronic, but well tolerated infection. The development of potent anti-
malaria drugs during the mid-20" Century provided a temporary respite from this infection.

Beginning in the 1980s, however, the various synthetic drugs increasingly lost their anti-malaria
efficacy, and malaria began to claim the lives of visitors as well as long-term residents in the
Bight of Benin, especialy children and pregnant women. The advent of the 21% Century,
therefore, brings with it something of the character of the 1800s. Quinine is, once again,

becoming the drug of choice there, and visitors must adopt increasingly burdensome precautions
against malaria. The situation has deteriorated. The future of West Africa, therefore, seems
bleak, even if other potent health threats, such as AIDS, were to be addressed. Currently,
malaria incidence in the “Bight of Benin” approaches 100 percent of the resident population

there.

This extreme example of the burden that mosquito-borne infection may impose on a region
illustrates certain peculiar features of these diseases that differentiate them from the more
directly transmitted infections (Spielman and Rossignol, 1984). Most basic is the tendency of
mosquito-borne infections to cluster spatially because their vectors depend on particular features
of the environment. Individua risk of infection may vary, even between nearby dwellings.
Another peculiar feature of such infections is their tendency to affect large numbers of people in

a relatively brief period of time. Outbreaks frequently are explosive because a mosquito can

Cashin Associates and Harvard School of Public Health 3
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carry the pathogen beyond the direct contacts of the originally infected host. In addition, such
infections tend to be silent in their natural cycles because pathogenesis correlates with age and
immunity modulates the expression of symptoms. Finadly, the intensity of transmission depends
far more on intrinsic properties of the vector mosguitoes than on their abundance. Mosquito-
borne infections, therefore, tend to be peculiarly burdensome because they may so suddenly and
severely affect many residents of a site even in the apparent absence of the mosquitoes that are

transmitting the infection.

A diverse array of mosquito-borne infections threatens the residents of Suffolk County, including
certain “endemic” pathogens that have long been transmitted there. Other infections may be
“imported” by travelers who encountered them elsewhere and may become ill after their return,
or the infectious agents may accompany an exotic vector or vertebrate host arriving naturaly or
facilitated by transport on or in vehicles and cargo (Pollack and Marcus, 2005). Such imported
infections generally are not subsequently transmissible on Long Island. Other infections are said
to be “introduced” when environmental conditions permit transmission of one or more secondary
cases. The term “perpetuating” is applied to such an introduction when each case, on average,
gives rise to at least one secondary case. Epidemiologists apply the term “basic reproduction
number” or “BRN” to this property of an infection (Anderson and May, 1991). Meades, one of
the most transmissible of the directly transmitted infections, is said to have a BRN of about 14.
That of malaria, on the other hand, generally exceeds 100 and may even approach 1000 around
the Bight of Benin. Outbreaks of mosquito-borne infections, in general, are far more explosive

than are directly transmissible infections.

The life cycles of mosquito-borne infections frequently are complex, involving diverse kinds of
hosts. Animals are said to serve as “reservoir hosts’ in the event that they support a sufficient
level of infection that some mosquitoes become infected when they imbibe their blood (Spielman
and Rossignol, 1984). Those mosquitoes that subsequently infect some reservoir hosts are said
to be “vectors.” Reservoir hosts, as the name implies, wait passively until some vector mosquito
is attracted to their bodies. As in mathematics, a vector serves as a “force with direction,” a
property that accounts for the exceptional level of transmissibility of vector-borne infection. In
the event that a pathogen infects some combination of reservoir and vector fosts such that its

BRN exceeds one, the cycle is designated as a “maintenance” cycle. These mosquitoes are said

Cashin Associates and Harvard School of Public Health 4
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to be “maintenance or enzootic vectors.” Transmission is said to be “vertical” when the
pathogen passes directly from an original host to its progeny, while “horizontal” implies that
prevalence of infection is amplified within a generation by transmission between hosts. The
term “bridge or epidemic vector” is applied to those mosquitoes that become infected after
imbibing the blood of a reservoir host and are capable of infecting a person but fail to infect
sufficient reservoir hosts that the infection perpetuates itself. Bridge vectors tend to feed
indiscriminately. An infection is said to be “anthroponotic” in the event that it perpetuates in a
human reservoir of infection and “zoonotic” when some northuman host serves to perpetuate
infection. Because they exploit different larval developmental habitats, intervention strategies

directed against bridge vectors may differ from those that focus on maintenance vectors.

Risk of human infection by a mosquito-transmitted pathogen generally is phrased in terms of the
degree of exposure to infected vector mosquitoes. This convention, “entomological inoculation
rate,” is the product of an estimate of the frequency of biting by a particular kind of mosquito
and the prevaence of infection in those mosquitoes. In the case of a zoonosis, prevaence of
such infection in a maintenance vector generally exceeds that in a bridge vector. Frequency of
biting a person by a bridge vector, however, tends to be much greater than by a maintenance

Vector.

Prevalence of infection in a vector usually is expressed as a “minimum field infection rate,” or
“MFIR.” This calculated value assumes that in any “pool” (group of individuals) of mosquitoes
assayed and found with evidence of infection, just one individual was likely infected. The MFIR
IS a means to standardize results when pool sizes differ, by expressing the data as the minimum
number of infected mosquitoes expected in any group of 1,000 sampled at the same time and
place. The MFIR offers a snapshot of infection prevalence in time and place for one kind of
mosquito, and is most useful when coupled with other kinds of data for comparing results

temporally from one site, or from concurrent pools sampled from different sites.

MFIR statistics tend to underestimate prevalence when a pool contains more than one infected
mosquito. Conversely, by assuming that each infected mosquito may be infectious, MFIR may
overestimate risk.

Cashin Associates and Harvard School of Public Health 5
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In general, mosguitoes do not inherit infection. Instead, they must ingest viable viruses
circulating in the blood stream of an infected reservoir host. Once within the gut of a competent
mosquito, the viruses must enter certain cells of the mosquito, replicate there, then translocate to
mosquito’s salivary glands. The virus may be detectable, by laboratory assay, within the body of
a mosquito at any interval from the moment it has ingested virus, such a virus-containing
mosquito is considered “infected.” The mosquito is not able to transmit that infectious agent,
however, unless and until the virus has attained position within the mosquito’s salivary ducts.
Once there, virus will be flushed into a new host’s skin as the mosquito inserts her proboscis to
probe and feed. The interval until transmission is possible from ingestion is termed the extrinsic
incubation period. The duration of this interval is dependent upon the kind of mosquito and
virus, as well as the ambient temperature. Generaly, the extrinsic incubation period extends to
one or more weeks. During this interval, the mosquito must survive and she may have several
opportunities to blood feed. Risk of transmitted infection, then, is mainly a function of the
mosquito’'s age. Whereas the age of the mosguito is a critical attribute, it is a difficult
characteristic to ascertain. Currently, it is impractical to assay the age of more than a small

sample of mosquitoes.

MFIR statistics, by themselves, are relatively irrelevant unless paired with data pertaining to the
abundance of the associated vectors. The product of these linked values becomes more
meaningful when considered in context with the host preferences of the vector, the abundance of
reservoir hosts and of people, and the prevalence of infection in reservoir hosts. Direct
observations or objective measurements of each of these components are exceedingly difficult,
and often completely impractical. Consequently, estimates of risk, generaly, are based upon

limited measurements of mosquito abundance and infection prevalence.

Results of mosquito surveillance trapping tend to underestimate risk to the community. The best
available traps poorly sample many kinds of mosquitoes that may be impressively abundant and
frequently attack people. At best, arrays of surveillance traps offer a valuable but exceedingly
narrow sample of the diversity and abundance of mosquitoes, and of the dynamics of pathogen
transmission. Mosquito traps in Suffolk County have been deployed to monitor populations of
human-biting mosquitoes, and to provide samples of potential vectors for arbovirus assays by the

New York State Department of Hedth. The kinds of traps utilized, and their placement

Cashin Associates and Harvard School of Public Health 6
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throughout the county, reflect careful consideration of the ecology of each of the main vectorsin
the region, the epidemiology of the main vector-borne infections, the density and distribution of
residents throughout the county, and the ability of the county agencies to perform meaningful
interventions. The objective data provided by these surveillance efforts are considered
collectively with those relating to virus prevalence in assayed mosquitoes and vertebrates, the
distribution of dead birds reported to the health agency, and the temporal and spatial dynamics of

reports from residents complaining about mosquito annoyance.

Meaningful attempts to quantify and model risk for any community, and to assess the effects of
interventions, require robust data relating to each of the components described above. The
vector management and public heath agencies in Suffolk County collect and record an
impressive body of pertinent data useful for driving their daily operationa efforts. Their efforts,
and the structure of the data they collect, however, neither have been designed to directly assign
ste- and time-specific risk indices nor evaluate the efficacy of their interventions. Efforts to
address these issues would require a reevaluation of the goals and operational structure of these
agencies. The strategies employed by the county agencies tasked with vector management and
public health are those that are widely accepted and applied elsewhere, and for which most
experts in the vector biology and management community believe offer far more benefit than
risk.

The intensity of transmission of these mosquito-borne pathogens tends to wax and wane. Virdl
pathogens are particularly variable because immunity is sterilizing, and the prevaence of
immunity in the reservoir population strongly modulates transmission intensity. This affects
mosquito-transmitted viruses more than those that are directly transmitted because vector
mosquitoes attack reservoir hosts at intervals of severa days or more. The number of hosts that
each such mosquito can contact, therefore, is finite. If only two bites are taken, and one is

“wasted” on an immune host, the other is similarly lost to the transmission cycle.

1.2 Ecology of Suffolk County

Long Island emerged from beneath its mile-thick blanket of ice 15,000 to 20,000 years ago. Its
environment has evolved drastically (Cronon 1983; Black, 1996). When Verrazano viewed the
Rhode Island shore in 1583 he noted in his log that the landscape was so open that he could

Cashin Associates and Harvard School of Public Health 7
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march an army across the region without their breaking step. Stately groves of white pine or of
chestnut punctuated vast meadows covered by tall grass. Brush was present solely in wetland
gites, where it could not be burnt. The pre-Columbian residents of North America maintained
this landscape by burning whatever brush and downed wood could be burnt. The Pilgrims in
1619 simply planted their wheat in the fields that had previously been devoted to maize. Their
vistais said to have been magnificent.

Thoreau described the last stages of the desecration of this idyllic environment. The railroads
were then, in 1835, encroaching on his Walden home, and the last remaining trees were being
converted into ties and fuel for its locomotives (Foster, 2003). The appetite for charcoal for
cooking and for the burgeoning iron and glass industries was insatiable. The region was being
defaunated. Deer, bison and elk had long ago been converted into material that could be bartered
for iron. Passenger pigeons would soon become extinct. Thoreau noted that he knew an elderly
woman who, in her youth, knew a man who had seen a deer. By 1900, much of Long Island
similarly was stripped of its forest cover and had lost much of its vertebrate fauna. European
grasses that could withstand trampling by the hoofs of cattle replaced the native grasses, and
various exotic trees and other plants had been introduced. House sparrows and European
starlings were introduced deliberately into nearby Westchester County. House mosquitoes,
Culex pipiens, which had been introduced from Africa on sailing ships, began to thrive in the

urban centers that were then developing.

A novel forest began to develop on Long Island after the arrival of European immigrants in the
New World (Black, 1996). The pine barrens that came to dominate the region initialy
developed in response to selective removal of hardwoods. “By 1812, Brookhaven Town aone
was estimated to be sending 100,000 cords of wood to [New Y ork] City annually.” By 1844, the
New York to Boston Railroad was largely responsible for the many fires that dominated the
region and the fire-dominated landscape that perpetuated these pine barrens. More recently, the
landscape became dominated by crowded saplings interspersed with brush. As these trees aged,
many branches broke from their trunks and littered the ground. In the absence of fire, dead trees
remained in place, creating a jumbled landscape that was amenable to deer, raccoons and
opossums. The wetland forests began to return. Older trees are located mainly along roads or on
farmsteads.
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Proliferation of certain fauna elements of public health importance accompanied these landscape
changes. The relevance of each of these organisms will be discussed in the following text. The
abundance and proximity of two exotic creatures, house sparrows and of house mosguitoes,
seems to have prepared the region for the maintenance of WNV. The local abundance of
starlings (also exotic) and of swamp mosguitoes potentiated transmission of EEE. Similarly, the
burgeoning deer population potentiated transmission of Lyme disease and its co-infecting tick
borne pathogens as well as the mosquito-transmitted Cache Valley virus and of Jamestown
Canyon virus. The maturation of trees permitted water-filled rot-holes to develop, in which the
vectors of La Crosse virus could develop. The trade in used automobile tires permitted the
introduction of certain Asian mosguitoes that avidly feed on people and that may serve as vectors
for certain human pathogens.

1.3 Disappear ance of malaria and yellow fever from North America

Mosquito-borne infection, at the turn of the last century, was very much part of life in the United
States. Malaria severely debilitated people throughout the region, extending well into southern
Canada. Hundreds of the residents of particular sites might acquire infection, and the Tennessee
Valley Authority region was particularly vulnerable.  In the wake of the Great Depression,
President Roosevelt sponsored programs for the unemployed that were designed to reduce the
force of transmission. Installation of screen doors was an important feature of this effort, such
that the repeated “banging” that they produced as children entered and left their homes became
the signature sound of the rural south. Although DDT became available for anti-malaria use
soon after the end of World War 11, malaria had disappeared before large-scale efforts could be
implemented. Simple home improvement had prevented sufficient anopheline contact with
people that transmission was destabilized.

Yellow fever was another notorious curse. One city after another was rendered virtually
uninhabitable due to this dreaded disease. Most notorious were the outbreaks that struck
Philadelphia in 1790's, at the time of the Continental Congress (Murphey, 2003; Barrett and
Monath, 2003). Thomas Jefferson’s writing of the Constitution was inhibited, and George
Washington delayed his visit to this capital city. Such episodes of disease resulted from water
storage within houses, and centralized water supplies signaled the end of these infections,
transmitted by the exotic Aedes aegypti mosquito. Air conditioning and television, by inhibiting
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contact between people and mosquitoes, now further ensure against a repetition of such

outbreaks of these diseases here.
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2. Mosquito-associated diseases of concern in Suffolk County

2.1. Overview

A surprisingly diverse array of mosquito-borne pathogens may infect the human residents of
Long Idand. These include infections that are endemic, others that are imported, and some that
have been introduced. Many of these pathogens are arbovira in nature; a term representing a
contraction of “arthropod,” “borne,” and “virus.” The environmental requirements of many
exotic arboviruses would, indeed, be compatible with the indigenous mosquitoes, birds, and
mammals of the northeastern United States. The diversity of those that are present in western
Europe (Lundstrom, 1999) include many that might someday be introduced onto Long Island or
aready perpetuate there. They include viral agents in the family Alphaviridae, Flaviviridae, and
Bunyaviridae. Certain of these viruses are transmitted by aedine mosquitoes, and others by
culicine or anopheline mosquitoes. Some arboviruses perpetuate in mammals and othersin avian
reservoir hosts. They include WNV, the various “equine’” encephalomyelitis viruses (Eastern,
Western), La Crosse virus, Sindbis virus, Tahnya virus, Inkoo virus, Batai virus, Lednice virus,
Usutu virus and Semliki forest virus. Many are neurotropic. Among others, Australia plays host
to Murray Valley encephalitis virus, Kunjin virus, Alfuy virus, Kokobera virus, Ross River virus,
Barmah Forest virus, and Sindbis virus. When South America, Africa, Asia, and Oceania are
considered, the list of potential introductions grows to daunting proportions.

The need for a pre-existing system for combating an arboviral introduction was demonstrated by
the failure of New Y ork City to deal adequately with the outbreak of WNYV that occurred in 1999
(Komar, 2004). Although a mosquito abatement organization had been established there in
1901, its operations ceased after 1956 (Miller, 2001). Equipment and skilled personnel had to be
borrowed from the city’s neighbors, including Suffolk County and the Centers for Disease

Control and Prevention (CDC), and hired from distant contractors.

2.2. An emerging introduced pathogen

2.2.1. West Nilevirus
WNV first appeared in the Americas, in the shadow of LaGuardia Airport, during the summer of
1999. The outbreak became evident when an alert physician noticed similar symptoms in two

elderly patients in Flushing Hospital. They were experiencing simultaneous episodes of a
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peculiar flaccid paralysis and encephalitis (Asnis et a., 2000). She notified the New Y ork City
epidemiologist, and joined with her in a successful attempt to unravel the circumstances
surrounding this strange coincidence. A veterinary pathologist working at the Bronx Zoo (T.
McNamara) had noted a somewhat similar syndrome in crows and certain zoo animals earlier

that year.

WNV first was identified in the blood of a resident of Uganda who was experiencing a febrile
episode (Smithburn et al., 1940), and its neuropathologic potential described in Isragl in 1957
(Spigland et a., 1958). A massive outbreak, affecting some 10,000 people, struck South Africa
in 1974 (Jupp, 2001), and another in 1996 caused 393 clinica episodes with 16 deaths in
Romania in 1996 (Tsa et a., 1998). The Volgograd region of Russia experienced a similarly
widespread outbreak (Platinoff et al., 2001). Although no human disease is evident in the United
Kingdom, many British birds seem to have been infected (Buckley et a., 2003). A particularly
virulent variant of WNV was isolated from a goose in the Jordan Valley of Israel in 1998
(Makinson and Benet, 1999), the year before the virtually identical virus was discovered in a
crow that had died in New York City. The range of this virus has increased progressively,
striking Canada in 2002 and the West Coast of North Americain 2004. Many thousands of lives
have been affected. The recent experience in Isragl, for example, illustrates this element in the
force of WNV transmission (Table 1). Human cases tend to be most frequent during the first
year or so of the outbreak and to disappear after a few years, only to reappear some years later.

Outbreaks tend to wax and wane.

No. human cases

Year (Israed) No. deaths
1999 0 -

2000 430 29

2001 37 2

2002 7 1

2003 3 0

2004 0 -

Table 1. Recent experience withWNYV in Israel (Datareported by the Ministry of Health of |sragl).

The epidemic curve for human WNV disease in the northeastern US differs from that in the
south and the west, where other vectors are involved. Cases are diagnosed most frequently
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during September (Figure 1), about a month after reproductively active house mosqguitoes have
become most abundant (Figure 2). This month-long gap separating vector abundance from
disease onset cannot fully be explained by the duration of incubation of the virus in avian and
insect hosts, which would total about two weeks. An additional explanation lies in the manner in
which the mean age of these mosquitoes increases throughout the August and September that
follows their emergence (Figure 3). Because an increasing proportion of these surviving
mosquitoes have aready taken one or more meals of blood, they become increasingly dangerous.
Their probability of WNV infection in these mosquitoes progressively increases as does the
likelihood that they will feed on a human host. Older mosquitoes become increasingly
indiscriminate in their choice of hosts (Spielman 2001). A diverse array of clinica
manifestations characterizes WNV infection in people (Komar, 2004). The vast mgority of
human infections, however, are silent; only about one in a hundred infected people become
symptomatic (Poshni et a., 2001). Pathogenesis is age-related, with neurologic complications
affecting as many as half of patients more than 50 years of age. Extreme muscle weakness, eye
abnormalities, and coma may be experienced, and death may result. Younger patients generally

experience fever, a diffuse rash, fatigue, malaise, and gastrointestinal symptoms.

WNV perpetuates on Long Island in a cycle involving house mosquitoes as maintenance vectors.
Some 23 times as many of these mosqguitoes feed on birds than on other animals (Apperson et al.,
2002). They readily become infected and are capable of transmitting the virus after a few days
(Turell et a., 2001). This focused avian feeding pattern combines with their virus competence to
rank these mosquitoes as the chief maintenance vector of WNYV in the northeastern US. House
mosquitoes breed in the accumulations of foul water that are so common near houses, as in street
drains (catch basins), abandoned wading pools, leaf-lined puddles, and clogged roof gutters and
down-spouts. They reach maximum abundance during mid-August (Spielman, 2001; and Figure
2). Subsequently, any newly emergent house mosguitoes feed solely on sugar and accumulate
fat instead of forming eggs, and seek shelter for hibernation rather than hosts for blood. Such
mosquitoes contribute to the transmission cycle only some nine months later and not during the

weeks immediately following their emergence.

House sparrows are the chief maintenance reservoirs of WNV in the northeastern US. The

abundance of these birds is at least six times as great as that of any other bird on Long Idand
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(pigeons). They are infected at least twice as frequently (Komar et a., 2001). As their names
imply, the ecological niche occupied by house sparrows corresponds closely to that occupied by
house mosquitoes. House sparrows roost communally in urban sites, and many such birds
accumulate there beginning in August, after the young birds have fledged. House mosquitoes
feed mainly near the tops of trees (Anderson et a., 2004). This conjunction of massed house
gparrows and house mosquitoes in space and time provides the logical venue of WNV

transmission.

The intensity of transmission of WNV in Suffolk County reflects the pattern of waxing and
waning that has been evident in the Old World. Although horses became infected in Suffolk
County during 1999, when the virus first was evident in western Long Island, infected dead birds
first were evident in 2000 (Figure 4a-€). About as many such birds were evident in 2001 as in
2000, with progressively fewer birds in subsequent years. Indeed, the outbreak virtualy
disappeared in the eastern US as it swept toward westward. Only one human case was evident in
all of New England during 2004, for example, while thousands of people became infected in
California and Arizona. The records of avian cases might suggest that risk of infection in
Suffolk County is greatest near its western border Figure 4f). Although few WNV-infected
dead birds have been discovered toward the eastern tip of Long Island, this may reflect an
artifact because dead birds may simply not be noticed where few people reside, and many more
people live toward the west than the east. This pattern in the intensity of transmission, on the
other hand, may be real. Because the enzootic vector and reservoir particularly exploit man
made environments, the force of WNV transmission may be greatest in densely inhabited

locations.

WNV transmission first becomes evident in Suffolk County during June (Figure 5).
Transmission builds thereafter, reaching a maximum during August. Although this pattern
generally remained constant between 2000 until 2004, the intensity of transmission steadily
waned.

The incidence of human infection in Suffolk County rose incrementally between 2001 and 2003,
and declined thereafter (Figure 6). Somewhat anomalous, however, is the absence of human
cases during 2000, when WNV-infected dead birds were most evident. The prevaence of

infection in mosquitoes, on the other hand, correlated with evidence of avian infection. This
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absence of human infection during 2000 may have been due, in part, to persona protection
measures that were followed more assiduously during this first year of the outbreak and that

were followed less carefully during subsequent years.

The density and distribution of vector mosquitoes were monitored at strategic sites in Suffolk
County throughout the course of this outbreak. CDC light traps were distributed most
intensively in residential sites throughout the region (Figure 7a). They were most productive of
Culex spp. mosquitoes. New Jersey light traps were maintained in fixed locations, mainly near
salt marsh situations (Figure 7b), and were characteristically most productive of Aedes sollicitans
mosquitoes. CDC gravid traps were distributed more or less regularly throughout the county
(Figure 7c). Because these devices are designed particularly to capture certain kinds of Culex
mosquitoes in the course of depositing their eggs, such a sample tends to contain older
mosquitoes than do light traps. As a result, gravid trap collections are more likely to contain
infected mosquitoes than are collections based on light traps. A systematic system for sampling

diverse kinds of vector mosquitoesisin place.

Insecticidal aerosols as well as larvicides were applied systematically throughout the period 2000
through 2004 with particular attention to sites that were monitored by the New Jersey light traps
(Figure 8a-€). Insecticidal coverage in 2000 was at least twice as great during 2000 than during
subsequent years (Figure 8f). The dearth of human infections observed that year (Figure 6) may

reflect this more thorough level of insecticidal coverage.

The effect of insecticidal aerosols, applied from the air, was monitored by means of the system
of traps described above. Four different applications were analyzed, each in a different location.
The Bergen community, sprayed during 2000, was compared to that observed ayear later (Figure
9a). This spray application occurred during the end of August, well after the WNV outbreak had
crested and after the density of Culex mosquitoes had weaned. Little effect was noted. The
community designated as Horse was sprayed twice that year (Figure 9b), just before the density
of Culex mosquitoes began their seasonal pattern of increase and at about the time that density
had reached its maximum. Mosguito abundance appears to have declined follow the application.
The Calhoun community was sprayed at about the first of September during 2002 (Figure 9c),
well after the density of Culex mosquitoes had modulated. No marked effect of the application
was noted. The Blydenburgh community was sprayed during 2003 (Figure 9d), at about the time
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that these mosguitoes had become abundant. The application was followed by a sharp reduction
in vector density. When insecticidal aerosols are applied from the air in a timely fashion, the
density of the mosqguitoes that transmit WNV may be curtailed.

2.3. A pathogen that re-emerges periodically

2.3.1. Eastern equine encephalitis virus
EEE first came to public hedth attention in 1938 when an outbreak of 35 known cases struck

immediately south and west of Boston, MA. More than twenty people died (a mortality rate
greater than 50 percent), and half of the survivors experienced debilitating neurologic sequellae.
Due to the nature of these residual symptoms, the societal burden of such a surviving caseis very
large, because full-time care is required, and survivors are often very young. A 1995 estimate
was $2.8 million for each survivor (Villari et a., 1995). No other arbovirus is so frequently
lethal and debilitating. Because of its lethality, area-wide aerial adulticide applications are the
prescribed treatment to reduce the risk of a threatening outbreak. Such applications may have
reduced the amplitude of subsequent outbreaks (as measured by human cases). The frequency of

EEE isolations and cases in Massachusetts however, has been increasing (Figure 10).

This infection is maintained in North America in a cycle involving the swamp mosquito,
Culiseta melanura (Komar and Spielman 1994). The immatures of this mosquito develop
almost exclusively in enclosed sites, mainly in the crypts formed by the raised roots of wetland
trees as white cedar in Massachusetts, red maple on Long Island, and tupelo gum in Florida.
Ecologically, it is interesting to note that 20™ Century regrowth of these trees in concert with
wetlands protection policies instituted following more genera harvesting of trees. Thus, such
crypts are now more common, supporting a more robust population of these mosquitoes. Cs.
melanura hibernates in its third larval stage and survives until spring provided that the crypt
remains flooded and that the pooled water does not freeze to the bottom. A steady pattern of
precipitation facilitates survival, because larvae become stranded and die when the water level

fluctuates excessively.

EEE perpetuates in an avian cycle involving birds that roost communally in the vicinity of
wetlands along the Atlantic coast of the Americas (Hodgson et a., 2001). Starlings appear to

comprise the main reservoir in which the virus proliferates. Their capacity to perpetuate this
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virus is supported by the size of their communal roosts, their fidelity to a particular roost site,
their tendency to disturb feeding mosquitoes before they become replete, and the ability of the
virus to proliferate in their bodies and to remain in circulation for extended periods of time
sufficient to infect additional mosquitoes. Thus, mosquitoes are more likely to encounter
infected birds and then to bite more potentially uninfected birds, so amplifying the infection.
Migratory shore birds such as snowy egrets appear to introduce the virus into new sites. This
bird was virtualy eradicated by Victorian milliners, but became abundant during the late 20"

century.

Swamp mosguitoes threaten human health most even though they feed mainly upon birds.
Relatively few bites are wasted on mammals, hosts in which the virus proliferates only poorly.
These mosquitoes are also extraordinarily long lived. Prevalence of infection may approach one
percent. Human infection is generaly attributed to the bites of other more general-feeding
mosquitoes. Coquillettidia perturbans, whose larvae are associated with cat-tail plants, are
thought responsible for the occasional cases that occur during mid-summer, while Aedes vexans,
a late-season, puddle-developing mosquito, is often abundant and found infected coincident with
the outbreaks that typically occur in September. These mosquitoes are considered to be “bridge
vectors’ because they convey infection from the normal maintenance cycle. EEE has been
detected elsewhere in the salt marsh mosquito Aedes (=Ochlerotatus) sollicitans. Because of its
abundance in Suffolk County, and penchant for feeding upon people, it is considered a potential
bridge vector of EEE.

The Hockamok Swamp, located in southeastern Massachusetts, is a likely venue of amplification
of any EEE cycle that would threaten the residents of Suffolk County. Transmission there has
characteristically been more intense than in any other site in the region. Transmission is
similarly intense and fairly regular near the Cicero swamp (close to Syracuse New York), but
this more distant site does not likely contribute to risk in Suffolk County. The EEE variant that
persisted in the Hockamock during 1990 became extinct after 1993 (Figure 11; Mores et a., in
press). A four-year hiatus ensued, but it was replaced transiently by another variant in 1997. A
third variant appeared during 1998 and 1999, only to be replaced by a fourth variant in 2000.
Florida appeared to be the source of these re-introductions. Virus isolates from New Jersey were

similarly inconsistent, but in a differing pattern. Those from Florida, however, were remarkably
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constant. These observations indicate that EEE is poorly adapted to the environment in the
northern part of the US and that this pathogen is reintroduced periodically from the southern part
of the country. Other unpublished observations on Massachusetts isolates preserved since 1970
suggest that massive outbreaks occur solely during the first year of an introduction. An equine
outbreak in Mexico in 1996 appears to have been due to a variant introduced from Texas (Brault
etd., 1999).

Although no EEE infections in human residents of Suffolk County have yet been recognized, the
virus has been detected there in vector mosquitoes and in horses. Risk may increase due to the
continued gowth of white cedar swamps in nearby Massachusetts and red maple swamps on
Long Isand. Commercia veterinary vaccines are available for protecting horses. Although
horses generally succumb to EEE infection, they are poor reservoirs hosts for this virus.
Whereas vaccinating horses may offer certain economic benefits to owners, the immune horses

would not reduce risk to people. No commercial EEE vaccine is available for use in people.
2.4. Pathogensthat are introduced repeatedly

Maaria was introduced into the Americas during the early days of European settlement and
persisted as an important threat to the public health until shortly after World War 1l. Post-war
importation into the US is frequent. One hospital in New York City, for example, received 110
cases between 1968 and 1990 and another 59 between 1991 and 1999 (Kambili et al., 2004).
More than a thousand such infections are reported in the country, as a whole, each year (Barat et
d., 1997). The trend seems to be increasing, and a few cases generally are acquired within the
US each year. More than 60 such localized outbreaks have been reported since 1970, including
two children who acquired infection in a summer camp in Suffolk County in 1999. A third case
that was diagnosed in 2000 appears to have been associated with this earlier outbreak
(Anonymous, 2000). Interestingly, malaria was diagnosed amost simultaneously in three
neighbors who lived in Queens, NY, near LaGuardia Airport. Although the mode of
transmission remains ill defined, “airport malaria’ seems likely. This would involve the
trangport of infected vector mosguitoes from some distant endemic site and their release once the
plane' s doors were opened. Alternatively, local anophelines may have acquired infection from a
parasitemic traveler. Certain malaria cases in nontravelers may be ascribed to direct

transmission of parasites via shared intravenous needles.
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2.5. Endemic pathogens that sporadically cause human disease
At least three mosguito-borne arboviral pathogens that cause human disease are endemic to the

region. A veterinary arbovirus, blue-tongue virus, is transmitted there by biting midges.

2.5.1. Jamestown Canyon virus

Human disease associated with Jamestown Canyon virus infection represents a rapidly emerging
arboviral zoonosis, a public health threat that may be underestimated. Following the original
isolation of this arbovirus in 1961, few episodes of human disease were diagnosed, and little
attention was paid to the frequent demonstration of seroconversion (indicating previous
infection) in people. Clinical disease began to be recognized during the 1980s (Grimstad et al.,
1986), particularly in the north central US and in adjacent parts of Canada. Encephalitis is a
prominent feature of this disease, and adults are affected as well as children. Transmission in the
northeastern states, however, appears to be more intense than the frequency of reported cases
would suggest (Grimstad et al., 1987). Various Ochlerotatus (=Aedes) mosquitoes (Grimstad et
d., 1987) as well as anophelines (DeFoliart, 1986) have been identified as vectors. The spring-
hatch mosquitoes, Oc. (Ae.) abserratus, Oc. canadensis, and Oc. cinereus, appear to be the most
important vectors of thisinfection (Andreadis et al., 1994). White-tailed deer serve as reservoirs
(Watts et a., 1982), with about half of the Michigan herd acquiring infection each year
(Boromisa and Grimstad, 1987). The sera of virtually all such deer react with antigen from
Jamestown Canyon as well as Cache Valley virus in Michigan (Neitzel and Grimstad, 1991),
while about a quarter of the general deer population in Connecticut are reactive (Zamparo et a.,
1997). Risk of human infection corresponds to the spatial and temporal distribution of these
animals. The transmission season spans May through July (Grimstad et al., 1987).

25.2. LaCrossevirus

La Crosse virus is endemic throughout much of the northeastern United States (Gerhart et al.,
2001). Some 70 cases of encephalitis due to this infection are reported to CDC each year, mostly
in children younger than 16. Symptoms include fever, headache, stiff neck, lethargy, nausea,
disorientation, mental confusion and sometimes seizures. Infection in adults tends to be
asymptomatic. Although transmission has, in the past, focused mainly in the Upper Midwest
(hence the name), the range of this infection has recently extended toward the south, involving

the Carolinas and Tennessee. West Virginia reported more than half the total number of cases
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during the late 1990s. This change in distribution has been attributed to the recent invasion of
the Asian tiger mosquito, Aedes albopictus. This mosquito was imported in used automobile
tires from Japan into the vicinity of Houston, Texas, in 1984. It has even invaded Italy, where it
is plaguing the citizens of Rome (Anonymous, 2003). This mosquito feeds avidly on people and
such small rodents as chipmunks and squirrels and is exceedingly competent as a vector for La
Crosse virus (Kitron et al., 1998). Previously, the virus had perpetuated verticaly in the tree
hole mosquito, Ae. triseriatus, mainly by means of inherited infection. Infected mosquitoes may
pass the virus to some half of their offspring. During the summer months, the cycle is amplified
horizontally through chipmunks. Asian tiger mosquitoes, too, can pass infection by this virus
vertically, from adult to egg. Their range has been extending slowing into the northeast, and
they seem poised to include Suffolk County. Although tree hole mosquitoes are native to Long
Isand, the closest La Crosse infections seem to occur in the Albany region. Another somewhat
smilar Asian import, Oc. japonicus has recently invaded New York (including Suffolk County)
and New England (Sardelis et al., 2002; Erwin et al., 2002). Itsrole in La Crosse transmission,
however, has not yet been established.

The disease caused by La Crosse virus can be exceedingly burdensome. Although infection
generally is silent, some children suffer lasting neurologic sequellae (Utz et al., 2003). Each case
costs society at least $48,000 and some more than $3,000,000. Half of affected children
experience seizures and more than one in 10 suffer from gravely increased intracrania pressure
(McJdunkin et a., 2001; Balkhy and Schreiber, 2000). Loss of cognitive and behavioral function

may continue for more than a year.

Severe cases tend to cluster localy, perhaps in the vicinity of a breeding site in which a
particularly virulent variant of the virusis being passed verticaly (Kitron et a., 1997). Tree hole
mosquitoes as well as Asian tiger mosquitoes deposit their eggs in the basal holes of hardwood
trees, as well as in such artificial containers as discarded automobile tires. Infestations of these

mosquitoes in aresidential site may consistently plague families nearby.
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2.6. Exotic pathogensthat may yet be introduced

2.6.1. Sindbisvirus

An outbreak of a novel disease became evident in Finland in 1981 when a single physician saw
some 73 patients experiencing the novel syndrome caused by this pathogen (Turunen et al.,
1998). This febrile disease is characterized by a diffuse rash and arthritis, with some patients
becoming severely immobilized. The name, Pogosta disease was applied to this syndrome, and
Sindbis virus proved to be the etiologic agent (Kurkela et al., 2004). Discrete outbreaks were
recorded in 1981 to 1982, 1988, and in 1995. A startling 11 percent of Finns have been infected
by this pathogen (Laine et a. 2003). More than 2,000 cases have already been diagnosed in the
country, with 18 cases per thousand residents occurring in Karelia Province (Brummer-
Korvenkontio et a., 2002). Sindbis virus appears to be an important cause of rheumatoid

arthritisin Scandinavia and Central Europe.

Sindbis virus may have been introduced into Finland from the Middle East. The pathogen first
was recognized in Egypt during the 1950s and continues to circulate there (Turell et al., 2002).
Various Culex mosquitoes serve as vectors, including the house mosquito, Cx. pipiens, and house
sparrows appear to serve as the reservoir. Migratory birds are the likely vehicles of importation
of this pathogen (Malkinson et a., 2001, Sammels, 1999). Sindbis virus seems a likely
candidate for introduction into the northeastern US because it shares essential biological features

with WNV and because it seems aready to have been carried into Europe and Australia.

2.6.2. Rift Valley fever virus

Rift valey fever virus is a desert-adapted African pathogen that has been responsible for
devastating epidemics following the occasional heavy rains or dam construction that result in
local flooding. The vector in these desert situations is Aedes macintoshi, a mosquito whose eggs
can withstand decades of drying and whose reproductive tissues remain stably infected by this
virus from generation to generation. Transmission in these desert situations, then, is entirely
vertical. Amplification by transmission through some avian or mammal host may be uncommon
and would seem to be unnecessary. A severe illness, however, follows the bite of one of these
infected mosquitoes, affecting people as well as cattle, goats and sheep (Gerdes, 2002). The
human disease includes an influenza-like illness, frequently accompanied by encephalitis or

retinitis. 1n hoofed animals, abortion is frequent, asis hepatitis, particularly in the young.

Cashin Associates and Harvard School of Public Health 21



Suffolk County Vector Control and Wetlands Management Long-Term Plan Literature Review
Task Three-Book 2 — Human Health Risks Associated with Mosguito-borne Pathogens September 2005

Severa outbreaks of Rift Valley fever have struck the Nile Valey of Egypt, first in 1979 and
1980, again in 1993, and once again in 2001 and 2002 (Madani et a., 2004). Ae. macintoshi is
not present n Egypt; instead, the virus cycles through house mosquitoes, Cx. pipiens, and a
human reservoir. Nearly a thousand cases were recorded in the more recent of the two
outbreaks, and these people experienced fever, nausea, vomiting, abdominal pain, diarrhea,
jaundice, encephalitis, severe bleeding, vision loss, jaundice, and severe anemia. The mortality
rate was 14 percent. These Egyptian outbreaks may have been imported when infected camels
were brought in from Sudan (Abd e-Rahim et al., 1999). The potertial for Rift Valey virus to
invade new territories is illustrated further by a series of outbreaks that have occurred on the
Arabian Peninsula in recent years. This pathogen, however, has not as yet crossed the
Mediterranean or spread across Gaza into Israel.

2.6.3. Japanese encephalitisvirus
Japanese encephalitis virus is another candidate for introduction into the United States, and the

Suffolk County environment appears generally suitable. It constitutes an important public health
burden throughout much of Asia, affecting China, Southeast Asia, and the Indian subcontinent.
This pathogen appeared for the first time on the Australian Continent on the Western Cape Y ork
Peninsula in 1998. Subsequent study, however, failed to derive evidence that it has persisted
there (Johansen et al., 2003).

2.6.4. Usutu virus

This novel arbovirus, designated as Usutu virus, was recognized recently in Central Europe
(Chvala et d., 2004). Before 2001, Usutu was known solely in southern Africa, where it is
maintained in a cycle involving certain birds and Culex mosquitoes. The virus subsequently
became endemic in Central Europe where it poses a severe environmental threat. Rodents
appear to be accidental hosts, and the virus was isolated once from a person who was
experiencing fever and a rash. No human neurological involvement, however, has yet been
atributed to this virus. Massive mortality in birds followed its introduction into Austria. The
European blackbird, (Turdus merula), an analog of the American robin {T. migratorius), is

particularly vulnerable to this pathogen, and about a third of the population is said to have been
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lost each year. Many other European songbirds have suffered, as well. The vehicle of

introduction of Usutu virus into Central Europe has not been identified.

As in Austria, Usutu virus seems a likely candidate for introduction into North America, and the
residents of Suffolk County should be aert to the possibility that this threat to bird-life may
appear there. The circumstances that would permit transmission exist because Cx. pipiens

mosquitoes appear to serve as vector and avariety of birds as reservoir.

2.7. Tick-transmitted pathogens
The novel complex of tick-borne pathogens that first became evident in southern New England

and Suffolk County during the 1970s illustrates basic principles that apply to emerging
mosquito-borne infections and to certain legal responsibilities of communities in the face of such
an event. These pathogens include Lyme disease (caused by a syphilis-like spirochete, Borrelia
burgdorferi), human babesiosis (caused by a malaria-like protozoan, Babesia microti), and HGE
(caused by atyphus-like rickettsia, Anaplasma phagocytophilum). Another microbe, known as
deer tick virus (related to the burdensome tick-borne encephalitis of Europe), which is also
transmitted in the region, may be pathogenic in people but has not yet been implicated. These
pathogens are maintained in cycles involving the white-footed mouse (Peromyscus leucopus)
and deer ticks (Ixodes dammini), the common vector. Although these pathogens have long been
endemic in the region (Marshall et al. 1994), they began to affect human health only recently,
when the vector tick began to proliferate there. Rodent cycles of Ba. microti and A.
phagocytophilum were well documented during the 1930s on Martha's Vineyard Island in
Massachusetts (Tyzzer 1938). No human infections occurred at that time because the presumed
vector tick, the mouse tick (I. muris), rarely feeds on people. The mouse tick has since become
virtually extinct, perhaps due to the recent proliferation of deer ticks. Although the larvae and
nymphs of these ticks focus on mice, they do feed on people far more often than do mouse ticks,
thereby facilitating their role as bridge as well as maintenance vectors of al of these infections.
Interestingly, these profligate vectors of pathogens even transmit a babesial infection of deer (Ba.
odocoilei). Because the adult stage of these vector ticks feed and mate mainly on white-tailed
deer ( Odocoileus virginianus), transmission depends on the presence of at least eight of these
animals per square mile (Awerbuch at el., 1994; Wilson et a., 1984). Deer were virtualy
extinct in eastern North America during the 1800s, but began to proliferae there during the last
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century (Kiszewski and Spielman 1993). *“Although deer formerly were common throughout
Long Idand, they were [at about 1899] restricted to an area of about 27 sguare miles in the
townships of Brookhaven and Idlip” (Severinghaus and Brown, 1956). They began to proliferate
before World War 1l and have become distributed throughout much of Suffolk County and
appear to be reaching the eastern part of Nassau County. These animals have continued to

increase in abundance, and are frequently encountered in residential communities.

The first known human victim of babesiosis in North America acquired infection on Nantucket
Idand, Massachusetts, in 1969. After some delay, her condition was diagnosed incorrectly as
malaria (due to Plasmodium falciparum), and alarmingly, drug resistant malaria. She recovered
and helped diagnose infection in the second case of “Nantucket fever,” in 1973, in afriend. The
frequency of infection has progressed slowly on Nantucket Island, with some 15 to 20 human
infections diagnosed each year. This condition became evident on Shelter Iland during the late
1970s and in certain other Suffolk County communities during subsequent decades, such that

Long Isand now ranks with Nantucket as a central focus of infection.

Although the first report of Lyme disease in North America was recorded in Wisconsin in 1969,
the outbreak was first recognized in Old Lyme, Connecticut, in 1975 (Steere et al., 1994). Asin
the case of babesiosis, residents of the region contributed much to the recognition of the
condition and to efforts to resolve the problem. Two mothers of affected children noted this
peculiar clustering of cases and, independently brought this observation to public attention.
Residents associations and nonprofit conservation organizations in affected sites helped carry
this process forward. Loca physicians and various advocacy organizations have contributed
their share to public recognition of these linked outbreaks. The work of the CDC in combating

this complex of infections was exemplary.

Industry played a mixed role in combating this outbreak of multiple pathogens. A vaccine that
protects against the agent of Lyme disease, “LYMErix,” was developed and marketed by
SmithKline Beecham (Steere et al., 1998). After several years of successful distribution, this
product was withdrawn from the market, presumably because persona injury law suits
threatened profitability. One company, EcoHealth, markets a device designed to destroy those
ticks that come in contact with treated mice (Mather et a., 1987) and has found a ready market in

the Hamptons and on Fire Idand. A somewhat similar system, “Max-Force” (or the “mouse
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house,”) became available during 2004. The “Four Poster” apparatus is a baited acaricide
distribution device targeted at deer. Although it initially appeared to be promising, its use has
largely been abandoned because the agent of chronic wasting disease may be transmitted
between deer feeding at a common point. This pathogen of deer is closely related to the agent of
bovine spongiform encephalitis. At least one company, “White Buffalo,” provides deer-
management services in an apparently sustainable manner. Insecticides and repellents find a
ready market where these infections have become established. Interventions designed to protect

against outbreaks of vector-borne infection face unusualy difficult challenges.
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Figure 1. Seasonal distribution of human cases of WNV infection in the northeastern United
States. Epidemiological week 36 occurs during mid-September.

Figure 1. Seasona distribution of human cases of WNV infection in the northeastern United
States. Epidemiological week 36 occurs during mid-September.

Cashin Associates and Harvard School of Public Health 26



Suffolk County Vector Control and Wetlands Management Long-Term Plan Literature Review
Task Three-Book 2 — Human Health Risks Associated with Mosguito-borne Pathogens September 2005

25

Mean Number of C. restuans rafts

30

25

20

C. pipiens rafts

15

10

Mean Number of

18 20 22 24 26 28 30 32 34 36 38 40 42 44
Epidemiological Week

Figure 2. Season of reproductive activity of Culex pipiens in the northeastern United States.
Epidemiological week 32 occurs during mid-August.

Cashin Associates and Harvard School of Public Health 27



Suffolk County Vector Control and Wetlands Management Long-Term Plan Literature Review
Task Three-Book 2 — Human Health Risks Associated with Mosguito-borne Pathogens September 2005

100 -

80

60

40 -

Mean Percent Parous

20 A

0 T T T T T
May Jun Jul Aug Sep Oct

Figure 3. Seasonal changesin longevity of host-seeking Culex pipiens mosquitoes in the
northeastern United States. Longevity is expressed in terms of parity, the proportion of
mosquitoes that had previously laid at least one batch of eggs.
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Figure4a. Spatial distribution of WNV-infected birds discovered in Suffolk County during 2000.
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Figure 4b. Spatia distribution of WNV-infected birds discovered in Suffolk County during 2001.
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Figure 4c. Spatial distribution of WNV-infected birds discovered in Suffolk County during 2002.
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Figure 4d. Spatia distribution of WNV-infected birds discovered in Suffolk County during 2003.

Cashin Associates and Harvard School of Public Health 32



Suffolk County Vector Control and Wetlands Management Long-Term Plan Literature Review
Task Three-Book 2 — Human Health Risks Associated with Mosguito-borne Pathogens September 2005

Figure 4e. Spatial distribution of WNV-infected birds discovered in Suffolk County during 2004.
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Figure 4f. Spatial distribution of WNV-infected birds discovered in Suffolk County during 2000-
2004.
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Figure 5a. Temporal distribution of WNV-infected birds discovered in Suffolk County during
2000.
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Figure 5b. Temporal distribution of WNV-infected birds discovered in Suffolk County during

2001.
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Figure 5¢c. Temporal distribution of WNV-infected birds discovered in Suffolk County during
2002.
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Figure 5d. Temporal distribution of WNV-infected birds discovered in Suffolk County during
2003.
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Figure 5e. Temporal distribution of WNV-infected birds discovered in Suffolk County during

2004.
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Figure 6. Intensity of WNV transmission in Suffolk County during 2000-2004.
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Figure 7a. Distribution of CDC light traps, used for monitoring the density of vector mosguitoes
during 2000-2004 in Suffolk County.
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Figure 7b. Distribution of New Jersey traps, used for monitoring the density of vector mosguitoes
during 2000-2004 in Suffolk County.
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Figure 7c. Distribution of Gravid traps, used for monitoring the density of vector mosguitoes
during 2000-2004 in Suffolk County.
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Figure 8a. Distribution of insecticide in Suffolk County in 2000.
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Figure 8b. Distribution of insecticide in Suffolk County in 2001.
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Figure 8c. Distribution of insecticide in Suffolk County in 2002.
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Figure 8d. Distribution of insecticide in Suffolk County in 2003.
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Figure 8e. Distribution of insecticide in Suffolk County in 2004.
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Figure 9a. Effect of insecticide aerosols, applied in 2000, on the density of mosquitoes in the

Bergen community in Suffolk County.
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Figure 9b. Effect of insecticide aerosols, applied in 2000, on the density of mosquitoes in the

Horse community in Suffolk County.
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Figure 9c. Effect of insecticide aerosols, applied in 2002, on the density of mosquitoes in the

Cahoun community in Suffolk County.
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Figure 9d. Effect of insecticide aerosols, applied in 2003, on the density of mosquitoesin the

Blydenburgh community in Suffolk County.
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Figure 10. Freguency of human infection by EEE in Massachusetts.
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Figure 11. Maximum parsimony tree for EEE isolated in Massachusetts, based on the nsP3

amplicon, with 1000 replicate boot-strap values at nodes with more than 50% confidence.
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