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INTRODUCTION

In late summer 1999, the first domestically acquired human cases of West Nile (WN)
encephalitis were documented in the U.S.>® The discovery of virus-infected, overwintering
mosquitoes during the winter of 1999-2000 presaged renewed virus activity for the following
spring and precipitated early season vector control and disease surveillance in New York City
(NYC) and the surrounding areas.”® These surveillance efforts were focused on identifying and
documenting WN virus (WNV) infections in birds, mosquitoes and equines as sentinel animals
that could alert health officials to the occurrence of human disease. Surveillance tracked the
spread of WNV throughout much of the U.S. between 2000 and 2002. By the end of 2002,
WNYV activity had been identified in 44 states and the District of Columbia. The 2002 WNV
epidemic and epizootic resulted in reports of 4,156 reported human cases of WN disease
(including 2,942 meningoencephalitis cases and 284 deaths), 16,741 dead birds, 6,604 infected
mosquito pools, and 14,571 equine cases. The 2002 WNV epidemic was the largest recognized
arboviral meningoencephalitis epidemic in the Western Hemisphere and the largest WN
meningoencephalitis epidemic ever recorded. Significant human disease activity was recorded
in Canada for the first time, and WNV activity was also documented in the Caribbean basin and
Mexico. In 2002, 4 novel routes of WNV transmission to humans were documented for the first
time: 1) blood transfusion, 2) organ transplantation, 3) transplacental transfer, and 4) breast-
feeding.

WNYV is a member of the family Flaviviridae (genus Flavivirus). Serologically, it is a member of
the Japanese encephalitis virus antigenic complex, which includes St. Louis, Japanese, Kunijin,
and Murray Valley encephalitis viruses.”*® WNV was first isolated in the WN province of
Uganda in 1937."*** Human and equine outbreaks have been recorded in portions of Africa,
southern Europe, North America, and Asia.'**

Although it is still not known when or how WNV was introduced into North America, international
travel of infected persons to New York, importation of infected birds or mosquitoes, or migration
of infected birds are all possibilities. In humans, WNV infection usually produces either
asymptomatic infection or mild febrile disease, sometimes accompanied by rash, but it can
cause severe and even fatal diseases in a small percentage of patients. The human case-
fatality rate in the U.S. has been 7% overall, and among patients with neuroinvasive WNV
disease, 10%.

Unlike WNV within its historical geographic range, or St. Louis encephalitis (SLE) virus in the
Western Hemisphere, mortality in a wide variety of bird species has been a hallmark of WNV
activity in the U.S. The reasons for this are not known; however, public health officials have been
able to use bird mortality (particularly birds from the family Corvidae) to effectively track the
movement of WNV. WNV has now been shown to affect 162 species of birds. Previous early-
season field studies have determined that areas with bird mortality due to WNV infection were
experiencing ongoing enzootic transmission. However, most birds survive WNV infection as
indicated by the high seroprevalence in numerous species of resident birds within the regions of
most intensive virus transmission. The contribution of migrating birds to natural transmission
cycles and dispersal of both WN and SLE viruses is poorly understood.

WNV has been transmitted principally by Culex species mosquitoes, the usual vectors of SLE
virus. Thirty-six species of mosquitoes have been shown to be infected with WNV. This wide
variety of WNV-infected mosquito species has widened this virus’ host-range in the U.S.: 27
mammalian species have been shown to be susceptible to WNV infection and disease has been



reported in 20 of these (including humans and horses). It must be remembered, however, that
the detection of WNV in a mosquito species is necessary but not sufficient to implicate that
species as a competent vector of WNV.

Since 1999, the Centers for Disease Control and Prevention (CDC) and a variety of other U.S.
governmental agencies and partners have sponsored yearly national meetings of
arbovirologists, epidemiologists, laboratorians, ecologists, vector-control specialists, wildlife
biologists, communication experts, and state and local health and agriculture officials to assess
the implications of the WNV introduction into the U.S. and to refine the comprehensive national
response plan. Recommendations from these meetings have been used to develop and to
update these guidelines.>'® This document is available electronically from the CDC Web site
at: http://www.cdc.gov/ncidod/dvbid/westnile/publications.htm.

To assist guideline implementation in 2000, CDC developed an electronic-based surveillance
and reporting system (ArboNet) to track WNV activity in humans, horses, other mammals, birds
and mosquitoes. In 2003, the ArboNet surveillance system has been updated to streamline
reporting to CDC of WNV activity by the state public health departments.

Today=s rapid transport of people, animals, and commodities increase the likelihood that other
introductions of exotic pathogens will occur. CDC continues to implement its plan titled
APreventing Emerging Infectious Diseases, a Plan for the 21% Century”."’



SURVEILLANCE

A universally applicable arbovirus surveillance system does not exist. In any given
jurisdiction, surveillance systems should be tailored according to the probability of arbovirus
activity and available resources. In jurisdictions without pre-existing vector-borne disease
surveillance and control programs, newly developed avian-based and/or mosquito-based
arbovirus surveillance systems will be required. In some, resurrection of previously
abandoned systems will be necessary. In others, modification and/or strengthening of
existing arbovirus surveillance systems (i.e., those intended to monitor eastern equine
encephalitis [EEE], western equine encephalitis [WEE], and/or St. Louis encephalitis [SLE]
virus activity) will be the most appropriate response. In yet other jurisdictions in which the
probability of arbovirus activity is very low and/or resources to support avian-based and/or
mosquito-based surveillance are unavailable, laboratory-based surveillance for neurologic
disease in humans and equines should be employed at minimum.

Seasonality of surveillance activities may vary depending upon geographic region. With the
anticipated spread of West Nile virus (WNV) to all of the 48 contiguous United States in
2003, all states should initiate surveillance after mosquitoes become active in the spring.

Appropriate and timely response to surveillance data is the key to preventing human and
animal disease associated with WNV and other arboviruses. That response must include
effective mosquito control and public education without delay, if an increasing intensity of
virus activity is detected by bird- or mosquito-based surveillance systems (see Section I11.M).
For basic information on arbovirus surveillance, see CDC Guidelines for Arbovirus
Surveillance Programs in the United States,*® this document can be obtained from CDC’s
Division of Vector-Borne Infectious Diseases, Fort Collins, Colorado, and is also available
from the CDC Web site at: www.cdc.gov/ncidod/dvbid/arbor/arboguid.htm.

A. Ecologic Surveillance

Detection of WNV in bird and mosquito populations helps health officials predict and
prevent human and domestic animal infections. Surveillance to detect WNV should
focus on the avian and mosquito components of the enzootic transmission cycle. Non-
human mammals, particularly equines, may also serve as effective sentinels because a
high intensity of mosquito exposure makes them more likely to be infected than people.
Descriptions of the avian-, mosquito-, and non human mammal-based surveillance
strategies follow.

1. Avian

a) Avian morbidity/mortality surveillance

Avian morbidity/mortality surveillance appears to be the most sensitive early
detection system for WNV activity, and should be a component of every state’s
arbovirus surveillance program. lIts utility for monitoring ongoing transmission in a
standardized fashion is currently being investigated, but should include at least
two basic elements: the timely reporting and analysis of dead bird sightings and
the submission of selected individual birds for WNV testing.



GOAL OF AVIAN MORBIDITY/MORTALITY SURVEILLANCE: Utilize bird
mortality associated with WNV infection as a means of detecting WNV activity in
a location.

1) Protocols and specimens

2)

The level of effort involved in this surveillance activity will depend on a risk
assessment in each jurisdiction. Generally, avian surveillance should be
initiated when local adult mosquito activity begins in the spring. A database
should be established to record and analyze dead bird sightings with the
following suggested data: caller identification and call-back number, date
observed, location geocoded to the highest feasible resolution, species, and
condition. Samples from birds in good condition (unscavenged and without
obvious decomposition or maggot infestation) may be submitted for laboratory
testing. As with all dead animals, carcasses should be handled carefully,
avoiding direct contact with skin. For greatest sensitivity, a variety of bird
species should be tested, but corvids should be emphasized." The number of
bird specimens tested will be dependent upon resources and whether WNV-
infected birds have been found in the area; triage of specimens may be
necessary on the basis of sensitive species (such as corvids) and geographic
location. Many jurisdictions may limit (or even stop) avian mortality
surveillance once WNV is confirmed in their region. It is suggested that avian
mortality surveillance be continued in each region as long as it remains
necessary to know whether local transmission persists, because dead-bird-
based surveillance is the most sensitive method for detection of WNV activity
in most regions.

A single organ specimen from each bird is sufficient to detect WNV or viral
RNA. Kidneys, brains, or hearts are preferable.?>** Oral swabs from corvids
have been validated as a sensitive alternative to organ samples, and because
fewer resources are necessary to acquire them, oral swabs are the preferred
specimen from corvid carcasses.” Testing involves isolation of infectious
virus, specific RNA detection by reverse transcription-polymerase chain
reaction (RT-PCR), ?* or antigen detection,?>?® and will generally be positive
within 1-2 weeks after specimen submission.

Recent experience

Analysis of recent avian morbidity and mortality data indicated that

(&) The American crow was the most sensitive species for avian morbidity/
mortality surveillance in northern regions. However, some areas did not
have WNV-positive American crows, but only WNV-positive birds of other
species. In southern regions, blue jays have been more sensitive than
Crows.

(b) Almost all of the positive birds were found singly and not as part of a mass
die-off at a single time and place.

(c) Approximately one-third of the WNV-positive birds had signs of trauma on
necropsy.



3)

4)

(d) Many WNV-positive birds did not have pathology indicative of WNV
infection on necropsy. No lesions are pathognomonic for WNV infection.

(e) WNV-positive dead birds usually provided the earliest indication of viral
activity in an area. In 2002, the detection of WNV-infected dead birds was
the first positive surveillance event in 1,534 (61%) of 2,531 counties
reporting WNV activity.

() The detection of WNV-positive dead birds preceded reports of human
cases (although knowledge of the test result did not necessarily predate
the onset of human cases). In 2002, 527 (89%) of 589 counties reporting
human WN meningoencephalitis cases first detected WNV transmission
in animals. In 327 (72%) of these 527 counties, detection of WNV-
infected dead birds was the first positive surveillance event, preceding
human illness onset by a median of 38.5 days (range, 2-252 days).

(g) Many counties with human cases of WNV infection tended to have high
dead bird surveillance indices, both WNV-positive and sightings. Notable
exceptions included sparsely populated counties, particularly those in the
midwestern states.””*

(h) Experimental evidence of direct transmission among corvids and gulls
exists, but whether this occurs in nature is unknown. ?° If it does, then in
some settings, virus-infected mosquitoes might not be necessary to
maintain enzootic transmission cycles.

Advantages of avian morbidity/mortality surveillance include the following:

(a) Certain species of birds, in particular corvids (e.g., crows and jays)
experience high clinical attack rates.

(b) The size and coloration of certain dead birds makes them conspicuous
(e.g., crows).

(c) RT-PCR and antigen-detection assays can be used to rapidly detect WN
viral RNA and protein, respectively, in tissues, even if the tissue is partly
decomposed. Both assays have now been adapted for field applications.

(d) Due to public involvement in reporting dead bird sightings, dead wild birds
are readily available over a much wider region than can be sampled by
other surveillance methods.

(e) Detection of WNV in dead birds likely signifies local transmission.*

() This type of surveillance provides a temporally and spatially sensitive
method for the detection of WNV activity.

(g) It can be used for early detection and possibly also for ongoing monitoring
of WNV transmission.

(h) It may be used to estimate risk of human infection with WNV- 273132

Disadvantages of avian morbidity/mortality surveillance include the following:

(a) Dead bird surveillance data from different jurisdictions are difficult to
compare.

(b) Birds are highly mobile and often have extensive home ranges, so that the
site of death may be distant from the site of infection (especially after the
breeding season, when birds are generally less territorial).

(c) Collection, handling, shipping, and processing of birds or their clinical
specimens is cumbersome.
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(d) Systems for handling, processing, and testing have at times been
overwhelmed by high public response and public expectations.

(e) The long-term usefulness of this system is uncertain because natural
selection for disease-resistant birds may occur, populations of susceptible
species may become very low, or the virus may evolve, resulting in low or
no avian mortality. In areas where WNV annually recurs, intense
environmental sampling might not be as useful.

() Success is influenced by public participation, which is highly variable, and
depends on the number of public outreach programs, level of public
concern, etc.

(g) The system may be less sensitive in rural areas, where there are fewer
persons to observe dead birds over a wider geographic area. In the
western U.S., low observer density is coupled with the presence of a
vector (Culex tarsalis) that is less ornithophilic, resulting in fewer reports of
dead birds relative to other non-avian surveillance indicators.

b) Live bird surveillance

Live-bird surveillance has been used traditionally both to detect and monitor
arbovirus transmission (e.g., for SLE, EEE and WEE viruses). Two
approaches are captive sentinel surveillance (typically using chickens, but
other species have been used as well), and free-ranging bird surveillance.*
Both depend on serological testing, which generally requires at least 3 weeks
to detect and confirm an infection. Successful application of these
approaches requires extensive knowledge of local transmission dynamics. It
is recommended that further research be done before relying on sentinel birds
as a primary means of WNV surveillance. Use of sentinel birds may require
institutional animal use and care protocols, and other authorization permits.

GOAL OF LIVE-BIRD SURVEILLANCE: Utilize seroconversions in captive or
free-ranging bird species as indicators of local WNV activity.

1) Captive sentinel surveillance

Although an ideal captive avian sentinel for WNV -- or any other arbovirus
— may not exist, such a species would meet the following criteria: 1) is
universally susceptible to infection, 2) has a 100% survival rate from
infection and universally develops easily detectable antibodies, 3) poses
no risk of infection to handlers, and 4) never develops viremia sufficient
to infect vector mosquitoes.'® Captive sentinels have been effectively
used to monitor transmission of arboviruses in a standardized fashion,
including SLE virus in California and Florida, especially in historical
enzootic transmission foci. Captive sentinel flocks should be placed in
likely transmission foci (e.g., near vector breeding sites or adult mosquito
congregation sites), and presented appropriately to allow feeding by
enzootic WNV vectors. Alternatively, pre-existing captive birds (e.qg.,
domestic poultry or pigeons, or zoo birds) may be used as sentinels.



(@)

(b)

()

Protocols and specimens

Whole blood can be collected and centrifuged for serum. Serum is
screened by either hemagglutination inhibition (HI), enzyme-linked
immunosorbent assay (ELISA) or plague-reduction neutralization test
(PRNT).** It is important to note that the extraction of avian serum
samples to remove non specific inhibitors of hemagglutination for use
in the HI test follows procedures different from those used in tests of
human serum samples.* Positive tests must be confirmed by
neutralization to rule out false positives and cross-reactions due to
infection with related flaviviruses (e.g., SLE virus).

Recent experience

(i) In 2000, sentinel chickens were used in selected counties in New
York State, New York City (NYC), New Jersey, Pennsylvania,
Maryland, and Delaware. Small numbers of seroconversions were
detected late in the season in New Jersey and New York. As used
in 2000, chickens were ineffective sentinels. In NYC in 2001,
sentinel chickens were placed in known transmission foci and
seroconverted earlier in the season, but not earlier than the first
human cases. In 2002, hundreds of sentinel chickens in the
Southeast seroconverted, but these were rarely the earliest
indicators of WNV activity at the county level.

(i) 1gM capture enzyme-linked immunosorbent assay (MAC-ELISA)
testing of experimentally infected chickens points to the need for
biweekly sampling of sentinels.*®

(iii) Experimental studies have shown that chickens, pigeons, and
pheasants (CDC, unpublished data) are candidate sentinels due to
their susceptibility to infection, low mortality, and relative
incompetence as amplifying hosts. However, small amounts of
WNV were detected in cloacal swabs from infected chickens and
pigeons.?*¥

(iv) Field studies of avian seroprevalence in Queens in 1999 indicated
that captive chickens frequently were infected.*® In Staten Island
in 2000, captive pigeons frequently were infected.*

(v) Some mortality in chickens was attributed to WNV at various
locations in New York State.*

Advantages of sentinel captive bird surveillance include the following:

() Chickens have been successfully used in flavivirus surveillance for
over 6 decades.

(ii) Birds are readily fed upon by Culex mosquitoes.

(iiif) Captive birds can be serially bled, making the geographic location
of infection definite.

(iv) The system is flexible and therefore can be expanded and
contracted as appropriate.

(v) Mosquito-abatement districts can maintain and bleed flocks and
submit specimens for testing.

(vi) Collection of specimens is inexpensive compared with the costs of
free-ranging bird surveillance.

11



(d) Disadvantages of captive sentinel surveillance include the following:

(i) Sentinel flocks detect only focal transmission, requiring multiple
flocks be positioned in representative geographic areas. This is
particularly true when vector mosquitoes have short flight ranges
(e.g., Culex pipiens).

(ii) Flocks are subject to vandalism and theft.

(iii) Flocks must be protected from predators.

(iv) Flock set-up and maintenance (i.e., birds, cages, feed,
transportation) are expensive. Training is required for proper
maintenance and sampling.

(v) Pre-existing flocks may already have been exposed due to
previous local WNV transmission.

2) Free-ranging bird surveillance

Free-ranging birds provide the opportunity for sampling important
reservoir host species and may be used both for early detection and for
monitoring virus activity. This type of surveillance has been used
effectively for SLE, EEE and WEE virus surveillance in several states. In
each geographic area, the optimal free-ranging bird species to be
monitored should be determined by serosurveys. The best species for
serologic surveillance are those in which infection is rarely, if ever, fatal,
and population replacement rates are high, ensuring a high proportion of
uninfected individuals.

(a) Protocols and specimens
The use of free-ranging birds requires differentiation of recent
infection from infections acquired in previous years. For most species,
assays for detection of IgM antibody will not be available and other
tests such as IgG (IgY)-detection ELISAs**** and the PRNT** must be
used to detect WNV-specific antibody. Antibody-positive birds less
than 1 year old may be presumed to have been infected recently
(during current transmission season). Weak seropositivity in very
young birds (less than 1 month old) may be due to maternal transfer of
antibody. Seroconversion in older birds is also evidence of recent
transmission, but requires frequent recapture for acquisition of multiple
specimens from uniquely banded individuals during the course of the
transmission season. WNV seropositivity among after-hatch-year
birds, when determined from a single serum specimen, should not be
interpreted or reported as evidence of recent infection. State and
federal permits are required for capture and banding of federally-
protected migratory birds.

(b) Recent experience
(i) In urban epizootic transmission foci in NYC, several common
species (i.e., house sparrows, cardinals, catbirds, mourning doves,
rock doves) developed high seroprevalence, making them strong
candidate sentinels, although other species may be important in
other locations.**%



(i) A comparison of free-ranging bird surveillance in NYC in 2001
found that much greater effort was required for this surveillance
system compared with other surveillance systems (Green Street
Scientific, LLC, unpublished data). Similar observations have
been made in Indiana, Louisiana, New Jersey, Ohio, and Texas.

(c) Advantages of free-ranging bird surveillance include the following:

(i) It has along history of successful use in flavivirus surveillance.

(i) Local movement of resident wild birds may increase contact with
enzootic transmission foci, thus increasing sensitivity (relative to
captive sentinels).

(iii) Set-up or maintenance costs may be minimal.

(iv) Its sampling capability is highly flexible.

(v) It permits evaluation of herd immunity among important amplifying
hosts.

(vi) Owner confidentiality may be less of an issue.

(d) Disadvantages of free-ranging bird surveillance include the following:

(i) Interpretation of serologic results is complex.

(i) Handling and venipuncture of birds increases the risk of exposure
to pathogens in blood and feces.

(iii) Movement of free-ranging wild birds makes it impossible to know
where an infection was acquired.

(iv) Most birds are protected by federal law, and their collection and
sampling requires state and federal permits. Banding permits
require complex data reporting.

(v) Training is required for live-trapping, blood-sampling, handling,
and accurate determination of the species and age of wild birds.

(vi) It is generally not feasible to serially bleed individual free-ranging
birds because of low recapture rates (although banding can be
useful).

2. Equine

Equines appear to be important sentinels of WNV epizootic activity and human
risk, at least in some geographic regions. In addition, equine health is an
important economic issue. Therefore, surveillance for equine WNV disease
should be conducted in jurisdictions where equines are present. Veterinarians,
veterinary service societies/agencies, and state agriculture departments are
essential partners in any surveillance activities involving equine WNV disease. A
working surveillance case definition of clinical WNV infection in equines is
presented in Appendix B.

GOALS OF EQUINE DISEASE SURVEILLANCE: To use data on equine WNV
disease cases to assess the threat of human disease, identify geographic areas
of high risk, and assess the need for and timing of interventions.

a) Protocols and Specimens

13



14

b)

c)

d)

1)

2)

Serum and cerebrospinal fluid (CSF) for antibody testing. Because an
equine WNV vaccine is now in widespread use, a complete vaccination
history should accompany all specimens submitted for antibody testing.

Necropsy tissues (especially brain and spinal cord) for gross pathology,
histopathology, RT-PCR, virus isolation, and immunohistochemistry. The
differential diagnosis of equine encephalitis includes, but is not limited to,
the other arboviral encephalitides and rabies.

Recent experience

1)

2)

3)

4)

In 2002, equine WNYV disease cases were the first indication of WNV
activity in 95 (16%) of the 589 counties where human disease was
reported. The majority of these 95 counties were located in the central
and western U.S.

In general, equine WNV disease cases have been scattered. Few case
clusters have been documented.

In fatal equine WNYV disease cases, pathological findings have been non-
specific. Pathognomonic lesions have not been described.

A licensed equine WNV vaccine has been available in the U.S. since
2001. No studies of efficacy have been published.

Advantages of equine disease surveillance include the following:

1)

2)
3)

Equines are highly conspicuous, numerous, and widely distributed in
some areas. They may be particularly useful sentinels in rural areas,
where dead birds may be less likely to be detected.

Some equines are routinely bled and tested for other pathogens.

Il equines have been one of the earliest, if not the earliest, sentinels of
WNYV activity in some geographic areas.

Disadvantages of equine disease surveillance include the following:

1)

In some geographic areas, equines may not be an early sentinel (i.e.,
human WNYV disease cases may occur simultaneously with or soon after
eguine cases).

2) Necropsies are expensive and logistically difficult.

3) Equines are not present or abundant in many areas of the U.S. (e.g.,

4)

densely populated metropolitan areas), and proximity of equines to human
populations varies.

Widespread use of equine WNV vaccines may decrease the incidence of
equine WNYV disease and therefore the usefulness of equines as
sentinels.



5) Because the costs of clinical equine specimen collection and testing are
usually borne directly by the owner, economic factors work against the
submission and testing of equine specimens for arboviral infections.

e) Minimal components of an equine surveillance program

1) All equine neurologic disease cases should be promptly reported; the
equines should be tested for infection with WNV and other arboviruses as
geographically appropriate, and for rabies.

2) Clusters of equine neurologic disease cases should be promptly
investigated.

Mosquito

While dead-bird-based surveillance has proven to be the most sensitive method
of detecting WNV presence in an area, mosquito-based surveillance remains the
primary tool for quantifying the intensity of virus transmission in an area, and
should be a mainstay in most surveillance programs for WNV and other
arboviruses.

GOALS OF MOSQUITO-BASED SURVEILLANCE: To 1) use data on mosquito
populations and virus infection rates to assess the threat of human disease; 2)
identify geographic areas of high risk; 3) assess the need for and timing of
interventions; 4) identify larval habitats for targeted control; 5) monitor the
effectiveness of this type of surveillance and improve prevention and control
measures; and 6) develop a better understanding of transmission cycles and
potential vector species.

a) Protocols and specimens

1) Adult mosquitoes are collected using a variety of trapping technigques and
are used to identify the mosquito species and primary vector species
present in an area and the relative density of those species. When
coupled with virus detection protocols, mosquito collections can be
screened for the presence of virus and provide a quantifiable index of
WNYV activity. Adequate sampling requires trapping regularly at
representative sites throughout a community, and rapid testing of
collections of sufficient size to detect low infection rates in the vector
population. Minimally, adult mosquito density (hnumber collected per trap
night) and infection rate (number of individual mosquitoes estimated
containing WNV per 1,000 specimens tested) should be recorded for
each area to provide a basis for tracking mosquito density and virus
incidence.

2) Larval mosquitoes are collected by taking dip samples from a variety of
habitats to identify species present in the area and to identify mosquito
sources. Thorough mapping of larval habitats will facilitate larval control
or source reduction activities. In addition, where larval management is not
feasible, quantitative estimates of larval densities will permit anticipation of
new adult emergences. Minimally, the number of larvae collected per dip
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and location where collected should be recorded to provide a basis for
tracking larval production and association of larval density with resulting
adult mosquito population density.

b) Recent experience

1)

If mosquito trapping effort is intensive, detection of WNV in mosquitoes
might precede detection of virus activity by other surveillance tools. If
mosquito trapping effort is inadequate, WNV-positive mosquitoes may not
be detected prior to the identification of a virus in dead bird, sentinel
animal, or human WNV disease cases.

2) Moderate to high infection rates sustained for several weeks in Cx.

3)

4)

5)

6)

pipiens or Cx. quinquefasciatus have been associated with subsequent
human outbreaks. Sustained high infection rates early in the year are
associated with a higher risk for subsequent outbreaks.

Several intense, focal outbreaks during 2002 were associated with
relatively low vector densities, but with high infection rates in key vector
species (i.e., infection rates in Cx. pipiens or Cx. quinquefasciatus of
approximately 10 per 1,000 or greater).

Large numbers of WNV-positive Cx. tarsalis pools have been found in
association with WNV activity in areas where this species is common.
Meaningful infection rates have not yet been determined.

Avian epizootics may occur without demonstrable human WNYV infection.
The epizootics are demonstrated, in part, by detection of WNV-positive
mosquito pools containing only species that feed predominantly on birds
(e.g., Cx. restuans).

During 1999-2002, WNV was detected in 36 mosquito species in the U.S.
(see www.cdc.gov/ncidod/dvbid/westnile/mosquitoSpecies.htm). The vast
majority of isolates came from Cx. pipiens, Cx. quinquefasciatus and Cx.
restuans. Numerous isolates have also come from several potential
accessory vectors (i.e., Cx. tarsalis, Cx. salinarius, Oc. Ae. albopictus, Oc.
triseriatus, Ae. vexans, Cx. nigripalpus). While detection of WNV in these
species demonstrates intensified virus transmission (i.e., virus in primarily
mammal-feeding or opportunistic mosquitoes), the contribution of these
species to human risk is poorly understood.

Advantages of mosquito-based surveillance include the following:

1)
2)
3)
4)

It may provide the earliest evidence of transmission in an area.
It helps establish information on potential mosquito vector species.
It provides an estimate of vector species abundance.

It gives quantifiable information on virus infection rates in different
mosquito species.



d)

5)

6)

7)

It provides quantifiable information on potential risk to humans and
animals.

It provides baseline data that can be used to guide emergency control
operations.

It allows evaluation of control methods.

Disadvantages of mosquito-based surveillance include the following:

1)
2)

3)

It is labor-intensive and expensive.

Substantial expertise is required for collecting, handling, sorting, species
identification, processing, and testing.

Collectors may be at risk from mosquito bites, especially if day biting
species are important bridge vectors, and should wear topical repellents
and/or repellent-treated clothing when working in areas where a risk of
WNYV transmission exists.

Minimal components of an entomological surveillance program

A comprehensive mosquito surveillance program must include larval and
adult sampling components, a mapping/record keeping component, a virus-
testing component, and a data analysis component. To provide useful data,
the surveillance program must be sustained and maintain a consistent effort
over several seasons. The exact design of mosquito-based surveillance
programs will vary by geography and availability of financial and personnel
resources. Not every community will be able to support a comprehensive
mosquito-based surveillance program. Minimally, a mosquito-based WNV
surveillance program must include the following:

1) Collection of adult mosquitoes using gravid traps and/or light traps,

providing representative geographic coverage and with sufficient trap sites
and trapping frequency to obtain sample sizes required to detect WNV at
relatively low infection rates. Use both fixed and flexible trap positions if
possible.

(a) Fixed positions allow for the development of a database that would let
public health officials compare population data to previous years and
spatially map changes in mosquito abundance.

(b) Flexible sites allow for response to epidemiological and natural events
(e.g., a suspected human case, dead crow, or a flood).

(c) A variety of trapping methods should be used, including the following:
(i) CDC light traps baited with CO, for sampling potential accessory

vectors.
(i) Gravid traps for Cx. pipiens and Cx. quinquefasciatus to sample
primary WNV vectors.

(d) Trap distribution will be influenced by the following species factors:
(i) Habitat diversity, size, and abundance;
(ii) Resource availability;
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(iif) Proximity to human population centers and/or recreational areas;
and
(iv)Flight range of vector species in the area.

2) Laboratory support to identify the mosquitoes’ species, and to test the
specimens for the presence of WNV. Determine infection rates by
species.

(a) Make arrangements with a lab for testing. Rapid turnaround is
essential.

(b) Focus initially on Culex mosquitoes to provide first indication of WNV
presence.

(c) Once virus is detected in Culex mosquitoes, pool and test all potential
vector species with emphasis on incriminated or suspected species.

(3) Data management and analysis capabilities to allow tracking of adult
mosquito densities and infection rates over time and space. Patterns of
virus activity are more likely to be useful than predetermined threshold
levels.

(4) Development of a plan with descriptions of actions that will be taken in
response to indicators of WNV activity.

B. Surveillance for Human Cases

Because the primary public health objective of surveillance systems for neurotropic
arboviruses is prevention of human infections and disease, human case surveillance
alone should not be used for the detection of arbovirus activity, except in jurisdictions
where arbovirus activity is rare, or resources to support avian-based and/or mosquito-
based arbovirus surveillance are unavailable.

GOALS OF SURVEILLANCE FOR HUMAN CASES: To 1) assess the local, state and
national public health impact of WNV disease and monitor national trends; 2)
demonstrate the need for public health intervention programs; 3) allocate resources; 4)
identify risk factors for infection and determine high-risk populations; 5) identify
geographic areas in need of targeted interventions; and 6) identify geographic areas in
which it may be appropriate to conduct analytic studies of important public health issues.

1. Recent Experience

a) Inthe U.S. during 1999-2002, the peak human risk for WN viral infection occurred
in August and September, although in 2002 human iliness onset was reported as
early as mid-May and as late as mid-December. In many regions, the peak
minimum infection rates in mosquitoes and a rapid increase in the number of
reported avian and equine WN viral infections occurred just prior to the period of
maximal human risk.

b) In 1999-2002, the majority of reported, confirmed, or probable cases of human
WN viral disease were among persons with meningoencephalitis. Testing of
patients with aseptic meningitis or unexplained febrile ilinesses for evidence of



d)

f)

9)

h)

WN viral infection may be beneficial, but can also overwhelm laboratory testing
capacity and appears to be of relatively low yield for surveillance purposes since
the majority of these cases will not be due to WNV infection.

Most patients with WN encephalitis or meningitis (WNME) are older adults,
generally over 50 years old. In the U.S. in 1999-2001, the median age among the
142 reported WNME cases was 68 years. In 2002, among 2,942 reported cases
of WN meningoencephalitis, the median age was 59 years. Although 21% of
reported cases were in persons younger than 40, only 4% of reported cases were
in persons younger than 18.

When WN viral infections were first identified in the U.S., WN encephalitis was
associated with a Guillain-Barre-like syndrome with generalized muscle
weakness. In 1999-2000, generalized muscle weakness was reported in 29% of
WN encephalitis cases. In 2002, at least 2 new neurologic syndromes associated
with WN viral infection were identified: acute flaccid paralysis (“WN poliomyelitis-
like syndrome”) and brachial plexopathy.

Using CDC-recommended test methods in public health laboratories, WNV-
specific IgM antibody was detected in acute-phase (i.e., those collected 8 or less
days after illness onset) serum or CSF specimens, or both, in the large majority of
confirmed cases. In contrast, only a small minority of suspected cases were
subsequently confirmed in which specific IgM antibody reactivity in acute-phase
serum or CSF was in the equivocal or low-positive range.

Longitudinal studies of WNME cases have shown that WNV-specific IgM
antibody can persist in serum for 12 months or longer.*® Thus, the presence of
WNV-specific IgM antibody in a single serum sample is not necessarily diagnostic
of acute WN viral infection. For this reason, especially in areas where WNV is
known to have circulated previously, suspected, acute WN viral disease cases
should be confirmed by observing a fourfold or more change in titer of WNV-
specific antibody in serum and the presence of WNV-specific IgM antibody in
CSF, when available.

In 1999 in the U.S., the sensitivity of polymerase chain reaction (PCR) tests of
CSF for the diagnosis of human WN encephalitis cases was only 57%; more
recent statistics are currently unavailable. Thus, PCR for the diagnosis of WN
viral infections of the human central nervous system (CNS) continues to be
experimental and should not replace tests for the detection of WNV-specific
antibody in CSF and serum, tests that are far more sensitive.

During 1999-2001, 7 cases of uncomplicated WN fever (WNF) were reported in
the U.S., which represents 5% of the total number of WNV disease cases
reported. In 2002, over 1,100 WNF cases were reported (30% of total).
Contributing factors likely include the intensive media attention paid to the 2002
epidemic that may have led to increased consumer demand for WNV diagnostic
testing by patients and physicians, and the greater availability of commercial
testing. Nevertheless, during 1999-2002, WNF was probably significantly
underdiagnosed in the U.S. It has been estimated that approximately 20 WNF
cases occur for every WNME case.*
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i) For suspected WNV disease cases in immunocompromised patients, WNV-
specific antibody may not be present. Since longer viremias may be observed in
these patients, testing serum and CSF samples for the presence of virus or viral
RNA may be useful.

2. Types of Surveillance

a) Clinical syndromes to monitor

Monitoring of encephalitis cases is the highest priority. Monitoring milder illnesses
(e.g., aseptic meningitis, Guillain-Barré syndrome, acute flaccid paralysis, and
brachial plexopathy, and fever or rash illnesses) is resource-dependent and
should be of lower priority.

b) Types of human surveillance
1) Enhanced passive surveillance

In the absence of known WNV activity in an area, enhanced passive
surveillance* for hospitalized cases of encephalitis (and milder clinical
syndromes as resources allow**), and for patients who have IgM antibodies to
either WN or SLE virus in tests conducted in diagnostic or reference
laboratories, should be employed. A high clinical suspicion for arboviral
encephalitis should be encouraged among health care providers. When the
diagnosis is in doubt, appropriate clinical specimens should be submitted to
CDC or another laboratory capable of performing reliable serologic testing for
antibodies to domestic arboviruses. Testing of CSF and paired acute- and
convalescent-phase serum samples should be strongly encouraged to
maximize the accuracy of serologic results.

2) Active surveillance

Active surveillance should be strongly considered in areas with known WNV
activity. In general, one or both of the following approaches should be taken:
(a) Contact physicians in appropriate specialties (i.e., infectious diseases,
neurology, and critical care) and hospital infection control personnel on a
regular basis to inquire about patients with potential arboviral infections;

(b) Implement laboratory-based surveillance to identify CSF specimens
meeting sensitive but nonspecific criteria for arboviral infections (e.g., mild to
moderate pleocytosis and negative tests for the presence of nonarboviral

"Passive surveillance enhanced by general alerts to key health care personnel such as primary care
providers, infectious disease physicians, neurologists, hospital infection control personnel, and diagnostic
laboratories.

** While human infections with neurotropic arboviruses are usually clinically inapparent, most clinically
apparent infections are associated with fever, with or without neurologic manifestations, which can range from mild
aseptic meningitis to fulminant and fatal encephalitis. Signs and symptoms may include fever, headache, stiff neck,
confusion or other mental status changes, nausea, vomiting, meningismus, cranial nerve abnormalities, paresis or
paralysis, sensory deficits, altered reflexes, abnormal movements, convulsions, and coma of varying severity.
Arboviral meningitis or encephalitis cannot reliably be clinically distinguished from other central nervous system
infections.
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agents such as bacteria, fungi, herpesviruses, and enteroviruses) and test
them for evidence of WNV infection.

3) Special surveillance projects

Special projects may be used to enhance arboviral disease surveillance. Such
projects include the Emerging Infections Network of the Infectious Diseases
Society of America (IDSA EIN), Emergency Department Sentinel Network for
Emerging Infections (EMERGEnNcy ID NET), Unexplained Deaths and Critical
llinesses Surveillance of the Emerging Infections Programs (EIP), and the
Global Emerging Infections Sentinel Network of the International Society of
Travel Medicine (GeoSentinel). In some areas, syndromic surveillance
systems may be considered. “Piggy-backing” surveillance for WNME and
milder clinical forms of WN viral infection, such as fever with rash or
lymphadenopathy, onto existing syndromic surveillance systems, especially
those involving large health maintenance organizations, may be considered.
Real-time computerized syndromic surveillance in emergency departments,
and special surveillance projects to identify WNV disease in pediatric
populations, may be useful.

3. Specimens

a)

b)

Cerebrospinal fluid (CSF)

In WNME cases, WNV-specific IgM antibody commonly can be found in CSF on
the day of illness onset using antibody-capture ELISA. Virus also may be isolated
(rarely) or detected by RT-PCR (in up to 60% of cases) in acute-phase CSF
samples.

Serum

Paired acute-phase (collected 0-8 days after onset of illness) and convalescent-
phase (collected 14-21 days after the acute specimen) serum specimens are
useful for demonstration of seroconversion to WNV and other arboviruses by
ELISA or neutralization tests. Although tests of a single acute-phase serum
specimen may provide evidence of a recent WNV infection, a negative acute-
phase specimen is inadequate for ruling out such an infection, underscoring the
importance of collecting paired samples. As mentioned previously, antibody
synthesis in immunocompromised individuals might be delayed or absent
altogether.

Tissues

When arboviral encephalitis is suspected in a patient who undergoes a brain
biopsy or who dies, tissues (especially brain samples, including samples of
cortex, midbrain, and brainstem), heart/venous blood, and buffy coat samples
should be submitted to CDC or other specialized laboratories for arbovirus and
other testing. Tissue specimens should be divided; half should be frozen at -70°C
and the other half fixed in formalin. Available studies include gross pathology,
histopathology, RT-PCR tests, virus isolation, and immunohistochemistry.
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4. Surveillance Case Definition

The national case definition for arboviral encephalitis (available at
www.cdc.gov/epo/dphsi/casedef/encephalitiscurrent.htm) should be used to classify
cases as confirmed or probable, once appropriate laboratory results are available
(also see Section Il). In CDC publications of national arbovirus surveillance data, no
distinction is usually made between confirmed and probable human cases for the
purposes of case counting.

5. Minimal Components of a Human Surveillance System

Enhanced passive surveillance for hospitalized encephalitis cases of unknown
etiology, and for patients who have IgM antibodies to either WN or SLE virus in tests
conducted in diagnostic or reference laboratories.

C. Geography and Timing

In general, the WNV transmission season in the U.S. is longer than that for other
domestic arboviruses and requires longer periods of ecologic and human
surveillance.

1. Northeastern and Midwestern U.S.

In the northeastern states in 2001-2002, human illness onset occurred as early as
early July and as late as mid-November. During these same years, avian cases
occurred as early as the first week of April and as late as the second week of
December. Active ecological surveillance and enhanced passive surveillance for
human cases should begin in early spring and continue through the fall until mosquito
activity ceases because of cold weather. Surveillance in urban and suburban areas
should be emphasized.

2. Southern U.S.

In 2001-2002, WNYV circulated throughout the year, especially in the Gulf states.
Although, in 2001-2002, human illness onset was reported as early as mid-May and
June and as late as mid-December, equine and avian infections were reported in all
months of the year. Active ecologic surveillance and enhanced passive surveillance
for human cases should be conducted year round in these areas.

3. Western U.S.

In 2002, WNYV activity was first reported among humans and animals in Rocky
Mountain states and among animals in Pacific coast states. These events occurred
relatively late in the year (mid-August). Predicting the temporal characteristics of
future WNV transmission seasons based on these limited reports is not possible.
Despite this limitation, active ecological surveillance and enhanced passive
surveillance for human cases beginning in early spring and continuing through the fall
until mosquito activity ceases because of cold weather should be encouraged.

4. Other Areas of the Western Hemisphere

In 2002, Canada experienced a WNV epidemic in Ontario and Quebec provinces and
an equine/avian epizootic that extended from the maritime provinces to
Saskatchewan.



Recent serologic evidence supports the conclusion that WNV has now reached
Central America. Further spread to South America by migratory birds seems
inevitable, if this has not already occurred. Development of surveillance systems
capable of detecting WNV activity should be encouraged in the Caribbean and
Central and South America. WNV surveillance should be integrated with dengue
surveillance in these areas, and with yellow fever surveillance in areas where urban
or peri-urban transmission of this virus occurs.
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LABORATORY DIAGNOSIS

The clinical presentation of most patients with viral encephalitis is similar regardless of the
cause. Also, infection by many of the arboviruses that cause encephalitis, including West
Nile and St. Louis encephalitis viruses, usually is clinically inapparent, or causes a
nonspecific viral syndrome in most patients. Definitive diagnosis, therefore, can only be
made by laboratory testing using specific reagents. To be successful, active surveillance
must have adequate laboratory support.

The basic laboratory diagnostic tests—and how they should be used at the national, state,
and local level—are outlined below. The initial designation of reference and regional
laboratories that can do all testing will be based on the availability of biosafety level 3 (BSL3)
containment facilities. Details of the surveillance case definition for human West Nile virus
(WNV) disease and of how the laboratory diagnostic tests are used to support surveillance
are presented in Appendix B.

A. Biocontainment

1. Laboratory Safety Issues

Laboratory-associated infections with WNV have been reported in the literature. The
Subcommittee on Arbovirus Laboratory Safety (SALS) in 1980, reported 15 human
infections from laboratory accidents. One of these infections was attributed to
aerosol exposure. Recently, two parenteral inoculations have been reported during
work with animals.

a) WNV may be present in blood, serum, tissues and CSF of infected humans,
birds, mammals and reptiles. The virus has been found in the oral fluids and
feces of birds. Parenteral inoculation with contaminated materials poses the
greatest hazard; contact exposure of broken skin is a possible risk. Sharps
precautions should be strictly adhered to when handling potentially infectious
materials. Workers performing necropsies on infected animals may be at high
risk of infection.

b) Biosafety Level 2 practices and facilities are recommended for activities for
human diagnostic specimens. In some cases it may be advisable to perform
initial processing of clinical samples in a biosafety cabinet, particularly if high
levels of virus is suspected (such as tissues from fatal human cases). Biosafety
Level 2 is recommended for processing field collected mosquito pools. Biosafety
Level 3 and Animal Biosafety Level 3 practices, containment equipment, and
facilities are recommended, respectively, for all manipulations of West Nile
cultures and for experimental animal and vector studies. Containment
specifications are available in the Centers for Disease Control and
Prevention/National Institutes of Health publication Biosafety in Microbiological
and Biomedical Laboratories (BMBL).* This document can be found online at
both http://bmbl.od.nih.gov/ and
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm.

c) All bird necropsies should be done in a Class 2 biological safety cabinet.



2. Shipping of Agents

Shipping and transport of WNV and clinical specimens should follow current
International Air Transport Association (IATA) and Department of Commerce
recommendations. Because of the threat to the domestic animal population, a U.S.
Department of Agriculture (USDA) shipping permit is required for transport of known
WNYV isolates. For more information, visit the IATA dangerous goods Web site at
http://www.iata.org/cargo/dg/, and the USDA Animal and Plant Health Inspection

Service (APHIS), National Center for Import /Export's Web site at
http://www.aphis.usda.gov/ncie/.

B. Serologic Laboratory Diagnosis

Accurate interpretation of serologic findings requires knowledge of the specimen. For
human specimens the following data must accompany specimens submitted for serology
before testing can proceed or results can be properly interpreted and reported: 1)
symptom onset date (when known); 2) date of sample collection; 3) unusual
immunological status of patient (e.g., immunosuppression); 4) state and county of
residence; 5) travel history in flavivirus-endemic areas; 6) history of prior vaccination
against flavivirus disease (e.g., yellow fever, Japanese encephalitis, or Central European
encephalitis); and 7) brief clinical summary including clinical diagnosis (e.g.,
encephalitis, aseptic meningitis).

1. Human

a)

b)

d)

Commercial kits for human serologic diagnosis of WNV infection are currently in
development. Until these kits are available, the CDC-defined IgM and IgG ELISA
should be the front-line tests for serum and CSF.***® These ELISA tests are the
most sensitive screening assays available. The HI and indirect
immunofluorescent antibody (IFA) test may also be used to screen samples for
flavivirus antibodies. Laboratories performing HI assays need be aware that the
recombinant WNV antigens produced to date are not useful in the HI test; mouse
brain source antigen (available from CDC) must be used in Hl tests. The
recombinant WNV antigen is available from commercial sources.

To date, the prototype WNV strains Eg101 or NY99 strains have performed
equally well as antigens in diagnostic tests for WNV in North America.

To maintain Clinical Laboratory Improvements Amendments (CLIA) certification,
CLIA recommendations for positive and negative ranges should be followed, and
laboratories doing WNV testing should participate in a proficiency testing program
through experienced reference laboratories; CDC'’s Division of Vector-Borne
Infectious Diseases in Fort Collins, Colorado and the National Veterinary Services
Laboratories in Ames, lowa both offer this type of program.

Because the ELISA can cross-react between flaviviruses (e.g., SLE, dengue,
yellow fever, WN), it should be viewed as a screening test only. Initial
serologically positive samples should be confirmed by neutralization test.
Specimens submitted for arboviral serology should also be tested against other
arboviruses known to be active or be present in the given area (e.g., test against
SLE, WN and EEE viruses in Florida).
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2. Animal

a)

b)

In general, the procedures for animal serology should follow those used with
humans cited above.

Plague-reduction neutralization test (PRNT) and HI assays, although technically
more demanding, may be useful because they are species independent.

C. Virologic Laboratory Diagnosis

Experience gained in WNV diagnostic testing over the past 4 years has led to the
following recommendations:

1. Virus Isolation

a)

b)

d)

e)

Virus isolation attempts should be performed in known susceptible mammalian or
mosquito cell lines. Mosquito origin cells may not show cytopathic effect and
should be screened by immunofluorescence.

Appropriate samples for virus isolation are prioritized as follows:

1) Clinically ill humans - CSF (serum samples may be useful early in infection)
2) Human (biopsy or postmortem) - brain tissue

3) Horses (postmortem) - brain tissue (including brainstem), spinal cord tissue
4) Birds - kidney, brain, heart

5) Other mammals - multiple tissues, especially kidney and brain

Confirmation of virus isolate identity can by accomplished by indirect
immunofluorescence assay (IFA) using virus-specific monoclonal antibodies,
nucleic acid detection, or virus neutralization.

The IFA using well-defined murine monoclonal antibodies (MAbs) is the most
efficient, economical, and rapid method to identify flaviviruses. MAbs are
available that can differentiate WNV and SLE virus from each other and from
other flaviviruses. Flavivirus-grouping MADbs are available for use as positive
controls, and MAbs specific for other arboviruses can be used as negative
controls. In addition, incorporating MAbs specific for other arboviruses known to
circulate in various regions will increase the rapid diagnostic capacities of state
and local laboratories. These reagents are available and should be used.

Nucleic acid detection methods including RT-PCR, TagMan and nucleic acid
sequence based amplification (NASBA) methods may be used to confirm virus
isolates as WNV.

f) Virus neutralization assays also may be used to differentiate viruses, by using

fourfold or greater titer differences as the diagnostic criterion in paired specimens
(acute- and convalescent-phase).



2. Virus Detection in Tissues

a) Antigenic analysis

1) Immunohistochemistry (IHC) using virus-specific MAbs on brain tissue has
been very useful in identifying both human and avian cases of WNV
infection. In suspected fatal cases, IHC should be performed on formalin-
fixed autopsy, biopsy, and necropsy material, ideally collected from
multiple anatomic regions of the brain, including the brainstem, midbrain,
and cortex.”* *°

2) Well-characterized antigen-capture ELISAs are now available for
detection of SLE***! and WNV antigen in mosquito pools and avian
tissues.”

b) Nucleic acid analysis

A number of nucleic acid detection methods have recently been employed for
WNYV diagnostic and surveillance purposes. An independent antigen or nucleic
acid test is required to confirm detection of WNV nucleic acid with any of these
methods.

1) RT-PCR of tissues, mosquito pools, and CSF has proven to be a useful
surveillance tool. RT-nested PCR has detected WNV nucleic acid in
equine brain and spinal cord tissues. Standardized protocols developed
by reference laboratories should be disseminated, and primer design
information should be included so that other laboratories can prepare
primers. A proficiency testing program should be developed by the
reference laboratories so that these tests can be CLIA-certified in local
laboratories.

2) Fluorogenic 5' nuclease techniques (real-time PCR) and nucleic acid
sequence-based amplification (NASBA) methods have been developed
and have undergone initial validation in specific diagnostic
applications.?*>>>*

D. Training and Infrastructure

1. State and Local Arbovirus Laboratories

Greater numbers of capable state and local laboratories performing screening assays
(such as ELISA) should be developed to reduce time demands on reference
laboratories. Reference laboratories should be utilized to confirm results of state and
local laboratories, particularly for the initial identification of WNV in new locations and
in new hosts.

2. Training Programs

Laboratory training programs have been developed and implemented at the federal
level. Additional regional training programs may be beneficial.
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PREVENTION AND CONTROL

Prevention and control of arboviral diseases is accomplished most effectively through a
comprehensive, integrated mosquito management program using sound integrated pest
management (IPM) principles.® IPM is based on an understanding of the underlying biology
of the transmission system, and utilizes regular monitoring to determine if and when
interventions are needed to keep pest numbers below levels at which intolerable levels of
damage, annoyance, or disease occur. IPM-based systems employ a variety of physical,
mechanical, cultural, biological and educational measures, singly or in appropriate
combination, to attain the desired pest population control.

Programs consistent with best practices and community needs should be established at the
local level and, at a minimum, should be capable of performing surveillance sensitive enough
to detect West Nile Virus (WNV) enzootic/epizootic transmission that has been associated
with increased risk of disease in humans or domestic animals. Integrated mosquito
management programs designed to minimize risk of WNV transmission and prevent
infections of humans and domestic animals should optimally include the following
components (modified from information provided by the American Mosquito Control
Association, the New Jersey Mosquito Control Association, and the Florida Coordinating
Council on Mosquito Control)**>®

A. Surveillance

Effective mosquito control begins with a sustained, consistent surveillance program that
targets pest and vector species, identifies and maps their immature habitats by season,
and documents the need for control. Records should be kept on the species composition
of mosquito populations prior to enacting control of any kind and to allow programs to
determine the effectiveness of control operations. All components of the integrated
management program must be monitored for efficacy using best practices and standard
indices of effectiveness. The following is a list of surveillance methodologies used by
mosquito control agencies.

1. Larval Mosquito Surveillance

Larval surveillance involves sampling a wide range of aquatic habitats for the
presence of pest and vector species during their developmental stages. Most
established programs have a team of trained inspectors to collect larval specimens
on a regular basis from known larval habitats, and to perform systematic surveillance
for new sources. A mosquito identification specialist normally identifies the larvae’s
species. Properly trained mosquito identification specialists can separate nuisance
and vector mosquito species. Responsible control programs target vector and
nuisance populations for control and avoid managing habitats that support benign
species.

2. Adult Mosquito Surveillance

Adult mosquito surveillance is used to monitor species presence and relative
abundance of adult mosquitoes in an area. Information derived from adult mosquito
surveillance programs using standardized and consistent surveillance efforts provide
information essential to monitoring potential vector activity, setting action thresholds,
and evaluating control efforts. Various methods are available for this purpose and



have been demonstrated to be effective in collecting a variety of mosquito species.>
The New Jersey light trap, CDC’s miniature light trap, and other modifications of this
design, with or without carbon dioxide bait, have been used extensively for collecting
host-seeking adult mosquitoes.®® Gravid traps frequently are used to monitor the
ovipositing segment of Cx. pipiens and Cx. restuans populations. These species
have been incriminated as the primary enzootic vectors of WNV in the northeastern
states.®® Host-seeking Cx. tarsalis, a species that has been strongly associated
with WNV transmission in areas where this species is common, are readily collected
in CO,-baited CDC miniature light traps. Resting boxes frequently are used to
measure populations of Culiseta melanura, a bird-feeding mosquito that is important
in the amplification of eastern equine encephalitis (EEE) virus. Pigeon-baited traps
may be employed to measure host-seeking Culex mosquitoes that amplify St. Louis
encephalitis (SLE) and West Nile viruses. Day-active mosquitoes like Ae. albopictus
are difficult to collect, and obtaining a sample representative of the local populations
requires extra effort. Where these species are important, sample sizes may be
enhanced by using CO,-baited CDC miniature light traps during daylight hours or by
using alternative trap configurations that may be more effective in collecting these
species (e.g., Fay trap or traps using a counterflow geometry). Trap deployment
should carefully address species habitat requirements on several spatial scales.

3. Virus Surveillance

The purpose of this component of the vector management program is to determine
the prevalence of WNV in the mosquito population. This is often expressed simply
as the number of WNV-positive mosquito pools of a given species collected at a
defined location and time period. While the number of positive pools provides
valuable information, it does not provide an index of virus prevalence in the vector
population. Preferably, the proportion of the mosquito population carrying the virus
should be expressed as the infection rate (IR, expressed as the estimated number of
infected individual mosquitoes per 1,000 specimens tested). This is a more useful
index of virus prevalence. The IR can be calculated by dividing the number of positive
pools by the total number of specimens tested for that species and collection period,
and multiplying the proportion by 1,000. This assumes that a positive pool contains
only one infected mosquito, which is a valid assumption in most circumstances.
When infection rates are high or sample sizes are low, a more accurate estimate of
IR may be obtained by using a maximum likelihood estimate of the infection rate —
see www.cdc.gov/ncidod/dvbid/westnile/software.htm. Elevated infection rates,
particularly if sustained over several weeks or in populations of opportunistic blood-
feeders that may act as bridge vectors, are indicators of increased WNV transmission
risk. Specimens collected in the routine adult mosquito surveillance program plus
special collections from key areas identified by other surveillance indicators (e.qg.,
dead birds, sentinel flocks) can be used for this purpose. Mosquito collections made
at permanent study sites in a sustained program provide important baseline data to
which new surveillance data are compared and decisions about human risk and need
for emergency interventions are made.

B. Source Reduction

Source reduction is the alteration or elimination of mosquito larval habitat breeding. This
remains the most effective and economical method of providing long-term mosquito
control in many habitats. Source reduction can include activities as simple as the proper
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disposal of used tires and the cleaning of rain gutters, bird baths and unused swimming
pools by individual property owners, to extensive regional water management projects
conducted by mosquito control agencies on state and/or federal lands. All of these
activities eliminate or substantially reduce mosquito breeding habitats and the need for
repeated applications of insecticides in the affected habitat. Source reduction activities
can be separated into the following two general categories:

1. Sanitation

The by-products of human’s activities have been a major contributor to the creation of
mosquito breeding habitats. An item as small as a bottle cap or as large as the
foundation of a demolished building can serve as a mosquito breeding area.
Sanitation, such as tire removal, stream restoration, catch-basin cleaning and
container removal, is a major part of all integrated vector management programs.
Mosquito control agencies in many jurisdictions have statutory powers that allow for
due process and summary abatement of mosquito-related public health nuisances
created on both public and private property. The sanitation problems most often
resolved by agency inspectors are problems of neglect, oversight, or lack of
information on the part of property owners. Educational information about the
importance of sanitation in the form of videos, slide shows, and fact sheets
distributed at press briefings, fairs, schools and other public areas are effective.

2. Water Management

Water management for mosquito control is a form of source reduction that is
conducted in fresh and saltwater breeding habitats. Water management programs for
vector control generally take two forms, described below. Water management
through impoundment and open water management have been very effective in the
past. Recently, restrictions on modification of aquatic habitats have limited the
implementation of these practices, and in many areas, water management for vector
control is no longer routinely employed and may be impractical in many settings. In
these situations, alternative methods of mosquito management must be employed.

a) Impoundment Management
Impoundments are mosquito-producing marshes around which dikes are
constructed, thereby allowing water to stand or to be pumped onto the marsh
surface from the adjacent estuary. This eliminates mosquito oviposition sites on
the impounded marsh and effectively reduces their populations. Rotational
Impoundment Management (RIM) is the technique developed to minimally flood
the marsh during the summer months and then use flapgated culverts to
reintegrate impoundments to the estuary for the remainder of the year, thereby
allowing the marsh to provide many of its natural functions. Although
impoundments usually achieve adequate control of salt-marsh mosquitoes, there
are situations in which impoundments can collect stormwater or rainwater and
create freshwater mosquito problems that must be addressed using other
techniques.

b) Open Marsh Water Management (OMWM)




Ditching as a source-reduction mosquito control technique has been used for
many years. Open marsh water management is a technique whereby mosquito-
producing locations on the marsh surface are connected to deep-water habitat
(e.g., tidal creeks, deep ditches) with shallow ditches. Mosquito broods are
controlled without pesticide use by allowing larvivorous fish access to
mosquito-producing depressions. Conversely, the draining of these locations
occurs before adult mosquitoes can emerge. OMWM can also include
establishing or improving a hydrological connection between the marsh and
estuary, providing natural resource enhancement as well as mosquito control
benefits. The use of shallow ditching (ditches approximately 3 feet or less in
depth rather than the deep ditching used in years past) is considered more
environmentally acceptable because than deep ditching because fewer unnatural
hydrological impacts occur to the marsh.

c) Management in Stormwater Retention Structures
Source reduction and water management practices may also be applied to
stormwater retention structures designed to hold runoff before it is discharged
into groundwater or surface water. Mosquito control should be considered in the
design, construction, and maintenance of these structures, as appropriate.
Stormwater retention structures should be designed in consultation with experts
in mosquito biology and control to prevent as much mosquito production as
possible, and to facilitate proper functioning and maintenance in the future.
Regulations associated with stormwater retention and flood control structures
should incorporate appropriate operations and maintenance provisions including
considerations for routine monitoring and control of mosquito populations.

C. Chemical Control

Insecticides can be directed against either the immature or adult stage of the mosquito
life cycle when source reduction and water management are not feasible or have failed
because of unavoidable or unanticipated problems, or when surveillance indicates the
presence of infected adult mosquitoes that pose a health risk. ®* Chemicals used by
mosquito control agencies must comply with state and federal requirements. Public
health pesticide applicators and operators in most states are required to be licensed or
certified by the appropriate state agencies.

1. Larviciding

Larviciding, the application of chemicals to kill mosquito larvae or pupae by ground or
aerial treatments, is typically more effective and target-specific than adulticiding, but
less permanent than source reduction. An effective larviciding program is an
important part of an integrated mosquito control operation. The objective of larviciding
is to control the immature stages at the breeding habitat before adult populations
have had a chance to disperse and to maintain populations at levels at which the risk
of arbovirus transmission is minimal. Larvicides can be applied from the ground or by
aerial application if large or inaccessible areas must be treated. Several materials in
various formulations are labeled for mosquito larviciding including the
organophosphate temephos (Abate); several biological larvicides such as Bacillus
thuringiensis israelensis (Bti, a bacterial larvicide), Bacillus sphaericus; methoprene,
an insect growth regulator (e.g., Altosid,); several larvicidal oils (e.g., petroleum-
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based Golden Bear and mineral-based Bonide) and monomolecular surface films
(e.g., Agnique, Arosurf); and in some limited habitats diflubenzuron (e.g., Dimilin, a
chitin synthesis inhibitor). Applications of larvicides often encompass fewer acres
than adulticides because treatments are made to relatively small areas where larvae
are concentrated, as opposed to larger regions where adults have dispersed. When
applying larvicides, it is important that the material be specific for mosquitoes,
minimize impacts on non-target organisms, and, where appropriate, be capable of
penetrating dense vegetation canopies. Larvicide formulations (i.e., liquid, granular,
solid) must be appropriate to the habitat being treated, accurately applied, and based
on surveillance data. Accuracy of application is important because missing even a
relatively small area can cause the emergence of a large mosquito brood resulting in
the need for broad-scale adulticiding.

Adulticiding

Adulticiding is the application of pesticides to kill adult mosquitoes. The ability to
control adult mosquitoes is an important component of any integrated mosquito
management program, and like the other components of the program, its use should
be based on surveillance data. Mosquito adulticiding may be the only practical control
technique available in situations where surveillance data indicate that is necessary to
reduce the density of adult mosquito populations quickly to lower the risk of WNV
transmission to humans. In some situations, source reduction and larvicide
applications are not practical, and adulticide application is the only available control
strategy. Mosquito adulticides typically are applied as an Ultra-Low-Volume (ULV)
spray where small amounts of insecticide are dispersed either by truck-mounted
equipment or from fixed-wing or rotary aircraft.***® Thermal fog applications of
adulticides by ground or air are also used in some areas, but to a much lesser
degree. Barrier treatments, typically applied as high volume liquids with hand-held
spray equipment using compounds with residual characteristics, are common in
some U.S. locations. This technique is especially attractive to individual homeowners
living near mosquito-producing habitats where residual chemicals applied along
property boundaries can provide some control benefits. Mosquito adulticiding differs
fundamentally from techniques used to control many other adult insects. For adult
mosquito control, insecticide must drift through the habitat in which mosquitoes are
flying in order to provide optimal control benefits. The EPA has determined that the
insecticides labeled nationally for this type of application do not pose unreasonable
health risks to humans, wildlife, or the environment when used according to the
label.*® Adulticides labeled for mosquito control include several organophosphates
such as malathion and naled. Some natural pyrethrins and synthetic pyrethroids
(permethrin, resmethrin and sumithrin) also hold adulticide labels. Insecticide
selection and timing of application should be based on the distribution and behavior
of the target mosquito species. Application of adulticides should be timed to coincide
with the activity period of the target mosquito species. Many Culex species are
nocturnal and are active in the tree canopy level. This should be taken into
consideration when planning adulticide applications. Operational experience
indicates that Cx. pipiens and Cx. quinquefasciatus may require more frequent
adulticide application to achieve desired levels of population reduction during an
outbreak. Control of adult day-active species poses additional problems because
ULV adulticide effectiveness is greatly reduced during daylight hours. Early-morning
use of adulticides, applied before temperatures rise, may provide a measure of
control for these species.



D. Resistance Management

In order to delay or prevent the development of insecticide resistance in vector
populations, integrated vector management programs should include a resistance
management component (modified from Florida Coordinating Council on Mosquito
Control, 1998).>" Ideally, this should include annual monitoring of the status of resistance
in the target populations to:

1. Provide baseline data for program planning and pesticide selection before the start of
control operations.

2. Detect resistance at an early stage so that timely management can be implemented
(even detection of resistance at a late stage can be important in elucidating why
disease control may fail); however, in such cases, management options other than
replacement of the pesticide may not be possible).

3. Continuously monitor the effect of control strategies on resistance. In addition to
monitoring resistance in the vector population, the integrated program should include
options for managing resistance that are appropriate for the local conditions.®*™® The
techniques regularly used include the following:

a) Management by Moderation - preventing onset of resistance by

1)
2)
3)
4)
5)

6)

7)
8)

9)

Using dosages no lower than the lowest label rate to avoid genetic selection.
Using less frequent applications.

Using chemicals of short environmental persistence.

Avoiding slow-release formulations.

Avoiding the use of the same class of insecticide to control both adults and
immature stages.

Applying locally. Currently, most districts treat only hot spots. Area-wide
treatments are used only during public health alerts or outbreaks.

Leaving certain generations, population segments, or areas untreated.

Establishing high pest mosquito densities or action thresholds prior to
insecticide application.

Alternation of biorational larvicides and insect growth regulators annually or at
longer intervals.

b) Management by continued suppression - a strategy used in areas of high-value

(e.q., heavily touristed areas) or where arthropod vectors of disease must be kept

at very low densities.

This does not mean saturation of the environment by pesticides, but rather the
saturation of the defense mechanisms of the insect by insecticide dosages that
can overcome resistance. This is achieved by the application of dosages within
label rates but sufficiently high to be lethal to susceptible as well as to
heterozygous-resistant individuals. If the heterozygous individuals are killed,
resistance (which is a homozygous trait) will be slow to emerge. This method
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should not be used if any significant portion of the population in question is
resistant. Another approach more commonly used is the addition of synergists
that inhibit existing detoxification enzymes and thus eliminate the competitive
advantage of these individuals. Commonly, the synergist of choice in mosquito
control is piperonyl butoxide (PBO).

¢) Management by multiple attack - achieving control through the action of several
different and independent pressures such that selection for any one of them
would be below that required for the development of resistance.

This strategy involves the use of insecticides with different modes of action in
mixtures or in rotations. There are economic problems (e.g., costs of switching
chemicals or having storage space for them) associated with this approach, and
critical variables in addition to mode of action must be taken into consideration
(i.e., mode of resistance inheritance, frequency of mutations, population dynamics
of the target species, availability of refuges, and migration). General
recommendations are to evaluate resistance patterns at least annually and the
need for rotating insecticides at annual or longer intervals.

E. Biological Control

Biological control is the use of biological organisms, or their by-products, to control pests.
Biocontrol is popular in theory, because of its potential to be host-specific and virtually
without non-target effects. Overall, larvivorous fish are the most extensively used
biocontrol agent for mosquitoes. Predaceous fish, typically Gambusia or other species
which occur naturally in many aquatic habitats, can be placed in permanent or
semipermanent water bodies where mosquito larvae occur, providing some measure of
control. Other biocontrol agents that have been tested for mosquito control, but that to
date generally are not widely used, include the predaceous mosquito Toxorhynchites,
predacious copepods, the parasitic nematode Romanomermis, and the fungus
Lagenidium giganteum. Biocontrol certainly holds the possibility of becoming a more
important tool and pla