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Overview of the Project

This project will educate readers about the West Nile virus (WNv), and the vaccine research
approaches currently underway. A narrative review used an instrument to synthesize WNv
vaccine research studies, into an casy to understand format. Results indicated the instrument had
a high magnitude of reliability (r = 0.90, p<0.0001). The size and frequency of future epidemics
of the rare occurrence WNv is uncertain. Research for a WNv vaccine for humans is a
responsible public health initiative. The rationale for preplanning a vaccination program is
discussed as a future application of this research. The public expects preventative and
therapeutic solutions to infectious diseases, and the project’s conclusion indicates that for WNy

this can be achieved.

Goal .
100% of participants who read the project “A West Nile Virus (WNv) Human Vaccine: From

Research to Vaccination” will have an immediate understanding of the WN virus, the current

vaccine research approaches, and the public health implications of vaccination upon completion.

Objectives
= To utilize extensive peer-reviewed literature of the WN virus
* To discuss the impact of WNv, and define the “at-risk™ population
* To summarize study results of WNv vaccine approaches

» To recommend preparedness planning for a vaccination program, as a future application.
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Introduction

The West Nile virus (WNv) is a threat to population health, and research for a WNv vaccine
for humans is a responsible public health initiative. While the size and frequency of future
epidemics of this rare occurrence infectious disease is uncertain, the virus will continue to adapt
and thrive. Industrialized nations have come to expect preventative and therapeutic solutions to
preventable diseases. WNv research is advancing in the scientific development and formulation
of customized vaccines, specific for disease challenge situations. Planning now for a WNv
vaccination program to utilize a future vaccine, would add credible preparedness information as

evidence to support or refute current and future public health policy considerations.

In Ontario, the 36 Health Units are guided by the West Nile Virus Preparedness and
Prevention Plan 2006 for Ontario (Ministry of Health and Long Term Care [MOHLTC], 2006),
a reference document that assists with the implementation of Ontario Regulation 199/03 Control
of West Nile Virus (Canadian Legal Information Institute [CanLII], n.d., a.) under the Health
Protection and Promotion Act (CanLIl, n.d., b.). WNv is a rare occurrence infectious disease
that since its emergence in 1999 in New York has caused ~ 20,000 human cases (800 deaths),
and 25,000 equine cases (5000 cases) to 2005 (Dauphin and Zientara, 2007). The virus affects
over 250 species of birds, 35 species of mammals and 2 species of reptiles over a large
geographic area' (MOHLTC, 2006). As shown in Table 1, from 2002 - 2007 there have been

4,331 cases reported in Canada, with 552 in Ontario (Public Health Agency of Canada [PHAC],

1 In Canada WNv has been seen from Nova Scotia to Alberta. Newfoundland and Labrador continue to
remain free of infection. In BC in 2007, 13 cases were repotted (7 neurological, 3 non-neurological and 3
unclassified) however, all cases were likely related to travel outside the Province. See PHAC, (2007b).
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2007a). There is no way to predict how serious WNv will be in any given year, as fluctuations in
climate — temperature, precipitation, humidity and wind all influence the mosquitoes linked to
this infectious disease.” Illness and death from infectious diseases are particularly tragic, because
they are largely preventable. Public health activities related to WNv surveillance and control
have traditionally been reactive, and at times controversial. Population-based programs must be
innovative and should acknowledge the complex ecosystem based transmission cycles, if they

are to be successful.

Table 1. West Nile Virus Cases from 2002-2007.

Year Neurological Non-neurological  Unclassified Asymptomatic Total? Total? Deaths

Canada | Ont' | Canada | Ont | Canada | Ont | Canada | Ont | Canada | Ont | Canada

2007° | 106 1 974 9 | 955 0 26 3 | 2035 10 !

2006 38 17 112 24 1 1 3 1 151 42° 4
2005 49 3 172 1 4 0 13 1 225 4 12
2004 13 10 12 3 0 i 1 25 13 2
2003 217 47 1248 42 0 14 0 1481 89 12
2002 259 243 18 18 137 133 0 0 414 394 20

Includes probable/confirmed cases.

Total doesn’t include asymptomatic infection.

Some totals include some cases related to travel outside province or territory.
Information not available

As of September 15, 2007.

BN -

W

Source: From “Human Surveillance (2002-2006)" and “Human Surveillance 2007 West Nile Virus MONITOR.
Public Health Agency of Canada, 2007a, b. Copyright ©2004 Public Health Agency of Canada. For
personal use only.

2 As of September 6, 2007, 65 equine WNv cases were reported in Alberta, Saskatchewan, and Manitoba. More
than 1,200 human WNv cases were reported in Canada (3 deaths in Saskatchewan and 2 in Manitoba). In the
US, 906 human infections (26 fatalities) were reported in 33 States, with 56 equine cases. See BC Escapes West
Nile Again (2007, October/November).
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Framework

The development and implementation of innovations is a vital aspect of public health
services. This project utilized the Diffusion of Innovations Theory (see Appendix A, Figure 1)
to support preparedness planning of a community-based public health prevention initiative, as a
future application of the research that is currently underway to develop and market a WNv

vaccine for humans.

The original diffusion research was done as early as 1903 by the French sociologist Gabriel
Tarde, who plotted an S-shaped diffusion curve that reflects the S-shaped rate of adoption for
new innovations (University of Twente, 2004). According to Rogers (1995b), Ryan and Gross
studied the phenomenon in 1943 using agricultural innovations; however, the application of the
diffusion theory in public health immunization campaigns can be found prior to 1960. The
diffusion model has been used successfully for public health education and promotion programs
for innovations that are preventive in nature, that have been perceived as having a lower degree
of relative advantage over current ideas and practices (Rogers, 1995b). These programs,
according to Rogers (1995b), often require individuals to adopt a new idea at a certain time in
order to avoid the potential occurrence of some unwanted health event later, in which the future
outcome cannot be predicted with certainty. For this reason, preventive health innovations
generally diffuse slowly and require greater promotion to reach an acceptable level of adoption,
and this may be particularly true for a novel vaccine. Canadians can be characterized as having

positive opinions about vaccine effectiveness and research. However, attitudes about safety,
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efficacy, and self-perceived knowledge are all associated with the willingness to get a vaccine

and this would be especially likely for one currently in development (Ritvo, et. al., 2003).

According to Rogers, (1995a) diffusion is the process by which an innovation is
communicated through certain channels over time, among the members of a social system. This
type of communication is concerned with the spread of messages, which will be received with a
degree of uncertainty. The elements in the diffusion of new ideas are:

= innovation
= communication channels
= time

= gocial system.

Rogers (1995a) describes an innovation as an idea, practice, or object that is perceived as
new, where the characteristics of relative advantage,’ compatibility,* complexity.’ trialability,®
and observability’ determine its rate of adoption. While it can be measured in economic terms,
social prestige, convenience, and satisfaction are also important factors in whether individuals
perceive the innovation as advantageous. [deas that are incompatible with the values and norms
of a social system will not be adopted rapidly, as they require the prior adoption of a new value
system. Complicated innovations will not be adopted rapidly, especially if they require people to

develop new skills and understanding. New ideas that are simple and can be tried on a limited

3 Relative advantage of an innovation, reflects the degree to which it is perceived as better than the idea it
supercedes.

4  Compatibility is the degree to which an innovation is perceived as being consistent with the existing values, past

experiences, and needs of potential users.

Complexity refers to the degree to which an innovation is perceived, as difficult to understand and use.

Trialability is the degree to which an innovation may be experimented with, on a limited basis.

7  Observability is the degree to which the results of an innovation are visible.

(o)W}
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basis will represent less uncertainty to individuals who can learn by doing, and will be adopted
more rapidly. In addition, innovations with visible results are more likely to be adopted. A key
concept in the diffusion process is the critical mass. which occurs at the point in which enough
individuals have adopted an innovation so that further adoption becomes self-sustaining (Rogers,

1995a).

Communication is the process, by which participants create and share information with one
another in order to reach a mutual understanding (Rogers, 1995a). Social in nature, the channel
is the means by which messages get from one individual to another. Mass media channels are
effective in creating knowledge, whereas interpersonal channels are effective in forming and

changing attitudes towards a new idea by influencing the decision to adopt or reject it.

The time dimension according to Rogers (1995a) is involved in three ways. First it is the
mental process through which a decision-maker passes from first knowledge of an innovation to
forming an attitude toward it; to the decision to adopt or reject it; to the implementation of the
new idea; and finally to confirmation of the decision to adopt the innovation. The second
dimension is how early the decision-maker adopts the new idea, and is classified in five adopter
categories:

*= innovators

= carly adopters
= carly majority
= Jate majority

= Jaggards.
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Innovators the first 2.5% of the individuals in a system to adopt an innovation are cosmopolites,
who play an important role in the diffusion process. Early adopters. the next 13.5% of the
individuals to adopt an innovation are localites, and have the greatest degree of opinion
leadership in most systems. Outreach activities should be focused on these individuals, the
change agents and gatekeepers, as they serve as role models and are instrumental in getting an
innovation to the point of critical mass. The early majority category contains the next 34% of
individuals in a system to adopt an innovation. They adopt new ideas just before the average
member does but rarely hold positions of opinion leadership, nevertheless, they function as links
in the diffusion process. The late majority make up 34% of individuals who do not adopt until
most others have done so, therefore system norms must favour the innovation, and peer pressure
is necessary for motivation. Laggards are the final 16% of individuals who have little opinion
leadership, and function in near isolation to the social networks of their system. The final time
dimension is the rate or relative speed in which an innovation is adopted, and is measured as the

number of members of the system that adopt it in a given time period (Rogers, 1995a).

A social system is defined as a set of interrelated units that are engaged in joint problem
solving, to accomplish common goals (Rogers, 1995a). Members may be individuals, groups,
organizations, and/or subsystems that constitute a boundary within which an innovation diffuses.
Diffusion is affected by norms or established behaviour patterns and opinion leadership, which

influences the attitudes or the behaviour of others in a desired way.

Diffusion research has focused on tive elements that support the goal of public health

prevention research: (1) the characteristics of an innovation which may influence its adoption;
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(2) the decision-making process; (3) the characteristics of individuals that make them likely to
adopt an innovation; (4) the consequences for individuals and society of adopting an innovation;
and (5) communication channels used in the adoption process (University of Twente, 2004). In
order to generate a strong science base that supports practice and includes measures to translate
science into programs and policy, community-based prevention research entails preparedness
planning in communities where cultural and social factors are considered (Baker, White, and
Lightveld, 2001). In their study Waterman, et al., 2007, argued that there is no single way to
develop and diffuse an innovation. They stated “[a]dopters...need to be viewed as active
participants in the adoption process who, given the right circumstances and reasons, might
innovate (Waterman, et al., 2007, p. 377). Preplanning to explore what works in communities
will fill a gap in the research base that will lead to improved public health vaccine programs and
policies that rely on science to develop, test, and validate new interventions and methods (Baker

etal., 2001).

The project’s comprehensive literature review utilizes peer-reviewed literature to illustrate the
impact of WNyv, a disease that strikes urban and relatively affluent areas with strong public
health infrastructures, as the rationale for the development of a human WNv vaccine. It critically
examines the knowledge, trends, attitudes, and cost-benefits of vaccination in support of the
research to create a vaccine that could be used in both an endemic and an impending epidemic to
provide preventative immunization. For a disease in which there is no cure and clinical
presentation (encephalitis) can be severe and potentially fatal, vaccination provides the ultimate
measure for personal protection against the WNv (Monath, 2001). The needs assessment

determined the at-risk population — the elderly or immunocompromised, as well as residents of
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areas with evidence of high virus transmission — as candidates for vaccination The project’s
methodology utilized a narrative systematic review of heterogeneous studies to describe the
range of available evidence to identify, appraise, and synthesize current WNv vaccine research
Preparedness planning for a potential vaccine frames the importance of using theory to initiate
ideas that increase knowledge, develop evidence-based protocols, and best practice models for

universal public health application in the event of epidemic WNv disease.

Literature Review

West Nile Virus

Emerging and reemerging infectious diseases have received increased attention in recent
years with the realization that “...the concept of globalization include[s] global exposure to
disease agents formerly confined to small, endemic or remote areas” (Lashley, 2003, p. 258).
WNyv is an Old World virus that was first isolated in 1937, in the West Nile province of Uganda
(Sampathkumar, 2003). Outbreaks occur infrequently in humans, however, the most notable
epidemics causing encephalitis and death have been in Israel (1950°s), France (1962), South
Africa (1974), India (1980/1981) and Romania (1986) (Lanciotti, et al., 2002). Since its 1999
North American appearance in New York, the diversity, distribution, and effects of WNv have
made efforts to understand its human-ecosystem interaction difficult. It is important to recognize
that although WNv is not new, it is being found in new geographic areas and it is bringing new
complexities. According to Petersen and Roehrig (2001), three epidemiologic trends for WNv

have emerged: 1) increase in frequency of outbreaks in humans and horses.® 2) apparent

8 Romania 1996; Morocco 1996; Tunisia 1997; Italy 1998; Russia, USA and Israel 1999; Israel, France and USA
2000.
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increase in severe human disease’ and 3) high avian death rates accompanying the human
outbreaks in Israel and the US. Petersen and Roehrig (2001) further suggested that recent

. . . . 1«
outbreaks of WNv have been accompanied by an apparent evolution of a new virus variant.'’

The most common route of WNv infection to humans is through a bite from an infected
mosquito. After infection, the viral incubation period in humans ranges from 2 to 15 days
(usually 2 - 6 days) with most infections clinically inapparent'' (Sampathkumar, 2003). WNv
illness consists of two clinical pictures, and it is classified according to laboratory criteria as
either “confirmed” or “probable” (Department of Health and Human Services [CDC], 2006).
Approximately 20% of infected individuals will develop “WNV Non-Neurological Syndrome™'?
(MOHLTC, 2006) and will experience only mild symptoms such as fever, headache, body aches,
skin rash, and swollen lymph glands (National Institute [NIAID], 2006). However, 1 in 150
(0.7 %) of those infected will develop “WNV Neurological Syndrome” (MOHLTC, 2006). If
WNv enters the brain, it causes life-threatening encephalitis, meningitis, or meningoencephalitis,
the most common type of central nervous system (CNS) presentation (Sampathkumar, 2003).
WNyv has been associated with acute flaccid paralysis with damage localized to spinal anterior

horn cells, which results in a poliomyelitis-like syndrome. Movement disorder syndromes'® have

also been reported (Sampathkumar, 2003).

9  Confirmed human infections in recent outbreaks: Romania, 393 cases, Russia [Volgograd], 942 cases, US, 62
cases in 1999 and 21 in 2000; Israel, 2 cases in 1999 and 417 in 2000.

10 NY99.

I1  Serological testing of residents in the most heavily affected area of New York City (Queens) in 1999, showed
that ~ 2.6% of the population might have been positive for WNv. Estimates of WN in horses are less precise,
but only 0.4 % of the horses in the most heavily affected area (Suffolk County, Long Island), exhibited clinical
signs of infection in 1999. See Stringham and Watson, 2002.

12 Formerly known as West Nile Fever.

13 Tremors and myoclonus, parkinsonism, rhabdomyolysis, ataxia, cranial nerve involvement, optic neuritis and
polyradiculopathy. Involvement of the CNS is associated with mortality of up to 10%. See Sampathkumar,
2003.
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Rainham (2005) suggested that transmission cycles are connected to local and global climate
variability. where weather pattern changes, slight global warming, or receding freezing zones
favour mosquitoes and the expansion of their range. Natural disasters with heavy rain and
flooding, alterations in the environment from both agricultural practices and urban purposes can
alter water levels, which affect mosquito populations and disease occurrence. The interactions
between vectors and hosts are also complex, since each element may adapt and/or reorganize in
response to an intervention (Rainham, 2005). Kondro (2006) suggested that several variables
add to this complexity by noting that WNv infects numerous different species of mosquitoes,
which suggests that it has a large environmental niche in addition to a great geographic
distribution. Further, he stated “[i]t also seems very hardy, in that it can tolerate continental
climates that are quite north” (Kondro, 2006, p. 570). Another interesting factor suggested by
Lashley (2003), is that genetic adaptive changes are important in the emergence of infectious
diseases. This is further supported by Kondro (2006) who stated “...birds carrying the virus are
becoming ‘more immune as a population™ (p. 570). In addition, he proposed that there is a
genetic transmission of the virus within mosquito larvae that acts as an over-wintering
mechanism, which suggests the spread of WNv is no longer limited to annual reintroduction

from migratory birds (Kondro, 2006).

Infectious mosquitoes carry virus particles in their salivary glands, and infect susceptible bird
species during blood-meal feeding. The primary or “reservoir” host birds sustain an infectious
viremia for 1 - 4 days after exposure, after this time they either die or develop immunity.
Bridging species of mosquitoes that feed upon both birds and mammals transmit th'e virus to

humans and vertebrates (animals with backbones), which function as “incidental” or “dead-end”
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hosts (Department of Health and Human Services [CDC], n.d.). According to Brinton (2002),
the minimum level required to infect a feeding mosquito is ~10° PFU/ml of serum.'* It appears
unlikely, however, that humans exhibit WNv viremia levels of sufficient magnitude to infect
mosquitoes (Hayes, et al., 2005). Kondro (2006) reported that, unlike birds, only 3% of humans

remain immune after WNv infection.

Mosquitoes of the genus Culex are the principal maintenance vectors in the Old World." In
North America, WNv has been found in 59 mosquito species, however <10% are considered as
principal vectors (Hayes et al., 2005). The most common vectors are: in the northeast US Cx.
pipiens, Cx. quinquefasciatus in the south US, and Cx. tarsalis and Cx. restuans to the west of
the Mississippi River (Hayes, et al., 2005). The intensity of WNv transmission to humans is
dependent on abundance and feeding patterns of infected mosquitoes, local ecology, and
behaviour that influences human exposure (Hayes, et al., 2005). The incidence of WNv disease
is seasonal in temperate zones, with peak activity from July through October (Hayes et al.,
2005). Temperature profoundly influences mosquito-to-vertebrate transmission rates, therefore
summer temperatures are likely one of the most important environmental variables modulating
WNv infection (Savage, et al., 1999). According to Hayes et al. (2005), in the US the
transmission season has lengthened as the virus has moved south, with the trend of onset of

human illness beginning earlier.

14 Plaque forming unit (PFU), is a measure of infectious virus particles. One plaque forming unit is equivalent to
one infectious virus particle.

15 In Europe and Africa the primary vectors are Cx. pipiens, Cx. Univittatus and Cx. Antennatus, in India the Cx.
vishnui, and in Australia the Kunjin virus is transmitted primarily by Cx. annulirostris. See Hayes et al., 2005.
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Recent lower WNv incidence may be due to mosquito abatement programs, public education
campaigns, or to the fact that physicians are more familiar with the virus and likely to diagnose
and treat milder infections resulting in fewer instances of progression to neuroinvasive disease
and death (Kondro, 2006). Of unknown implication are reported nonmosquitoborne WNv
transmission among US farmed alligators, domestic turkeys, and domestic geese in Canada, and
the close contact transmission in both birds and alligators in laboratory conditions (Hayes et al.,

2005).

Vaccination trends and principles

Rescarch and development of new vaccines are costly in terms of time and money, and
historically it has not been a profitable business. According to Carey and Capell (2002),
progressive US policy moves, advances in science, and a big change in the economics of the
business has brought about resurgence. The ability of vaccine makers to command premium
prices has prompted renewal in research and development spending that has resulted in growth
for the industry (Carey and Capell, 2002). Carey and Capell (2002) reported that interest in
vaccines as a business as opposed to [just] a public health intervention, has led to profits for the
industry leaders. Vaccines are becoming more versatile, and able to tackle diseases beyond the
infection itself (Carey and Capell, 2002). This has created a potential for basic vaccines that can
be customized for a range of diseases, or when novel diseases suddenly emerge (Carey and

Capell, 2002).

Infectious diseases are caused by organisms that are able to exploit the body, so that they may

grow and reproduce (see Appendix B, Figure 2). According to the NIP Reference Guide on
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Vaccines and Vaccine Safety, humans are protected against infectious disease by various
physical and biochemical factors, such as the skin and its acidic secretions, tears and mucous
membranes. If an infectious agent gets past the first line of defense, a second tier of defense is
provided by natural or innate immune mechanisms. Our own cells and the chemicals they
produce seek out, identify, and eliminate the pathogen. When stronger protection is needed, an
acquired immune reaction (antibody and cell-mediated responses) specific to the pathogen are
mounted (see Appendix B, Figure 3). This response can result in either short or long-term
protection against a specific pathogen, and often to some of its close relatives. Re-exposure to
the same pathogen reactivates the response mechanisms laid down during the original exposure,
which leads to the rapid effective elimination of the agent often without symptoms or signs of
infection. Specific immunity that results in protection from exposure to agents in the
environment is referred to as being passively acquired,'® whereas intentional exposure to the
agent or through vaccination results in actively acquired immunity (Department of Health

[CDC]. 2007).

The immune system is a complex network of molecules, cells, and tissues that respond when
a pathogen or vaccine enters the body. The cells in the surrounding tissues release chemokines'’
and cytokines'® that attract white blood cells (WBC’s, e.g., neutrophils, monocytes, lymphocytes)
to the area that leads to the destruction of the pathogen. WBC’s release other chemicals that

constitute the natural immune response. This innate immunity is not specific or long lasting, and

16 Passive immunity results when antibodies are produced by one individual, and then acquired by another.
Naturally acquired passive immunity occurs with the acquisition of antibodies in colostrum and breast milk by
an infant, or by maternal antibodies crossing the placenta. Artificially acquired passive immunity occurs when
antiserum or antibodies produced by one individual, are transfused into a second individual.

17 Chemokines are a family of structurally related glycoproteins with potent leukocyte activation and/or
chemotactic activity. They are 70 to 90 amino acids in length and approximately 8 to 10 kDa in molecular
weight.

18 Cytokines are small secreted proteins, which mediate and regulate immunity, inflammation, and hematopoiesis.
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occurs each time when there is a threat of infection from any pathogen. Acquired immunity
enhances this natural response by directing interactions among macrophages that engulf an
infectious organism or vaccine, which is broken down chemically into constituent proteins and
other biochemical components (see Appendix B, Figure 4). Further degraded the protein
fragments (antigens) associate with major histocompatibility complex (MHC)" Class I*° or Class
II*' molecules. The antigen and the MHC molecules are arrayed on the surface of macrophages
and other antigen-presenting cells where the antigen can be “presented” to T lymphocytes (T
cells), that circulate in the blood and reside in the spleen and lymph nodes (see Appendix B,
Figure 5). B cells have receptors on their surface membranes that recognize and adhere to
proteins that make up the pathogen or vaccine. This activates the B cell causing it to divide
rapidly, differentiate into antibody-producing cells, and the latter release large amounts of
antibody molecules that can specifically attack the pathogen. Helper T cells recognize and
adhere to the antigen and MHC complex presented by the antigen-presenting cells, which
activates the lymphocyte causing it to release cytokines. The cytokines stimulate cells
(particularly antigen-stimulated B cells) to divide, and become mature (see Appendix B, Figure
6). This results in the production and release of antibodies that recognize the distinct antigenic
components of the pathogen. Antibody molecules that encounter the pathogen adhere to it

enabling macrophages to attach to the pathogen, resulting in its destruction (CDC, 2007).

19 The major histocompatibility complex (MHC) is a large genomic region or gene family found in most
vertebrates, and plays an important role in the immune system, autoimmunity, and reproductive success. The
proteins encoded by the MHC are expressed on the surface of cells and display both self antigens (peptide
fragments from the cell itself) and nonself antigens (e.g. fragments of invading microorganisms) to T cells.

20 Class I molecules consist of two polypeptide chains. Humans synthesize three different types designated HLLA-
A, HLA-B, and HLA-C (HLA = human leukocyte antigen).

21 Class Il molecules designated HLA-D, consist of two transmembrane polypeptides and are only found on B-
cells, macrophages and other "antigen-presenting cells” (APCs). They present “exogenous” antigen to helper T-
cells (TH-cells). Exogenous antigens might be fragments of bacterial cells or viruses that are engulfed and
processed by e.g. a macrophage, and then presented to helper T-cells. The TH-cells in turn, could activate B-
cells to produce antibody that would lead to the destruction of the pathogen.
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In the case of viruses, they take over the machinery of the cell using it to produce more
copies of themselves (see Appendix B, Figure 7). This will cause fragments of virus protein to
become attached to the cell’s own MHC Class I molecules.”” This complex attaches to the
surface of the cell, where the antigen is presented to cytotoxic T cells bearing receptors for the
antigen and the Class [ molecules. The interaction between the antigen-presenting cell and the
cytotoxic T cell causes the cell to divide and destroy the virus-infected cells. This process of
interactions of the T cells responsible for specific cell-mediated immunity with the pathogen is
referred to as the cell-mediated response. As the amount of antibodies and cytotoxic T cells
increase, the infection or the response to the immunization diminishes; some of the B cells
become memory B cells™ with receptors specific for the antigen that originally stimulated the
parent cell. If the individual is subsequently re-exposed to the agent, the B memory cell will
respond by dividing and releasing antibodies. Vaccination establishes a pool of memory cells
that can produce pathogen-specific responses, to largely prevent development of the disease

(CDC, 2007).

In the case of WNv disease, the immune response to WNv is essentially mediated by
neutralizing antibodies,”* (N Abs) limiting viral dissemination (Dauphin and Zientara, 2007).
According to Sampathkumar (2003), CNS infection is presumed to occur when the virus crosses

the blood-brain barrier,” with infection confirmed by detecting virus or antibodies against the

22 Class I molecules are found on virtually every cell in the human body, and present “endogenous™ antigen to
cytotoxic T-cells (CTLs). An endogenous antigen might be fragments of viral or tumor proteins, and
presentation of such antigens would indicate internal cellular alterations that if not contained could spread
throughout the body. Hence, destruction of these cells by CTLs is advantageous to the body as a whole.

23 Certain pathogen-specific cytotoxic T cells also persist as memory T cells, that are available to respond quickly
Upon re-exposure.

24 A form of antibody that reacts with an infectious agent (usually a virus), and destroys or inhibits its infectivity
and virulence.

25 By endothelial replication or axonal transport through olfactory neurons.
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virus in serum or cerebral spinal fluid (CSF). Immunoglobulin M (IgM)*® associated antibodies
are detected 2 - 8 days after the onset of clinical signs, peak at 2 weeks post infection, and then
decrease over several weeks or months (Dauphin and Zientara, 2007). According to
Sampathkumar (2003), IgM antibody does not usually cross the blood-brain barrier,”’ therefore
“(t)he detection of [gM antibodies [to WNvV] in CSF* is...direct evidence of CNS infection”
(Dauphin and Zientara, 2007, p. 5568). Immunoglobulin G (1eG)* antibodies appear after [sM
Abs ~ 12 days after onset of symptoms. According to Samuel and Diamond (2006), 1gG can
protect against flavivirus (WNv) infection,”® however the function of [gG during primary
infection is not clear and requires more study. According to Dauphin and Zientara (2007), T-cell
response mediated mostly by CD8" lymphocytes play a crucial role in WNv recovery,
particularly in viral clearance. According to Kimball (2007), most of the T cells of the body
belong to one of two distinct subsets: CD4" or CD8", which are surface glycoproteins and have
an antigen receptor (TCR) that "sees" an epitope. CD8 molecules on CD8" T cells bind to a site
found only on class I histocompatibility molecules,’' therefore, CD8" T cells are only able to
respond to antigens presented by class I molecules. Most CD8" T cells are cytotoxic T
lymphocytes (CTLs), and contain the machinery for destroying cells whose class I epitope they

recognize. Upon recognition of a WNv-infected cell that expresses class [ MHC molecules,

26 1gM binds complement, and is the largest antibody. They are found in blood and lymph fluid, and are the first
type of antibody made in response to an infection. IgM antibodies are about 5% to 10% of all the antibodies in
the body.

27 Antibodies are too large to cross the blood-brain barrier, therefore infections of the brain which do occur, are
often very serious and difficult to treat.

28 MAC-ELISA (IgM antibody capture enzyme-linked immunosorbent assay) with WNv, gives a rapid and
reasonably accurate determination of the identity of the infecting virus. See Martin et al., 2002.

29 IgG antibodies are found in all body fluids. They are the smallest but most common antibody (75% to 80%) of
all the antibodies in the body. They facilitate the phagocytic destruction of foreign microorganisms, that bind to
and activate complement.

30 Passive transfer of polyclonal or monoclonal immunoglobulin G (IgG) prior to infection, protects mice against
lethal flavivirus challenge. See Samuel and Diamond, 2006.

31 CD4 molecules on CD4" T cells, bind to a site found only on class I histocompatibility molecules.
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antigen-restricted C'TLs proliferate and release special molecules that lyse cells®* (Samuel and

Diamond, 2006).

As explained by Kimball (2007), the CD4 molecules expressed on the surface of CD4" T cells
enable them to bind to cells presenting antigen fragments in class Il molecules but not in class I.
Certain types of cells such as macrophages, B lymphocytes (B cells) and dendritic cells
specialized for taking up antigen from extracellular fluids, express class 1l molecules. Therefore,
CD4" T cells see antigen derived from extracellular fluids, processed by specialized antigen-
presenting cells. A CD4" T cell must also have a TCR able to recognize an epitope comprising
an antigenic fragment displayed by a class Il molecule, and bind a site on the class Il molecule
with its CD4. If these conditions are met the T cell becomes activated, and enters the cell cycle
leading to the growth of a clone of identical T cells that begin to secrete cytokines. Cytokines
activate other cells in their microenvironment, particularly B cells enabling them to develop into
a clone of antibody-secreting cells. The CD4" T cells that activate B cells are called helper T
cells, T lymphocytes that belong to the CD4+ subset. Thl participate in cell-mediated immunity.
They are essential for controlling intracellular pathogens, viruses and certain bacteria. Th2
provide help for B cells and, in so doing, are essential for antibody-mediated immunity.
Antibodies are needed to control extracellular pathogens, which unlike intracellular pathogens,
are exposed to antibodies in blood and other body fluids. De Groot et al. (2001) suggested that
cell-mediated immunity to the WNv may prove to be an important barrier to infection in the
CNS, and vaccines that promote the development of T-effector cells: T helper cells (CD4"), and

cytotoxic T cells (CD8") may provide protection for WNv encephalitis.

32 Through the delivery of perforin and granzymes A and B, or via Fas-Fas ligand interactions. See Samuel and
Diamond, 2006.
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WNv infection can be suspected in a person based on clinical symptoms and patient history;
however, laboratory testing is required for a confirmed diagnosis. Serological testing remains
the primary method of diagnosis, using a West Nile Virus Antibody Panel, ELISA for serum or
CSF samples. ELISA an enzyme immunoassay (EIA) requires the separation of reagents to
measure macromolecules such as antigens and antibodies, to diagnose infectious disease. WNv
IgM is usually detectable by the time disease symptoms appear, but IgG may not be detectable
until day 4 or 5 of illness. In acute WNv infection, specific antibodies are sometimes detectable
in CSF before they are detectable in serum (Focus Diagnostics, 2007). In preparation for future
outbreaks, commercial assays using the ELISA format for the detection of IgG and IgM
antibodies against WNv have been developed.® According to Focus Diagnostics (2007), the [gG
and IgM capture assay tests®" detect IgG and IgM antibodies respectively, to aid in the
presumptive laboratory diagnosis of WNv. IgG antibody is present in serum by 3 weeks post
infection, and often earlier. Using the West Nile Virus IgG DxSelect™ test, an index value of >
1.50 indicates IgG antibodies to WNv, presumptive evidence that the patient was or is currently
infected with (or exposed to) WNv or another flavivirus. An index value of > 1.30 and < 1.50 is
considered an equivocal result. These samples must be tested using a different method, or re-
drawn two or more weeks later and re-tested with this assay. An index value of <1.30 indicates

antibodies to WNv (or another flavivirus) were not detected. The sample may have been drawn

Focus Technologies (Cypress, California), using flavivirus and WNV recombinant protein technology licensed
from the CDC, and PANBIO, Inc., using inactivated purified native WNV antigen, have formulated igM-
capture immunoassays for the detection of WNV-specific IgM. IgG enzyme immunoassays are also available
from both companies. The Food and Drug Administration (FDA) has granted clearance for the PANBIO WNV
IgM assay, and the Focus Technologies WNV IgM and IgG assays. These assays appeared to offer highly
sensitive and specific testing platforms with decreased turnaround time, while providing a method to effectively
test high numbers of samples. These assays are comparable to immunofluorescence assay (IFA), but require
much less time and labour. See Malan et. al., 2003.

34 Focus Diagnostics West Nile Virus [gG DxSelect™ and West Nile Virus IlgM Capture DxSelect™ for in vitro
diagnostic use are available as FDA-cleared kits for laboratories that choose to run the test in-house, as well as
referral tests from Focus Diagnostics' reference laboratory. See Focus Diagnostics, 2007.

[9%]
(93]
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before antibodies were detectable,® therefore another sample should be drawn 7 to 14 days later
and re-tested if infection is suspected. IgM antibody is present in serum by the 8" day of
infection, and will be detectable for at least 1 to 2 months after illness onset, and up to 500 days
or longer. Using the West Nile Virus IgM Capture DxSelect™ test, an index value of > 1.10
indicates IgM antibodies to WNv were detected, presumptive evidence that the patient was
recently or is currently infected with WNv or another flavivirus.*® An index value of > 0.90 but
< 1.10 is considered an equivocal result. These samples should be tested using a different
method, or re-drawn two or more weeks later, and re-tested with this assay. An index value of <
0.90 indicates IgM antibodies to WNv were not detected, presumptive evidence that the patient
was not recently infected with WNv or another flavivirus. The sample may have been drawn
before antibodies were detectable®’ therefore, another sample should be drawn 7 to 14 days later

and tested if infection is suspected (Focus Diagnostics, 2007).

According to Focus Diagnostics (2007), closely related arboviruses exhibit serologic cross-
reactivity, which can result in positive results occurring in persons vaccinated for flaviviruses
(e.g. yellow fever, Japanese encephalitis, dengue), with persons infected with other flaviviruses,
or previously infected with WNv. Cross-reactivity has been observed in some specimens
containing antibody to cytomegalovirus (CMV) and bunyaviruses (e.g. La Crosse virus). In
addition to using the current CDC guidelines for diagnosing WN encephalitis, positive results

must be confirmed by Plaque Reduction Neutralization Test (PRNT). The PRNT is used to

Or the patient may be immunosuppressed. See Focus Diagnostics, 2007.

IgM antibodies from previous infections may be present for over 500 days. [gM positive results reported for
children must contain a caution statement regarding possible cross-reactivity with enteroviruses. See Focus
Diagnostics, 2007.

37 Or the patient may be immunosuppressed. See Focus Diagnostics, 2007.
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confirm the presence in a serum spectmen of neutralizing antibodies specitic for WNv, versus St.
Louis Encephalitis virus (SLE). The test is considered positive for WNv at a titer 1:5 or greater,
with a 4-fold higher titer than SLE’ ¥ (Focus Diagnostics, 2007). The WNv IgG Avidity ELISA
test uses serum or plasma, to distinguish current season from prior season WNyv infection in
patients with complicated medical histories and/or presentations. Avidity, a measure of the
strength with which IgG antibodies attach to antigen, matures with the length of time since
infection. IgG produced early in an infection exhibits low avidity, whereas IgG produced a few
months later exhibits high avidity. A low IgG avidity value is an extremely accurate indicator of
WNYv infection, within the previous 3 - 4 months®’ (Focus Diagnostics, 2007). WNv RNA Real-
Time Reverse Transcription, Polymerase Chain Reaction (RT-PCR)* testing on CSF, plasma, or
serum samples is performed as an adjunct to serologic testing, and is considered the most
sensitive laboratory tool to diagnose WNv. The detection of WNv RNA is based upon reverse
transcription of specific WNv genomic RNA sequences, followed by PCR amplification (Focus
Diagnostics, 2007). Due to the sensitivity of PCR tests, they are the test of choice when little of
the target organism is expected in tissue, and maximum sensitivity is required (Indiana Animal

Disease Diagnostic Laboratory [ADDL], 2002). If WNv nucleic acid is not detected by RT-

38 The PRNT test satisfies the CDC requirement for performing a WNV-specific serology test. Positive results
will be reported to the Health Department. See Focus Diagnostics, 2007..

39 The interpretation must be made with a clear appreciation of the assay’s limitations. An Al <0.50 indicates with
98% accuracy that WNv infection occurred within the last 3 or 4 months; however, an Al >0.50 is not useful
for estimating the time since WNYV infection. See Focus Diagnostics, 2007.

40 PCR is done with DNA not RNA, which is the genetic material of the virus. Therefore, the first step is to turn
the viral RNA sequence into a DNA sequence, which is done with the enzyme Reverse Transcriptase. The RT-
PCR test to detect RNA is composed of: extraction of the DNA from the sample, addition of sample DNA (one
set of DNA nucleotide primers and other reagents to a PCR-cycler machine for amplification of target DNA),
detection of target DNA by gel-electrophoresis and using reverse-transcriptase enzyme, to synthesize
complementary DNA from the target RNA. This complementary DNA is then run in the PCR test. See
ADDL, 2002.
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PCR, the test result is negative.*' If WNv nucleic acid is detected, the test is positive*’ (ARUP
g p

Laboratories, 2007).

Vaccination is intended to elicit a specific immune response that will protect the immunized
person from the pathogen should the individual be exposed to that agent. According to the NPI
Reference Guide On Vaccines And Vaccine Safety, effective vaccines stimulate the production of
antibodies that destroy the pathogen prior to its entry into cells, or elicit cytotoxic T cells that can
destroy cells in which the pathogens reside (CDC, 2007). The development of a vaccine starts
with pre-clinical laboratory testing to ensure that the vaccine produces the immune response
needed to prevent disease, and does not have toxicities that would prevent its use. According to
the Canadian Immunization Guide (2006), it takes many years to gather the scientific data on
immunogenicity, safety, and efficacy of the vaccine needed to obtain authorization for marketing
(Public Health Agency of Canada [PHAC], 2006) (see Appendix C, Table 2). Pre-marketing
vaccine studies do not have sufficient numbers of subjects to detect rare adverse events, or their
frequency (see Appendix C, Table 3). All potential target populations have not been fully
studied prior to marketing approval, therefore post-marketing studies of vaccine safety and
effectiveness are essential to gather data and monitor vaccine performance. In Canada, the
Biologics and Genetic Therapies Directorate (BGTD) of Health Canada is the regulatory

authority responsible for establishing the safety, efficacy, and quality of all biologics including

41 A negative result does not rule out the presence of PCR inhibitors in the patient specimen of WNv nucleic acid
in concentrations below the level of detection of the assay. See ARUP Laboratories, 2007.

42 PCR tests do not differentiate vaccine from field strains of organisms. The high specificity of PCR tests means
that false-positive tests due to improper test function is unlikely. False-positive PCR tests are most commonly a
result of contamination of the sample with spurious target nucleic acid during sample collection, during the

performance of the test or due to the nature of the sample. See ADDL, 2002.
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vaccines (PHAC, 2006). The Canadian Adverse Event Following Immunization Surveillance
System (CAEFISS) describes the nature of an event to facilitate monitoring® and follow-up at
the local/provincial level, as well as causality assessment™* and signal detection® at the national

level (PHAC, 2006).

Vaccination attitude

There is little doubt that immunization against infectious disease has saved lives, and
vaccination programs are effective public health initiatives. Effectiveness of any new vaccine
program will depend on the acceptance of the public, which is often challenged by concerns
about safety. People vary in how they will respond to a vaccine and while most vaccinated
individuals will quickly develop an effective, protective immunity to the disease agent without
complications, a very small number will not, and yet others, will develop a severe adverse
reaction (CDC, 2007). According to Ritvo et al. (2003), Canadians can be characterized as
having positive opinions about vaccine effectiveness and research; however, insufficient
knowledge and uncertainty can create fear. This can alter a person’s ability to make a rational
decision, by weighing both the benefits and the risks involved. Their study found 61.7% of
subjects were reluctant to dismiss anti-vaccination positions, which reflects the potential for
persuasion by pro-and anti-vaccine literature and argument. In addition, vaccination was seen as
an act of social trust and perceived dangerousness, therefore doubts about efficacy, an
unwillingness to accept vaccine-related mortality, beliefs that physicians overestimate disease

risk, and perceived disease susceptibility are all factors in predicting vaccination compliance.

43 Involves passive and active surveillance, and as necessary, focused ad-hoc studies.

44 Conducted by the Advisory Committee on Causality Assessment (ACCA), to evaluate the degree to which such
events are linked to the implicated vaccine.

45 Adverse event reports are forwarded to the WHO Uppsala Monitoring Centre for entry into a global
pharmacovigilance database, to identify any safety signals of potential concern.
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Although Ritvo et al. (2003) concluded that Canadians indicated a willingness to take
hypothetical vaccines currently in development and most are prepared to accept new
vaccinations, future planning efforts by public health should be directed to improve receptivity

about the necessity and safety of vaccines.

Cost-benefit of WNv vaccination

The emergence or resurgence of infectious disease in new geographical areas creates
economic disruption, by challenging the established public health budgets. Infectious diseases
are the 3" leading cause of death in the US, the 2" leading cause of death worldwide, and
account for almost 30% of all disability-adjusted life years (Fauci, et al. 2005). Disease
prevention results in substantial cost savings, and an effective vaccination program contributes to
community health and quality of life (CDC, 2007). The process of vaccine licensure in the US is
lengthy, taking around 5 - 10 years with costs between $300-500 million (CDC, 2007). To
determine whether a vaccine is needed, studies on the prevalence of the disease, its burden on
both the general population and particular risk groups, available treatments, and the costs
associated with treating the disease are undertaken. This information helps advisory committees
decide whether developing a vaccine would be useful, desirable, and necessary for the public,

and if the vaccine would be profitable for a sponsor to produce (CDC, 2007).
Episodic infectious disease outbreaks have substantial short-term costs. In addition to its

variability in transmission, WNv can cause illness that ranges from a simple fever to

encephalitis. In their study Zohrabian, et al. (2004), estimated the economic impact of the June —
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November 2002 WNv epidemic in Louisiana at $20.1 million.*® Adults constituted 94% of cases,
in which 204 had neuroinvasive disease with 24 deaths (median age was 78 years) that accounted
for an extensive range of acute care and rehabilitative costs. Zohrabian et al. (2004) further
studied the magnitude of the 2002 WNv epidemic nationwide in which of the 4,156 US cases
(2,942 CNS cases, 284 deaths) the short-term cost was estimated at $140 million. In another
study Zohrabian, et al. (2006) estimated the overall cost of WNv illness per person,’’ with
asymptomatic illness having no cost, an uncomplicated case of febrile illness estimated at
$1,000.00 USD, and a case of neuroinvasive illness with full recovery estimated at a cost of
$27,500.00 USD. In that study, they found that the median age of WNv fatal cases since 1999
was 77 years, and the cost due to death estimated at $200,000.00 USD. While it is difficult to
predict the future incidence of WNv in any given year and in any affected geographical area, the

short-term cost attributable to an epidemic will be substantial.

The public health utility of a vaccine largely depends on incidence, geographic distribution,
and the severity of the WNv disease. Zohrabian et al. (2006) estimated vaccine cost based on
marketed vaccines at a baseline of $100.00 USD each, and the average cost per case of WNv
illness prevented at $34,200.00 USD. The study found that the risk for WNv infection,
probability of symptomatic illness after infection, and cost of the vaccine have the greatest
influence on the cost-effectiveness outcome. While both the US and Canada have invested

heavily in research on emerging and reemerging infectious diseases, unnecessary delays in

46 Included inpatient and outpatient costs for 329 reported cases; non-medical costs such as productivity losses
caused by the illness, premature death, transportation to visit health care providers and child care expenses; the
cost incurred by public health and other government agencies for epidemic control; but did not include
intangible costs such as pain and suffering. The total cost of illness was $10.9 million USD or 54% of the total
cost of the epidemic, with the remaining $9.2 million USD (46%) attributed to public agency cost. See
Zohrabian et al, 2004.

47 Included medical treatment costs, and productivity losses due to death.
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clinical research and the lack of preparedness planning can deprive the public of appropriate
programs and increase costs. As these infections are often time-sensitive, the need for novel
approaches that prevent delays and unnecessary costs are needed (Jester, et al., 2006).
According to Nosek (2004) when research has to be accomplished while a disease is spreading,
an epidemic may become a pandemic and pandemonium may ensue. Preparedness planning in a
non-emergent state is an excellent method of establishing the research-based strategies that are
required, for the successful implementation of a potential vaccine program. Further, planning of
proposed interventions for health outcomes and cost benefits may provide evidence to support or
refute current policy considerations, or add cumulative research to strengthen future health

policy directions.

Needs Assessment

According to Monath (2001) the question is often asked whether the impact of WNv disease
is sufficient, to warrant the development of a vaccine for humans. The issues, trends, and
challenges facing the commercialization of a human WNv vaccine include:

* Jow disease incidence

* uncertainties about the future medical impact

= high cost-to-benefit ratio for immunization and

» the high cost of completing vaccine development.
A more relevant question perhaps, is to consider the effect of WNv on an aging population, and
the impact on government health policies and programs in the future. Seniors represent the

fastest growing population group in Canada, with Health Canada (2002) estimating that by 2026
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1 in 5 Canadians will have reached the age of 65 years. While all ages are equally susceptible to
WNv infection, advanced age is the most important risk factor for neurologic disease with those
greater than 50 years having a 10-fold higher risk of developing symptoms (Sampathkumar,
2003). The fastest growth in the seniors population is occurring among the oldest, where those
aged 85 years or older are expected to grow to 1.6 million or 4% of the overall population by
2041 (Health Canada, 2002). It is important to take steps to ensure that the right health
programs, services, and supports are in place considering that the risk of developing WNv

neurological disease is 43 times higher in patients >80 years (Sampathkumar, 2003).

Severe disease occurs primarily in adults, but neuroinvasive disease in children has been
reported. According to Hayes et al. (2005), from 2002 to 2004, 1,051 WNv disease cases among
children <19 years of age occurred in the US, in which 317 (30%) had neuroinvasive disease and
106 (34%) were <10 years old. In addition, Cohen et al. have reported in a large-scale study of
Israeli soldiers published in 1999.* that seroprevalence49 for WNv increased with age: from 7%
in the 18 - 20 year age group to 10.5% in the 21 - 30 year age group, to as high as 41.9% for

people aged 40 to 55 years (Weinberger et al., 2001).

Although WNyv is a rare occurrence infectious disease, Hayes et al. (2005) reported that up to
55% of affected populations have become infected during epidemics in Africa. Recent
outbreaks, however have yielded much lower attack rates, such as one in New York in 1999 with
~2.6% of residents infected and one in the Middle East in 1995 with <5% affected (Hayes et al.,

2005). As WNv is one of the most widespread flaviviruses worldwide, from Europe to the

48 Cohen et al. tested 1,060 stored sera samples of soldiers 18 to 55 years of age, which were collected between

1982 and 1989.
49  The rate at which a given population tests positive by ELISA for particular antibodies.

Nancy A. Smits FINAL MPH PROJECT



30
West Nile Virus

Middle East, Africa, India, parts of Asia, Australia,5 "North America, parts of Central America
and the Caribbean, morbidity and mortality can be considerable. According to Lieberman et al.
(2007), the proportion of reported neuroinvasive cases is now much higher, about 40% in the
past few years with 5 - 14% of these cases fatal, but up to 29% fatality among patients aged 70
years or more. Lieberman et al. (2007), reported that in a high percentage of non-fatal cases,

permanent neurological disabilities are common, and are significantly worse in elderly patients.

It is also important to consider immunosuppressive drugs that make hosts more susceptible,
and extend the lives of those already compromised with immunodeficiency disease. Since 2002,
five new modes of transmission have been reported, with confirmed cases of WNv transmission
associated with blood product transfusion,’' organ transplantation,* breast-feeding,*
transplacental transmission,’* and laboratory acquisition™ (Sampathkumar, 2003). In addition,
during WNv epidemics, as many as 1 in 150 blood donations can have detectable levels of

viremia (Wolf, et al., 2006). During the 2002 - 2003 WNv epidemics in the US, Wolf et al.

50 In the form of Kunjin virus, a subtype of WNv.

51 Between August 2002 - January 2003 there were 20 confirmed cases associated with blood product transfusion,
linked to 14 infectious donor units. See Sampathkumar, 2003.

52 In August 2002, 4 transplant recipients who had received organs from a common donor developed WNv
infection. The donor had received blood product transfusion from a blood donor, who had viremia at the time
of donation. See Sampathkumar, 2003.

53 In September 2002, the patient developed WNv meningoencephalitis after receiving a post-partum blood
transfusion from a WNv infected donor. Breast milk was positive for WNv and for WNv-specific 1gG and IgM
antibodies. A serum sample from the newborn showed WNV-specific IgM antibodies. See Sampathkumar,
2003.

54 An adverse pregnancy outcome was reported in August 2002 at 27 weeks gestation; serum and CSF samples
were positive for WNv-specific IgM. The infant born at 32 weeks had serologic evidence of WNv infection,
bilateral chorioretinitis, severe bilateral white matter loss in the temporal and occipital lobes. See
Sampathkumar, 2003.

55 In 2002 there were 2 reported cases of occupationally acquired infection among laboratory workers associated
with percutaneous injury, while performing autopsies on animals for WNyv surveillance. See Sampathkumar,
2003.
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(2006) reported that all cases of transfusion-transmission resulted from WNv IgM- negative™®
donations. These donations according to the study by Busch et al. (2005) were negative on mini-
pool testing,”” but were identified as having a low level of viremia on retrospective nucleic acid
amplification testing of individual donations. Acute-phase infection is thought to be
characterized by a brief period of very-low-level viremia, as reflected by the finding of IgM-
negative specimens. This period is followed by a longer interval (approximately seven days)
with an increasing and then decreasing viral load, which makes the viremia detectable by mini-
pool testing. As IgM and IgG seroconversion evolves, the viral load decreases to a level

detectable only by testing of individual donations.™®

In 2003 the National Institutes of Health (NIH) and the Bill and Melinda Gates
Foundation, considered their two highest priorities pertained to creating and improving vaccines
against deadly and epidemic infectious diseases (Thomas Hegyvary, 2007). Successful
translation of science into public health practice is a process that depends on needs, partnerships,
and the applicability of research. Improved health programs and policies rely on relevant
research to develop, test, and validate new interventions and methods of combating infectious

disease (Baker, et al., 2001).

56 1gM is the class of antibodies found in circulating body fluids. [gM antibodies are the first antibodies to appear
in response to an initial exposure to an antigen.

57 The standard method of WNv testing across North America. Samples from individual units of blood are
“pooled” together before testing, to enable blood operators to quickly and efficiently screen high volumes. If a
positive test is received in any given “pool”, each sample will then be tested individually and the infected
unit(s) will be discarded. Donations in the pool whose samples are not positive for WNv can be used.

58 The use of mini-pool screening in 2003 prevented hundreds of WNv infections, but it failed to detect donations
with a low level of viremia, some of which were antibody negative and infectious. The use of targeted nucleic
acid amplification testing of individual donations in high-prevalence regions, was a strategy that was
successfully implemented in 2004. See Busch et al., 2005.

Nancy A. Smits FINAL MPH PROJECT



32
West Nile Virus

The WNv Genome

Molecular Biology

WNv is an arthropod-borne virus (“arbovirus™) that belongs to the Flaviviridae family, and is
a member of the Japanese encephalitis virus (JEV) serogroup. All flaviviruses are antigenically
related which accounts for serologic cross-reactions observed in diagnostic tests; however,
members of the JE complex are more closely related. Specialized tests (eg. virus neutralization
assays) are needed to differentiate the infecting flavivirus (Petersen and Roehrig, 2001).

As described by Brinton (2002), the WNv genome is a single-stranded RNA of positive
polarity (mRNA sense) that is 11,029 nt in length, and contains an open reading frame (ORF) of
10,301 nt (see Appendix D, Figure 8). A type 1-cap structure (m’GpppAmp) is present at the 5’
end, while the 3” end terminates with CUoy (see Appendix D, Figure 9). Both ends contain
noncoding regions (NCR), the 5° NCR is 96 nts, and the 3’NCR is 631 nts in length. Three viral
structural proteins, capsid (C), membrane (prM/M), and envelope (E) are encoded within the 5’
portion of the ORF, while seven nonstructural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B,

and NS5) are encoded within the 3” portion.

According to descriptions from both Petersen and Roehrig (2001) and Brinton (2002), WN
virions™ are small (~50nm in diameter), spherical and enveloped. The isosahedral®

nucleocapsid that encloses the virion RNA is ~25 nm in diameter, and is composed of multiple

59 A complete viral particle, consisting of RNA or DNA surrounded by a protein shell and constituting the
infective form of a virus. The shell is called a capsid, and protects the interior core that includes the genome
and other proteins. After the virion binds to the surface of a specific host cell, its DNA or RNA is injected into
the host cell and viral replication occurs with eventual spread of the infection to other host cells.

60 A polyhedron having 20 faces.
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copies of the C protein®' (12-kDa). The capsid is enclosed in a host cell-derived envelope, that
has been modified by the insertion of two integral membrane glycoproteins - E (53 KDa) and
prM (18-20kDa). The prM protein (immature virions) are processed to pr + M protein late in the
virus maturation, by the convertase enzyme furin.*? The prM protein now cleaved to M protein
(8kDa), is incorporated into the mature virion. The E-glycoprotein is the most immunologically
important structural protein and is the viral hemagglutinin,®> which mediates virus-host cell
binding. Composed of three domains,®* it elicits most of the virus neutralizing antibodies.
Mutations in Domain IIT have been found to alter virulence, and Domain II may be involved in

the binding of virus to cells.

According to Brinton (2002), the seven multifunctional nonstructural proteins make up the
intracellular replication machinery of the virus. They appear to be either directly or indirectly
involved in viral RNA synthesis, as viruses utilize cell proteins during replication cycles for
attachment, entry, translation, transcription/replication, and assembly. NS2A, NS2B, NS4A, and
NS4B are small hydrophobic®® proteins that may facilitate the assembly of viral replication

complexes, and/or their localization on cytoplasmic membranes. NSI is a glycoprotein with 2

61 A capsid is the protein shell of a virus, and consists of several oligomeric subunits made of protein. The capsid
encloses the genetic material of the virus.

62 Furin is a protease of animal cells that is similar in structure to the bacterial protease subtilisin. It is enriched in
the Golgi apparatus, where it functions to cleave other proteins into their mature/active forms. In addition to
processing cellular precursor proteins, furin is also utilized by a number of pathogens.

63 Hemagglutinin (HA)is an antigenic glycoprotein found on the surface of bacteria and viruses. It is responsible
for binding the virus to the cell that is being infected. The name comes from the protein's ability to cause red
blood cells to clump together.

64 The ectodomain of E consists of three structural domains, DI, DII, and DIII. DI is structurally positioned
between DIl and DII1. The dimerization D1l contains a 12-residue-long loop essential for virus—cell membrane
fusion. The C-terminal DIII undergoes a major, pH-triggered, positional rearrangement essential for fusion and
may also be involved in receptor binding.

65 The hydrophobic effect is an important driving force for biological structures, and responsible for protein
folding, protein-protein interactions, formation of lipid bilayer membranes, nucleic acid structure, and protein-
small molecule interactions.
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glycosylation sites and 12 conserved cysteines,’ which are essential for virus viability. It
interacts with NS4A and plays a critical role in RNA synthesis, and may have a role in a cell
activation mechanism. NS3 is a highly conserved protein and encodes a serine®’ protease that is
not active, until it forms a stable complex with NS2B. The NS3 - NS2B complex is required for
efficient polyprotein®® processing, it upregulates the C-prM precursor, and promotes efficient
secretion of prM-E from a vector. It also interacts with the polymerase NS5 to facilitate the
coordination of helicase,® and polymerase’’ activities. NS5 is the largest and most highly
conserved protein, and contains motifs characteristic of all RNA-dependent RNA polymerases
(RdRps’"). Stable secondary structures are located at both the 3> and 5’ termini of the WNv
genome RNA, and could be important for the formation of binding sites for viral and/or cellular
proteins. There are several short conserved sequences with the 3’ NCR, but their functional
significance is not known. The 5° NCR and additional regions of the 3° NCR may be important

for initiation of minus-strand RNA synthesis from the genome RNA.

Flaviviruses are transmitted between insect and vertebrate hosts during their natural life
cycle, binding to an unknown cell receptor(s). As described by Brinton (2002) virions enter cells
via receptor-mediated endocytosis’* followed by low-pH fusion of the viral membrane, with the

endosomal vesicle membrane’ releasing the nucleocapsid into the cytoplasm (see Appendix D,

66  An amino acid, C3H702NS, derived from cystine and found in most proteins.

67 An amino acid, CH2OHCH(NH2)COOH. is a common constituent of many proteins.

68 A protein that after synthesis, is cleaved to produce several functionally distinct polypeptides (long proteins).

69 Any of various enzymes that catalyze the unwinding and separation of double-stranded DNA or RNA, during
its replication. ,

70  An enzyme that catalyzes the formation of new DNA and RNA, from an existing strand of DNA or RNA.

71 RNA-dependent RNA Polymerase.

72 A process whereby cells absorb material such as proteins, from the outside by engulfing it with their cell
membrane.

73 An endosome is a membrane-bound compartment inside cells. Many endocytotic vesicles derived from the
plasma membrane, are transported to an endosome and fuse with it.
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Figure 10). The genome RNA is released. and translated into a single polyprotein. The viral
serine protease, NS2B-NS3, and several cell proteases cleave the polyprotein at multiple sites to
generate the mature viral proteins. The RNA polymerase (RARP), NS5, and other viral
nonstructural and cell proteins copy complementary minus strands from the genomic RNA
template, to serve as templates for the synthesis of new genomic RNAs. Viron assembly occurs
in association with rough endoplasmic reticulum membranes. Intracellular immature virions
accumulate in vesicles, and are transported through the host secretory pathway to the plasma

membrane and released by exocytosis.”*

Phylogenetic Relationships

The WNv can be divided genetically into two lineages on the basis of signature amino acid
substitutions, or deletions in their envelope proteins (Brinton, 2002) (see Appendix E, Figure
11). Lineage 1 includes viruses from Africa north of the equator, Europe, Asia, and North
America, with the Kunjin virus from Australia constituting a subtype, and is associated with the
emergence of increased virulence (Burt et al., 2002). Lanciotti et al. (2002), further subdivide
line 1 into three clades: WN viruses from Africa/Europe/United States/Middle East/Russia (1a);
Kunjin viruses (1b); and India WN viruses (1¢). Line 2 consists solely of viruses from Africa
and Madagascar, and demonstrate ~ 75% nucleotide identity with lineage 1 viruses (Lanciotti et
al., 2002). Originally thought only to be associated with endemic infection of low virulence in
Africa as confirmed by Burt et al. (2002), strains of lineage 2 could also be pathogenic.
According to Petersen and Roehrig (2001), the recent outbreaks in Europe and Asia have been
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