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Abstract 

West Nilc Virus (WNV) is a sometimes-fatal tlavivirus that first appeared in the US in 1999. 

When U'NV appeared in our country not only was there a human outbreak but there was also 

an equine outbreak in the eastem half of the country. There have now been outbreaks of 

WNV in all states in humans, and the majority has had quinc  outbreaks as well. At this time 

there is no vaccine against W N V  fbr humans, however there are two vaccincs ibr horses. If 

an epidemic occurs there will bc no vaccine to help prevent the virus and this could possibly 

become out of control. Research on this virus is undeniably important becausc of the threat 

that faces our country if thcrc is an outbreak of this dangerous virus. 



Introduction 

West Nile Virus (WNV) is a ncw threat to our country, and it is not only a threat to humans 

but also horses and birds. Wcst Nile virus was first isolatd in 1937 in a woman from the 

Wcst Nile rcgion of Uganda (Background: Virus History and Distribution, 2004). In the late 

1 950's this virus became recognized as a scvcre cause of meningi tis in Israel. Meningitis is 

the inflammation of the brain and spinal cord and is most oRen times fatal (Meningitis, 

2006 ). There were not many outbreaks of West Nile until 1 994 when one o c c u ~ ~ e d  in 

Algeria. Before 2003, there were six other outbreaks, including the United States from 1.999- 

2003, which included both human and equine cases. The first reported cases of equine West 

Nile were recorded around 1 960 in Egypt and France and has since led to an outbreak in 

Morocco in 1996, Italy in 1998, the United Stated in 1999, and France in 2000. The research 

on West Nile in homes really began to gain interest once the virus came to the lJnited States 

and has recently made many advances. There have been two vaccines developed for horses 

and also advances in the treatment of horses once they acquire this virus. Since viruses are 

always changing it is difficult to keep up with the new strains, but the vaccine progess 

appedrs to he working. As of now West Nile has been positively identified in eithm a human. 

avian, or equine subject in all of the states except for Oregon, Alaska, and IIawaii 

(Background: Virus History and Distribution, 2004). Research on this virus is undeniably 

important because of the threat that faces our country if there is an outbreak of this dangerous 

virus. 

WNV is from the FamiIy Flaviviridae and Genus Flavivirus Japanese Encephalitis 

Antigenic Complex. A flavivirus is from the family flaviviridae but is also known as a group 



b arbovirus, which contain severall subgroups and species (FIavivirus, 2006). Ticks or 

mosquitoes transmit most flavivirus" In this case West Nile is transmitted by mosquitoes and 

most commonly by Culexpipiem, which are also known as the northern house mosquito. 

These mosquitoes are known the best far transmitting St. Lmis encephalitis ISLE), and are 

found mostly in suburban places especially where there is polluted or standing water (Crans, 

n.d.). They are also becoming the most common mosquito to transmit WNV to birds, which 

are the main carriers of WNV. However humans and horses are the dead end hosts or the 

accidental carriers. 

West Mile Virus Transmission Cycle 

Figure 1. West Nile Vinrs Transmission Cycle. This is the cycle in which WNV is 
supposed to bllow, but since mosquitoes also bite humans and horses they too are 
infected. (wwuv.cdc.govlncidodI dvbid/westnilelcycle.htm) 

West Nile is really only supposed to be going from birds to mosquitoes but 

unfortunately Culex pipiens also bites humans and horses which causes the vinrs to spread to 

them also (See Figure 1). This virus is not contagious from person to person and from horse 

to horse with the exception of a blood transfusion or some other form of blood-to-blood 

contact. However WNV is still thriving in the eastern part of the United States and 



precautions must be taken to protect people from this. This includes not just gclting rid of 

standing water in peoplc's yards and wearing protective clothing along with not going out at 

dawn and dusk in the summer months. A vaccine ncds to be developed for peoplc especially 

since the results of this virus can he so devastating. 'This virus causes swelling of the brain 

and spinal cord so even if the patient does recover thcre is a chance that they will have 

paralysis or permanent neurological disorders. Even though only about one in everyone OIIC 

hundred-fifty people will develop a scvae illness from this: the United Slates was lucky that 

the stran was not horribly devastating this year and a vaccine should bc developed not when 

a really bad outbreak happens (National Institute of Allergy and Infectious Dis-es, 2000). 

A Int of research has bcen dune already on WNV, especially from 1 499, because that 

is when WNV appear4 on the east coast. There has been a lot of testing dune on the 

mosquitoes that transmit this virus and also on the isolation of 15Wr. For exainplc there was 

a study done from 1999-2003 about the epidemiology of WNV. Tn this study mosqui~oes 

werc trapped over the state over five years and the results were compared and contrasted 

(Andreadis, 2004). The results were very interesting because this virus spread across the state 

starting in Fairfield Cuunty at the New York border all the way into Windham County. Aftcr 

the mosquitoes were collected they went thaugh a scries of testing such as reverse 

transcription-polymerase chain reaction (RT-PCRj and gene amplification. The results 

helped scientis-ts realize the genetic variations from the different sample and then they 

figured out what thse  modifications mean (Andreadis. 2004). 

Another side of WNV research i s  the genetic approach (u the virus. Scientists at the 

Connc.ctlcut Agricultural Experiment Station, in New Haven. arc doing a large amount of 

work on this subject in Connecticut although research i s  also being dotle clscwhert=. In this 



experiment 82 isolates from Connecticut were identified from nine species of birds, five 

species of mosquitoes, and onc striped skunk. The virus was then identified through RT-PCR 

analysis and then comparcd to WN-NY99, which i s  the strain of WNV from New York 

(Anderson, 200 1 j. 'l'he nuclecltide sequencing was compared and 30 gcnctic changes w ~ r c  

identified between the WN-NY99 anct the samples obtained from the birds, moscluitocs, and 

the skunk (See Figure 2). 

Reverse transcriptaw-PCR sequences of isolates that differ horn WN- 
NY99 

.. ,,+. . .. ,,.....,........ " .. .. - , -" ,>,* ,& .<L.~,,~~~~~~-y------..----."A.. , ,.. , ,,, ,,,,,,,---- ---*-* > < 

Isolate Sequence (passage 
no. numbcr) Sequence (passage number) 

Cmw 1032 '1' to C (P 1032 T to C (P3) 
1 

2 Crow ?21CtoT,905GtoA,940Ttu 7 2 1 C t o T , 9 0 5 G t o A .  
c (PI) 940 T to C (P3) 

4 Crow 673 A tu G (PI) 673 A to G (P3) 

h Cx.Pipiens 933CltoT,1047CtoT(Po) 933 C to T, 1047 C to T 
0'2) 

11 Crow 456 C to T, 5 16 T to C (Po) 456 C to T, 51 6 T to C IPz) 

12 Cooper's hawk 667 T to C (Po) 867 T to C (PI) 

15 crow 381 c to T, 71 1 c to T po) 381 c ~ O T , ~ I I  c t ~ ' r ( P , )  

18 Crow 528 T to C, 543 A to G(Po) 528 T to C, 543 A to G (P;) 

33 Bluejay None (Po) None (PI) 

46 Cx. rcsrrtans None (Po) 

57 Canada goose 858 C to T (Po) 

None (P2) 

858 C to T (PI)  

64 Stripedskunk 7Y5TtoC,812AtoG,858Ctu 795TtoC,812AtoG, 
T (Po) 858 C to T (PI) 

69 Cs, melnnzfm 726 A to G ,  858 C to T, 95 1 G to 726 A to G,  858 C tn T, 

A (PO) 951 G to A (Pr) 

Figure 2. Reverse transcriptase-PCR sequences of isolates that differ from WN-NY99. 
Comparison of 921 -nt sequence (genome positions 205-1 125) of WN-NY99 to 
Connecticut West Nile virus isolates in different passages in Vero cell culture. 
(http:l/www.pnas.org/qiIcontentlfulll9823128851T2) 



The majority of the changes occurred in the 92 1 -nt region of the vird region 

beginning at nucleotide position 205 and ending at 1 125. Once these results were compared 

there was a sort of clustering of 26 isolates that was found to have originated in Stamford, 

Connecticut (See Figure 3). 

Figure 3. Map of Connecticut Identifying Towns with Positive West Nile Virus. Map of 
ConnecPicut showing county boundaries and the distribution of W N virus isolates with 
sequences identical to WN-NY99 (a) and isolates containing the C ta T mutation at 
genome position 858 shown in the majority of the isolates from Stamford I.). 
(http:Ilw~rw.pnas.org/cgilcontent~fu11/98123/128851F2) 

Thus the results were strains were retested but the same results were concluded and it 

has been found that these results are totally valid and the mutations are not related to 

mistakes from culturing, M A  extraction, or PCR procedures. After the conclusion of this 

experiment it was found that WNV is adapting to North America and it will continue 

adapting which is making the virus harder to follow (Andreadis, 2001). 



It is almost impossible to completely stop a virus frorn moving and mutating which 

~nakcs thc work of scientists much more difficult. In order for acicntists to develop a vaccine 

against a virus they try to find out if the virus follows a certain pattern in its' mulations. If a 

pattcrn can be identified then the scientists will be able to create a vacciilc t ha1 directly stops 

that strain of the virus. So far scientists have not been able to develop a vaccinc for WNV 

that is rudy  to be used in h u m s ;  however two vaccines ha\-e been created for horscs. 

One of these vaccines 1s madc by Fort Dodge and is called West Nile Tnncrvatc~.. T h ~ s  

was the first vaccine to be approved for use in horses and is an attenuated version of WNV so 

it is almost imposslblc for the horse to contract WNV tinm this vaccine. This vaccine is 

administered intramuscularly where the first drlse is given and then three to six weeks later 

the second dose is givcn, Not only does this vaccine protect against WNV hut it  can also be 

produced in combinations that protect against other viruses such as Eastern quint: 

encephalomyelitis (FEE), Western equine encephalon~ycli tis (WEE), and Vene~uelan equine 

Encephalomyelitis (VEE). It can also be producod to inc.ludc. 'l'etanus in the vaccine (West 

Nile Virus, 2006). 

The other vaccine that has been created for horscs is cal ld  Recombitek and i t  is  

produced by Merial. In this vaccine instead of having an attenuated v-crsion of \h/N V, the 

virus is being administered through a vector of Canary Pox. Neither the Canary Pox nor thr: 

MWV can replicate inside the horse because there is only a part of thc WNV virus injcctcd 

into the Canary Pox. This vaccine is also cffcctivc bccausc it works V G ~  quickly and has also 

been proven effective in foals and adult horses. 

Both vaccines have been proven effective and there are more that are still in clinical 

testing, which could make the choice of veterinarians and horse owners more difficult 



because there are going to be so many vaccines now. Producing these vaccines is very 

difficult because West Nile Virus is considered to be a Bio Safety LeveI Thee (BSL 3) type 

of vims, which means that a person must be specially certified along with other specific 

guaIi fications (See Figure 4). 

Figure 4. A scientist looking at WNV in a BSL 3 laboratory. In order to work with WNV a 
person must go through special training to be able to work with dangerous viruses, 
along with taking special precautions. 
(http :/lwww.canna bisculture.comlforum~~ploads1822096-WestNile7 .jpg). 

So far the more molecular side of WlNV has been discussed, however there is another 

entire side of WNV, and that is called fieldwork. There would be no advances made in WNV 

without scientists that are working on collecting mosquitoes, birds, and other W V  positive 

animals. There are two different ways to trap mosquitoes and which method is used depends 

on which mosquitoes are desired. For example, in a study done by scientists, they were 

attempting to find Culexp@iens so they decided to use a different kind of trap that attracts 

mostly Culexp@iem (American Mosquito Control Association, 2005). 



However this kind of collection is for the mosquitoes that are already fully-grown 

and flying in the air, there is also another kind of collection. This collection is for mosquitoes 

that dn not usually carry infectious diseases and they are found in vernal pools. In 

Connecticut the definition of a vernal pool i s ,  "Vernal Pools are small bodies of standing 

fresh water that are most obvious in the landscape during the spring of thc ycar. They art: 

usually temporary in nature. In order to meet the definition nf a vernal pool, a wctland must 

have the followirlg physical cha~actd stics: (I) i t  contains water fur approximate1 y two 

months during the growing season (2) it occurs within a confind depression or basin that 

lacks a permanent outlet stream (3) it lacks any fish population (4) it dries out most years, 

usually by late surnrnerL"(What i s  a Vernal Pool?, t ~ d . )  When doing mosquito cnllection 

from vcrnal pools traps are not needed because the mosquitws have not yet developed wings 

so they submerged in the water of the veml pool. So t~ collect these vernal pool dwelling 

mosquitoes a dipper 1s used, otherwise known as a long pole with a snlall cup on the end, and 

the person can either stand on the side of the pool or in thc pod  and collect samples. Once 

the dipper has bocn submerged under the water bring the cup back and inspect the cup for 

mosquitoes and other crcatura that live in the vernal pool; larval mosquitoes can be 

identified by their distinct shape (See Figure 5). 



Figure 5. Mosquito collection in a vernal pool. This shows how when the person dips the 
dipper into the vernal pool and then brings it back to see if it is a good sample. A good 
sample is considered to have a good amount of mosquitoes along with some other 
organisms that are common in vernal pools. 
(http:~i~.sanctuary.org.nzlresearch/projectslimagedprofile0006/amy-snell- 
rnosquitoes_clip~image002~0001 .jpg) 

Larval mosquitoes have a long body with a siphon that is shaped like a 'y' on the end 

and also a small black head that is at the bottom. It seem as if the mosquitoes are floating 

upside-down because their siphon is at the top near the water and their head is the lowest 

point in the water, however the siphon must be at the top of the water in order for the 

mosquitws to receive oxygen (See Figure 6). 



Figure 6. Diagram of mosquitoes in their larval stage. Pictures like these are often used 
for the identification of the mosquito larvae once they are collected. That is why these 
pictures are so detailed and specific. 
(h~p-S/w.tuscolacounty.orglmosquitolimagesllarvadig.gif) 

In this picture the siphons are facing down, however if these mosquitoes are found in 

m a 1  pools the picture is flipped over. Once the mosquitoes have been collected they are 

usually kept in the water they were collected in for a wZlile until they can be separated from 

the other organisms from the vernal pool. Then they will most likely be put into a strong 

alcohol so preserve them and then they will be identified and the results will help scientists 

keep track of the mosquito population. 

Since the arrival of WNV in the US in 1 999 many advances have been made in 

hacking WNV along with the development of vaccines for WNV. In the future there will be 



more advances made and from thosc advances there could possibly be a WNV vaccine for 

humans or even a way to keep this virus from spreading. 
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