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 Abstract:  The affect of West Nile virus (WNV) infection was evaluated in 26 weanling 
pigs and a sow in the second trimester of gestation.  All animals were infected with 
mosquito or cell-culture propagated WNV, NY99-crow, or by blood-feeding infected 
Aedes albopictus on pigs. No effect was observed on developing fetuses of a sow that 
developed titers ranging from 10 1.0 to 1.5 CID50s over a 3 day period after being injected 
with 10 7.8 CID50s of WNV split between the Scand i.v. routes.  The mean time to initial 
detection of viremia in weanling pigs was 1.5 ± 0.7 days.  The mean daily titer of all pigs 
during the viremic period was 10 3.3 ± 0.5 CID50s / ml serum and ranged from 10 2.7 to 4.4 
CID50s / ml serum.  The mean high titer for all pigs was 10 4.3 ± 0.7 CID50s / ml and ranged 
from 10 3.5 to 5.8 CID50s / ml.  The mean duration of viremia in weanling pigs was 4.2 ± 
0.8 days.  The mean number of pig days at viremias >  10 4.0, 10 4.5, 10 5.0 and 10 5.5 
CID50s / ml was 1.1, 0.7, 0.4 and 0.2  suggesting that the pig is not significant source of 
WNV for blood-feeding mosquitoes,  even through Ae. albopictus and Culex pipiens 
were infected by taking viremic blood meals from pigs with titers as low as 10 5.0 and 10 
4.0 CID50s / ml of serum respectively.  No transmission occurred between infected and 
control pigs that were housed together in the same pen suggesting that WNV is not 
shed from infected pigs.  A public health risk may exist for employees of meat 
processing facilities and handlers of uncooked pork products if viremias of market age 
hogs are similar to the viremias observed in weanling pigs. 
  
Introduction:  West Nile virus (WNV) is a mosquito-borne RNA virus of the family 
Flaviviridae. It is a member of the Japanese encephalitis (JE) virus serocomplex of the 
genus Flavivirus.   West Nile virus was first isolated in 1937 by Smithburn et al.1 from 
the blood of a woman in Uganda that was suffering from a mild febrile illness.  The virus 
is currently present in Africa, the Middle East, Europe, Asia, Australia, Central and North 
America. It emerged in the Western hemisphere in New York City in 1999. There were 
62 human cases of West Nile virus encephalitis or meningitis with 7 deaths reported 
during this outbreak 2.  Since then the virus has spread throughout the USA including 
the major swine producing areas.   Isolates of WNV from around the World can be 
grouped into two distinct groups i.e. lineages 3.  Limited studies to date indicate that 
isolates representing both groups vary in their ability to cause disease 4.  
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The virus is maintained in nature in a mosquito-bird-mosquito cycle. It has been 
isolated from naturally infected crows, bluejays, chickens, herons, pigeons, raptors, 
geese, ducks coots, grackles, house finches, sparrows, robins, red-wing blackbirds and 
others 5,6.  Virus titers i.e. levels, in birds including crows and house sparrows can 
persist as long as 6 days and reach levels that can exceed 107.7 mouse LD50s / ml 5,7.  
Generally blood titers greater than 10 5 ID50s are sufficient to infect mosquitoes, 
especially Culex pipiens which is considered to be the primary amplifying vector of 
WNV.  Other species of mosquitoes that can spread WNV include members of the 
genera Aedes and Ochlerotattus.    
 West Nile virus has also been isolated from a wide variety of mammals including 
the dog 8, donkey, horse, mule,5  camels,9 the rodent Arvicanthis niloticus 10 and the     
cat 11.   Viremias in mammals are significantly lower than in avian species.  Recent 
studies have demonstrated that WNV titers in horses do not exceed 10 3 pfu's / ml 12 
and in dogs and cats titers seldom reach 104 pfu’s / ml 8.  Similarly Iikal et al. in 1994 13 
demonstrated experimentally that an Asian isolate of WNV could infect pigs in which 
WNV serum titers reached levels of 10 2.2 to 10 2.7 mouse LD50s / ml serum.  Whether or 
not North American isolates of WNV can generate higher viremias needs to be 
determined.  A recent serological survey of swine in Iowa and eastern Nebraska 
performed by Iowa State University (To be published separately) further demonstrates 
that swine are susceptible to WNV.  The levels of viremia are not high enough to 
routinely infect blood-feeding mosquitoes.  Consequently mammals are not considered 
to be important sources of WNV for mosquitoes.       
 The close genetic and biological relationship between WNV and Japanese 
encephalitis virus, a known swine reproductive pathogen, raises the question of whether 
or not WNV is also a swine pathogen.  A question of equal importance is the public 
health significance of WNV- infected swine.   Infected i.e. viremic, market pigs could be 
a source of virus infection for abattoir workers and handlers of fresh pork products.  
Furthermore, swine might be a source of virus for the different species of Culex 
mosquitoes that utilize the abundant mosquito larval habitats commonly associated with 
farmsteads, if North American WNV isolates generate significantly higher viremias than 
the Asian isolate reported by Iikal et al..  These questions are the focus of the following 
study.  
  
Objectives: 
1.  Determine if WNV adversely affects the health of weanling pigs 
2.  Determine if pigs serve as a WNV reservoir for mosquito transmission to 
     humans and other animal (i.e. public health aspects of WNV infection of pigs) 
3.  Determine if WNV infection causes reproductive losses  
  
Materials and Methods: 

Experimental animals - Weanling cross-bred pigs and 2 crossbred sows in the 
second trimester of pregnancy were supplied by teaching farms of Iowa State 
University.  Day-old chicks broiler chicks (Ross X Ross) were obtained from a 
commercial source (#).  All experimental animals were sreo-negative for PRRS and 
WNV.  All pigs were housed in BL3 facilities and monitored for a minimum of 5 days 
before initiation of individual experiments.     
  Mosquitoes - Aedes albopictus were the 10th to 20th generations of mosquitoes 
originally collected in Missouri and colonized by the Illinois Natural History Survey.  
Culex pipiens were the 8th to 10th generations of mosquitoes originally collected in Iowa 
and colonized at Iowa State University in 2002.  Aedes vexans were first generation 
mosquitoes of mosquitoes that were collected in Iowa.  All mosquitoes were maintained 
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in controlled environmental conditions (27 ± 1ºC and 80 ± 5 % RH with a 16:8 hr 
photoperiod). Mosquitoes were maintained on a 10 % sucrose solution. Mosquitoes 
were deprived of sucrose for 48 hrs before blood-feeding on WNV-infected pigs.  
Similarly, Ae. albopictus used to infect pigs were infected by blood-feeding them on 
viremic chicks.  
  Cells and medium – West Nile virus was propagated and assayed in Vero-76 
cells maintained in cell culture medium containing 1% fetal calf serum. Cell culture 
medium consisted of 1 part Dulbecco's modified Eagle’s medium (GIBCO®, Invitrogen 
Corp.) with 2.0 mM of L-glutamine, 20 mg gentamicin sulfate (GentaMax™100, Phoenix 
Pharmaceutical Inc.) per 100 ml of medium, and one part CO2-independent medium 
(CIM) (GIBCO®, Invitrogen Corp.) supplemented with 4.0 mM of L-glutamine, (Cellgro®, 
Mediatech 800, Cellgro, Inc.) and 20 mg of gentamicin sulfate per 100 ml medium.         
  Virus - West Nile virus (NY 1999-crow) was supplied by the National Veterinary 
Services Laboratory, Ames, Iowa.  The virus was passed 6 times in Vero-76 cells and 
once in Aedes albopictus by feeding mosquitoes a defibrinated blood meal containing 
106.0 CID50s WNV / ml (Rutledge, 1964) or by blood feeding on a viremic chick. 
Mosquito propagated virus (MPV) was produced by triturating virus-infected mosquitoes 
14 days after blood-feeding using cold, cell culture medium containing 20% fetal calf 
serum. The MPV was passed through a 450 nm filter and stored in liquid nitrogen until 
used.   
  Virus assay - Swine serums were assayed for WNV on Vero-76 cells by the 
quantal methods. Twenty-five cm2 cell culture flasks containing confluent cell 
monolayers were inoculated in duplicate with 1 ml aliquots of serial 10-fold dilutions of 
virus prepared in cell culture medium containing 1% FCS.  An additional 6 ml of medium 
was added to each flask after a 1 hr incubation period.  Caps of inoculated flasks were 
closed. Cell cultures were maintained at 37C and observed for cytopathic effect (CPE) 
for up to 8 days.  Cell cultures with CPE were tested by RT-PCR to confirm presence of 
WNV.  Titers were expressed as CID50s / ml serum.                                                                               
  Mosquitoes were assayed for WNV infection in a similar manner with the 
exception that individual mosquitoes were triturated in 300 �l of cold cell culture 
medium containing 20% FCS.  The volume of each sample was then increased to 2 ml 
by drawing the sample up through a blunt fill needle into a syringe containing the 
additional medium. The sample was then passed through a 450 nm filter directly into a 
25 cm2 cell culture flask containing a cell monolayer from which medium was removed.  
Cell cultures with CPE were tested by RT-PCR to confirm WNV infection. 
  Reverse transcription-polymerase chain reaction (RT-PCR) - RNA was extracted 
from cell culture medium using the QIAamp viral RNA kit (QIAGEN Inc.).  The RT-PCR 
for WNV-specific RNA was conducted as described by Lanciotti et al. (2000) with the 
following modifications.  The amplifying cycle was increased from 40 to 45 cycles and 
the RT-PCR product (408-bp-size nucleic acid) was electrophoresed (Wide Mini Sub® 
Cell, Bio-Rad) through a 0.8 % agarose gel (NuSieve®, FMC Bioproducts) prepared with 
1X Tris-Acetate-EDTA buffer (Fisher Scientific) containing 0.3 mg ethidium bromide per 
100 ml gel (Sigma-Aldrich Co.). 

Plaque Reduction/Neutralization - Serums were diluted 1:5 and 1:10 in cell 
culture medium containing 1% FCS. Virus was diluted in medium to yield 100 puff / ml.  
Equal parts of diluted negative and positive control and test serums and WNV 
suspensions were mixed and incubated for 60 minutes at 37°C.  One ml aliquots of 
virus/serum mixtures were added to 25 cm2 tissue culture flasks containing confluent 
Vero cell monolayers from which medium had been removed. The flasks were 
incubated for 1 hour at 37°C. Inoculums were replaced with cell culture medium 
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containing 0.5% agarose. The inoculated flasks were incubated for 72 hours at 37°C.  A 
second agar overlay containing 2% neutral red was added to the first, 72 hours later. 
Flasks were incubated for an additional 24 h. A 90% or greater reduction in plaques is 
considered a positive result. 

Histopathology - Tissue samples from brain, spinal cord (cervical, thoracic and 
lumbar regions) lymph nodes (superficial inguinal, mediastinal, tracheobronchial, 
mesenteric), lung, tonsil, thymus, ileum, kidney, colon, skin, spleen, liver, stomach, and 
pancreas were collected during necropsy, fixed in 10% formalin, and processed for 
histological examination by the Veterinary Diagnostic Laboratory (VDL) at Iowa State 
University using standardized protocols.  Microscopic lesions were evaluated blindly by 
a veterinary pathologist.  
           Immunohistochemistry (IHC) – Brain and spinal cord tissue of control and test 
pigs were examined for WNV antigen by a standard IHC protocol employed by the VDL 
at Iowa State University. West Nile virus specific mouse ascites fluid (ATCC Catalog 
#VR01267CAF, 10801 Univ Blvd, Manassas VA 201100-2209) was used as the primary 
antibody at a dilution of 1:2000. A 30 minute staining period was used.    
  Experimental design – A series of  6 experiments were conducted to a) 
characterize the level and duration of WNV in serum of 4 to 5 week-old pigs, b) 
determine if pigs can serve as a source of WNV for blood-feeding mosquitoes and c) 
determine if the health of WNV- infected pigs is affected. The designs of these 
experiments are summarized in Table 1.  Test pigs in all 6 experiments involving 
weanling pigs were injected s.c. with doses ranging from 10 4.0 to 10 6.0 log10 CID 50s.  
In addition pigs in experiment #6 were also injected with lower doses of 10 1.5 and 3.5 CID 
50s.  In experiment #7, pigs were infected with WNV by infected blood-feeding Ae. 
albopictus.  Blood was collected from test and control pigs for virus and neutralizing 
antibody assays daily through Day 5 p.i., on Day 7, and at 2 to 3 day intervals 
thereafter.  Tissues were collected for histological examination and IHC from both test 
and control pigs of experiments 3 through 7.  Weight response to WNV infection was 
evaluated in experiments 4, 5 and 6.  Pigs were weighed daily beginning 2 to 3 days 
prior to WNV exposure and daily through day 7 p.i.. Control pigs were kept for periods 
up to 27 days and tested for the presence of neutralizing antibody.  The length of 
individual experiments was determined by the capacity of the BL3 animal room to 
maintain the pigs on a weight basis in accordance with guidelines established by the 
University Committee on Animal Care (COAC).     

A single sow was injected with 10 7.8 CID 50s of MPV on the 59th day of gestation.  
Half the dose was given i.v. and half s.c.. Blood was collected during the first 7 days p.i. 
and periodically thereafter for virus and antibody assay.  A second control sow was 
injected similarly with sham antigen i.e. homogenized virus-free Ae. albopictus.  The 
development of the fetuses of both sows was monitored by ultrasound on a weekly to 
biweekly basis.  Sows were killed and fetuses collected at 2 to 3 days prior to farrowing.  
Tissue samples were collected as described above for hisotological and IHC evaluation.  
Brain and spinal cord were also assayed for WNV.  Our intention was to permit the 
sows to farrow in the absence of abortion or observed abnormality as detected by 
ultrasound exam, to determine if piglets at term showed signs of neurological 
impairment.  This was not possible due to concerns by COAC.   
  
Results: 
Objective 1- Determine the affect of WNV infection on the health of weanling pigs 
The viremic response of weanling pigs to WNV -  A total of 26 weanling pigs were 
exposed to WNV by injection of MPV or CPV at doses ranging from 10 1.5 to 6.0 CID50s, or 
by the bite of WNV-infected Ae. albopictus mosquitoes.  Viremias were detected in 24 of 
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26 pigs within 2 days of exposure.  The mean time to initial detection of viremia was 1.5 
± 0.7 days.  No virus was detected in 2 pigs that were injected with 10 1.5 or 3.5 CID50s.  
However both of these pigs had neutralizing antibody on day 26 p.i. indicating that they 
had been infected.  The mean duration of viremia for all experiments with weanling pigs 
was 4.2 ± 0.8 days (Table 2).  Viremia persisted in one pig for 7 days.  The mean daily 
titer of all pigs during the viremic period was 10 3.3 ± 0.5 CID50s / ml serum (Table 2). The 
mean daily titer for all experiments ranged from 10 2.7 to 4.4 CID50s / ml serum.  The mean 
high titer for all pigs of all experiments was 10 4.3 ± 0.7 CID50s / ml and ranged among 
experiments from 10 3.5 to 5.8 CID50s / ml (Table 2).  The distribution of serum virus titers 
among pigs by day is summarized in Table 3.  The mean number of pig days that 
viremias > 10 4.0, 10 4.5, 10 5.0 and 10 5.5 CID50s / ml were 1.1, 0.7, 0.4 and 0.2 
respectively.  Neither viremia nor neutralizing antibody was detected in any of the 
control pigs or 2 pigs that were exposed to WNV-infected Ae. albopictus but failed to 
develop viremias.  

Clinical effect of WNV on weanling pigs –   The mean rate of weight gain 
between day -1 and day 7 p.i. for control pigs (n=6) of experiments 4, 5 and 6 was 0.50 
± 0.27 lb / day in contrast to 0.35 ± 0.16 lb / day among infected pigs (n= 10).    
  Post mortem observations of WNV-infected pigs and immunohistochemical 
staining – Histological observations of tissues collected from individual infected and 
control pigs are summarized in Table 4.   Moderate perivascular cuffing (PC) was 
observed in brain and / or spinal cord tissue in 9 of 20 WNV-infected pigs. 
Lymphohistiocytic meningoencephalitis (LME) and satellitosis was also present in 4 of 
these 9 pigs.  Neither of these lesions was present in 6 control pigs or 2 pigs that did not 
become infected after exposure to WNV-infected Ae. albopictus.  Satellitosis was 
observed in 16 of 20 WNV-infected pigs and in 3 of 8 uninfected pigs.  No other 
remarkable lesions were observed in WNV-infected or control pigs.   
Immunohistochemical staining of brain and spinal cord tissue failed to detect any WNV 
antigen.  
  
Objective 2 - Determine if pigs serve as a WNV reservoir for mosquito 
transmission to humans, and other animal 
The pig as a reservoir of WNV for mosquitoes – Infection rates of mosquitoes that 
blood-fed on viremic weanling pigs are summarized in Table 5.  Both Aedes albopictus 
and Culex pipiens became infected with WNV after blood feeding on viremic pigs.  Two 
of 11 (18%) pools  of 3 to 4 Ae. albopictus became infected after feeding on pigs in 
experiment #2 with titers of 10 6.0 CID50s,  but none of 19 pools became infected as 
determined by RT-PCR after taking blood meals with titers ranging from 10 4.5 to 5.5 
CID50s.  However 4 of 16 (25%) individual Ae. albopictus were infected as determined 
by virus isolation after feeding on a pig with a titer of 10 5.0 CID50s in experiment #5.  
None of 113 individual mosquitoes became infected after feeding on pigs with titers 
ranging from 10 3.0 to 10 4.5 CID50s.  One of 5 (20%) pools consisting of 1 to 3 Culex 
pipiens became infected after taking blood meals from 2 pigs with titers 10 4.0 CID50s. 
Three of 4 (75%) pools were infected after blood meals from 3 pigs with titers of 10 6.0,  

10 5.5,  10 4.5 .  None of the Aedes vexans became infected after feeding on blood meals 
with titers ranging as high as 10 5.0 CID50s.   
 
Objective 3 - Determine if WNV infection causes reproductive losses 
The affect of WNV infection on a sow – Virus titers ranging form 10 1.0 to 1.5 CID50s / ml 
were detected in the sow on days 2, 3 and 4 p.i..  No apparent signs of illness were 
detected between the time of infection at day 59 of gestation to the time of death 52 
days later.  Ultrasound examination throughout this period did not reveal any untoward 
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effect on the developing fetuses which were of normal size and weight at the time that 
the sow was killed. No abnormal histological features were observed in the infected or 
control sows or their fetuses.  Similarly no WNV antigen was detected by IHC staining of 
brain and spinal cord tissues.   
  
Discussion:  Affect of WNV on health and well-being of weanling pigs 
The majority of WNV infections in weanling pigs were inapparent.  The most prominent 
sign of WNV infection of weanling pigs was an apparent decrease in their rate of gain. 
There was considerable variation in rate gains among control and infected pigs over the 
first 7 days p.i..  The limited space available in the isolation facility prevented the use of 
larger numbers for weight gain comparisons.  Despite this variation, the mean daily rate 
of gain of control pigs (n = 6) was 0.50 ± 0.27 lbs in contrast to .35 ± 0.16 lb / day by 
WNV infected pigs (n = 10).  Other indications of an adverse affect of WNV infection 
was the presence of a moderate degree of perivascular cuffing in 9 of 24 (38%) infected 
pigs together with lymphohistiocytic meningoencephalitis of 4 of these 9 pigs.  These 
lesions suggest that WNV can cause overt neurological signs such as incoordination.   
 
Public health aspects of WNV infection of pigs 
The induction of viremias in weanling pigs by either injection of mosquito or cell culture 
propagated virus, or by the bite of WNV-infected mosquitoes raises two important 
questions.  First, are these viremias of high enough level to infect blood-feeding 
mosquitoes, and secondly do viremias of equal magnitude and duration occur in 
infected market age pigs.  The second question is particularly important because  
inapparently infected market age pigs could be a source of infection to employees of 
meat processing facilities and others who handle fresh or uncooked frozen pork 
products.          
 Infection rates of mosquitoes are directly proportional to the WNV titer of blood 
meals.  Minimum WNV infective titers of blood meals for mosquitoes are generally 
above 10 4.0 to 4.5 CID50s / ml.  This relationship is clearly demonstrated in Table 5.  
Fourteen percent of pools of  Ae. albopictus became infected with WNV after blood 
meals from pigs with titers ranging from 10 5.0 to 10 6.0 CID50s / ml.  In contrast none of 4 
pools of Ae. albopictus were infected after blood meals from pigs with titers of 10 4.5 and 
10 4.0 CID50s / ml.   Furthermore the minimum infective titer varies among different 
mosquito species.  While Ae. albopictus were infected following a blood meal from a pig 
with a titer of 10 5.0 CID50s / ml, and Culex pipiens were infected after blood meals from 
pigs with titers as low as 10 4.5 and 4.0 CID50s / ml, none of the Aedes vexans became 
infected after blood feeding on pigs with titers of 10 5.0 or 10 4.0 CID50s / ml.  Even 
though these observations demonstrate that pigs can be a source of WNV for 
mosquitoes, the importance of pigs is low relative to avian species which are the 
primary source of WNV for mosquitoes.  Table 3 summarizes the average number of pig 
days at specific titers.  These values ranged from 1.1 day at 10 4.0 CID50s / ml to 0.4 day 
at 10 5.5 CID50s / ml.  In contrast WNV titers of susceptible avian species routinely 
exceed 10 7.0 CID50s / ml for 3 or more days, a level sufficient to infect > 50% of most 
susceptible mosquito species.   
 A public health threat would exist if the magnitude and duration of WNV viremias 
that occurred in weanling pigs also occurred in market age hogs, especially since the 
majority of WNV infections appear to be inapparent.  The relatively low titer that 
occurred over 3 days in a single pregnant sow suggests that the level and duration of 
viremias in pigs may decrease with the age. Before definitive conclusions can be made 
regarding this potential public health threat, WNV viremias should be characterized in 
market age swine. 
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Affect of WNV infection on reproduction 
The very close relationship between West Nile virus and Japanese encephalitis (JE) 
virus with respect to genetic and biological properties, suggests that like JE virus, WNV 
can cause reproductive failure in pregnant sows especially during the first and second 
trimesters.  However infection of a sow at day 59 of the gestation period did not cause 
any apparent ill effect on developing fetuses.  Failure to cause an adverse effect on the 
fetuses does not rule out the possibility that WNV could be a reproductive pathogen.  
Additional experimentation on sows during both the first and second trimester is 
needed.  Alternatively the widespread exposure of swine to WNV, as indicated by an 
on-going sero-prevalence study, provides an opportunity to determine if there is a direct 
relationship between WNV exposure and reproductive losses.  
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Tables 
 

Table 1.  Summary of experimental design 
 

 
Parameters 

 

 
Exp 

# 

 
Number 

pigs 
exposed 
to WNV 

 
Virus 
dose 
and 

source* 

 
Number 
contact 
controls 

 
Number 

inoculated 
controls †  

Viremia
 

 Weight 
response

 
Post 

mortem 
exam 

 

 
reservoir for 

mosquito 
infection 

 
 2 

 
3 
3 
 

 
5.0 M 
5.0 C 

 
- 

 
- 

 
+ 

 
- 

 
- 

 
+ 

 3 2 
2 
 

5.5 M 
4.0 C 

- - + - + - 

 4 2 
2 
 

6.0 M 
5.0 C 

 
2 

- + + + - 

 5 2 
 

6.0 M 2 - + + + - 

 6 2 
2 
2 
 

1.5 M 
3.5 M 
5.5 M 

- 2 + + + + 

 7 4 
 

AA  2 - + - + - 

 8 1 
pregnant 

sow 

7.8 M - 1 + - + - 

 
* Virus dose = CID50s , Source = mosquito propagated virus (M), Cell propagated virus 
(C), blood-feeding Aedes albopictus (AA) 
 † Inoculated controls were injected with WNV-free clarified homogenate 
 ‡ Ae albopictus, Aedes vexans, Culex pipiens and Ochlerotatus trivitattus were blood fed 
on viremic pigs 
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Table 2. The viremic response of weanling pigs to West Nile virus 

 
* Virus dose expressed as CID50s, virus titers  = CID50s / ml of serum 
†  Mean daily titer = sum  of  � daily titers of individual WNV-infected pigs by experiment / 
number of  infectedpigs    
§  Infected by blood-feeding WNV-infected Aedes albopictus 

 

 
Exp 

 
No. 

infect 
pigs 

 

 Virus 
 dose  * 

 
Mean ±  s.d. 

(range)            
days viremic 

 
Mean ± s.d. 

(range)                   
high titer of individuals* 

 
Mean ± s.d.              

(range)                  
daily titer† 

2 3 5.0  M 
 

   4.0 ± 1.0    (3 - 5)        5.8 ± 0.3    (5.5 - 6.0)       4.4 ± 0.3    (4.1 - 4.7) 

 3 5.0  C    3.7 ± 0.6    (3 - 4) 
 

       4.5 ± 0.9    (3.5 - 5.0)        3.4 ± 0.4    (3.1 - 3.8) 

3 2 5.5  M    4.5 ±  0.7   (4 - 5) 
 

       4.8 ± 0.4    (4.5 - 5.0)       3.4 ± 0.1    (3.3 - 3.5) 

 2 4.0  C    4.5 ±  0.7   (4 - 5) 
 

       3.8 ± 1.1    (3.0 - 4.5)       3.0 ± 1.4    (2.0 - 4.0) 

4 2 6.0  M    4.5 ±  0.7   (4 - 5) 
 

       4.0 ± 0.0       3.1 ± 0.2    (2.9 - 3.2) 

 2 5.0  C    6.0 ± 1.4    (5 - 7) 
 

       3.8 ± 0.4    (3.5 - 4.0)       3.1 ± 0.2    (2.6 - 2.8) 

5 2 6.0  M    4.0 ± 0.0    
  

       4.0 ± 0.7    (3.5 - 4.5)       3.0 ± 0.0 

6 4 1.5  M    
3.5  M 
5.5  M 

   3.0 
   4.0 
   4.0 ± 0.0  
   

       4.0 
       4.0 
       4.5 ± 0.7     (4.0 - 5.0) 

      2.7 
      3.1 
      3.6 ± 0.2    (3.3 - 3.9) 

7 
 

4  AA‡    2.3 ± 0.5        3.5 ± 0.4     (3.0 - 4.0)       3.2 ± 0.8    (2.0 - 3.8) 

  
   Overall mean  
 

 
   4.2 ± 0.8  

 
        4.3 ± 0.7 

 
      3.3 ± 0.5 
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Table 3.  Distribution of West Nile virus serum titers among infected pigs 
 

 
Exp # 
 

 
# Pigs 

 
Days*      
> 4.0 

 

 
Days       
> 4.5 

 
Days       
> 5.0 

 
Days       
> 5.5 

 
2 
 

 
6 

 
10 

 
10 

 
7 

 
4 

3 
 

4 5 3 1 0 

4 
 

4 3 1 0 0 

5 
 

2 1 1 0 0 

6 
 

4 6 1 1 0 

7 
 

4 1 0 0 0 

 
Total 
 

 
24 

 
26 

 
16 

 
9 

 
4 

 
�  number pig 
days viremic at  > 
specific titer 

 

 
1.1 

 
0.7 

 
0.4 

 
0.2 

 
     *  Number of days that West Nile virus serum titers equaled or exceeded  
        specified level expressed as log 10 CID50s / ml of serum 
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Table 4.   Histological observations of West Nile virus infected pigs 
 
 
* Virus dose and titers are expressed as log10 CID50s, M = mosquito propagated virus, C 

= cell culture derived virus 
† PC = perivascular cuffing, S = satellitosis, LHM = lymphohistiocytic 
meningoencephalitis 
‡  n.d. = not done 

Exp # 
 

Pig 
# 

 
Virus* 
dose / 
source 

 
Day 
p.i. 

killed 

 
Histopathology  

of brain  
and  

spinal cord † 

 
Duration 

of   
viremia 
(days) 

 
Mean 
daily 
virus 
titer 

         
PC 

 
S 

 
LHM 

    

  
3 

 
BW 

 
5.5 / M 

 
7 

 
+ 

 
+ 

 
+ 

 
5 

 
3.5 

  B 5.5 / M 9 + - - 4 3.3 
  R  4.0 / C 7 + - - 5 4.0 
  S 4.0 / C 14 + + + 4 2.0 
 4 181 6.0 / M 9 - + - 5 2.9 
  182 6.0 / M 12 + + - 4 3.2 
  180 5.0 / C 12 - - - 5 2.6 
  183 5.0 / C 9 - + - 7 2.8 
  184 Control 12 - - - - - 
  185 Control 9 - - - - - 
 5 79 6.0 / M 10 - + - 4 3.0 
 80 6.0 / M 6 - + - 4 3.0 
 78 AA 7 - + - - - 
 81 AA 10 - + - - - 
 77 Control 27 n.d.‡ n.d. n.d. - - 
 82 Control 27 n.d. n.d. n.d. - - 
 6 277 1.5 / M 24 + + + 3 2.7 
 278 1.5 / M 26 - + - - - 
 279 3.5 / M 26 - + - - - 
 280 3.5 / M 21 + + + 4 3.1 
 281 5.5 / M 7 + + - 4 3.3 
 282 5.5 / M 7 + + - 4 3.9 
 283 IC 26 - + - - - 
 284 IC 7 - - - - - 
 7 544 AA 23 - - - 2 2.0 
 545 AA 23 - - - 2 3.5 
 546 AA 8 - - - 3 3.3 
 547 AA 23 - - - 2 3.8 
 548 Control 8 - - - - - 
 549 Control 23 

 
- - - - - 
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Table 5. Infection rates of Aedes albopictus, Aedes vexans and Culex pipiens that blood 
feed on West Nile virus infected pigs as determined by virus isolation and RT-PCR 

 
 
Titer of 
pig 
blood 
meal * 
 

 
†Aedes albopictus -        
infected blood-fed         

#  (%) † 

 
Aedes vexans-         infected 
blood-fed                     # (%) 

  

 
Culex pipiens -          

infected blood-fed        
# (%) 

  
VI 

 
RT-PCR 

 
VI 

 
RT-PCR 

 
VI 

 
RT-PCR 

6.0 n.d.‡ 
 

2/5  (40) n.d. n.d. n.d. n.d. 

6.0 n.d. 
 

0/6  (0) n.d. n.d. n.d. 1/2 (50) 

5.5 n.d. 
 

0/5  (0) n.d. n.d. n.d. n.d. 

5.5 n.d. 
 

0/5  (0) n.d. n.d. n.d. 1/1 (100) 

5.0 
 

4/16  (25) 
 

n.d. 0/5  (0) n.d. n.d. n.d. 

4.5 n.d. 
 

0/4 (0) n.d. n.d. n.d. 1/1 (100) 

4.5 n.d. 
 

0/5 (0) n.d. n.d. n.d. n.d. 

4.0 
 

0/10  (0) n.d. 0/7  (0) n.d. 1/1 (0) n.d. 

4.0 
 

0/19  (0) n.d. 0/3  (0) n.d. 0/4 (0) n.d. 

3.5 
 

0/19  (0) n.d. 0/5  (0) n.d. n.d. n.d. 

3.5 
 

0/48  (0) n.d. 0/4  (0) n.d. 0/2  (0) n.d. 

3.0 
 

0/17  (0) n.d. 0/3  (0) n.d. 0/1 (0) n.d. 

 
* Blood meal titer expressed as CID50s / ml of serum 
† Infection rates determined by virus isolation (VI) for individual mosquitoes that blood-   
  fed on pigs of experiment 6, and by RT-PCR on pools of 1 to 4 mosquitoes that blood- 
  fed on pigs of experiment 2.  
 ‡n.d. = Not done due to mosquito availability   
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Lay summary:  West Nile virus (WNV) infects weanling pigs.  These infections appear 
to be mostly inapparent. However, the rate of weight gain of pigs can be reduced during 
the time that WNV is found in the blood.  The lesions that were found in the brain and 
spinal cord of infected pigs have the potential of causing neurological symptoms.  
Studies involving laboratory animals currently underway in other laboratories indicate 
that different isolates of WNV can vary in their ability to cause disease.  Furthermore, 
WNV is an RNA virus.  A general characteristic of RNA viruses is their high rate of 
mutation.  Consequently new variants of WNV can emerge that may be more virulent for 
pigs than the WNV that is currently circulating in the field.   
 The failure of WNV to cause an adverse affect on developing fetuses in a sow 
during the second trimester does not rule out the possibility that WNV could be a 
reproductive pathogen.  This virus is closely related to the Japanese encephalitis (JE) 
virus that is not currently in the USA.  The JE virus is a known swine reproductive 
pathogen.  Additional laboratory experiments with sows in the first and second trimester 
are necessary in order to more fully evaluate potential adverse affects on reproduction.  
These studies are expensive because they require BL3 containment facilities.  
Alternatively field studies could be conducted to determine if there is a direct 
relationship  
between exposure to WNV and reproductive losses.  If such a relationship is 
demonstrated, a vaccination program may be justified.  
  Characterization of WNV in weanling pigs demonstrated that viremias generally 
persist for 3 to 5 days in individual pigs at levels that occasionally are sufficient to infect 
blood-feeding mosquitoes.  The relative importance of the pig as a source of WNV for 
mosquitoes is judged to be low because the highest levels of WNV that occur in pigs 
are generally not sufficient to efficiently infect blood-feeding mosquitoes.  However, the 
pig could be a source of infection for people that work in meat processing facilities and 
those, including consumers, who handle uncooked pork products, if viremias in WNV-
infected market hogs are similar to those that occur in weanling pigs.  Consequently it is 
important to characterize WNV in market-age pigs to determine if a risk exists.  
 
 


