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     INTRODUCTION 

 Enzootic West Nile virus (family  Flaviviridae , genus  Flavi-
virus , WNV) activity was first documented in Los Angeles, 
California, in September 2003. 1,  2  A human case had been 
reported in October 2002. However, autochthonous infec-
tion is still disputed. The emergence of WNV in urban Los 
Angeles was focused along the San Gabriel River corridor, 
with dead birds and infected  Culex pipiens quinquefasciatus  
Say detected from September through October 2003 3  rapidly 
after initial detection in the Imperial Valley in California dur-
ing July 2003. 2  

 Historically, the endemic mosquito-borne encephalides in 
California, St. Louis encephalitis virus (family  Flaviviridae , 
genus  Flavivirus , SLEV) and western equine encephalomyelitis 
virus ( Togoviridae, Alphavirus , WEEV), were considered to be 
rural health problems, mostly of the Central Valley. 4  However, 
during the 1980s, Los Angeles experienced intermittent enzo-
otic transmission and outbreaks of SLEV. 5  The last outbreak 
occurred in 1984, with 26 human cases, and the enzootic indi-
cators were infected sentinel chickens, followed by infected 
pools of  Cx. tarsalis  Coquillett. 6  The lack of detectable mos-
quito infection prior to human cases was likely caused by lim-
ited and focal mosquito surveillance at that time, with only 81 
mosquito pools tested during 1984 from Los Angeles County. 7  
After discovery of urban SLEV transmission, the Greater 
Los Angeles County Vector Control District (GLACVCD) 
retained a small-scale arbovirus surveillance program moni-
toring mosquito abundance and infection and sentinel chicken 
seroconversions for WEEV and SLEV. 

 During 2002, prior to WNV reaching the West Coast, 
GLACVCD further expanded surveillance to include WNV 
testing for more sites and sampling frequency, additional senti-
nel chicken flocks, and the monitoring of wild bird seropreva-
lence. This multi-disciplinary surveillance approach captured 
the patterns of WNV introduction, amplification, and dispersal 
in this heavily urbanized maritime environment. Surveillance 
variables included human and equine case reports, mosquito 
abundance and infection, dead bird reports and test results, 
sentinel chicken seroconversions, wild bird seroprevalence, 

and climate data. The current report describes temporal and 
spatial patterns within our six-year data set and addresses our 
over-arching hypothesis that careful monitoring of anteced-
ent WNV enzootic activity can help predict the timing and 
intensity of tangential transmission to humans and improve 
current risk models. A comparison of predictive risk models 
will be addressed in a companion report. Spatial and tempo-
ral patterns among these data and risk models enabled us to 
determine which surveillance indicators were most effective in 
predicting human cases reported by passive surveillance from 
densely populated and ethnically diverse Los Angeles. 

   METHODS 

  Study area.   Los Angeles County in southern California is 
the most populous county in the United States. It consists of 
88 incorporated cities and 140 unincorporated communities 8  
and contains approximately 10 million persons or 27% of the 
California state population. 9  Landscape ranges from coastal 
chaparral in the Los Angeles Basin, San Fernando, and San 
Gabriel valleys to desert in the Santa Clarita Valley. The coastal 
chaparral is characterized by two forces; the south facing 
slopes of the San Gabriel and San Bernardino mountain ranges 
create a dry environment, and coastal fog creates humidity. 10  
Rainfall in this region is typically between November and 
April, with monthly precipitation rarely exceeding 10 cm. 
Daily high temperatures range from 20°C to 30°C, and lows 
range between 9°C and 20°C. 11  There are four major river 
systems, the Los Angeles River, the San Gabriel River, Santa 
Clara River, and the Rio Hondo River. Juxtaposed on this 
natural landscape are 805 km of open concrete channels, 
4,023 km of underground storm drains, and > 70,000 catch 
basins. 12  

 Population estimates from the 2000 deci-centennial census 
for Los Angeles County were 9,519,331 persons, with a popu-
lation density of 905 persons/km 2 . 9  Los Angeles County cov-
ers 10,518 km 2 , of which 3,445 km 2  are within the GLACVCD 
jurisdiction that serves approximately six million residents. 13  

   Climate.   Daily high and low temperature data were made 
available by the National Aeronautics and Space Administration 
Terrestrial Observation and Prediction System, 14  a combination 
of ground and satellite data with modeling that provides 1-km 2  
grid precision. These data were averaged for all grid cells 
across Los Angeles County in biweekly intervals for crude 
risk assessment estimates, stratified by cells falling within each 
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of the three study zones, and averaged in biweekly intervals. 
Data aggregation and calculations were performed by using 
PostgreSQL 8.3.7. 15  

   Human case monitoring.   Human cases were monitored by 
the Los Angeles County Department of Health and Human 
Services, Acute Communicable Disease Control, through 
passive case detection and reporting. Additional cases were 
discovered through blood donor programs and noted as 
asyptomatic blood donors (ASDs) unless symptoms developed 
after donation, at which time the person was included as a case. 
Cases fit the Centers for Disease Control and Prevention (Ft. 
Collins, CO) definition for neuroinvasive or febrile illness and 
were laboratory confirmed, typically by demonstration of IgM 
in serum samples or in spinal fluid by enzyme immunoassay 
(EIA). 16  

   Mosquito abundance and infection.   Data were generated 
by monthly collections of mosquitoes over the six-year study 
period (2003–2008) in quarter mile (0.42 km) grids within the 
GLACVCD. Fixed trap sites were geocoded using a global 
positioning system device (Magellan MiTAC Digital Corp., 
Santa Clara, CA). Five core sites were operated on a bi-monthly 
schedule in conjunction with sentinel chicken and wild bird 
bleeding. Three trap types were used: Center for Disease 
Control and Prevention style dry ice-baited encephalitis 
virus surveillance (EVS) traps, 17,  18  Reiter-Cummings gravid 
traps 19  baited with alfalfa-yeast media, and underground 
storm drain system traps that were unbaited EVS traps placed 
under manhole covers in storm drains. Mosquitoes were 
enumerated to species, sex, and trophic status. Infection was 
monitored by aggregating samples of  Cx. p. quinquefasciatus , 
 Cx. stigmatosoma , and  Cx. tarsalis  mosquitoes from the same 
time period and location into pools of 2–50 mosquitoes of each 
species and trap type. Pools were screened for WNV, SLEV, and 
WEEV RNA using real-time multiplex reverse transcription–
polymerase chain reaction (RT-PCR) with an ABI Prism 7900 
TaqMan (Applied Biosystems, Foster City, CA) and published 20  
and unpublished primers from the envelope gene. All multiplex 
RT-PCR-positive samples were confirmed by virus isolation 
on Vero cell culture,  in situ  EIA, 21  and/or a second singleplex 
RT-PCR using primer sets from the nonstructural protein 
gene region. 22  The predictive value of a positive multiplex 
RT-PCR was excellent if the critical threshold scores were 
< 30. Therefore, during 2006–2008, confirmation by a second 
method was conducted only on samples with screening cycle 
threshold values > 30 and < 40. Mosquito infection incidence 
was calculated using the PooledInfRate v2.0 Microsoft Excel ®  
add-in (Microsoft, Redmond, WA). 23  

   Dead birds.   Dead birds found by the public were reported 
to the California Department of Public Health, Vector 
Borne Disease Section, Dead Bird Hotline. 24  If birds were 
considered to be in a testable condition, they were forwarded 
to the California Animal Health and Food Safety laboratory 
at the University of California Davis for necropsy. Oral swabs 
(American crows only) or kidney tissues were submitted to 
Center for Vectorborne Diseases for WNV testing by RT-PCR 
using previously published primers. 25  Previous studies indicated 
a low case-fatality rate of birds infected with WEEV or SLEV. 26  
Therefore, dead birds were not tested for these viruses. From 
2004 onwards the Dead Bird Hotline ceased testing birds 
from zip codes with a previously reported positive dead 
bird, but continued to collect dead bird reports. Throughout, 
bird common names follow those approved by the American 

Ornithologist’s Union (http://www.aou.org/checklist/north/
index.php). 

   Sentinel chickens.   Flocks of 10 White Leghorn hens were 
maintained at 7 sites each surveillance year. Blood samples 
(0.1 mL) were collected from all birds at each site every two 
weeks by brachial venipuncture and placed on filter paper 
strips. 27  The strips were sent to the California Department of 
Public Health, Viral and Rickettsial Disease Laboratory in 
Richmond, California for testing by EIA and immunofluorescent 
antibody assay for antibodies to WNV, WEEV, and SLEV. 28  

   Free-ranging avian serologic testing.   Free-ranging birds 
were collected by grain-baited Australian crow traps with 
inlet apertures reduced to limit ingress to small birds. 29  
Traps were placed at each of five core sites and were set for 
24 hours biweekly. As modified, traps collected primarily 
peridomestic house sparrows ( Passer domesticus ) and house 
finches ( Carpodacus mexicanus ). Birds were banded pursuant 
to Federal Banding permit 22763, and 0.1 mL of blood was 
collected by 28-guage needle syringe from each bird by jugular 
venipuncture and expelled into 0.9 mL of sterile saline. The 
bird serum was tested by EIA for antibodies to WEEV and 
flavivirus. 30  Because antibodies against WNV cross-react 
with SLEV in our EIA, positive results were confirmed and 
the infecting virus identified by end point plaque-reduction 
neutralization test using the NY99 strain of WNV and the 
KERN217 strain of SLEV. Wild bird serologic data were 
used to calculate seroprevalence proportion, defined as the 
total number of positive birds/total birds bled for each bleed 
date. 

   Statistical analysis.   A retrospective time-space scan for high 
prevalence was performed in SatScan ™  31  on the mosquito pool 
and tested dead bird datasets separately for each year of the 
study period. 32,  33  The data were binary. Therefore, a Bernoulli 
model was selected for the iterative scans for high rates. 
Cluster centers were not allowed within an overlapping cluster. 
Statistical significance of a cluster in either the dead bird or 
mosquito pool datasets was identified by a  P  value < 0.05, 
rejecting the null hypothesis of random dispersion of WNV-
positive test results in time and space. The maximum time 
period permitted was 10% of the study period to ensure that 
all mosquito sites trapped on a monthly cycle were included in 
the scan. The maximum proportion of the observations allowed 
in any single cluster was 0.10 to reduce cluster size. Parameter 
restrictiveness for clustering was evaluated by determining 
if the number of observations within a cluster neared or 
equaled the maximum permissible proportion. Mapping of 
surveillance indicators and significant clusters was performed 
using ArcMap version 9.3 software (Environmental Systems 
Research Institute, Redlands, CA). 

 Trap efficacy for collecting  Cx. tarsalis  and  Cx. p. quinque-
fasciatus  was compared in EVS trap collections for the entire 
study period. These data were transformed by ln(y + 1) to 
adjust for skewness and control the variance 34  and analyzed 
by analysis of variance (ANOVA) with least squared means. 

 Trap types were compared using data collected in 2004, 
when each site was sampled using paired EVS and gravid traps. 
These data were transformed by ln(y + 1) to adjust for skew-
ness and control the variance, 34  and tested by an ANOVA with 
Tukey’s comparisons of transformed mean females per trap 
night (F/TN). Underground storm drain system trap collec-
tions were not compared in this fashion because the sampling 
scheme was not comparable. An additional non-parametric 
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Wilcoxon rank sum test was performed on the trap type data 
for the Santa Clarita stratum because of the low sample size. 
Pearson correlation analysis was performed to determine the 
correlation between females per trap night by both trap meth-
ods with the month and site of collection. Analyses were con-
ducted using SAS version 9.2 software (SAS Institute Inc., 
Cary, NC). 

   Ethics.   Collection, banding, and bleeding of wild birds was 
done under Protocols 11184 and 12889 that were reviewed and 
approved by the Institutional Animal Care and Use Committee 
of the University of California, Davis, Master Station Federal 
Bird Banding Permit 22763 issued by the U.S. Geological 
Survey, California Resident Scientific Collection Permits by 
the State of California Department of Fish and Game, and 
Federal Fish and Wildlife Permit No. MB082812-0. Husbandry 
and bleeding of sentinel chickens was conducted according to 
Protocols 11186 and 12878 that were reviewed and approved 
by the Institutional Animal Care and Use Committee of 
the University of California, Davis. Use of arboviruses 
was approved under Biological Use Authorizations #0554 
and #0873 issued by the Environmental Health and Safety 
Committee of the University of California, Davis, and USDA 
Permit #47901. 

    RESULTS 

 A summary of surveillance effort for 2003–2008 is shown in 
 Table 1 .The intensity of surveillance was maintained through-
out the study period, with the numbers of pools submitted for 
testing related to mosquito abundance. The first date of detect-
ing a positive result by each surveillance indicator is shown in 
 Table 2 . Dead birds were consistently reported earliest each 
year. However, these reports appeared to be independent of 

amplification in avian or mosquito populations because they 
typically occurred over a month before a positive dead bird 
test result was detected. Positive dead birds also were detected 
prior to the mosquito season (typically May–October), which 
suggested either mosquito transmission at levels below our 
detection thresholds or bird-to-bird transmission. 35  Sentinel 
chicken seroconversions were detected concurrently in time 
with infected  Cx. stigmatosoma  pools, and positive  Cx. p. quin-
quefasciatus  pools were detected consistently earlier in the 
season, followed by  Cx. tarsalis  pools. The magnitude of the 
Los Angeles epizootics and epidemics was considerable 
( Figure 1 ). Therefore, the area was stratified on the basis of 
time-space cluster findings in the sections that follow. 

            Introduction of WNV into the Los Angeles Basin occurred 
during 2003 ( Figure 1A ), and focal dead bird and mos-
quito pool activity were clustered at the confluence of the 
San Gabriel and Rio Hondo rivers near an enormous fall–
winter American crow roost within the Whittier Narrows 
Nature Reserve ( Figure 2 ) conservatively estimated to consist 
of approximately 50,000 birds. Analyses of time–space clus-
tering showed significant ( P  < 0.05) dead bird and mosquito 
pool clustering in each study year. Amplification in the Los 
Angeles Basin commenced early and rapidly during 2004, with 
marked increases in numbers of WNV-positive dead birds and 
mosquito pools, followed by a rapid succession of significant 
clustering events ( Figure 1B ). By July 2004, significant activ-
ity moved into the San Fernando Valley near a second smaller 
American crow roost in Van Nuys ( Figure 1B  and C). In 2005, 
activity dispersed and subsided in the Los Angeles Basin. 
A significant bird cluster occurred in Santa Clarita Valley 
( Figure 1D ) and completed the introduction of WNV into 
Los Angeles County. In 2006 and 2007, significant clustering 
was restricted to the San Fernando Valley [data not shown]. 

 T able  1 
  Summary of West Nile virus surveillance in Los Angeles County, 2003–2008 *   

Surveillance method 2003 2004 2005 2006 2007 2008 Total

Trap nights: CO 2  trap 1,078 2,056 2,027 1,542 1,934 1,779 11,088
Gravid 984 1,883 2,110 1,734 2,147 1,841 10,602
USDS 314 314 18 140 550 658 1,994
Mosquitoes collected

 Culex tarsalis 6,957 6,829 8,090 2,042 2,956 5,862 32,736
 Cx. p. quinquefasciatus 59,695 70,579 87,744 56,909 81,487 97,853 454,267
 Cx. stigmatosoma 2,678 3,229 3,510 2,721 798 3,184 16,120
 Cx. erythrothorax 97,029 133,423 129,142 32,167 47,554 74,404 513,719

Total mosquitoes collected 204,291 244,117 272,434 106,119 156,249 214,566 1,197,776
No. mosquito pools 1,621 2,456 2,920 1,614 2,288 2,558 13,457
Pools positive for WNV 6 345 181 78 89 472 1,172
Mosquito infection prevalence per 1,000 mosquitoes

 Cx. tarsalis 0 3.91 3.11 0 0.41 1.48
 Cx. p. quinquefasciatus 0.15 6.20 1.89 1.56 0.66 3.87
 Cx. stigmatosoma 0 4.53 3.42 0 1.02 6.73
 Cx. erythrothorax 0 0.19 0 0 0 0

Sentinel chickens
Flocks 6 7 7 7 7 7 41

Seroconversions for WNV 0 45 25 19 15 39 143
No. wild bird serologic samples 1,692 2,987 1,912 2,101 3,068 2,347 14,107
WNV positive 2 442 288 172 189 258 1,351
WNV/SLEV (UI) positive 0 44 28 14 19 0 105
SLEV positive 0 1 0 0 0 0 1
No. LAC dead birds tested 365 1,153 690 937 931 1,101 5,177
No. LAC WNV-positive dead birds 65 840 173 166 217 511 1,972
Horse cases 0 9 5 0 0 0 14
Human cases 0 168 29 10 28 83 310

  *   CO 2  trap = encephalitis virus surveillance trap baited with CO 2 ; USDS = unbaited encephalitis virus surveillance trap set in an underground storm drain system; WNV = West Nile virus; 
SLEV = St. Louis encephalitis virus; UI = unidentified flavivirus; LAC = Los Angeles County.  
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In 2008 clustering was centered again at the large corvid roost 
in the Whittier Narrows. Throughout, the proportion of total 
observations within a cluster never exceeded the imposed 
limit of 10% of the population (maximum = 7.7%). Therefore, 
this parameter was not considered overly restrictive. 

   Climate.   Maximum temperature in most study years 
exceeded the 15°C threshold permissive for WNV replication 
in  Culex  spp. by April 15, whereas in 2004 and 2007 this 
threshold was achieved in mid-March ( Figure 3 ). A repeated 
measures ANOVA of mean temperatures blocked by year 

 T able  2 
  Summary of first dates of detection of West Nile virus in Los Angeles County for each surveillance indicator by year *   

Indicator 2003 2004 2005 2006 2007 2008

First dead bird report Jan 16 Jan 4 Jan 4 Jan 3 Jan 1 Jan 1
First positive dead bird Sep 3 Feb 24 Feb 1 Jan 9, Apr 6 Apr 5 Jan 29
Sentinel chicken ND Jul 13 Jun 18 Jul 22 Aug 11 Jul 13
Positive mosquito pools

 Culex tarsalis ND May 24 Jun 21 ND Aug 22 Jun 25
 Cx. p. quinquefasciatus Sep 26 May 6 Jun 1 May 10 Jan 11, May 15 May 15
 Cx. stigmatosoma ND Jul 16 Jun 22 ND Aug 3 Aug 1

  *   First positive dead bird = virus detection in a bird carcass by reverse transcription–polymerase chain reaction; ND = none detected in that surveillance year.  

 F igure  1.    Time-space clusters of West Nile virus (WNV) plus dead birds ( dots ) and WNV+ mosquito pools ( triangles ) in Los Angeles 
County. The first evidence in the Los Angeles Basin in 2003 ( A ) with mosquito pool cluster a (10/9/2003–10/29/2003), and dead bird clusters 1 
(9/13/2003–10/15/2003) and 2 (10/30/2003–12/3/2003). Amplification in the Los Angeles Basin in early 2004 ( B ) depicted by dead bird clusters 
1 (5/8/2004–6/4/2004) and 2 (5/29/2004–7/2/2004) overlapping with mosquito pool clusters a–c (6/26/2004–7/30/2004, 7/3/2004–8/6/2004, and 7/10/2004–
8/13/2004), then progressing into the San Fernando Valley in late 2004 ( C ) dead bird cluster 3 (7/10/2004–8/13/2004), and mosquito pool clusters d 
(7/24/2004–8/20/2004) and e (7/24/2004-8/20/2004). Amplification in Santa Clarita in 2005 ( D ) with dead bird clusters a (7/24/2005–6/27/2005) and 
b (9/11/2005–10/8/2005).    
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showed significant differences among years (F = 5.34, 
degrees of freedom [df] = 5,  P  = 0.012). When temperatures 
were stratified by region ( Figure 3 ), there were significant 
differences in mean temperature among regions (F = 158.47, 
df = 2,  P  < 0.001), with no difference between Santa Clarita 
(mean = 16.77°C) and San Fernando Valleys (mean = 16.57°C), 
but significantly warmer mean temperatures in the Los Angeles 
Basin (mean = 19.26°C, Tukey’s honestly significant difference 
test, df = 401, alpha = 0.05, minimum significant difference = 
0.52°C). Warmer temperatures here could relate to increased 
urbanization creating heat island phenomena. 36  The Los 
Angeles Basin had most of the epizootic and epidemic WNV 
activity. This finding could be related to the significantly higher 
mean temperatures enabling more rapid viral replication in 
the mosquito host and more frequent host–vector contact, 
even though mosquito abundance was lower in this region 
than in the Santa Clarita and San Fernando valleys. 

    Human cases.   Laboratory-confirmed human cases were 
observed during all six years of the study ( Table 3 ), with 
most reported during the 2004 epidemic. A total of 168 cases 
with known onset date were found within the GLACVCD 
jurisdiction and 287 were found within Los Angeles County. 37  
During 2004, 56% of the 149 reported human cases with a 
clinical designation were diagnosed as West Nile neuroinvasive 
disease (WNND), the severe outcome of WNV infection. 
Cases decreased during 2005–2007, but increased again in 
2008, with 83 cases reported (72% WNND). The percent of 
cases diagnosed as WNND in 2008 was significantly greater 
than the percent WNND in 2004 (χ 2  = 5.73, df = 1,  P  = 0.017), 

perhaps indicating increased under-reporting of West Nile 
fever. Of interest were the ASDs because they represented 
infected persons who were detected during the viremia period 
while making a blood donation. Based on these persons, the 
2008 outbreak with 15 ASDs may have been more severe than 
in 2004, which had 9 ASDs. 

      A time-series graph of human cases ( Figure 4 ) showed that 
tangential transmission to humans was confined to June and 
October, and typically peaked concurrent with  Cx. p. quinque-
fasciatus  mosquito infection incidence per 1,000. 

    Mosquito abundance.   Most  Cx. tarsalis  specimens were 
collected by dry ice-baited EVS traps, which had 1.90 females 
per trap night. Gravid traps had 0.81 females per trap night 
over the total study period. Mosquito collection efforts were 
similar throughout the study period. However, the number of 
mosquito pools tested differed because of abundance patterns. 
Transformed annual  Cx. tarsalis  abundance in Los Angeles was 
significantly less than that for  Cx. p. quinquefasciatus  when 
EVS trap collections were compared by ANOVA with least 
squares means (t = 16.83, df = 287,  P  < 0.001, back-transformed 
means were 1.24 and 6.02 females per trap-night, respectively). 
A similar comparison could not be drawn in gravid trap 
collections because of infrequent  Cx. tarsalis  samples by this 
method. 

 Trap collections for 2004 were assessed by ANOVA (n = 
2,659 trap nights) and varied significantly by month of collec-
tion (F = 67.08, df = 11,  P  < 0.001), trap type (F = 582.95, df = 
1,  P  < 0.001), and interaction between month and trap type 
(F = 3.11, df = 11,  P  = 0.0004). A comparison of mean females 
per trap type showed that gravid trap counts (n = 1,372, mean = 
10.7 females per trap night) were significantly greater than 
EVS trap counts (n = 1,287, mean = 2.9 females per trap night) 
( P  < 0.001, by Tukey’s honestly significant difference test). 
Pearson correlation analysis showed females collected in EVS 
and gravid traps per night were correlated inversely over time 
and space during 2004 (r = −0.39, n = 2,659,  P  < 0.0001), but pos-
itively correlated over months (r = 0.11, n = 2,659,  P  < 0.001), 
with a modest effect of site (r = 0.08, n = 2,659,  P  < 0.001). 

 Analysis of variance of transformed paired gravid and EVS 
trap collections showed significant difference by region of 
Los Angeles (F = 34.74, df = 2, 1251,  P  < 0.001). Mean counts 
in the San Fernando Valley (back-transformed mean = 2.18 
F/TN) were greater than in the Los Angeles Basin (back-trans-
formed mean = 1.50 F/TN) ( P  < 0.001, by Tukey’s multiple 
comparison), but not statistically different from mean counts 
in Santa Clarita (back-transformed mean = 1.29 F/TN). Mean 
trap counts were not statistically different in the Los Angeles 
Basin and Santa Clarita. Further analysis was performed to 
stratify the data by trap type. In the Los Angeles Basin, there 
were significant differences between collections made with 
gravid and EVS traps (n = 1,480, F = 155, df = 1, 1478,  P  < 
0.001). Similarly, in the San Fernando Valley, there were sig-
nificant differences in collections between the two trap types 
(n = 984, F = 198.59, df = 1, 982,  P  < 0.001). Interestingly, in 
more rural Santa Clarita Valley, collections were not signifi-
cantly different (n = 44, F = 3.54, df = 1, 42,  P  = 0.066), even by 
non-parametric methods used to account for lower sampling 
effort (z = -1.45,  P  = 0.14, by Wilcoxon rank-sum test). 

   Mosquito infection.   Only a single pool of 25  Cx. p. 
quinquefasciatus  from Griffith Park were positive for SLEV 
during 2003, despite continued testing of each pool for 
SLEV, WEEV, and WNV. Mosquito infection was monitored 

 F igure  2.    The 2004 WNV epizootic within the Greater Los 
Angeles County Vector Control District boundary ( gray line ), repre-
sented by positive dead birds ( circles ).  Arrows  indicate major corvid 
roosting sites.    
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in all species in 2004 ( Table 4 ). No infected  Culiseta  spp. 
were detected, despite a relatively large number of pools 
submitted for  Cs. incidens . Of the  Culex  mosquitoes,  Cx. p. 
quinquefasciatus  exhibited the highest infection incidence, 
followed by  Cx. stigmatosoma ,  Cx. tarsalis ,  Cx. thriambus , and 
 Cx. erythrothorax . No infected  Cx. restuans  were detected. 
However, the sample size was limited. 

      Biweekly  Cx. p. quinquefasciatus  maximum likelihood esti-
mation of mosquito infection incidence at our study areas 
ranged from 0 to 32.3 per 1,000. Most specimens tested were 
from gravid traps, which represented 76%, 75%, 74%, 68%, 

58%, and 69% of the total  Cx. p. quinquefasciatus  specimens 
tested for the years 2003–2008, respectively. The disparity in 
mosquito pool submission was caused by differences in the 
number of mosquitoes collected by each trap method, as 
described above. Biweekly mosquito infection incidence for 
 Cx. tarsalis  ranged from 0.94 to 16.04 per 1,000 mosquitoes. 

 On the basis of the time–space cluster analyses, the 
GLACVCD was stratified into three main areas ( Figure 5 ) 
that experienced dramatically different  Cx. p. quinquefascia-
tus  abundance and infection incidence over time ( Figure 4 ). 
The Los Angeles Basin experienced most of the 2004 and 

 F igure  3.    Biweekly temperature and rainfall for the three regions of Los Angeles County.  Tmax is the average of the daily maximum tempera-
tures for the two-week period, and tmin is the average of the daily minimum temperatures. *Temperature data for December 2004 were not avail-
able from the Terrestrial Observation and Prediction System weather datasets    
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2008 epidemics, starting earlier and lasting for a longer dura-
tion, than at the other strata. The San Fernando Valley experi-
enced the 2004 epidemic a month later than the Los Angeles 
Basin, with a steep epidemic curve and cessation of activity in 
October, similar to the termination of activity in Los Angeles 
Basin. The intensity of activity during 2005–2007 was greater 
in the San Fernando Valley than in the Los Angeles Basin. The 
Santa Clarita Valley, which had the smallest population of per-
sons at risk, experienced small epidemics in 2005 and 2008. 

    Dead birds.   In 2003, the California Dead Bird Hotline was 
started by the California Department of Public Health, and 365 
birds were reported from GLACVCD and tested, of which 65 
(18%) were positive for WNV ( Table 5 ). In 2004, the number 
of dead bird reports increased dramatically, but although the 
proportion tested decreased because of zip code closures and 
the high numbers of samples, the percent positive was highest 
(73%). The percent positive decreased during 2005–2006, then 
increased during 2007–2008. The percent tested (χ 2  = 5915.19, 
df = 5,  P  < 0.001) and the percent of tested birds that were 
positive (χ 2  = 987.65, df = 5,  P  < 0.001) differed significantly 
among years. The lowest observed percent of WNV-positive 
tested birds was 18% in 2003 and 2006. The percent of 
reported birds tested was highest in 2003 (100%) when the 
testing protocol included all reported birds. After the testing 
protocol was adapted in 2004 to include only birds dead less 
than 24 hours, the highest reported percent tested was in 2007 
(30%) and the lowest was in 2004 (4%). 

     The most frequently tested species was the American crow, 
followed by the house finch, common raven, and house spar-
row ( Table 6 ). Temporal patterns in the proportion tested 
(number of birds in testable condition from open zip codes/ 
total dead birds reported) and the proportion positive (num-
ber of dead birds with a positive test result/total tested birds) 
calculated biweekly are shown in  Figure 6 . The proportion 
positive increased seasonally from July through November in 
subsidence years 2005–2007. However, in the 2004 and 2008 
outbreak years there were early season peaks. 

         Sentinel chickens.   No sentinel chickens seroconverted 
during the 2003 surveillance year ( Table 1 ). In 2004, 7 flocks 
of 10 chickens were monitored, and 45 seroconversions 
were detected. In 2005, the same numbers of flocks were 
monitored, but only 25 birds seroconverted. The number of 
seroconversions decreased further in 2006 and 2007 with 19 
and 15 seroconversions, respectively, and then increased in 
2008 with 39 seroconversions observed. 

   Free-ranging bird serologic results.   A total of 14,107 wild 
bird serum samples were collected during 2003–2008 ( Table 1 ). 
Of these samples, 1,456 (9%) were positive for WNV (1,351) 

or unidentified flavivirus (105); i.e., were positive by EIA and 
plaque-reduction neutralization test, but titers were equivocal 
or < 4 times those for SLEV by end point titration. The most 
frequent species collected were house finches (8,249 collected, 
0.113 proportion infected), followed by house sparrows (5,476, 
0.083), white-crowned sparrows (724, 0.014), nutmeg manakins 
(342, 0.012), brown-headed cowbirds (320, 0.043), California 
towhees (202, 0.059), and mourning doves (137, 0.241). 
Additional species bled less frequently or with collaboration 
of wildlife rehabilitators were song sparrows (34, 0.059), 
red-winged blackbirds (22, 0.091), plain pigeons (22, 0.273), 
common ravens (5, 0.200), barn owls (5, 0.200), red-tailed 
hawks (4, 0.500), and red-shouldered hawks (1,1.000). Species 
bled, but never found to be positive for WNV or flavivirus, 
were American crows (20 tested), black-headed grosbeaks (9), 
lesser goldfinches (32), chipping sparrows (8), gray-headed 
juncos (6), tricolored blackbirds (2), Lincoln’s sparrows (2), 
golden-crowned sparrows (2), European starlings (2), blue 
grosbeaks (2), western screech owl (1), rufous-crowned 
sparrow (1), ringed turtle dove (1), pine siskin (1), bullock’s 
oriole (1), northern mockingbird (1), merlin (1), hermit thrush 
(1), great horned owl (1), dark eyed junco (1), Cooper’s hawk 
(1), common poorwill (1), California quail (1), and black 
phoebe (1). 

 Seroprevalence for house finches and house sparrows cal-
culated biweekly ranged between 0 and 0.46, with the over-
all maximum in December 2004 ( Figure 7 ). Three important 
temporal trends were observed in our data. The first trend was 
the impact of herd immunity. After seroprevalence exceeded 
0.25 during 2004, tangential transmission and therefore posi-
tive dead birds and human cases decreased. Dead birds and 
human cases were detected during subsequent years when-
ever seroprevalence decreased below 0.10. The second trend 
was hatching year birds. Fledging of nestlings was associated 
with reduced seroprevalence during each summer and was the 
primary factor associated with progressive seasonal decreases 
in seroprevalence. The third trend was winter seroprevalence. 
Low seroprevalence during later winter and spring most likely 
facilitated early season amplification transmission and was 
associated with increased human cases during the following 
summer. During 2008, seroprevalence was 0.03, 0.10, and 0.11 
during January, February and March, respectively, and was fol-
lowed by an outbreak of human cases. 

     DISCUSSION 

 Similar to published reports describing WNV invasion into 
new geographic areas, WNV enzootic and epidemic activity 
in Los Angeles followed a three-year pattern of introduction, 
amplification, and subsidence, 38,  39  with subsequent resur-
gence during 2008. Resurgence in 2008 followed similar spa-
tial and temporal patterns as in the 2004 epidemic year, with 
increases in proportion of positive dead birds, mosquito infec-
tion incidence, sentinel chicken seroconversions, and number 
of human cases. Interestingly, the 2008 outbreak followed the 
progressive decrease in avian herd immunity, perhaps indi-
cating the importance of early season increased seropreva-
lence and depopulation in dampening viral amplification 
events. 

 Case detection in Greater Los Angeles appeared to be 
skewed towards severe disease, because the ratio of WNND 
to West Nile fever cases was consistently greater than the 

 T able  3 
  Summary of human cases by syndrome for the Greater Los Angeles 

Vector Control District, 2003–2008 *   
Year Total WNND (%) WNF (%) ABD

2003 1 1 (100)
2004 160* 84 (56) 65 (43) 9
2005 29 20 (69) 9 (31) 4
2006 9 2 (22) 7 (78) 0
2007 28 17 (61) 11 (39) 4
2008 83 60 (72) 23 (28) 15
Total 310 183 (61) 116 (39) 32

  *   Eleven of these cases were missing clinical designation on the epidemiologic report. 
WNND = West Nile neuroinvasive disease; WNF = West Nile fever; ABD = asymptomatic 
blood donor not included in the case totals or calculations.  
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1:256 and 1:140 ratios estimated in North Dakota and New 
York City. 40,  41  This finding, combined with the increase in the 
numbers of ASDs detected by routine blood donor screening, 
suggested that the 2008 epidemic may have been greater in 
magnitude than that in 2004, but was not captured by passive 
detection of human infection, which failed to adequately reflect 
febrile illness. Human cases were primarily in the Los Angeles 
Basin in 2004 (n = 85) and 2008 (n = 45), and lower epidemic 
peaks consistently occurred in the San Fernando Valley. There 

were only seven human cases reported in the Santa Clarita 
Valley over the entire study period. Mosquito infection inci-
dence in  Cx. p. quinquefasciatus  consistently preceded human 
case incidence and was similar in magnitude in 2004 (mean = 
4.73/1,000 mosquitoes) and 2008 (mean = 3.50/1,000 mosqui-
toes) (F = 0.32, df = 1, 45,  P  = 0.57). Sentinel chicken sero-
conversions peaked concurrently with human cases and the 
proportion observed was not significantly different between 
2004 and 2008 (χ 2  = 1.42, df = 1,  P  = 0.23). 

 F igure  4.    Summary of human cases, positive dead birds  Culex quinquefasciatus  abundance in females per trap night (F/TN) and infection inci-
dence (maximum likelihood estimation [MLE]) reported in the Greater Los Angeles County Vector Control District during 2003–2008 by biweekly 
interval. *Mosquito infection incidence/1,000 mosquitoes was calculated biweekly by bias corrected MLE methods with skewness-corrected 95% 
confidence intervals using PooledInfRate software add-in.    
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 On the basis of infection incidence, the  Culex  species most 
frequently involved in enzootic and epidemic transmission in 
urban Los Angeles appeared to be  Cx. p. quinquefasciatus , 
 Cx. stigmatosoma , and  Cx. tarsalis . Using serologic methods, 
we determined that 58% (n = 98), 95% (n = 19), and 100% 
(n = 3) of these species collected resting at residences in the 
Los Angeles Basin previously were found to blood feed on 
avian hosts, respectively. 42  Frequent mammal feeding by 
 Cx. p. quinquefasciatus  also was reported recently in Houston, 
Texas, 43  supporting the role of this species in epidemic trans-
mission.  Culex pipiens  complex populations in Los Angeles 
were presumed to be homogenously  Cx. p. quinquefasciatus  
on the basis of genetic and morphologic studies of mosquito 

collections south of the Tehachapi Mountains. 44–  46  Vector com-
petence studies indicated that the Los Angeles populations of 
 Cx. p. quinquefasciatus  were moderately susceptible to WNV 
infection by pledget feedings, 47  as were  Cx. tarsalis , whereas 
 Cx. stigmatosoma  were highly susceptible.  Culex tarsalis  from 
the San Fernando Valley were more capable to transmit than 
other species collected in the Los Angeles area, and  Cx. stig-
matosoma  were more susceptible to infection. Repeated vec-
tor competence studies of Los Angeles mosquito populations 
have consistently shown that  Cx. stigmatosoma  was the most 
competent species in California, followed by  Cx. tarsalis  and 
 Cx. p. quinquefasciatus . 48  Our current study demonstrated 
concordant high infection rates in  Cx. stigmatosoma . However, 
this species was not abundant in collections and not an early 
indicator of viral activity when compared with other  Culex  
species and avian indicators. This finding may be confounded 
by low and intermittent collections, perhaps caused by a lack 
of a suitable and competitive trap attractant. 

 Collections of  Cx. tarsalis  were consistently lower than col-
lections of  Cx. p. quinquefasciatus,  but higher than collections 
of  Cx. stigmatosoma , making them a suitable indicator in time 
series. Unfortunately the collections of  Cx. tarsalis  were made 
almost exclusively with EVS traps in the Los Angeles area, 
and given the trap bias noted with  Cx. p. quinquefasciatus  in 
urban settings, our findings may represent underestimates of 
abundance and infection. This underestimation is apparent in 
the comparisons made in  Tables 1  and  2 , where in 2004 the 
infection rates in  Cx. tarsalis  were similar to that in  Cx. stig-
matosoma  in magnitude, and no infected mosquitoes were 
detected in 2003 or 2006, whereas infected  Cx. p. quinquefas-
ciatus  mosquitoes were detected annually. 

  Culex p. quinquefasciatus  were the most abundant species 
in Los Angeles and provided the most consistent indication 
of WNV activity as measured by females per trap night and 
infection. Collections of this species in urban settings were 
biased towards gravid individuals because of the compara-
tive sensitivity of gravid and EVS traps. However, in the Santa 
Clarita Valley, where the human population density is the low-
est of the three regions, no significant difference was noted in 
abundance estimated by the two traps. Although this finding 
may have been an effect of low sample size, our results also 
may be explained by the higher density of potential hosts in 
an urban environment competing with the CO 2  emitted by the 
dry ice bait. Conversely, medium for gravid traps may repre-
sent not only a suitable but perhaps a limiting resource for 
oviposition. 

 Dead bird reports were not a useful surveillance tool because 
they were consistently reported long before the mosquito sea-
son began and were confounded by bird death unrelated to 
WNV. The proportion of dead birds tested during epidemic 

 T able  4 
  Mosquito species tested for West Nile virus in Los Angeles County, 

2004, with infection incidence per 1,000 mosquitoes as calculated by 
bias-corrected maximum likelihood estimation methods with skew-
ness-corrected 95% confidence intervals using the PooledInfRate 
software add-in *   

Species
No. pools 
submitted

No. positive 
pools MLE

95% CI

Lower Upper

 Anopheles hermsi 43 1 0.74 0.04 3.58
 Culesita incidens 133 0 0 – –
 Cs. inornata 7 0 0 – –
 Cs. particeps 7 0 0 – –
 Culex erythrothorax 440 4 0.19 0.06 0.47
 Cx. quinquefasciatus 1,558 313 6.20 5.55 6.91
 Cx. restuans 2 0 0 – –
 Cx. stigmatosoma 71 6 4.53 1.89 9.31
 Cx. tarsalis 172 19 3.91 2.44 5.98
 Cx. thriambus 22 2 2.87 0.52 9.58

  *   MLE = maximum likelihood estimation; CI = confidence interval.  

 F igure  5.    Three study areas in Los Angeles County defined by the 
time-space scan results with mosquito and chicken surveillance sites.    

 T able  5 
  Dead birds reported and tested for West Nile virus, by year, in Los 

Angeles County, California 2003–2008  
Year No. reported No. tested (% of reported) No. positive (% of tested)

2003 365 365 (100) 65 (18)
2004 25,662 1,153 (4) 840 (73)
2005 4,534 690 (15) 173 (25)
2006 3,630 937 (26) 166 (18)
2007 3,146 931 (30) 217 (23)
2008 6,087 1,101 (18) 511 (46)
Total 43,424 5,177 (12) 1,972 (38)
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years 2004 and 2008 were significantly different (χ 2  = 1376.6, 
df = 1,  P  < 0.001), as were the proportion of dead birds testing 
positive (χ 2  = 162.879, df = 1,  P  < 0.001). This lack of associa-
tion was likely confounded by reduced media attention, pub-
lic concern, and funding, resulting in zip code closures earlier 
in the 2008 mosquito season despite a similar magnitude epi-
demic. Dead bird species in  Table 6  that had high percentages 
of WNV-positive individuals were species that were dying 

above their background death rate because of WNV infection. 
In experimental infections, for example, 63% of house finches 
and all western scrub-jays, but only 16% of house sparrows, 
died of infection. 47  This trend was reflected in the percent 
reported positive in  Table 6  and in the increased seropreva-
lence in trapped birds. 

 High death rates in nature were associated with significant 
population decreases in California American crow and house 

 T able  6 
  Frequently tested dead birds submitted to the California Department of Public Health Dead Bird Hotline, 2004–2008, and percent positive for 

WNV RNA by RT-PCR *   

Species

No. tested (% positive, 0 if not indicated)

2004 2005 2006 2007 2008 Total

Acorn woodpecker 1 4 (25) 5 (20)
American coot 2 3 (33) 12 (17) 2 19 (16)
American crow 979 (80) 263 (49) 275 (36) 348 (43) 672 (62) 2,537 (62)
American goldfinch 7 6 1 3 (33) 17 (6)
American kestrel 1 1 1 2 1 (100) 6 (17)
American robin 1 9 (11) 1 6 (17) 17 (12)
Anna’s hummingbird 2 4 3 7 (14) 16 (6)
Black phoebe 2 (100) 1 6 6 5 20 (10)
Black-headed grosbeak 1 3 7 4 (25) 15 (7)
Brewer’s blackbird 2 (50) 3 (33) 9 7 (14) 5 (20) 26 (15)
Brown-headed cowbird 1 6 (17) 1 1 9 (11)
Bullock’s oriole 3 (33) 1 1 5 (20)
Burrowing owl 3 (33) 1 4 (25)
California quail 5 8 4 (25) 1 18 (6)
California towhee 1 (100) 5 3 3 7 (14) 19 (11)
Cliff swallow 12 (8) 1 13 (8)
Cockatiel 6 5 2 (50) 13 (8)
Common raven 47 (21) 62 (6) 53 (8) 47 (23) 40 (18) 249 (14)
Cooper’s hawk 13 (8) 11 (18) 18 (17) 18 (17) 12 (42) 72 (19)
European starling 3 13 13 (8) 9 (11) 13 51 (4)
Golden-crowned sparrow 2 10 (30) 1 13 (23)
Gouldian finch 2 2 (50) 4 (25)
Great blue heron 1 3 2 (50) 6 (17)
Great horned owl 6 (33) 6 (33) 8 11 4 35 (11)
House finch 11 (45) 49 (14) 44 (23) 92 (21) 66 (41) 262 (26)
House sparrow 15 (27) 67 (4) 47 (13) 31 (13) 56 (23) 216 (14)
House wren 1 (100) 3 (33) 4 (50)
Lesser goldfinch 2 2 4 (25) 4 12 (8)
Mallard duck 1 (100) 1 13 4 14 (29) 33 (15)
Mourning dove 15 (7) 44 10 (10) 9 (33) 78 (6)
Northern mockingbird 4 (75) 10 27 (15) 14 (7) 16 (31) 71 (18)
Orange-crowned warbler 1 7 (14) 8 (13)
Purple finch 2 (100) 1 3 (67)
Red-shouldered hawk 3 7 (29) 10 8 9 (33) 37 (14)
Red-tailed hawk 6 (33) 7 (29) 6 (50) 4 11 (45) 34 (35)
Rock dove 18 (11) 26 5 2 (50) 51 (6)
Sharp-shinned hawk 2 1 4 (50) 6 1 14 (14)
Spotted towhee 1 3 3 (33) 7 (14)
Western bluebird 2 2 (50) 4 (25)
Western scrub-jay 36 (69) 23 (65) 17 (47) 17 (18) 12 (33) 105 (52)
Western tanager 1 2 6 (17) 9 (11)
White-crowned sparrow 1 4 6 24 (4) 5 40 (3)
Wilson’s warbler 2 1 1 (100) 4 (25)
Yellow-rumped warbler 1 4 17 (6) 3 25 (4)
Total 1,136 (74) 606 (29) 712 (22) 746 (28) 1,005 (50) 4,205 (45)

  *   WNV = West Nile virus; RT-PCR = reverse transcription–polymerase chain reaction. Additional species that were collected and tested infrequently reported as number tested (% WNV posi-
tive) were black-crowned night heron 2 (50), cactus wren 2 (50), glaucous-winged gull 1 (100), oak titmouse 2 (50), osprey 1 (100), Pacific parrotlet 1 (100), savannah sparrow 2 (50), Stellar’s jay 2 
(50) and sulphur-crested cockatoo 1 (100). Birds missing species level identification and positive for WNV reported as no. tested (% positive) were unknown Psittacine 15 (13), unknown canary 16 
(13), unknown duck 22 (9), unknown finch 22 (27), unknown goldfinch 9 (33), unknown goose 6 (17), unknown hawk 2 (50), unknown parakeet 22 (5), and unknown sparrow 47 (11). Additional 
birds tested but WNV negative reported as no. tested were African gray parrot (3), Allen’s hummingbird (6), American wigeon (1), ash-throated flycatcher (1), band-tailed pigeon (4), barn owl 
(51), barn swallow (1), Bewick’s wren (1), blue and yellow macaw (2), blue-crowned parakeet (1), brown pelican (7), budgerigar (3), California thrasher (2), Cassin’s kingbird (1), cedar waxwing 
(32), common ground dove (1), common murre (1), common poorwill (2), common tern (3), common yellowthroat (3), dark-eyed junco (5), double-crested cormorant (5), downey woodpecker (2), 
eclectus parrot (5), fox sparrow (2), Goffin’s cockatoo (2), great Egret (1), green-cheeked conure (1), green-winged teal (1), Harris’s hawk (1), Hawaiian goose (1), hermit thrush (23), hooded oriole 
(4), Indian ring-necked parakeet (1), lesser nighthawk (1), lesser sulphur-crested cockatoo (1), Lincoln’s sparrow (2), MacGillivray’s warbler (3), merlin (2), Meyer’s parrot (1), Nashville warbler 
(3), northern flicker (6), northern rough-winged swallow (2), northern shoveler (1), Nuttall’s woodpecker (3), Pacific-slope flycatcher (3), pelagic cormorant (2), peregrine falcon (2), Pionus parrot 
(1), rainbow lorikeet (1), red-breasted sapsucker (3), red-crowned parrot (1), red-necked phalarope (3), red-winged blackbird (3), rock pigeon (4), ruddy duck (1), snowy egret (1), song sparrow (8), 
sora (1), sun conure (3), Swainson’s hawk (1), Swainson’s thrush (26), turkey vulture (7), turtle dove (1), umbrella cockatoo (3), unidentified (42), unknown bushtit (2), unknown caique (2), unknown 
chickadee (1), unknown cockatoo (2), unknown flycatcher (5), unknown gull (9), unknown hornbill (1), unknown hummingbird (13), unknown lovebird (3), unknown macaw (1), unknown myna (1), 
unknown owl (2), unknown parrot (10), unknown peacock (9), unknown pigeon (5), unknown starling (5), unknown thrush (2), unknown toucanet (1), unknown warbler (7), unknown woodpecker 
(1), varied thrush (1), violet-green swallow (3), Virginia rail (2), warbling vireo (1), western grebe (1), western gull (2), western kingbird (1), western meadowlark (1), white-breasted nuthatch (1), 
white-throated sparrow (1), willow flycatcher (1), yellow warbler (5), and zebra finch (3).  
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finch populations since the arrival of WNV. 49  In marked con-
trast, house sparrow abundance has increased significantly, 
perhaps because of reduced competition for peridomestic 
nesting sites and predation by corvids. In 2004, the propor-
tion tested decreased during the summer months because of 
zip code closures after many positive birds had been detected. 
Increases in the proportion tested occurred during winter and 
early spring months when fewer birds were reported dead by 
the public, more were in testable condition, and zip code clo-
sures had not been initiated. The clustering of WNV-positive 
dead birds near large crow roosts suggests that this species 
contributed significantly to local virus amplification. 50,  51  

 Sentinel chicken seroconversions were detected each year, 
and occurred closest in time with the first  Cx. stigmatosoma  
infections. This association is intuitive given the ornitho-
philic nature of  Cx. stigmatosoma . However, more data will 
be required for a more robust time series analysis of this coin-
cidence. Further examination of the enzootic circumstances 

relating to sentinel chicken seroconversion will be forthcom-
ing in a separate report. 

 In summary, the two WNV epidemics in Los Angeles County 
provided a unique opportunity to track patterns in the epi-
zootic progression of WNV through time and space and eval-
uate the utility of different epizootic surveillance measures 
during invasion and resurgence. From this experience, it was 
clear that gravid  Cx. p. quinquefasciatus  infection provided the 
primary indication of urban WNV activity. Improved sampling 
methods are needed to effectively sample urban populations 
of the other more competent  Culex  species. Dead birds posi-
tive for WNV were a more relevant measure of WNV activity 
than just dead bird reports, especially during inter-epidemic 
periods when most birds died of other causes. Wild bird sero-
prevalence provided an estimate of herd immunity or portions 
of the free-ranging reservoir population that were no longer 
contributing to enzootic transmission. These factors plus vari-
ation in temperature and mosquito abundance appeared to 

 F igure  6.    Summary of dead birds tested in Los Angeles County during 2003–2008, reported as proportion tested (birds that were in a testable 
condition/total birds reported) and proportion positive (birds that tested positive/total tested birds).    

 F igure  7.    Summary of house finch and house sparrow seroprevalence in Los Angeles County during 2004–2008 (number positive/total col-
lected/month) compared with the counts of human cases and positive dead birds by monthly interval. Positive dead birds indicates virus detection in 
bird carcasses by reverse transcription–polymerase chain reaction and seroprevalence indicates detection of antibody to West Nile virus by enzyme 
immunoassay in live-captured house finches and house sparrows.    
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give rise to different seasonal patterns of virus amplification 
and human disease. 
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