Am. J. Trop. Med. Hyg., 71(1), 2004, pp. 112–119
Copyright © 2004 by The American Society of Tropical Medicine and Hygiene

PREVALENCE OF WEST NILE VIRUS IN TREE CANOPY−INHABITING CULEX
PIPIENS AND ASSOCIATED MOSQUITOES
JOHN F. ANDERSON, THEODORE G. ANDREADIS, ANDY J. MAIN, AND DANIEL L. KLINE
Department of Entomology and Department of Soil and Water, The Connecticut Agricultural Experiment Station, New Haven,
Connecticut; American University in Cairo, Cairo, Egypt; U.S. Department of Agriculture, Agriculture Research Service, Center for
Medical, Agricultural and Veterinary Entomology, Gainesville, Florida

Abstract. Culex pipiens was the dominant mosquito captured in a West Nile virus (WNV) focus in Stratford,
Connecticut. More Cx. pipiens were captured in Centers for Disease Control miniature light traps baited with CO2,
quail/hamster traps, and mosquito magnet experimental (MMX) traps placed in the tree canopy than in similar traps
placed near the ground. Significantly more Cx. pipiens were captured in MMX traps placed in the canopy than in the
other traps tested. Ninety-two percent and 85% of the 206 and 68 WNV isolations were from Cx. pipiens in 2002 and
2003, respectively; 5% and 12% were from Cx. salinarius. Eighty-five percent and 87% of the isolates were from
mosquitoes captured in the canopy in each of the two years. The significantly larger numbers of WNV isolates from Cx.
pipiens captured in the canopy are attributed to the significantly larger numbers of Cx. pipiens captured in the canopy
in comparison to those captured in traps near the ground.
The three types of traps tested were a CDC trap (Model
512 with an aluminum dome; John W. Hock Co., Gainesville,
FL), 10 a mosquito magnet experimental (MMX) trap,
(American Biophysics Corp., East Greenwich, RI),30 and live
quail or hamster traps.12 The CDC trap uses a motor-driven
rotary fan to move mosquitoes attracted by a small light and
CO2 from dry ice stored in a container above the trap to a
holding net suspended beneath the trap. The MMX trap is
constructed of an ∼11.4-liter clear polyvinyl chloride pretzel
container with a fan blowing CO2 out the bottom and another
fan providing airflow into the bottom of the trap. Carbon
dioxide was supplied from a 20-lb compressed gas cylinder
with a flow rate of 500 mL/min.30 The live quail or hamster
trap was a lard can or a modification (hamsters were used in
place of quail on two nights).12 The modification was a can
measuring 63.5 cm long with a diameter of 34.3 cm with a
screen cone leading inward into the can from each end. The
quail or hamster was placed in a side door in which the bait
animal was protected with a screen from feeding mosquitoes.
The trap was hung in a horizontal position from the tree. The
entire trap was washed using soap to remove odors whenever
a different type of animal was being used. The use of quail
and hamsters conformed to the guidelines approved by The
Connecticut Agricultural Experiment Station’s Animal Care
and Use Committee. Only the MMX and CDC traps were
evaluated in 2003.
Traps were operated overnight and retrieved the following
morning. Captured mosquitoes were knocked down with dry
ice in the field, quickly aspirated and transferred into a flatbottomed shell vial measuring 17 × 55 mm. The vial was
sealed with a rubber stopper and the juncture of the vial and
stopper was wrapped with three layers of 1.9-cm wide waterproof tape. The vial was labeled and stored on dry ice until
taken to the laboratory where the vial was transferred to a
−80°C freezer.
Mosquitoes were identified using the key of Darsie and
Ward.31 Specimens were placed on a cold table and identified
with the aid of a dissecting microscope. Female mosquitoes
were grouped according to species, date, type of trap, height,
and location. Numbers of mosquitoes per pool ranged from 1
to 50. Mosquitoes were kept on regular ice until processed for
viruses.
For attempted isolation of viruses, mosquitoes were tritu-

INTRODUCTION
West Nile virus (WNV) was initially isolated in the New
World from mosquitoes and birds in the greater New York
City area in 1999.1,2 Subsequently, the virus spread and was
detected in 44 states and the District of Columbia in 2002.3 A
total of 3,389 human cases were reported. Species of Culex
are considered to be the most important vectors, though
WNV has been isolated or detected from >20 species of mosquitoes in the United States.1,2,4–9
Surveillance of arboviruses in mosquitoes is most frequently conducted with dry ice-baited Centers for Disease
Control (CDC) miniature light traps placed relatively close to
the ground,10,11 although animal baited traps also have been
used.12 However, numerous species of mosquitoes are recognized to preferentially inhabit tree canopies and/or to fly at
tree canopy height,13–15 including Culex pipiens.16–19 Vertical
stratification may be influenced by humidity, temperature,
light,13 and possibly by availability of hosts.20 Culex pipiens, a
species that preferentially feeds on birds,21–24 is an important
and competent vector of WNV in both the Old and New
Worlds.25–29 The likely importance of this species in the natural history of WNV in the northeastern United States
prompted us to evaluate the prevalence of WNV-infected Cx.
pipiens and associated species at ground and tree canopy levels using three different types of mosquito traps in a known
focus for WNV in Connecticut.
MATERIALS AND METHODS
Experiments were conducted on Water Pollution Control
Authority land of the Town of Stratford, Connecticut. This
site (41°10⬘41⬙N, 73°07⬘34⬙W) is located adjacent to the Housatonic River where it flows into Long Island Sound and was
a focal area for WNV in 2001.6 Trapping commenced on July
8, 2002 and continued until October 17, 2002; in 2003, collections were made from May 20 through November 8. Three
different types of traps placed at two different heights were
evaluated in 2002; two traps were tested in 2003. Traps were
replicated three times each night and were placed in a randomized design. A trap was placed near the base of a tree ∼1.5
meters above the ground (ground level), and another trap of
the same design was placed in the tree canopy ∼7.6 meters
above the ground. Tree height was ∼10.7 meters.
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rated in a 2.0-mL centrifuge tube containing a copper BB
pellet and 0.5–1.25 mL of phosphate-buffered saline with
0.5% gelatin, 30% rabbit serum, and 1% 100× antibioticantimycotic (10,000 units/mL of sodium penicillin G, 10,000
g/mL of streptomycin sulfate, and 25 g/mL of amphotericin
B; Invitrogen, Carlsbad, CA) in 0.85% saline. Mosquitoes
were milled for four minutes in a Vibration Mill MM 300
(Retsch Laboratory, Irvine, CA) set at 30 cycles per second
placed inside a biosafety hood. Samples were centrifuged at
4°C for 10 minutes at 520 × g. A 100-L inoculum from each
sample was placed onto a 24-hour old monolayer of Vero cells
growing in a 25-cm2 flask at 37°C in an atmosphere of 5%
CO2. Sample inoculum was added to each flask after growth
medium had been decanted. The flask was rocked for five
minutes, new growth medium was added, and the flask was
returned to the CO2 incubator. Cells were examined daily for
cytopathogenic effect 3−7 days following inoculation.
West Nile virus was identified by a TaqMan RT-PCR assay.32 The RNA was extracted from a 70-L sample of infectious Vero cell growth medium using the QIAamp viral RNA
mini kit protocol (Qiagen, Valencia, CA). A negative control
consisting of double-processed sterile water (Sigma, St. Louis,
MO) was used. The positive control was a 1:100 dilution of
WNV isolated from Culiseta melanura (8094-01) or from Cx.
pipiens (9837-03) in Connecticut. Viral RNA, primers, and
probe were added to reagents in the TaqMan RT-PCR
Ready-Mix Kit (PE Applied Biosystems, Branchburg, NJ). A
25-L reaction volume was prepared for each isolate using 2.5
L of viral RNA, 0.25 L of each primer, 0.15 L of probe,
12.5 L of 2× buffer, 0.5 L of RT-PCR enzyme, and 8.85 L
of water. Primers and probes (Qiagen) are identified by their
genome position. Primers were WNENV-forward 1160-1180
(5⬘-TCAGCGATCTCTCCACCAAAG-3⬘) and WNENV reverse 1229-1209 (5⬘-GGGTCAGCACGTTTGTCATTG-3⬘).
The probe was WNENV 1186-1207 (5⬘-TGCCCGACCATGGGAGAAGCTC-3⬘) that had the 5⬘ end labeled with
the 6-carboxy-fluorescein (FAM) reporter dye and the 3⬘ end
labeled with the 6-carboxy-tetramethylrhodamine (TAMRA)
quencher dye. All viral isolates identified as WNV by the
previously mentioned primers and probes were subjected to
testing by a second set of primers and probe for confirmation.
The primers were WN3⬘NC-forward 10,668-10,684 (5⬘CAGACCACGCTACGGCG-3⬘) and WN3⬘NC-reverse
10,770-10,756(5⬘-CTAGGGCCGCGTGGG-3⬘), and
WN3⬘NC-probe 10,691-10,714 (5⬘-TCTGCGGAGAGTGCAGTCTGCGAT-3⬘). Amplification of each sample was
carried out in a Smart Cycler that was run with Smart Cycler
software (Cepheid, Sunnyvale, CA). Samples were subjected
to one cycle of 50°C for 20 minutes, 95°C for 10 minutes, and
then 50 cycles of 95°C for 15 seconds and 60°C for 60 seconds.
Specimens with a cycle threshold value of <37 by the testing
of both sets of primers were considered to be WNV. Cycle
threshold values for the positive controls diluted 1:100 ranged
between 21 and 22.
The minimum infection rate (MIR) of specific species infected with WNV was determined for Aedes cinereus, Cx.
pipiens, Cx. restuans, Cx. salinarius, Ochlerotatus sollicitans,
and Oc. trivittatus.33 The total number of mosquito specimens
tested equaled the number of specimens collected during the
time span when WNV was isolated from mosquitoes. Individual Cx. pipiens collected from September 3 through October 1, 2002 were tested for WNV to determine the actual field

infection rate. To ensure consistency in determining numbers
of isolations of pooled mosquitoes in 2002, the individually
tested specimens of Cx. pipiens from each trap were grouped
for MIR analysis into pools of ⱕ50 and recorded as 1 or 0.
The Berger-Parker equation was used to provide a relative
measure of dominance of each species of mosquito captured.34 The formula for this index was d ⳱ Ni/N where d was
the dominant species index, Ni was the number of specimens
of a specific species, and N was the total number of mosquitoes for all captured species. The index number multiplied by
100 provides the percentage composition of the total for a
specific species. Mosquito and WNV data were transformed
to log 10 plus 1 prior to analysis using Systat 7 (SPSS, Inc.,
Chicago, IL). We used analysis of variance (ANOVA) to
analyze significant differences among mean numbers of Cx.
pipiens and Cx. salinarius captured at different heights and in
different types of traps for each night and year and for combined years. Analysis of variance was performed to assess
significant differences among numbers of WNV isolates from
these two species of mosquitoes by trap type and height. The
Tukey honestly significant difference multiple comparison
test was used to examine significant differences among trap
types. Yates’ corrected chi-square analysis (Systat 7) was used
to compare frequencies of WNV isolates from individual mosquitoes at ground and canopy levels.
RESULTS
Mosquito diversity, abundance, and seasonality. Mosquito
diversity and species dominance for 2002 and 2003 are shown
in Figures 1 and 2. A total of 28,936 mosquitoes, representing
25 species, were captured on 16 nights from July 8 to October
17, 2002 in CDC, MMX, and quail/hamster traps; in 2003,
64,275 mosquitoes, representing 28 species, were captured in
CDC and MMX traps set for 23 nights from May 20 through
November 8. The five co-dominant species were the same for
the two years. These five species (Cx. pipiens, Cx. salinarius,
Ae. cinereus, Ae. vexans, and Oc. cantator) represented 95.4%
and 91.0% of the specimens captured in 2002 and 2003. Culex
pipiens was the dominant species and represented 66.6% and
40.2% for 2002 and 2003, respectively. Culex salinarius comprised 12.6% and 17.3% of the populations in 2002 and 2003,
respectively.
Seasonal abundance of the dominant mosquito, Cx. pipiens,
is shown for 2002 and 2003 (Figures 3 and 4). Culex pipiens
were most abundant on July 9, 2002, decreased, and again
increased in late August and September (Figure 3). Numbers
peaked on July 22, 2003 and remained relatively abundant
through September 16 (Figure 4). The second most abundant
Culex, Cx. salinarius, also was most numerous on July 9, 2002,
decreased to near zero in mid August, then increased and
remained relatively abundant (mean ⱖ11) from late August
through the first week in October. In 2003, Cx. salinarius were
more abundant than in the previous year. Their numbers
peaked on July 8 and August 26, 2003. Thereafter they were
relatively abundant through October 7, averaging more than
30 per trap.
Effect of trap type and location on mosquito collections. Significant differences by ANOVA were noted for
mean numbers of Cx. pipiens captured by year (F ⳱ 42.2,
degrees of freedom [df] ⳱ 1), trap type (F ⳱ 13.0, df ⳱ 2),
and height (F ⳱ 45.0, df ⳱ 1). More Cx. pipiens were cap-
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FIGURE 1. Dominant species index for adult female mosquitoes collected in Centers for Disease Control, mosquito magnet experimental,
quail, and hamster traps in Stratford, Connecticut, 2002.

tured in traps placed in the canopy than in those placed near
the ground (Table 1). Numbers of Cx. pipiens captured in
quail and hamster traps were not significantly different from
one another and were combined for ANOVA analysis. Significantly more Cx. pipiens were captured in the quail/

hamster and MMX traps in the canopy than similar traps
placed near the ground. The MMX traps captured significantly more Cx. pipiens than either the CDC or quail/hamster
traps placed in the canopy. More Cx. pipiens were collected
on 33 of 34 nights in canopy-placed MMX traps than in MMX

FIGURE 2. Dominant species index for adult female mosquitoes collected in Centers for Disease Control and mosquito magnet experimental
traps in Stratford, Connecticut, 2003.
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FIGURE 3. Mean numbers of Culex pipiens per trap per night and total West Nile virus (WNV) isolates by date, Stratford, Connecticut, 2002.

traps placed near the ground from July 8 through October 17,
2002 and from June 3 through October 27, 2003. Significant
differences were recorded for 16 of the collections.
Significantly larger numbers of Cx. salinarius were captured in traps placed near the ground than in the canopy

(Table 1). Numbers of females captured in quail/hamster
traps were significantly less at ground and canopy levels than
those recorded in the MMX and CDC traps, and CDC traps
caught significantly fewer mosquitoes than MMX traps in the
canopy (Table 1).

FIGURE 4. Mean numbers of Culex pipiens per trap per night and total West Nile virus (WNV) isolates by date, Stratford, Connecticut, 2003.
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TABLE 1
Mean numbers of Culex pipiens and Cx. salinarius collected by type
of trap and by height per night in Stratford, Connecticut for 2002
and 2003*
Trap type
Species

Cx. pipiens
Cx. salinarius

Height

Quail/hamster

CDC

MMX

Combined

Ground
Canopy
Combined
Ground
Canopy
Combined

13.9aA
32.7aB
23.3a
0.5aA
0.7aA
0.6a

23.4aA
46.1aA
34.8a
37.8bA
14.2bB
26.0b

24.4aA
273.0bB
148.7b
48.7bA
24.9cB
36.8b

22.2A
138.3B
36.0A
16.0B

* CDC ⳱ Centers for Disease Control; MMX ⳱ mosquito magnetic experimental.
Means within each row having the same lower case letter are not significantly different.
Means within each column for a specific species having the same capital letter are not
significantly different.

West Nile virus isolations. A total of 206 isolations of WNV
were made from six species of mosquitoes in 2002 (Table 2).
Sixty-eight isolations were made from four species in 2003.
The cycle threshold values in the TaqMan RT-PCR assays of
all isolates ranged from 10 to 18 with both sets of primers.
Ninety-two and two-tenths percent and 85.3% of the isolations were from Cx. pipiens in 2002 and 2003, respectively.
Five and three-tenths percent and 11.7% of the isolations
were from Cx. salinarius in 2002 and 2003, respectively. Minimum infection rates for Cx. pipiens and Cx. salinarius were
18.4 and 5.0 in 2002 and 5.6 and 1.4 for 2003.
Significantly more isolations of WNV were made from Cx.
pipiens captured in MMX traps than from Cx. pipiens captured in CDC and quail/hamster traps in 2002 and in CDC
traps in 2003 (Table 3). West Nile virus−infected Cx. pipiens
were identified from collections made from July 22 through
October 1, 2002 (Figure 3). Eight or more isolations per night
were made from August 5 through September 24. In 2003,
WNV was initially cultured from Cx. pipiens collected on July
29 (Figure 4). Seven to 13 isolations per night were made
between August 7 and September 16. A single isolation was
made on October 7.
Isolations of WNV were made from Cx salinarius from
August 19 through September 24, 2002 and from August 7
through October 7, 2003. More WNV isolates were made
TABLE 2
Number of West Nile virus isolations and minimum infection rates
(MIRs) for six species of mosquitoes captured in Stratford, Connecticut, 2002 and 2003
Year

Species

2002

Aedes cinereus
Culex pipiens
Culex restuans
Culex salinarius
Ochlerotatus sollicitans
Ochlerotatus trivittatus

Total
2003

Total

Aedes cinereus
Culex pipiens
Culex restuans
Culex salinarius

No. of
isolates

% of
total isolates

MIR

1
190
2
11
1
1
206
1
58
1
8
68

0.5
92.2
1.0
5.3
0.5
0.5

0.7 (1,464)*
18.4 (15,001)
25.4 (88)
5.0 (2,268)
2.5 (391)
15.2 (57)

1.5
85.3
1.5
11.7

0.7 (1,448)†
5.6 (11,730)
7.9 (127)
1.4 (5,881)

* Total number of specimens tested from July 22, 2002 through October 1, 2002 is in
parentheses.
† Total number of specimens tested from July 29, 2003 through October 7, 2003 is in
parentheses.

from Cx. salinarius captured in MMX traps than the other
types of traps, but differences were not significant (Table 3).
Infected Cx. restuans were obtained on August 26 and September 9, 2002 and on August 26, 2003. Vero cell cultures of
WNV were made from Oc. trivittatus on September 24 and
from Oc. sollicitans and Ae. cinereus on October 1, 2002. An
isolate of WNV was obtained from Ae. cinereus on September
16, 2003.
Eighty-five percent of the isolates of WNV were made from
mosquitoes captured in the canopy in 2002. Significantly more
isolates of WNV were made from Cx pipiens and Cx. salinarius captured in traps placed in the tree canopy than in
those obtained in traps near the ground (Table 4). Minimum
infection rates were higher for mosquitoes captured in the
canopy for both species. The single isolates of WNV from Ae.
cinereus, Oc. sollicitans, and Oc. trivittatus and the two isolates from Cx. restuans were all made from mosquitoes captured in the canopy.
In 2003, 87% of the isolates were made from mosquitoes
captured in the canopy. Significantly more isolations were
made from Cx. pipiens captured in the canopy than from Cx.
pipiens captured near the ground (Table 4). While more isolations were made from Cx. salinarius captured in the canopy
than in traps placed near the ground, differences were not
significant. Culex pipiens captured in the canopy had a similar
MIR to those captured near the ground, but the MIR for Cx.
salinarius captured in the canopy was higher than the MIR for
Cx. salinarius captured near the ground. Single isolations
from Cx. restuans and from Ae cinereus were from mosquitoes
captured in the canopy and at ground level, respectively.
To determine actual rates of infection of Cx. pipiens with
WNV in the canopy and near the ground, individual specimens (n ⳱ 1,081) collected on September 3, 4, 9, and 24, and
October 1, 2002 at ground and canopy levels were tested for
WNV. Twelve of 362 specimens collected at ground level
were infected for an infection rate of 33 per 1000 mosquitoes.
In the canopy, 39 of 668 specimens were infected for an infection rate of 58 per 1000 mosquitoes. Even though a larger
proportion of canopy collected mosquitoes was infected, rates
of infection at ground and canopy levels were not significantly
different (2 ⳱ 2.4, df ⳱ 1).
DISCUSSION
West Nile virus is permanently established in the United
States and will continue to be a recurring heath problem. This
virus has been isolated from or detected in more than 25
species of mosquitoes, and while the importance of specific
species in transmission is not clearly established, Cx. pipiens
may be the most important enzootic vector in northeastern
United States1,2,6 and in temperate regions in the Old
World.27,29,35 Culex pipiens is known to feed on both mammals and birds, but in the more northern latitudes, it tends to
feed on birds.24 While it may feed preferentially on birds in
northeastern United States, we easily established a laboratory
colony that fed on guinea pigs (Anderson JF, Andreadis TG,
unpublished data), and female Cx. pipiens were attracted to
hamster-baited traps placed in the field. However, entry of
mosquitoes into the trap without subsequent feeding does not
necessarily identify the animal as a natural host.36 Whether
Cx. pipiens is both an enzootic and epidemic vector in northeastern United States is unknown. It is, however, the species
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TABLE 3
Number of West Nile virus isolates and mininum infection rates for Culex pipiens and Cx. salinarius by trap type in Stratford, Connecticut for 2002
and 2003*
Trap type
Year

Mosquito species

2002

Cx.
Cx.
Cx.
Cx.

2003

CDC
a

pipiens
salinarius
pipiens
salinarius

52 (19.8) [3,924]
3a (3.1) [982]
8a (6.9) [1,249]
1a (0.5) [2,069]

Quail/hamster
a

25 (18.3) [1,739]
2a (42.9) [45]

MMX
b

113 (17.7) [9,338]
6a (5.0) [1,241]
50b (5.4) [10,481]
7a (1.9) [3,812]

* CDC ⳱ Centers for Disease Control; MMX ⳱ mosquito magnetic experimental.
Numbers within each row having the same letter are not significantly different. Minimum infection rate is in parentheses. Total number of specimens tested is in brackets.

from which most viral isolations have been made, the species
from which WNV was isolated during winter,37 and likely the
most important mosquito in the natural history of this virus in
northeastern United States.
Culex pipiens was the dominant species at this Stratford,
Connecticut WNV focal area and the species from which 92%
and 85% of the WNV isolates were made in 2002 and 2003,
respectively. Peak numbers were collected at the beginning of
our study in early July, 2002, but Cx. pipiens remained relatively abundant through September. West Nile virus was initially isolated on July 22, 2002, 13 days after Cx. pipiens
reached its peak abundance, and was consistently isolated
(ⱖ15 isolations per collecting date) from August 19 through
September 24, 2002, a 36-day period when Cx. pipiens was
relatively common. Infection rates during September 2002 at
ground and canopy levels were relatively high at 33 and 58 per
1,000 specimens, respectively. Culex salinarius was the only
other species from which a relatively large number of isolates
was made. It was abundant in early July, but it was consistently collected in relative numbers in mid August through
the end of September when mosquitoes of this species were
infected. Minimum infection rates were highest for Cx. restuans, Cx. pipiens, and Oc. trivittatus. Culex restuans and Oc.
trivittatus were captured in far fewer numbers than Cx. pipiens or Cx. salinarius during the transmission season. Their
fewer numbers lessen their importance, but these species are
a component of the population of vectors responsible for
transferring WNV among host animals. Culex restuans feeds
predominately on birds and is likely of some importance as an
enzootic vector.6 Aedes cinereus, Oc. sollicitans, and Oc. trivittatus readily feed on mammals21−23 and could transmit the
virus from birds to humans, horses, or other mammals. All
species, with the exception of Oc. trivittatus and Ae. cinereus,
have been shown to be susceptible and capable of transmission of WNV.28,38

TABLE 4
Total number of West Nile virus isolates and minimum infection rates
for Culex pipiens and Cx. salinarius by trap height in Stratford,
Connecticut, 2002 and 2003*
Trap height
Year

2002
2003

Mosquito species

Cx.
Cx.
Cx.
Cx.

pipiens
salinarius
pipiens
salinarius

Ground
a

30 (10.6) [3,390]
1a (0.7) [1,411]
6a (5.3) [1,179]
2a (0.5) [4,433]

Canopy
b

160 (21.4) [11,611]
10b (12.7) [857]
52b (5.6) [10,551]
6a (4.4) [1,448]

* Number within each row having the same letter are not significantly different. Minimum
infection rate is in parentheses. Total number of specimens tested is in brackets.

Onset of disease in 2002 in the 17 confirmed WNV cases
among Connecticut residents living within 75 km of our research site (Connecticut Department of Public Health, unpublished data) often occurred during the period of maximum
WNV infection in Cx. pipiens. Illnesses were acquired from
the third week of August into the first week of October.
Twelve cases were acquired from August 23 through September 5, 2002, a 13-day interval when WNV was isolated from
20−39 pools of mosquitoes per collection date. Culex salinarius was also infected with WNV during this time. Aedes
cinereus, Oc. trivittatus, and Oc. sollicitans were documented
to be infected later in the season on September 24 through the
first week of October. Similarly, in 2003, onset of illness of 9
of 15 WNV confirmed cases within 93 km of the Stratford,
Connecticut experimental site occurred between August 19
and September 16 (Connecticut Department of Public
Health, unpublished data) when 7−13 WNV isolates were
made each night from Cx. pipiens. These relatively large numbers of WNV isolates from Cx. pipiens during onset of human
illness may be indicative of active transmission to humans by
this species. However, other species (i.e., Cx. salinarius) that
more readily feed on humans were also infected with WNV
during August and September and may be infecting humans.
Certainly, these large numbers of infected Cx. pipiens are
indicative of active transmission of virus among birds during
August and September. More than 80% of the crows in 2002
tested positive for WNV from the first week of August
through the first week of October (Connecticut Department
of Public Health, unpublished data).
All three types of traps placed in the canopy captured more
Cx. pipiens than similar traps placed near the ground. Differences were significant for MMX and quail/hamster traps but
not for CDC traps. The capture of greater numbers of Cx.
pipiens in all three traps when placed in the canopy suggests
to us that relatively large numbers of Cx. pipiens inhabit the
canopy. The suggestion has been made that canopy-placed
CDC traps, which use light as an attractant, may attract mosquitoes to higher heights than they normally fly.39 However,
live animal traps and MMX traps that use only CO2 as an
attractant would not attract mosquitoes beyond their natural
habitat.
Isolation of viruses from mosquitoes is dependent, in part,
upon collection of sufficient numbers of enzootic, bridge, and
epizootic species. Centers for Disease Control traps are commonly used for surveillance of mosquito-carried viruses.10
However, unfed females represent the majority of mosquitoes
attracted to CO2 baited traps placed near the ground,40–42
and their usefulness for detecting arboviruses may therefore
be limited. However, our data clearly show that CO2-baited
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traps, particularly the MMX trap,30 placed in tree canopies in
a WNV focus captured significant numbers of infected Cx.
pipiens.
The significantly larger numbers of WNV isolates made
from Cx. pipiens captured in the canopy are attributed to the
significantly larger numbers of Cx. pipiens captured in the
canopy as compared with those captured in traps near the
ground. The non-significant differences between the actual
rates of infection in Cx. pipiens at canopy and ground levels
support this conclusion. However, the actual infection rate
and the MIR were higher in Cx. pipiens captured in the
canopy in 2002 compared with those captured near the
ground. The MIR in 2003 was similar for Cx. pipiens captured
at both heights. The larger numbers of isolations of WNV
from Cx. salinarius captured in the canopy were not a result
of larger numbers of mosquitoes in the canopy. Fewer numbers of Cx. salinarius were captured in canopy-placed traps
compared with traps placed near the ground, and the MIR
was higher in canopy-captured mosquitoes in both years compared with mosquitoes captured near the ground. Our data
confirm the reports of others that Cx. pipiens is prevalent in
tree canopies,16–19 but the frequent isolation of WNV from
canopy-inhabiting mosquitoes is novel.
Eighty-five percent and 87% of WNV isolations were made
from mosquitoes captured in trees in 2002 and 2003, respectively. Clearly, the placement of traps, particularly the MMX,
in trees may be warranted for surveillance of WNV. Furthermore, mosquito control programs in northeastern United
States designed to thwart an outbreak of WNV will need to
recognize the relatively large numbers of infected and uninfected Cx. pipiens inhabiting tree canopies. For effective coverage, truck-mounted ultra low volume sprayers will need to
disperse spray particles that cover space vertically from
ground level to the tree canopy. Aerial application, which
would deposit pesticides at both canopy and ground level, will
likely be more effective.
Trivial flight movements of Cx. pipiens, that is flight that
takes females away from their emergence site but not away
from the local population,20 have not been studied in any
detail. Presumably, emerging females during summer take
flight to mate, feed on both sugars and blood, find shelter, and
lay eggs in suitable standing water. Flight of Cx. pipiens to
tree canopies may account, in part, for the relatively large
number of infected corvids, owls, and raptors. Both American
and fish crows, (Corvus brachyrhynchos and Coruns ossifragus), raptors (i.e., red-tailed hawk [Buteo jamaiceusis], Cooper’s hawk [Accipiter cooperii]), and great horned owls (Bubo
virginianus) often lay their eggs in nests built relatively high in
trees.43 Many owls (i.e., barred owl [Strix varia] and Eastern
screech owl [Otus asio]) lay their eggs in tree holes. Blue jays
(Cyanocitta cristata) often build nests 9.1−13.9 meters off the
ground. The nesting and roosting of birds in trees would
seemingly enhance blood-feeding success of nighttime feeding female Cx. pipiens and facilitate the transfer of WNV
among birds and mosquitoes.
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