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PUBLIC HEALTH OFFICIALS WEIGH THE RISK
for mosquito-borne diseases against the
risk for human exposure to pesticides
sprayed to control mosquitoes.' Re-
sponse to outbreaks of mosquito-borne
diseases has focused on vector control
through habitat reduction and applica-
tion of pesticides that kill mosquito lar-
vae. However, in certain situations, pub-
lic health officials control adult mosquito
populations by spraying ultra-low vol-
ume (ULV) (<3 fluid ounces per acre
[oz/acre]) mosquito-control (MC) pes-
ticides, such as naled, permethrin, and
d-phenothrin. These ULV applications
generate aerosols of fine droplets of pes-
ticides that stay aloft and kill mosqui-
toes on contact while minimizing the risk
for exposure to persons, wildlife, and the
environment.” This report summarizes
the results of studies in Mississippi, North
Carolina, and Virginia that assessed hu-
man exposure to ULV naled, perme-
thrin, and d-phenothrin used in emer-
gency, large-scale MC activities. The
findings indicated ULV application in
MC activities did not result in substan-
tial pesticide exposure to humans; how-
ever, public health interventions should
focus on the reduction of home and
workplace exposure to pesticides.

Mississippi, 2002
The 2002 West Nile virus (WNV) epi-
demic in Mississippi prompted an in-
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crease in MC activities, including ap-
plication of ULV permethrin by truck-
mounted foggers. Because of concerns
about potential health effects from pes-
ticides, the Mississippi Department of
Health and CDC assessed whether MC
activities increased individual urine pes-
ticide metabolite concentrations. Dur-
ing September 8-19, 2002, investiga-
tors selected a geographically-random
sample of 125 persons by using maps
of two regions where public health of-
ficials applied MC pesticides and 67 per-
sons from two control regions. Each
participant completed a questionnaire
describing home and occupational use
of pesticides and provided a spot urine
sample for analysis of pesticide me-
tabolites 1-4 days after MC (i.e., within
5 half-lives). By using a cross-
sectional design, investigators com-
pared urine pesticide metabolite con-
centrations of exposed and unexposed
study participants. Exposure to perme-
thrin was verified by cross-referenc-
ing the global positioning systems lo-
cation of participants with local MC
spray routes. Permethrin was applied
in MC regions at a concentration of
0.032 oz/acre.

Urine samples were analyzed at CDC
by using tandem mass spectrometry.’
Urinary metabolite concentrations of
3-phenoxybenzoic acid (3pba), a
metabolite of synthetic pyrethroid pes-
ticides such as permethrin, did not dif-
fer significantly between MC and
non-MC regions (geometric mean [GM]
= 1.25 pg/L versus 1.13 pg/L, respec-
tively). Although 3pba concentrations
did not differ between participants who
used pesticides at home or at work and
those who did not, participants who used
pesticides on pets (n = 17) had signifi-
cantly higher (p=0.02) mean 3pba con-
centrations than those who did not (n=
174) (4.27 pg/L versus 1.07 pg/L, respec-
tively). These findings indicated that
local MC activities did not lead to
increased pesticide metabolite concen-
trations in the urine of participants.
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North Carolina, 2003

Hurricane Isabel made landfall in North
Carolina on September 18, 2003. Be-
cause of ensuing rains and flooding,
mosquito populations were expected to
surge. To control mosquitoes and pre-
vent transmission of WNV and other
arboviruses, the North Carolina De-
partment of Environmental and Natu-
ral Resources (NCDENR) sprayed ULV
naled and permethrin.

The North Carolina Department of
Health and Human Services, NCDENR,
and CDC conducted a prospective ex-
posure assessment of ULV spraying of
pesticides. Investigators recruited 90
persons from a random sample of cen-
sus blocks (that accounted for the popu-
lation density) marked for spraying.
Participants then completed a pre-
spray questionnaire about household
and occupational exposure to pesti-
cides and provided urine samples to
quantify concentrations of pesticide me-
tabolites. On September 30, aircralt in
North Carolina sprayed ULV naled at
0.7 oz/acre. In addition, trucks sprayed
ULV permethrin (Biomist 30+30®) at
0.0014 Ibs/acre. Eighteen hours after
aerial spraying (approximately one half-
life), each participant completed a post-
spray questionnaire about household
and occupational exposure to pesti-
cides and provided a second urine
sample. Urine samples were analyzed
at CDC by using tandem mass spec-
trometry.’

Of the 90 persons recruited to par-
ticipate in this exposure assessment, 73
(83%) provided pre-spray and post-
spray questionnaires and urine samples.
The concentrations of all pre- and post-
spray pesticide metabolites measured
in participant urine samples were low.
Dimethylphosphate (DMP), a metabo-
lite of organophosphate pesticides such
as naled, was detected in 46% of pre-
spray and 49% of post-spray urine
samples (limit of detection [LOD] =0.5
pg/L). The GM 3pba concentration
from post-spray urine sampled was
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0.2 pg/L. Generalized estimating equa-
tions (GEE) indicated no statistically
significant differences in the urine con-
centrations of naled and permethrin
metabolites before and alter spraying,
Participants who ate fresh fruits or veg-
etables =3 days before completing the
pre-spray (n = 58) or post-spray (n =
37) questionnaires had significantly
higher urine concentrations of di-
methylthiophosphate than partici-
pants who did not pre-spray (n = 16)
or post-spray (n = 37) (pre-spray: 3.2
pg/L versus 1.4 pg/L; GEE p = 0.02)
(post-spray: 3.3 pg/L versus 1.2 pg/L;
GEE p = 0.01). Two participants who
worked on farms and/or handled pes-
ticides had significantly higher urine
concentrations of nonspecific organo-
phosphorus pesticide metabolites (e.g.,
dimethyldithiophosphate, diethylthio-
phosphate, and diethylphosphate) than
participants who did not work on farms
(n = 73) or handle pesticides (n = 72).

Virginia, 2003

To control mosquitoes and prevent
transmission of arboviruses after Hur-
ricane Isabel, the Virginia Department
of Health (VDH) decided to spray
ULV naled and d-phenothrin. VDH
and CDC assessed exposure to ULV
spraying ol pesticides by randomly
selecting 95 residents of high
population-density census blocks
marked for spraying. Participants then
completed pre-spray questionnaires
about household and occupational
exposure to pesticides and provided
urine samples to quantify concentra-
tions of pesticide metabolites.

On September 30, aircralt sprayed
ULV naled at 0.5 oz/acre while trucks
sprayed ULV of d-phenothrin (Anvil
10+ 10®) at 0.0036 lbs/acre. Eighteen
hours after spraying (approximately one
half-life), each participant completed a
post-spray questionnaire about house-
hold and occupational exposure to pes-
ticides and provided a second urine
sample. Urine samples were analyzed
at CDC by using tandem mass spec-
trometry.’

Of the 95 persons recruited for the
assessment, 83 (87%) provided pre-
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spray and post-spray exposure ques-
tionnaires and urine samples. The con-
centrations of all pesticide metabolites
measured in participants’ urine samples
were low. DMP was detected in 42% ol
pre-spray and 48% of post-spray urine
samples (LOD = 0.5 pg/L). The geo-
metric mean 3pba concentration from
post-spray urine samples was 0.6 pg/L.
GEEs indicated no overall difference in
the urine concentrations of naled and
d-phenothrin metabolites before and al-
ter spraying.

Reported by: M Currier, MD, Univ of Mississippi Medi-
cal Center; M McNeill, MD, Mississippi Dept of Health.
D Campbell, MD, North Carolina Dept of Health and
Human Svcs; N Newton, PhD, North Carolina Dept
of Environment and Natural Resources. JS Marr, MD,
E Perry, MD, SW Berg, MD, Virginia Dept of Health.
DB Barr, PhD, Div of Laboratory Sciences, GE Luber,
PhD, SM Kieszak, MA, HS Rogers, PhD, LC Backer,
PhD, MG Belson, MD, C Rubin, DVM, Div of Envi-
ronmental Hazards and Health Effects, National Cen-

ter for Environmental Health; E Azziz-Baumgartner,
MD, ZH Duprey, DVM, EIS officers, CDC

CDC Editorial Note: Although ULV ap-
plications of naled and synthetic pyre-
throids have a low toxicity to humans,
occupational studies suggest that ex-
cessive exposure to these pesticides can
cause serious health effects.* Pro-
longed exposure to high concentra-
tions of naled and synthetic pyre-
throids can cause dermatitis, reactive
airway disease, gastrointestinal dis-
tress, central nervous system depres-
sion, paralysis, and death.” Exposure of-
ten results from use of these pesticides
in food production, treatment of wool,
wood products, and pest-control ef-
forts; however, few studies have quan-
titated the level of human exposure to
MC pesticides in nonoccupational
settings.”

The studies described in this report
represent the first efforts to quantitate
human exposure to MC pesticides dur-
ing large-scale MC activities. Two of
these studies used a prospective cross-
over design that compared urine
metabolite concentrations after ULV
spraying of pesticides with baseline con-
centrations. Use of sensitive analytic
methods in these studies indicated that
the urine pesticide metabolite concen-
trations measured were low (parts per
billion). The concentration of urine me-

tabolites in these studies are compa-
rable with those measured in the gen-
eral population.®” In addition, these
three studies did not indicate an over-
all increase of pesticide metabolite con-
centrations in the urine of partici-
pants after spraying during MC
activities. The concentrations of naled,
permethrin, and d-phenothrin during
emergency ULV applications might be
too low to cause important human
exposure.

In certain participants, investigators
found an association between home
and/or work application of pesticides
and pesticide metabolite concentra-
tions. The concentrations in partici-
pants who had histories of exposure
were within the range of the general
U.S. population.” These findings are
consistent with occupational studies
in which prolonged exposure to pesti-
cides through several hours of work in
plant nurseries and greenhouses was
associated with low but measurable
concentrations of urine pesticide
metabolites.” These findings also are
compatible with a prospective study
that quantitated higher 3pba concen-
trations in the urine of pest-control
operators 1 day after spraying pyre-
throids."

The findings in this report are sub-
ject to at least three limitations. First,
although naled, permethrin, and d-
phenothrin remain in the environ-
ment for a short period (e.g., naled has
a 1-day half-life), CDC did not con-
duct environmental sampling to con-
firm the presence of pesticide on the
ground after spraying. Second, the study
did not quantify the effects of syner-
gists such as piperonyl butoxide in An-
vil 10+ 10®, which help increase the
efficacy of synthetic pyrethroids. Fi-
nally, the use of self-reported question-
naire data limits the ability to quantify
actual home or occupational pesticide
exposure.

Aerial spraying with ULV naled and
truck-mounted spraying with perme-
thrin/d-phenothrin were not associ-
ated with an increase in urine pesti-
cide metabolite concentrations among
residents of these rural, suburban, and
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urban communities. These findings
suggest that ULV application of naled,
permethrin, and d-phenothrin is safe to
humans as part of integrated vector con-
trol. The findings are noteworthy be-
cause ULV applications of pesticides
that kill adult mosquitoes are an im-
portant tool in the public health re-
sponse to WNV. Future studies should
address the long-term safety of low-
concentration exposure to naled and
synthetic pyrethroid applications. In
addition, public health interventions
might be needed to reduce home
and workplace exposure to pesticides.
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DENGUE 1S A MOSQUITO-TRANSMITTED,
acute viral disease caused by any of the
four dengue virus serotypes (DEN-1,
DEN-2, DEN-3, and DEN-4). Dengue
is endemic in most tropical and sub-
tropical areas of the world and has oc-
curred in U.S. residents returning from
travel to such areas.'”’ CDC maintains
a laboratory-based passive surveil-
lance system for travel-associated den-
gue among U.S. residents.* The sys-
tem relies on voluntary reports
submitted to state health departments
by clinicians; patient specimens are then
forwarded to CDC for diagnostic test-
ing. This report summarizes informa-
tion about travel-associated dengue
cases among U.S. residents during
2001-2004. The risk for dengue infec-
tion among travelers can be reduced by
use of repellents and by avoiding ex-
posure to mosquitoes.

Serum samples from 366 patients
who had suspected dengue on the
basis of clinical presentation and
onset of symptoms* during 2001-2004
were submitted to CDC from 37 states
and the District of Columbia (107
suspected infections in 2001, 74 sus-
pected infections in 2002, 95 sus-
pected infections in 2003, and 90
suspected infections in 2004). Of the
366 suspected infections with sera
submitted for testing, 77 (21%) were
laboratory-diagnosed as acute dengue
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infections. Of these 77 patients, 67
(87%) had dengue infection diag-
nosed by elevated anti-dengue 1gM
antibodies, and 10 patients (13%) had
infection diagnosed after isolation of
dengue virus (DEN-1, DEN-2, or
DEN-3) from their serum. Of the 77
acute infections, eight (10%) were
diagnosed as primary infections, and
12 (16%) were secondary infections.
For the remaining 57 cases (74%),
whether the infection was the
patient’s first dengue infection or a
subsequent infection could not be
determined either because a convales-
cent sample (collected more than 5
days after symptom onset) was not
submitted, or both samples were col-
lected during the convalescent phase
of infection. Among the 366 suspect
cases, dengue testing was negative in
183 patients (50%). A total of 22
patients (6%) had elevated IgG titers,
suggesting that a flavivirus infection
or vaccination (e.g., yellow fever) had
occurred in the past but that infection
was not the cause of the acute symp-
toms. For 88 patients (24%), the
result of dengue testing was indeter-
minate because a convalescent sample
for serologic testing was unavailable.
Of the 77 patients with laboratory-
diagnosed dengue infections, 41 (53%)
were female. The median age of the 71
patients for whom age was reported was
38 years (range: 8 months—72 years).
Clinical information was available for
56 patients (73%). The most com-
monly reported symptoms were fever
(54 patients [96%]), headache (36
[649%]), myalgias (32 [57%]), chills (19
[349%]), and rash (20 [36%]). Four-
teen patients (25%) had at least one
hemorrhagic symptom (e.g., pete-
chiae, purpura, hemoptysis, hemateme-
sis, hematuria, or epistaxis), and nine
(16%) had elevated liver transami-
nases. Because of incomplete report-
ing, whether any of the laboratory-
diagnosed cases met the clinical criteria
for dengue hemorrhagic fever (DHF)
could not be determined; however, 15
patients (27%) required hospitaliza-
tion, including one who died. The
fatal case occurred in an adult in
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