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Eosinophilic pneumonitis induced 
by aerosol-administered diesel oil 
and pyrethrum to mice

Maria Lúcia B. Garcia,1 Ubiratan P. Santos,2 Adenir Perini,1

Milena M. P. Acencio,1 Fernanda D. T. Q. S. Lopes,1

Heloisa M. S. Bueno,3 Paulo H. N. Saldiva,3 and Milton A. Martins1

Objective. To confirm the episode of eosinophilic pneumonitis that occurred in March 2001
in Manaus, Amazon, northern Brazil, as secondary to home aerosolization with 2% cyperme-
thrin diluted in diesel compared with the more conventional 1% cypermethrin and soybean so-
lution used in prophylaxis of dengue.
Methods. Four groups of Swiss mice were kept in polycarbonate cages aerosolized with one
of the following solutions: diesel, diesel and cypermethrin, soy oil and cypermethrin, and
saline. Three and 6 days after exposure, resistance and compliance of the respiratory system
and white cell kinetics in peripheral blood and lung tissue were analyzed.
Results. The group exposed to diesel and cypermethrin showed higher respiratory system re-
sistance (p < 0.001), lower compliance (p = 0.03), and increased eosinophils in blood (p = 0.03)
and lung tissue (p = 0.005) compared with the other groups. There was an increase of neu-
trophils in the blood of all experimental groups on the third day after exposure (p < 0.001). 
Conclusions. We concluded that diesel associated with cypermethrin induced lung hyper-
responsiveness in this experimental model and was associated with increased polymorphonu-
clear cells (eosinophils and neutrophils) in blood and lungs. This effect is strongest on the third
day after exposure. These results are similar to the episode that occurred in Manaus in 2001
and suggest that diesel plus cypermethrin home aerosolization for arbovirosis prophylaxis
should be revised.

Insecticide, dengue, diesel, eosinophilic pneumonia, Brazil.

ABSTRACT

Pesticides are widely used throughout
the world in agriculture, in homes, and 
in public health; pyrethroids are among 
the most frequently used pesticides. The
commercially available pyrethroids in-
clude permethrin, cypermethrin, cyflu-

thrin, deltamethrin, and fenvalerate (1).
Their indoor bioefficacy using thermal
fogging against vector mosquitoes in the
tropical environment is widely accepted
in the literature; they can be dissolved in
water or oily substances or mixed with
other active chemicals (1, 2).

Dengue, also called break-bone fever,
is an endemic flavivirus that occurs in 
all tropical countries, especially in the
northern and central zones of Brazil, pre-
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senting high morbidity and sometimes
mortality. In recent years, this disease
has turned from endemic to epidemic,
mainly in the southeastern zone, causing
dozens of deaths and posing an impor-
tant challenge to the federal and regional
health systems (3).

The disease is controlled through pro-
phylactic elimination of the mosquito by
home aerosolization with insecticides in
water receptacles used as a larvicide.

Pyrethroid cypermethrin is the drug
of choice for indoor aerosolization for
larvicide purposes in Brazil. Because of
its liposolubility, it is diluted in oily sub-
stances. In most cases, the preparation of
choice is 1% cypermethrin diluted in soy
oil because of the low price and mini-
mum toxicity.

In March 2001, in Manaus in northern
Brazil, 2% cypermethrin diluted in diesel
was aerosolized by thermonebulization in
homes as a prophylaxis against dengue.
Several days after exposure, cases of res-
piratory symptoms were detected pre-
senting interstitial and eosinophilic pneu-
monia. Women and children who stayed
at home were predominantly affected,
while men who left home to work and the
employers who aerosolized the insecticide
seldom presented any symptoms. Forty-
eight to 72 hours after aerosolization, 211
suspected cases were detected presenting
dyspnea and wheezing, from which 110
were confirmed through clinical exam
and laboratory findings as eosinophilic,
with interstitial lung infiltration, through
X-rays. The presented symptoms were
cough (100%), fever (90%), dyspnea 
(80%), wheezing (36%), blood eosino-
philia (100%), and interstitial lung infiltra-
tion (100% of hospitalized patients) (4, 5).

The symptoms were progressive and
most intense around the third and sev-
enth days after exposure. All cases pre-
sented spontaneous regression around
the second week of the disease with no
aftereffect. Serological tests for influenza
and parainfluenza virus, adenovirus and
respiratory syncytial virus, Mycoplasma
pneumoniae, Legionella pneumophilia, His-
toplasma capsulatum, and Aspergillus fumi-
gatus were negative (4, 5).

On the basis of the facts cited above,
we hypothesized that the diesel plus
cypermethrin solution was responsible
for external intoxication. To test this
hypothesis, we studied an experimental
model to analyze the functional, cytolog-
ical, and histological respiratory system
parameters of mice exposed to cyperme-

thrin diluted in soy oil or diesel and to
diesel-only aerosolizations in vivo.

MATERIALS AND METHODS

The Research Committee of the Fac-
ulty of Medicine of the University of São
Paulo approved this experiment. This
study was carried out by the Laboratory
of Experimental Air Pollution of the
Pathology Department of the Faculty of
Medicine of the University of São Paulo.

Animals

We obtained 80 male Swiss mice (20 to 25
g) from the animal care facility of the Fac-
ulty of Medicine of the University of São
Paulo and divided them into four groups
exposed to one of four solutions: diesel
only, soy oil and 1% cypermethrin, diesel
and 2% cypermethrin, and 0.9% saline.

Animals were kept in four polycarbon-
ate cages (49 × 34 × 16 centimeters (cm)),
20 animals per cage. Previously, each
cage was aerosolized with a solution and
kept sealed for 2 hours with a paper filter
on the grid at the top. After that period, a
10 × 10 cm window was opened in each
paper filter to allow for ventilation and
then the animals were caged in. Food and
water, added only after aerosolization,
were provided ad libitum. The cages
were kept in a separate room in the ani-
mal care facilities on shelves elevated
1.80 meters above the floor and 20 cm
from the ventilation system (exhaust),
which sends air into the external envi-
ronment. After 3 days, 10 mice were re-
moved from each cage; after 6 days, the
remaining mice were removed, and all
mice were subjected to the experimental
procedures described below.

Experimental procedures

Mice were anesthetized intraperitone-
ally with pentobarbital (10 milligrams
(mg) per kilogram of body weight), and
blood was obtained from the ophthalmic
plexus for quantification and differentia-
tion of leukocytes through a lamina
smear, stained with Hema 3 in an optic
microscope. One hundred cells were
counted per animal (× 400).

Respiratory system resistance and
compliance were determined with the
aid of a flexiVent apparatus (6) in anes-
thetized and tracheostomized animals.
Additional anesthesia was administered
during the experiment when needed.

After respiratory mechanical measure-
ments, animals were euthanized by
bleeding the aorta. OCT (optimal cutting
temperature) was injected via the tra-
chea into the alveoli (3 milliliters (mL)).
Lung slices were cut near the carina and
peripheral lung tissue, placed in alu-
minum foil, and kept at –60°C to be cut
on a cryostat. Eosinophils were iden-
tified through immunohistochemistry
(avidin-biotin) with an antibody to eosin-
ophil peroxidase (7). The intensity of
eosinophil influx was estimated by de-
termining the number of these cells in 
a × 1 000 microscopic field. This number
was corrected by the density of the alve-
olar tissue, determined through a stan-
dard point counting procedure by a grid
of 104 square micrometers (µm2). Values
were expressed as cells per 104 µm2 (8).

The concentration of petroleum-de-
rived hydrocarbons inside the cages was
estimated by a colorimetric technique,
using a Drager gas detection system
(Drager Safety AG & Co. KgaA, Ger-
many). Measurements were made twice:
at time zero (when animals were intro-
duced into the cage 2 hours after pulver-
ization) and 3 days after exposure. No
measurements were made on the sixth
day, as no hydrocarbons were detected
on the third day in all exposed cages.

Statistical analysis

All data were subjected to an analy-
sis of variance (ANOVA), a statistical
method for descriptive and analytical
analysis, for determination of cellular pre-
dominance in lung and peripheral blood.
Parametrical data were analyzed through
one-way ANOVA (resistance) and non-
parametric results (compliance and eosin-
ophils in lung tissue and blood) were an-
alyzed by Dunn’s multiple comparison
method and a Mann–Whitney test. Neu-
trophils in the blood were analyzed by
Tukey’s multiple comparison tests.

RESULTS

Respiratory mechanics

After 3 days of exposure (3d), animals
exposed to diesel and cypermethrin
(D+C group) presented higher values of
resistance (Rrs) (5.8 ± 0.55 cm of H2O/
mL/s, p < 0.001) (Figure 1) and lower
compliance (Crs) (0.032 ± 0.006 mL/cm
of H2O, p = 0.03) of the respiratory sys-
tem (Figure 2) than the other groups.
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Mice from the saline group presented no
difference on the respiratory system me-
chanical parameters between the third
and sixth days of exposure (Crs, p = 0.79;
Rrs, p = 0.422).

Inflammatory markers

On the third (3d) and sixth (6d) days
after exposure, mice in the D+C group
had more eosinophils in peripheral blood
(20.3% ± 2.9% on 3d and 13.2% ± 1.3% on
6d, p = 0.01 and p = 0.03, respectively)
(Figure 3) as well as in lung tissue (0.05 ±
0.007 cell/104 µm2 at 3d and 0.04 ± 0.006
cell/104 µm2 at 6d, p = 0.005 for both pe-
riods) (Figure 4) than those in the other
groups during the same period. Neu-
trophils in blood showed an increment in
all groups after 3 days of exposure com-
pared with mice on the sixth day of the

experiment (p < 0.001; Figure 5) except
for the saline group, which had no differ-
ence in neutrophils during the experi-
ment. Mice exposed to saline presented
similar numbers of eosinophils on the
third and sixth days of exposure (eosino-
phils in blood, p = 0.19; no eosinophils
were found in lung tissue on the third
and sixth days of the experiment).

Ambient hydrocarbon levels 

Petroleum-derived hydrocarbons were
detected only in cages subjected to aero-
solization with diesel (10 mg/L) or diesel
and cypermethrin (6 mg/L) at the mo-
ment the animals were placed in the 
cage (2 hours after aerosolization). Mea-
surements made after 3 days of exposure
showed hydrocarbon concentrations be-
low the instrument’s limits of detection.

DISCUSSION

This study was designed to determine
whether the procedure used to eradicate
the dengue mosquito—aerosolization
with a solution of 2% cypermethrin di-
luted in diesel—is able to induce func-
tional and histological alterations in the
lungs of mice in order to support the hy-
pothesis of human indoor intoxication
by this solution, as exhibited in Manaus
in March 2001.

We tried to reproduce the closest situ-
ation experienced by these patients by
performing an aerosolization in acrylic
cages for rodents and keeping them
sealed for 2 hours, like the lag time rec-
ommended for reoccupation of houses
after cypermethrin pulverization. We
analyzed lung mechanics, focusing on
symptoms of cough, dyspnea, and bron-
chial spasm; we also measured blood
leukocytes and quantified the influx of
inflammatory cells in alveolar septa and
blood, as eosinophilia in blood and eo-
sinophilic pneumonitis were seen in af-
fected individuals.

Our results indicate that indoor aero-
solization of diesel plus 2% cyperme-
thrin induces an acute lung inflamma-
tion process, expressed by clinical,
functional, and histological tissue alter-
ations, peaking on the third day after ex-
posure and declining by the sixth day.
Polymorphonuclear cells in blood exhib-
ited the same time-course pattern, ex-
pressing a systemic response.

The acute pneumonitis episode in Man-
aus pointed out the toxicity to the respira-
tory system secondary to diesel and cyper-
methrin home aerosolization or by diesel
addition per se in the solution. The litera-
ture shows that diesel or cypermethrin
can be toxic, depending on the contact
route, dosage, and time of exposure. The
National Institute of Occupational Safety
and Health recommends that people who
deal with these substances (applicator
workers) use gloves and masks (9–11).

Cypermethrin toxicity depends on the
concentration of the solution (12) and on
the route of administration—thermoneb-
ulization or spatial smoke nebulization
(12)—and the location of contact (13),
which can induce modulation of the
immune system (14), mucocutaneous irri-
tation, bronchial hyperreactivity with
clinical signs similar to asthma (1), and
potential oncogenesis (10, 15, 16). Con-
cerning pesticide toxicity, previous stud-
ies have shown that cypermethrin doses
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FIGURE 1. Respiratory system resistance of Swiss mice exposed to diesel and/or cypermethrin
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FIGURE 2. Respiratory system compliance of Swiss mice exposed to diesel and/or cypermethrin

a D 3d, diesel 3 days; D 6d, diesel 6 days; S+C 3d, cypermethrin + soy oil 3 days; S+C 6d, cypermethrin + soy oil 6 days; D+C
3d, diesel + cypermethrin 3 days; D+C 6d, diesel + cypermethrin 6 days. P < 0.001 D+C 3d compared with other groups. Val-
ues are expressed as mean ± standard error of the mean.

a D 3d, diesel 3 days; D 6d, diesel 6 days; S+C 3d, cypermethrin + soy oil 3 days; S+C 6d, cypermethrin + soy oil 6 days; D+C
3d, diesel + cypermethrin 3 days; D+C 6d, diesel + cypermethrin 6 days. P = 0.03 D+C 3d compared with S+C 6d. Values
are expressed as mean ± standard error of the mean.
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0.5% and higher can exterminate 100% of
indoor mosquitoes (12, 17). The World
Health Organization suggested a 2% con-
centration as toxicity level II to humans
and efficient in arbovirus prophylaxis,
which is still being followed by some
countries (18, 19). Chunina et al. showed
that high doses of solution are necessary
for efficient prophylaxis (20) as insecti-
cide subdoses would not affect the female
mosquito in endemic places. This higher
dose should be established by taking into
account both the toxicity to the mosquito
and the effect on human health. Several
authors evaluated individual exposure
due to occupational application of pyre-
throids as a precondition for the assess-
ment of health risks, monitoring pyre-

throid levels in blood and urine. They
showed that a cypermethrin urinary me-
tabolite is present even though these val-
ues were not considerably higher than the
acceptable daily intake of pyrethroid set
by the World Health Organization (1, 21,
22). In this experiment, we used 1%
cypermethrin in soy oil and 2% in diesel
solution because we intended to empha-
size that the purpose of our study was to
mimic the episode that occurred in Man-
aus in 2001, but in more controlled condi-
tions, through an experimental protocol
in rodents. We did not test 2% cyperme-
thrin in soy oil solution as this procedure
would contribute to exploration of the
toxicity of cypermethrin, which was not
the objective of our study.

Our results suggest that inflammation
via eosinophils (Figures 3 and 4) is asso-
ciated with increased respiratory resis-
tance in all animals exposed to cyper-
methrin and diesel as they expressed
higher levels of these cells in blood and
tissue and airway resistance on the third
day after exposure compared with other
groups (Figure 1). These effects were more
intense in the group of animals exposed
to diesel associated with cypermethrin,
where the pyrethroid concentration was
double (2%) that in the toxic plus soy oil
solution (1%). These data suggest that
cypermethrin may be associated with the
inflammation observed in experimental
animals. Haratym-Maj evaluated a mu-
rine model of pyrethroid poisoning and
suggested that all pyrethroids, indepen-
dent of the dose and sex of the animals,
caused an increase in the number of
leukocytes in peripheral blood (23). They
also demonstrated that female mice were
more sensitive to hematologic alterations
after cypermethrin exposure, when lower
doses induced inhibition while higher
concentrations resulted in mobilization of
leukocytes to blood circulation. 

Castranova et al. (24) suggested sus-
ceptibility to lung infection after diesel
exposure. Mauderly et al. (25) and Mc-
Clellan et al. (26) showed lung inflam-
mation secondary to inhaled diesel parti-
cles. Miyabara et al. (27) demonstrated,
in an experimental murine model, aller-
gic airway inflammation and hyperre-
sponsiveness due to diesel exhaust. Our
data are also partially in accordance with
the literature that points at diesel toxicity
as being responsible for alterations in the
respiratory system via eosinophils in the
lung (Figure 4) and blood (Figure 3)
associated with alterations in proximal
(resistance) and distal (compliance) pul-
monary function (Figures 1 and 2), simi-
lar to late hypersensitivity in asthma
crises. These alterations were more in-
tense in mice exposed to diesel plus cy-
permethrin than in those exposed to die-
sel alone.

The eosinophilic pneumonitis induced
by diesel and cypermethrin in this study,
similarly to the humans in Manaus,
could correspond to the classic late phase
of asthma. The process was reversible,
mediated acutely by neutrophils as an
unspecific response and characterized af-
terward by eosinophils in blood and lung
tissue, inducing bronchial hyperrespon-
siveness. However, the process lasted for
days (3 to 15 days) and the interstitial
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FIGURE 4. Eosinophils in lung tissue stained with EPO of Swiss mice exposed to diesel and/or
cypermethrin

FIGURE 3. Eosinophils in peripheral blood of Swiss mice exposed to diesel and/or cypermethrin 
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a D 3d, diesel 3 days; D 6d, diesel 6 days; S+C 3d, cypermethrin + soy oil 3 days; S+C 6d, cypermethrin + soy oil 6 days; D+C
3d, diesel + cypermethrin 3 days; D+C 6d, diesel + cypermethrin 6 days. P = 0.03 D+C 6d compared with other groups; 
P = 0.001 D+C 3d compared with other groups. Values are expressed as mean ± standard error of the mean.

a D 3d, diesel 3 days; D 6d, diesel 6 days; S+C 3d, cypermethrin + soy oil 3 days; S+C 6d, cypermethrin + soy oil 6 days; D+C
3d, diesel + cypermethrin 3 days; D+C 6d, diesel + cypermethrin 6 days. P = 0.05 D+C 3d and D+C 6d compared with D 3d,
D 6d, S+C 3d and saline. Values are expressed as mean ± standard error of the mean.
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pattern of the lung parenchyma would
not be expected as a classic sign of
asthma disease, which usually lasts
hours and predominantly affects the air-
ways. Our data on the respiratory me-
chanics pointed out both proximal and
distal lung effects. The resistance incre-
ment (Figure 1) would be connected to
wheezes and rhonchi detected in patients
from Manaus. The distal alterations of
lung tissue, expressed by decreased com-
pliance (Figure 2) and eosinophil influx
in the septa, would reflect the interstitial
infiltration shown on X-rays of hospital-
ized patients. In this experimental model,
functional data suggest that airway in-
volvement was more severe than that of
the distal lung tissue.

The lasting period of increased respi-
ratory resistance and the distal intersti-
tial lung commitment are similar to the
toxic oil syndrome described by Kil-
bourne and colleagues but less toxic.
These authors characterized the disease
as an epidemic episode of eosinophilia

with lung symptoms such as wheezes
and rhonchi, dyspnea, fever, and inter-
stitial pulmonary infiltration induced by
the ingestion of a mixture of seed oils
containing aniline (28, 29).

Our work has limitations. Although
our data suggest that diesel plus cyper-
methrin is linked to the pneumonitis
eosinophilic episode, an atypical lung
disease secondary to other irritant parti-
cles or infectious agents other than those
checked by serology remains possible.
Recently, after the Manaus episode in
2001, cypermethrin in water solution
aerosolized by ultra low volume has be-
come the choice in Brazil (4) for ar-
bovirus prophylaxis as suggested by the
Pan American Health Organization (30).
In fact, some cases of eosinophilic pneu-
monitis still occur in the north of Brazil
after the cessation of use of diesel plus
cypermethrin thermonebulization (31),
suggesting that other agents could be re-
sponsible for this syndrome (32). An-
other limitation is that cage pulveriza-

tion and functional and cytological lung
alterations in mice are not exactly the
same as home pulverization and human
respiratory disease, even though we
tried to mimic the Manaus episode as
closely as possible. The toxicity observed
seems to reflect an enhancement of
diesel oil toxicity by the pyrethrum com-
pound. Interestingly, mice from the
diesel-alone group behaved similarly to
the saline and cypermethrin plus soy oil
group with regard to mechanical para-
meters and eosinophils in blood. This
finding may suggest that not only is the
solvent diesel associated with cyperme-
thrin hazardous but also that precau-
tions should be taken with regard to
cypermethrin concentration.

We conclude that 2% cypermethrin di-
luted in diesel oil produces toxic signs 
of systemic hypersensitivity predomi-
nantly in the lungs, via eosinophils and
neutrophils, with maximum clinical
manifestation around the third day of
exposure, decreasing around the sixth
day. The insecticide cypermethrin dis-
solved in soy oil was shown to be less
toxic than the diesel solution, although,
as expected, it was more toxic than
saline. The clinical and laboratory data
of this experimental model allow for the
biological plausibility of possible mech-
anisms implicated in the pneumonitis
that occurred in March 2001 after diesel
plus cypermethrin home aerosolization
for prophylaxis of dengue. As this study 
is preliminary, we suggest greatly ex-
panded studies on this subject since aero-
solized pyrethrum compounds are widely
used in household environments through-
out the world.

Acknowledgments. We thank Beatriz
Saraiva Romanholo for her technical sup-
port. We also acknowledge FAPESP and
CNPq, Brazil, for their financial support.

0 

10 

20 

30 

40 

50 

60 

70 
N

eu
tro

ph
ils

/1
00

 le
uk

oc
yt

es
 in

 b
lo

od

D+C
6d

D+C
3d

Groupa

S+C
3d

S+C
6d

D
3d

D
6d

Saline

FIGURE 5. Neutrophils in peripheral blood of Swiss mice exposed to diesel and/or cypermethrin

a D 3d, diesel 3 days; D 6d, diesel 6 days; S+C 3d, cypermethrin + soy oil 3 days; S+C 6d, cypermethrin + soy oil 6 days; D+C
3d, diesel + cypermethrin 3 days; D+C 6d, diesel + cypermethrin 6 days. P < 0.001, 3 days compared with 6 days of expo-
sure for all groups. Values are expressed as mean ± standard error of the mean.



Rev Panam Salud Publica/Pan Am J Public Health 25(6), 2009 523

Garcia et al. • Eosinophilic pneumonitis induced by diesel oil and pyrethrum in mice Original research

sure. Am J Respir Crit Care Med. 1997;155:
1739–47.

8. Lima C, Perini A, Garcia MLB, Martins MA,
Teixeira MA, Macedo MS. Eosinophilic in-
flammation and airway hyper-responsive-
ness are profoundly inhibited by helminth
(Ascaris suum) extract in a murine model of
asthma. Clin Exp Allergy. 2002;32:1659–66.

9. National Institute of Occupational Safety and
Health. Pocket guide to chemical hazards:
diesel exhaust. Atlanta, GA: NIOSH; 2002.
Available from: htpp:/www.cdc.gov/niosh/
npgd0207.html. Accessed 13 February 2002.

10. National Institute of Occupational Safety and
Health. Pocket guide to chemical hazards:
pyrethrum. Atlanta, GA: NIOSH; 2002. Avail-
able from: htpp://www.cdc.gov/niosh/npg/
npgd0540.html. Accessed 13 February 2002.

11. U.S. Department of Health and Human Ser-
vices, U.S. Department of Labor. Occupa-
tional health guideline for pyrethrum. Wash-
ington, D.C.: Department of Health and
Human Services and Department of Labor;
1978. Pp. 1–5.

12. Pinheiros VCS, Tadei WP. Avaliação técnica
de termonebulização no controle de Aedes ae-
gypti (Díptera, Culicidae) em Manaus (AM).
Rev Patol Trop. 2002;31(1):97–108. 

13. Woollen BH, Marsh JR, Iard WJ, Lesser JE.
The metabolism of cypermethrin in man: dif-
ferences in urinary metabolite profiles follow-
ing oral and dermal administration. Xenobi-
otica. 1992;22(8):983–91.

14. Madsen C, Claesson MH, Ropke C. Immuno-
toxicity of pyrethroid insecticides delta me-
thrin and alpha-cypermethrin. Toxicology.
1996; 107(3):219–27. 

15. Kornuta N, Bagley E, Nedopitanskaya N.
Genotoxic effects of pesticides. J Environ
Pathol Toxicol Oncol. 1996;15(2–4):75–8.

16. Petrelli G, Mucci N, Siepi G, Pace F. Agricul-
tural antiparasitics evaluated for their poten-
tial carcinogenic, mutagenic and toxic repro-
ductive effects. Med Lav. 1996;87(2):110–21.

17. Masuh H, De Licastro SA, Lopez PA, Vega C,
Zerba E. Field evaluation of a smoke generat-
ing formulation containing beta-cyperme-
thrin against the dengue vector in Argentina.
J Am Mosq Control Assoc. 2003;19(1):53–7.

18. Dengue Relief Foundation. Cost analysis of
dengue in the Republic of Nicaragua 2004.
III(b):11–12;VI(c):19.

19. Amador JJ. Impacto economico del dengue 
en Managua, Nicaragua. Silais Managua, Re-
publica de Nicaragua: Ministerio de Salud;
2004.

20. Chunina LM, Lakubovich VLA, Ganushkina
LA, Zakharova NF, Dadasheva NR. The ab-
sence of an action of the pyrethroids delta-
methrin and cypermethrin on mosquito sus-
ceptibility to the causative agent of malaria.
Med Parazitol (Mosk). 1990;1:20–3.

21. Leng G, Kuhn KH, Idel H. Biological moni-
toring of pyrethroids in blood and pyrethroid
metabolites in urine: applications and lim-
itations. Sci Total Environ. 1997;199(1–2):
173–81.

22. Hardt J, Angerer J. Biological monitoring of
workers after the application of insecticidal
pyrethroids. Int Arch Occup Environ Health.
2003;76(7):492–8.

23. Haratym-Maj A. Hematological alternations
after pyrethroids poisoning in mice. Ann
Agric Environ Med. 2002;9(2):199–206.

24. Castranova V, Ma JY, Yang HM, Antonini JM,
Butterworth L, Barger MW, et al. Effect of ex-
posure to diesel exhaust particles on the sus-
ceptibility of the lung to infection. Environ
Health Perspect. 2001;109(4):609–12.

25. Mauderly JL, Snipes MB, Barr EB, Belinsky
SA, Bond JA, Brooks AL, et al. Pulmonary
toxicity of inhaled diesel exhaust and carbon
black in chronically exposed rats. Part I: neo-
plastic and nonneoplastic lung lesions. Res
Rep Health Eff Inst. 1994;68(Pt 1):1–75, dis-
cussion 77–97.

26. McClellan RO, Brooks AL, Cuddihy RG,
Jones RK, Mauderly JL, Wolff RK. Inhalation

toxicology of diesel exhaust particles. Dev
Toxicol Environ Sci. 1982;10:99–120.

27. Miyabara Y, Takano H, Ichinose T, Lim HB,
Sagasi M. Diesel exhaust enhances allergic
airway inflammation and hyperresponsive-
ness in mice. Am J Respir Crit Care Med. 1998;
157:1138–44.

28. Kilbourne EM, Posada de la Paz  MP, Borda
IA, Ruiz-Navarro MD, Philen RM, Falk H.
Toxic oil syndrome: a current clinical and epi-
demiologic summary, including comparisons
with the eosinophilia-myalgia syndrome. J
Am Coll Cardiol. 1991;18:711–7.

29. Gelpí E, Posada de la Paz M, Terracini B,
Abaitua I, Gómez de la Cámara A, Kilbourne
EM, et al. (WHO/CISAT Scientific Commit-
tee for the Toxic Oil Syndrome). The Spanish
toxic oil syndrome 20 years after its onset: a
multidisciplinary review of scientific knowl-
edge. Environ Health Perspect. 2002;110(5):
1–16.

30. Organización Panamericana de la Salud.
Dengue y dengue hemorrágico en las Amé-
ricas: guias para su prevención y control.
Washington, D.C.: OPS; 1995. Publicación
científica, 548:58.

31. Ministério da Saúde Secretaria de Vigilância
em Saúde. Diretoria Técnica de Gestão Coor-
denação Geral do Programa Nacional de
Controle da Dengue. Nota técnica 074/2006.
Brasilia: CGPNCD; 2006. (CGPNCD/DIGES/
SVS/MS).

32. Arruda A. Estado de alerta para pneumonite.
SUSAM–Secretaria de Estado de Saúde–Gov-
erno do Estado do Amazonas–Brazil. Noti-
cias. 2006:1. Available from: www.saude.
am.gov.br/noticias/noticia1.php?id=513.
Accessed 14 January 2007.

Manuscript received on 11 March 2008. Revised version
accepted for publication on 24 August 2008.

Objetivo. Confirmar el episodio de neumonía eosinofílica ocurrido en marzo de 2001
en Manaus, Amazonas, en el norte de Brasil, secundario al uso de aerosol de ciperme-
trina diluida al 2% en aceite diésel en las viviendas en comparación con la profilaxis
más convencional contra el dengue, basada en cipermetrina al 1% con aceite de soya.
Métodos. Se mantuvieron cuatro grupos de ratones suizos en jaulas de policarbo-
nato y se aplicó aerosol con una de las siguientes soluciones: aceite diésel, aceite diésel
y cipermetrina, aceite de soya y cipermetrina, y solución salina. Se analizaron la re-
sistencia y el funcionamiento del sistema respiratorio y la cinética de leucocitos en
sangre periférica y tejido pulmonar a los tres y seis días después de la exposición.
Resultados. El grupo expuesto a aceite diésel y cipermetrina mostró mayor resis-
tencia del sistema respiratorio (P < 0,001), peor funcionamiento (P = 0,03) y más eosi-
nófilos en sangre (P = 0,03) y tejido pulmonar (P = 0,005) que los otros grupos. Se ob-
servó un aumento de neutrófilos en sangre en todos los grupos experimentales al
tercer día después de la exposición (P < 0,001).
Conclusiones. El aceite diésel con cipermetrina indujo una hiperrespuesta pulmonar
en este modelo experimental y se asoció con un aumento en las células polimorfonu-
cleares (eosinófilos y neutrófilos) en sangre y tejido pulmonar. Este efecto es mayor al
tercer día después de la exposición. Estos efectos son similares a los observados en el
episodio ocurrido en Manaus en 2001 e indican que se debe reevaluar el uso de aero-
sol de aceite diésel con cipermetrina para la profilaxis de arbovirus en las viviendas.

Insecticidas, dengue, diesel, neutrófilos, neumonía eosinofílica, Brasil.

RESUMEN

Neumonía eosinofílica
inducida por aerosol de aceite
diésel y piretroide en ratones
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