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Figure 1 Similarities and differences of clinical symptoms between children with presumed DEET -induced encephalopathy exposed to
DEET through the oral (ingestion) or the cutaneous route (skin application)

(16.6%). Only patients with cutaneous exposure
died; mean age, sex, or duration of skin exposure
did not differ significantly between survivors and
non-survivors. Logistic regression analysis showed
that mortality did not correlate with the concentration
of the DEET liquid used, the duration of skin
exposure, or the pattern of use.

The most common symptoms reported were con-
vulsions (72%), coma (39%), behavioral changes
(28%), opisthotonus or hypertonia (22%), and ataxia
(17%). Less frequently reported symptoms were
respiratory difficulty (11%), hypotension (11%),
and hepatitis or Reye-like syndrome (5.5%). Seizures
were significantly more frequent when DEET solu-
tions were applied to the skin (P<0.01), whereas
coma was more frequent after ingestion of DEET
(P<0.05). Other symptoms, as they appear in
literature, did not differ significantly between chil-
dren exposed to DEET through the oral or the
cutaneous route (Figure 1).

In only three cases, the CSF showed lymphocytosis
(14 cells in one report) and/or high levels of protein.
In one case with normal CSF, EEG was abnormal,
whereas only one patient was reported with hyper-
ammonemia. When reported, CTS and magnetic
resonance imaging (MRI) images were normal.
Overall, normal laboratory findings were reported in
eight cases (44%). Laboratory data were not available

in 28% of reports. There were no alternative diag-
noses in 56% of the reports. Idiopathic seizures
(22%) or encephalitis (22%) were the main alter-
native diagnoses presumed, which, however, could
not be adequately supported. A case of a possible
interaction of DEET with the urea cycle has also been
reported.

Discussion

In this series, toxic encephalopathy in children has
followed not only repeated and extensive administra-
tion, but also brief application of up to 10% DEET. In
particular, the patient who is being discussed had
toxic encephalopathy after a brief dermal exposure to
DEET, a widely used insect repellent. Applied to the
skin, DEET is the active agent in most insect
repellents, such as various mosquitoes, ticks, fleas,
quats, biting flies, and chiggers. It is sometimes
combined with other repellents such as ethohexadiol
and dimethylphthalate. It is marketed in concentra-
tions from 5% to 100% as liquids (usually with
ethanol or isopropanol), aerosols, pump sprays,
lotions/creams, roll-on sticks, and impregnated
towelettes.!*

In humans, DEET has both local and systemic toxic
effects; local effects include dermatitis, ranging from
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erythema to bullous eruption.'? DEET produced
similar lesions in a group of adult volunteers.'®
Additionally, episodes of confusion, irritability, and
insomnia have been reported by Everglades National
Park employees following repeated and prolonged use
of DEET." Coma, convulsions, respiratory failure,
hypotension, and death can also occur, particularly
after ingestion or dermal exposure to large amounts.®
Ingestion of DEET rapidly causes coma, convulsions,
severe hypotension, and respiratory depression; the
case fatality may be as great as 40%.> What is
important in this series is that similar symptoms were
noticed between children exposed to DEET through
the oral or the cutaneous route — the latter related to
deaths — thus underlining the potential toxicity of
both routes. Our patient presented with respiratory
difficulty, seizures, and coma. Seizures were the most
common symptom in the patients entered in this
study, especially after cutaneous exposure. Ataxia,
coma, and opisthotonus were also frequently encoun-
tered among children with encephalopathy associated
with use of DEET. Finally, slurred speech, staggering
gait, agitation, tremors, and death resulted.’®”® At
autopsy, edema of the brain, as well as congestion of
the meninges, was found.*

The dose relationship between DEET exposure and
the symptoms reported in the clinical literature is
difficult to establish.®? It has been presumed that
intoxication of DEET may occur after repeated
applications of high-strength compounds.?*** Our
patient had been exposed to an ethanolic solution of
17.6% DEET concentration. Other children in this
case analysis had developed toxic encephalopathy
after cutaneous exposure to either dilute DEET of
10%,%® 15%,'%2%2* or 20%,'”*° or to repellents
containing higher or unknown concentrations of
DEET.?® In our country, insect repellents for human
use based on DEET are in the form of lotion, stick,
and spray in concentrations between 9.6% and 20%.
However, whatever concentration of alcoholic solu-
tion is applied, the solvent will presumably evaporate
to leave concentrated DEET on the skin.?” Even
parents applying on their children’ skin preparations
that contain lower concentrations are likely to apply
larger volumes to obtain the desired insect repel-
lency. Although only 3-8% of the DEET applied to
the adult forearm skin is absorbed®® over 12 h, the
range of skin absorption at different conditions of
heat or moisture is not known.?® It is known,
however, that because DEET is partially absorbed
through the skin, it has been used to enhance dermal
delivery of other drugs.?® In an experimental study, it
has been shown that in the monkey, 68% of DEET is
absorbed from the ventral forepaw, a site correspond-
ing to the human palmar surface.'® In another study,
which has been conducted across human skin, it was

shown that there is potential for significant absorp-
tion of DEET after dermal application of commercial
mosquito repellents, since ethanol, used as a solvent,
may significantly enhance the permeation of DEET.%°
Thus, the total amount of DEET permeated from 30—
45% ethanolic solutions at the end of 36 h was
significantly higher than that from pure DEET. Even
in adults experimentally receiving the same DEET
dose, peak concentrations differed by as much as 3 1/
2 times.®' Thus, for safety concerns, the incorpora-
tion of ethanol in commercial DEET products needs
to be reevaluated. Especially, the topical formulation
vehicle based on PEG 400, Carbopol 940NF, and
Pemulen TR-2 was effective in reducing DEET skin
permeation.?? Similarly, a new insect repellent
formulation, a PEG-polyacrylic acid polymer system,
for its DEET release, exhibited reduced in vitro skin
permeation and in vivo transdermal absorption of
DEET as well as superior repellency compared with a
commercial DEET lotion.>® Furthermore, it was
shown that the bioavailability of DEET from 10%
ethanol solution was 45%, whereas the bioavailabil-
ity of DEET from lipospheres was 16%, a threefold
reduction in the amount of DEET absorbed.®*
Although all of the absorbed drugs are metabolized,
urinary DEET and ethyltoluamide (a metabolite)
levels peaked at 8 h and were still detectable 48 h
after treatment.?®

Being lipid-soluble, DEET accumulates in the
brain.? There is a remarkably close similarity of the
structure of DEET and nikethamide — a convulsant °
— which may explain why in this series seizures
appear to be present in 72% of the cases of DEET
encephalopathy in children. In a recent experimental
study, an acute toxic interaction has been described
in which sublethal doses of DEET induced seizures
that were resistant to standard anticonvulsants.®®
DEET appeared to operate through different mecha-
nisms from other toxic agents to produce seizures. In
72% of patients in this case analysis, laboratory
findings were either normal or unavailable (unre-
markable?). There were no alternative diagnoses in
50% of the reports. Idiopathic seizures (22%) or
encephalitis (22%) were the main alternative diag-
noses presumed, which, however, could not be
adequately supported. We suggest that pediatricians
evaluating patients with unexplained seizures should
consider the possibility of exposure to DEET.

Our patient, like the patients of Roland et al,*®
Gryboski et al,*® Heick et al,*® and Lipscomb et al,*°
and in contrast to the patients described by Zadik-
off,?® had normal CSF. He was afebrile, had normal
(initially postictal) EEG, and did not have hyper-
ammonemia, contrasting previous reports implicat-
ing febrile seizures,”* or ornithine carbamoyl
transferase deficiency in the pathogenesis of DEET
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toxicity.?” In a patient who was a heterozygote for
ornithine carbamoyl transferase, neither the effect of
DEET on the urea cycle, nor the effect of chronic
dilantin therapy on DEET metabolism could be
excluded.®® Interestingly, phthalyl alcohol, which
has a structure similar to DEET, was found in this
patient’s liver at least 10 days after administration. In
our patient, the illness ran a self-limited course once
the toxic agent was removed. Similarly, in experi-
mental studies, those animals that survived the
systemic effects recovered completely.?® An interest-
ing finding of this series, however, is that DEET-
induced encephalopathy in children followed not
only the repeated and extensive application of
repellents,?* but also a brief exposure to DEET. In
particular, our small patient experienced seizures up
to 12 h after unique application of DEET. Two more
cases developed acute encephalopathy following
only some hours of skin exposure to DEET.?*4°
Additionally, another five children developed acute
encephalopathy following 1 or 2 days of skin expo-
sure to DEET.'®2% It seems, therefore, that children
or a more sensitive subset thereof appear to be more
susceptible to direct DEET neurotoxicity than adults.
We hypothesize that ethanol, a DEET solvent, may
enhance the permeation of DEET in children
significantly more than the permeation of pure DEET
in adults,*® probably because of their thinner skin
and greater surface area:mass ratio. This is further
supported by reports showing that the deaths
occurring from dermal application have been only
in children.?® Mortality in this series of children with
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