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Loratadine in the treatment of mosquito-bite-sensitive children

Background: Children frequently experience harmful whealing and delayed
papules from mosquito bites. Whealing is mediated by antisaliva IgE antibodies
and histamine, but the effect of antihistamines on mosquito-bite symptoms has
not been evaluated in children.
Methods: The effect of loratadine (0.3 mg/kg) was examined in 28 mosquito-bite-
sensitive children (aged 2±11 years). The double-blind, placebo-controlled,
crossover study was performed with exposure to Aedes aegypti laboratory
mosquitoes. The size of the bite lesion and the intensity of pruritus (visual analog
scale) were measured at 15 min and at 2, 6, and 24 h.
Results: Loratadine decreased the size of the wheals by 45% (P<0.001, 25
children) and accompanying pruritus by 78% (P=0.011, 12 children) at 15 min
compared to placebo. The size of the 24-h delayed bite lesion also decreased
signi®cantly (P=0.004), but there was no change at 2 or 6 h. Loratadine was well
tolerated and no marked side-effects were recorded.
Conclusions: This study in children shows that prophylactically given loratadine
decreases signi®cantly the whealing and pruritus caused by mosquito bites and
also reduces the size of the 24-h bite lesions. Therefore, the therapeutic pro®le of
loratadine extends from immediate to delayed allergic symptoms in mosquito-
bite-sensitive children.
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Mosquitoes frequently cause harmful bite reactions such
as immediate wheals and delayed bite papules in
children and adults. People exposed for the ®rst time
to the bites of a certain mosquito species are ®rst non-
reactive, but after repeated bites they become sensitized
(1±3). At present, it is well documented that whealing is
mediated by antisaliva IgE antibodies (4±7). It is also
known that mosquito saliva may contain species-speci®c
and species-shared antigens (8±9). The delayed papules
developing after mosquito bites are accompanied by
in¯ux of eosinophils and lymphocytes (10), but whether
these lesions represent late-phase type I or cell-mediated
type IV reactions, or both, is not known.

Children in different parts of the world are frequently
sensitized to Aedes mosquitoes (11). In southern
Finland, almost all children react to A. communis
bites, and the size of the wheal correlates with the
antisaliva IgE antibody levels (12). The antihistamines
cetirizine and ebastine have been shown to decrease
whealing and accompanying pruritus in mosquito-bite-
sensitive adults (13±15), but no studies exist in children.
Therefore, we performed a placebo-controlled, cross-

over study to determine whether the antihistamine
loratadine has an effect on the mosquito-bite symptoms
in children.

Material and methods

Patients

Twenty-eight mosquito-bite-sensitive children (mean
age 7.2 years, range 2±11 years) were included in the
study. All children had experienced harmful mosquito-
bite reactions and had been admitted to the Tampere
University Hospital or to the Hospital for Skin and
Allergic Diseases in Helsinki. The study was performed
in March±October 1999. At inclusion, all children were
challenged with a bite of A. aegypti laboratory
mosquitoes (11). In 16 children, the diameter of the
bite reaction was 5 mm or bigger both at 15 min and at
24 h, in nine children only at 15 min, and in three
children at 24 h. In addition, all subjects had a positive
(>3 mm) skin prick test reaction to the histamine
dihydrochloride (10 mg/ml; ALK a/s, Hùrsholm,
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Denmark). Four children had a history of an atopic
disorder (atopic dermatitis, allergic rhinitis, or asthma).
In the 28 children, the total IgE level was 407 kU/l
(mean; range 6±3535 kU/l); in 19 children, the level was
increased; i.e., it was above the reference level of the
corresponding age group.

The study was approved by the ethics committees of
both hospitals, and informed consent was obtained
from all parents and also from the 13 children who were
over 7 years of age.

Loratadine

The study was a double-blind, crossover study with
0.3 mg/kg of loratadine (1 mg/ml mixture in 120-ml
bottles) and an identical placebo mixture. The drugs
were taken from the bottles with a 5-ml syringe and
were given daily at 8 a.m. for 4 days. The drug periods
were separated by a 3-day washout period, and the next
mosquito challenge was performed 6 days after the end
of the previous drug period. The children visited the
investigators on days 3 and 4, and any adverse event
was recorded during both visits.

Mosquito exposure

The A. aegypti bite exposure was performed between
noon and 3 p.m. on day 3. One mosquito was allowed to
feed on the right (week 1) and left (week 2) forearms.
The size of the bite reaction was measured (two
perpendicular diameters in mm) at 15 min and at 2,
6, and 24 h. The measurements at 15 min and 24 h were
performed by the investigators, and at 2 and 6 h by the
parents. Twelve children (age 7 years or older)
evaluated pruritus with a 100-mm visual analog scale
(VAS) ranging from 0 (no pruritus) to 100 (very intense
pruritus).

Statistical analysis

Wilcoxon's signed rank test with exact P value was used
to detect signi®cant differences between loratadine and

placebo treatments at 15 min and at 2, 6, and 24 h. The
sum of these four measurements was also analyzed. A P
value below 0.05 was considered signi®cant.

Results

Twenty-®ve of the 28 children completed the study
according to the protocol. Of the 25 children, 12
received loratadine in the ®rst and 13 in the second
week. Three children dropped out in the ®rst trial week,
and they all had received placebo. One child considered
the taste of the mixture too unpleasant, the parent of
one child forgot once to give the drug, and the third
child could not be exposed because no mosquitoes were
alive.

Effect of loratadine on the size of mosquito-bite lesions

Loratadine decreased signi®cantly the size of the bite
lesion at 15 min (P<0.001) and at 24 h (P=0.004)
compared to placebo (Table 1). The median size of the
bite lesion decreased by 45% (from 64 to 35 mm2) at
15 min and by 27% (from 49 to 36 mm2) at 24 h.
Loratadine had no signi®cant effect on the size of the
bite lesion at 2 and 6 h. When all four time points were
pooled, the median size of the bite lesion had decreased
by 32% (from 53 to 36 mm2), which is a signi®cant
change (P=0.01; Table 1).

Twenty-one of the 25 children had a smaller bite
lesion on loratadine than on placebo at 15 min, and 18
children when the sizes of the bite lesions at all four time
points were combined. The effect of loratadine was the
same whether the lesions were large or small (Fig. 1).

Table 1. Effect of loratadine on mosquito bites in 25 children

Treatments

Loratadine

Median (range)

Placebo

Median (range) P value

Size of bite lesion (mm2)

15 min 35 (6, 120) 64 (9, 400) <0.001

2 h 16 (0, 288) 15 (0, 840) 0.53

6 h 9 (0, 625) 20 (0, 1360) 0.14

24 h 36 (0, 1600) 49 (16, 2500) 0.004

All four time points 36 (5, 610) 53 (10, 1135) 0.01

Pruritus at 15 min* 10 (0, 75) 45 (0, 90) 0.011

* Visual analog scale (n=12).

Figure 1. Size of bite lesion in 25 mosquito-bite-sensitive children.
Size is sum of measurements performed at 15 min, and at 2, 6,
and 24 h. Eighteen children had smaller bite lesion on loratadine
(closed circles) than on placebo (open circles) treatment.
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Effect of loratadine on mosquito-bite pruritus

Pruritus associated with bite lesions was measured in 12
children. At 15 min, the median VAS decreased by 78%;
i.e., from 45 on the placebo to10 on the loratadine
treatment (P=0.011; Table 1). At other time points, the
pruritus was very weak, the VAS scores ranging from 8
to 3. Therefore, no statistical comparisons could be
performed.

Side-effects

Gastrointestinal symptoms were reported during lor-
atadine treatment in two children. One child experi-
enced mild abdominal pain after taking the drug on all
four days, and another child had moderate diarrhea and
nausea during two days of the treatment. No other side-
effects were recorded either on loratadine or on
placebo.

Discussion

The present placebo-controlled, crossover study in 25
mosquito-bite-sensitive children showed that prophy-
lactically given loratadine 0.3 mg/kg had a signi®cant
effect on the immediate symptoms and on the 24-h
bite papules caused by A. aegypti laboratory mosqui-
toes. To our knowledge, no previous controlled trials
have been performed with antihistamines in mos-
quito-bite-sensitive children. The results on the effect
of loratadine in whealing and accompanying pruritus
caused by A. aegypti mosquito bites are in agreement
with our previous placebo-controlled studies in
mosquito-bite-sensitive adults. These trials performed
either in the laboratory or in the ®eld showed that
both cetirizine 10 mg and ebastine 10 or 20 mg
decreased whealing by 30±40% and accompanying
pruritus by 70±80% (14±16). The marked effect of
antihistamines on the immediate mosquito-bite symp-
toms is not unexpected. Previous studies have shown
that mosquito-bite-sensitive subjects frequently have
antisaliva IgE antibodies (4, 9, 11, 12), that whealing
can be passively transferred with antisaliva IgE
antibodies (5), and, ®nally, that histamine is released
into the skin during whealing (7).

Interestingly, in the present children, loratadine also
decreased signi®cantly the size of the delayed 24-h bite
reaction. Previously, we found a similar effect with
cetirizine 10 mg (14) and suggested that the delayed
mosquito bite lesions could be late-phase type I allergic
reactions. In agreement with this, the development of
the delayed bite papules is characterized by early in¯ux
of eosinophils and neutrophils, and subsequent increase
of CD4+ lymphocytes (10). However, in the same
study, we found that the numbers of eosinophils and
T cells in these mosquito-bite lesions were higher during
cetirizine than placebo treatment. Studies with intra-
dermal injections of pollen or house-dust mite antigens
have also shown that cetirizine seems not to inhibit the
late-phase cellular in¯ammatory responses in the skin
(17, 18). Skin chamber examinations in pollen-allergic
subjects have also shown that loratadine does not
inhibit the late-phase reaction after 2 h (19). Therefore,
the mechanism by which cetirizine and loratadine
decrease the size of the delayed 24-h mosquito-bite
lesions remains a subject for further examinations.

In the present study, we exposed the children to A.
aegypti laboratory mosquitoes although they had not
been in contact with this tropical and subtropical
species. The children in Finland have, however, been
sensitized in the ®eld to A. communis, a species which
has cross-reacting saliva antigens with A. aegypti (8,
12). Our studies in the Finnish mosquito-bite-sensitive
adults have shown that the bite reactions are more
intense to a native species, i.e., A. communis, than to
a laboratory species, i.e., A. aegypti (2). In adults, the
effect of both cetirizine and ebastine has been shown
to be good on the large bite reactions received from
the local mosquitoes in the ®eld (14, 16). For this
reason, we believe that loratadine would also give
signi®cant relief from the symptoms in mosquito-bite-
sensitive children if they were bitten in the ®eld by
local mosquitoes.

Acknowledgments

We thank especially Mrs Pirkko Burri for helping with the mosquito
exposures, and Matti Koivisto helped us in many practical problems.
The study was supported by grants from the research fund of
Tampere University Hospital and from Schering-Plough.

References

1. MCKIEL JA, WEST AS. Nature and
causation of insect bite reaction. Pediatr
Clin North Am 1961;8:795±816.

2. REUNALA T, BRUMMER-KORVENKONTIO H,
PALOSUO T. Are we really allergic to
mosquito bites? Ann Med
1994;26:301±306.

3. PENG Z, SIMONS FER. A prospective
study of naturally acquired sensitization
and subsequent desensitization to
mosquito bites and concurrent antibody
responses. J Allergy Clin Immunol
1998;101:284±286.

4. BRUMMER-KORVENKONTIO H,
LAPPALAINEN P, REUNALA T, PALOSUO T.
Detection of mosquito saliva-speci®c
IgE and IgG4 antibodies by
immunoblotting. J Allergy Clin
Immunol 1994;93:551±555.

Karppinen et al.

670



5. REUNALA T, BRUMMER-KORVENKONTIO H,
RAÈ SAÈ NEN L, FRANCË OIS G, PALOSUO T.
Passive transfer of cutaneous mosquito-
bite hypersensitivity by IgE antisaliva
antibodies. J Allergy Clin Immunol
1994;94:902±906.

6. PENG Z, YANG M, SIMONS FER.
Measurement of mosquito Aedes vexans
salivary gland-speci®c IgE and IgG
antibodies and the distribution of these
antibodies in human sera. Ann Allergy
Asthma Immunol 1995;74:238±244.

7. HORSMANHEIMO L, HARVIMA IT, HARVIMA

RJ, BRUMMER-KORVENKONTIO H,
FRANCË OIS G, REUNALA T. Histamine and
leukotriene C4 release in cutaneous
mosquito-bite reactions. J Allergy Clin
Immunol 1996;98:408±411.

8. BRUMMER-KORVENKONTIO H, PALOSUO T,
FRANCË OIS G, REUNALA T.
Characterization of Aedes communis,
Aedes aegypti and Anopheles stephensi
mosquito saliva antigens by
immunoblotting. Int Arch Allergy
Immunol 1997;112:169±174.

9. PENG Z, LI H, SIMONS FER.
Immunoblot analysis of salivary
allergens in 10 mosquito species with
worldwide distribution and the human
IgE responses to these allergens. J
Allergy Clin Immunol
1998;101:498±505.

10. KARPPINEN A, RANTALA I, VAALASTI A,
PALOSUO T, REUNALA T. Effect of
cetirizine on the in¯ammatory cells in
mosquito bites. Clin Exp Allergy
1996;26:703±709.

11. REUNALA T, BRUMMER-KORVENKONTIO H,
PALOSUO T, et al. Frequent occurrence of
IgE and IgG4 antibodies against saliva
of Aedes communis and Aedes aegypti
mosquitoes in children. Int Arch
Allergy Immunol 1994;104:366±371.

12. BRUMMER-KORVENKONTIO H, PALOSUO K,
PALOSUO T, BRUMMER-KORVENKONTIO M,
LEINIKKI P, REUNALA T. Detection of
mosquito saliva-speci®c IgE antibodies
by capture ELISA. Allergy
1997;52:342±345.

13. COULIE P, WERY M, GHYS L, RIHOUX J-P.
Pharmacologic modulation by
cetirizine-2HCL of cutaneous reactions
and pruritus in man after experimental
mosquito bites. Skin Pharmacol
1989;2:38±40.

14. REUNALA T, BRUMMER-KORVENKONTIO H,
KARPPINEN A, COULIE P, PALOSUO T.
Treatment of mosquito bites with
cetirizine. Clin Exp Allergy
1993;23:72±75.

15. REUNALA T, BRUMMER-KORVENKONTIO H,
PETMAN L, PALOSUO T, SARNA S. Effect of
ebastine on mosquito bites. Acta Derm
Venereol 1997;77:315±316.

16. KARPPINEN A, PETMAN L, JEKUNEN A,
KAUTIAINEN H, VAALASTI A, REUNALA T.
Treatment of mosquito bites with
ebastine: a ®eld trial. Acta Derm
Venereol 2000;80:114±116.

17. TABORDA-BARATA L, JACOBSON M,
WALKER S, et al. Effect of cetirizine and
prednisolone on cellular in®ltration and
cytokine mRNA expression during
allergen-induced late cutaneous
responses. Clin Exp Allergy
1996;26:68±78.

18. ZWEIMAN B, ATKINS PC, MOSKOVITZ A,
vON ALLMEN C, CILIBERTI M, GROSSMAN

S. Cellular in¯ammatory responses
during immediate, developing, and
established late-phase allergic
cutaneous reactions: effect of cetirizine.
J Allergy Clin Immunol
1997;100:341±347.

19. ROQUET A, RAUD J, HALLDEN G, et al.
Effects of loratadine on anti-IgE-
induced in¯ammation, histamine
release, and leukocyte recruitment in
skin of atopics. Allergy
1995;50:414±420.

Loratadine and mosquito bites

671


