
SUMMARY

The present prospective, open, observational

study assessed the effect of the use of standard en-

vironmental control measures together with the ap-

plication of an acaricide-containing aerosol of es-

biol/benzyl benzoate/piperonyl

butoxide/2-phenylphenol (Frontac) on several clinical

and environmental parameters in patients suffering

from perennial allergic rhinoconjunctivitis related to

house dust mites (HDM). Fifty-five patients were en-

rolled and studied for one year. Both symptoms and

the patients’ quality of life (evaluated by the

Rhinoconjunctivitis Quality of Life Questionnaire

(RQLQ)) were assessed at several clinic visits. The

amount of HDM antigen was semi-quantitatively es-

timated using the guanine test. We found a signifi-

cant decrease (p < 0.001) in most nasal symptoms

scores: sneezing, runny nose, stuffy nose and it-

ching. The overall quality of life (QoL) score also sho-

wed a significant improvement during the study pe-

riod; the mean score decrease found was 0.86 (CI

95 %, 0.54-1.17) (p < 0.001). Five of the seven do-

mains included in the questionnaire decreased signi-

ficantly: non-hayfever symptoms; practical problems;

nasal symptoms; eye symptoms, and emotions.

These QoL score decreases were found during the

first 3 months and later remained stable at lower le-

vels than at baseline. The content of guanine in dust

samples decreased significantly from 2.17 ± 0.75 to

1.43 ± 0.68 (p < 0.001). No toxic adverse events

were recorded. In conclusion, these results show an

improvement in the quality of life and a clinical bene-

fit of the long-term use of the new chemical acaricide

tested, together with environmental measures, in

the home of patients suffering from allergic respira-

tory pathology.
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INTRODUCTION

Nowadays, allergic diseases have an increased

prevalence, which shows urban predominance in

the Western world. Sensitisation to pneumoaller-

gens develops when potential patients are exposed

to environmental allergens over certain threshold le-

vel; the maintenance or worsening of the allergic di-

sease depends on the continuous exposure to these

allergens. The most relevant allergens found in the

city of Barcelona are the house dust mites (HDM).

As the only aetiologic treatments are specific immu-

notherapy and eradication of the allergens responsi-

ble of the allergic symptomatology, we have perfor-

med a study to assess the clinical improvement and
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the level of quality of life after the application of en-

vironmental control measures and the acaricide

Frontac.

HDM play an important role in the aetiology of pe-

rennial allergic rhinitis and asthma (1, 2). The symp-

toms of perennial allergic rhinoconjunctivitis are the

same as those of seasonal allergic rhinoconjunctivi-

tis, but nasal blockage is usually more intense; the

symptoms are chronic and persistent, and the pa-

tients may present secondary complaints such as

mouth-breathing, snoring, sinusitis or «a permanent

cold» (3-5). Nevertheless, the patients with perennial

allergic rhinoconjunctivitis are usually troubled not

only by nasal/eye symptoms but also by the heavy

impact on their health-related quality of life. The pa-

tients are limited in their inability to perform everyday

activities, mental concentration is impaired, associa-

ted symptoms such as headaches are troublesome,

practical things such as remembering to carry a hand-

kerchief and repeatedly blowing the nose are a nui-

sance, sleep is impaired, social interaction is limited,

and there is an impact on emotional well-being (6, 7).

The outdoor and indoor allergic environment has

changed in most countries within the last decades

and has increased the risks of allergic diseases. The

microclimate of the modern house with fitted car-

pets, soft furnishings, central heating, double-glazing,

and often with poor ventilation has provided the ideal

habitat for HDM. When possible, environmental con-

trol measures for indoor allergens must be applied

even if their efficacy is not complete, as they may ge-

nerally improve the patient’s condition and reduce

the need for pharmacological treatment. Two major

strategies have evolved: allergen avoidance/inactiva-

tion and mite population control by extermination.

Thus, HDM avoidance can be attempted by reducing

the amount of HDM itself, by reducing indoor humi-

dity, by the application of acaricides and by the use of

mite-proof covers (4). Nevertheless, even when an

allergen source is removed from a patient’s environ-

ment, the benefit may take several weeks or months

to be perceived by the patient (8).

The aim of the present open, prospective, observa-

tional, multicentric study was to investigate over a pe-

riod of one year (1999-2000) the effectiveness of a

new acaricide-containing aerosol of esbiol/benzyl ben-

zoate/piperonyl butoxide/2-phenylphenol (Frontac)

combined with the application of standard environ-

mental control measures in the habitats of patients

suffering from allergic respiratory pathology related to

HDM and living in the city of Barcelona and surroun-

ding area. Special interest was given to the analysis

of the evolution of the patients’ quality of life by using

the Rhinoconjunctivitis Quality of Life Questionnaire

(RQLQ) together with the analysis of clinical sympto-

matology. A secondary aim was to assess the impact

of these measures on the antigenicity of house dust

as assessed by the guanine content of the collected

samples.

METHODS

Patients

The inclusion criteria were the following: 1) pa-

tients of both genders between 18 and 75 years of

age; 2) residence in the city of Barcelona or in the ne-

arest villages (< 10 km) in order to homogenise the

environmental conditions; 3) presence of symptoms

of perennial allergic rhinoconjunctivitis (sustained rhi-

norrhea, sneezing, nasal obstruction, nasal and eye

itching and conjunctival watering) (4), with or without

mild bronchial asthma, as defined by the American

Thoracic Society (9); 4) positive skin prick tests to

HDM (weal diameter � 3 mm after 15 min of expo-

sure); 5) normal baseline lung function (FEV1 > 80%),

and 6) serum specific IgE � class 2 radioallergosor-

bent (RAST) test (Cap System). The exclusion criteria

were the following: 1) immunotherapy during the pe-

riod of study; 2) presence of pets in the patient’s hou-

se; 3) patients without vacuum cleaner; 4) intoleran-

ce to some of the compounds present in the

acaricide-containing aerosol; 5) patients who were

participating in another study four or less weeks be-

fore inclusion, and 6) pregnancy. All patients provided

their written informed consent.

Protocol

The present study was a prospective, open, obser-

vational, multicentric study that assessed the effect of

an acaricide-containing aerosol of esbiol/benzyl ben-

zoate/piperonyl butoxide/2-phenylphenol (Frontac,

Química Farmacéutica Bayer S.A., Barcelona, Spain),

combined with the application of standard environ-

mental control measures, on several clinical and envi-

ronmental parameters. Esbiol and benzyl benzoate

have a well-known acaricide effect (10) whereas pipe-

ronyl butoxide increases the acaricide effect of esbiol

(11). Moreover, 2-phenylphenol is a fungicide that pro-

vides a complementary action by killing the fungi used

by HDM as food, thus decreasing the HDM colonisa-

tion (12). The period of study was 12 months, with

one initial visit and 4 quarterly follow-up visits. At the

beginning of the study, the homes of 55 patients were

visited by an allergology-trained registered nurse. The

places where HDM may develop (mattresses, sofas,

rugs, fitted carpets, curtains, etc.) were established
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and vacuumed for 2 min/m2. All vacuum applications

were performed using the same vacuum cleaner. The

acaricide-containing aerosol was further applied to this

material susceptible to be colonised by HMD and the-

se places were vacuumed again 1-2 hours later. The

rooms were ventilated between the two vacuum ap-

plications; vacuum cleaners with microfilters (High

Efficiency Particulate Air (HEPA)) were recommended

to the patients. These procedures were performed

monthly in absence of the allergic patient and standard

environmental measures were used during all the

12-months period (13, 14).

The amount of HDM antigen was semi-quantitati-

vely estimated using the Acarex(test (Merck Farma y

Química, Barcelona, Spain). Guanine was extracted

from raw dust with potassium hydroxide, and the

amount present was estimated by the intensity of

colour change on the test strip. For the test, it was

presumed that the guanine thus identified came

from mite faeces and that guanine levels were rela-

ted to the antigenicity of the dust (15,16). The results

were rated according to a 4-colour scale: nega-

tive = 0, slightly positive = 1, moderately positive = 2,

and highly positive = 3 (16, 17). The patients were se-

lected in a correlative way after compliance of inclu-

sion criteria and after in vivo and in vitro tests cha-

racteristic of the speciality (18). The patients were

asked to answer a questionnaire on their socio-eco-

nomic status and housing conditions. Anterior rhi-

noscopy, basal rhinomanometry, and spirometry

(only in patients with asthma) were performed at

each quarterly visit. The severity of the symptoms

was scored nominally (0 to 3) as follows: none = 0,

mild = 1, moderate = 2, and severe = 3. In vivo (na-

sal provocation and skin prick test to HDM,

Dermatophagoides pteronyssinus [Dp] and Derma-

tophagoides farinae [Df]) and in vitro tests (determi-

nation of total [fluoroimmunoassay] and specific IgE

to Dp and Df [Pharmacia CAP System, Uppsala,

Sweden]) were performed at baseline and at the end

of the study. The patients’ quality of life was asses-

sed using the Rhinoconjunctivitis Quality of Life

Questionnaire (RQLQ) (6), translated into Spanish. All

adverse events were documented in order to con-

trol the toxicity of the aerosol throughout the study.

Moreover, the patients were asked to self-assess the

subjective change in their disease by grading the se-

verity compared to that measured during the pre-

vious visit, as follows: better, same, or worse.

Statistics

The database was created using the SPSS softwa-

re v.10.0 for Windows, and the statistical analyses

were performed using the SAS software v. 6.12 for

Windows. Efficacy and toxicity analyses were perfor-

med on an «intention-to-treat» basis. First, the nor-

mality of the distribution was assessed using the

Kolmogorov-Smirnov test and the homogeneity of

variances was assessed using the most restrictive of

either Bartlett’s or Cochran’s test. Nominal qualitative

variables were assessed using the chi-square analy-

sis or Fisher’s exact test for low frequency cases.

Ordinal qualitative variables or quantitative variables

with a log-normal distribution were assessed using

the Friedman repeated measures ANOVA (analysis

of variance), whereas quantitative variables with nor-

mal distribution were assessed using a one-way re-

peated measures ANOVA test. Differences betwe-

en data collected only at baseline and at the final visit

were assessed using the Wilcoxon signed rank or

the Student t tests, as appropriate. All analyses were

performed using an alpha level of 5 %. The data

shown are the mean ± SD.

RESULTS

Characteristics of the patients

The demographic and clinical characteristics of the

patients at the beginning of the study are summari-
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Table I

Demographic and clinical characteristics of the patients

studied

n = 55

Demographic characteristics

Age (years) 25.6 ± 10.2

Gender (male/female) 41.8/58.2

Height (cm) 167.1 ± 10.3

Weight (kg) 65.2 ± 13.7

Clinical characteristics

Atopy history (%) 29.1

Previous diagnostic of allergic rhinoconjunctivitis (%) 47.3

Rhinoconjunctivitis in the family (%) 45.5

Dust as a trigger according to history (%) 94.5

Mean duration of the disease (years) 9.1 ± 7.1

Main daily activity (%)

Work 56.4

Studies 41.8

Housework 1.8

Daily activity (%)

Not affected by the disease 70.9

Moderately affected by the disease 27.3

Arrested by the disease 1.8

Days strongly affected by the disease per month 6.9 ± 5.1



sed in table I. Data were collected from: 55 case re-

port forms (CRFs) completed by the researchers

(100 %); 49 CRFs completed by specialised auxiliary

nurses (89.1%) that included the RQLQ, the guanine

test results and the adherence to environmental me-

asures, and 29 diaries completed by the patients.

The most severe baseline symptoms were moderate

nasal obstruction (1.98 ± 0.73) and sneezing

(1.90 ± 0.75). Other nasal symptoms found were

mild to moderate rhinorrhea (1.67 ± 0.73) and itching

(1.44 ± 0.75). Moderate oedema and intranasal in-

flammation was found in 67.7 % of analysed pa-

tients, but nasal polyps were not found. Moreover,

mild to moderate eye symptoms were found at ba-

seline: itching (1.15 ± 0.85), watering (1.12 ± 0.78)

and erythema (1.00 ± 0.89). Pulmonary symptoms

related with asthma (dyspnoea, wheezing) were

found to be not relevant and baseline FEV1 was

found to be normal in most patients. Total IgE levels

in serum were abnormal in 51.6 % of the measure-

ments (277.49 ± 281.23 IU/ml). IgE anti-Dp levels in

serum were 30.2 ± 33.2 KU/ml and IgE anti-Df levels

were 28.4 ± 31.5 KU/ml. Seven patients continued

receiving immunotherapy during the period of study.

Characteristics of the homes and cleaning

practices

The types of housing and cleaning practices are

summarised in table II. Most patients lived in flats

older than 10 years with more than 3 rooms. Sprung

mattresses were predominant and carpets, fitted

carpets or mattress covers were scarce. Cleaning

practices were common: 87.2 % of the patients va-

cuumed at least once at week. Compliance of stan-

dard environmental measures was assessed: at the

beginning of the study, only 46.6 % of the patients

regularly applied the measures proposed, whereas at

the end of the study this percentage increased signi-

ficantly to 90.0 % (p < 0.001).

Clinical symptoms

There was a significant decrease in all nasal symp-

toms scores, except for nasal secretion (fig. 1).

Moreover, oedema and intranasal inflammation de-

creased significantly after 12 months (25.8 % of the

patients, p < 0.001). With regard to pharyngeal symp-

toms, the daytime dry cough score but not the

night-time dry cough score improved significantly

(p < 0.03). The respiratory symptoms scores did not

change during the study. Subjective self-assessment

showed that 37.0 % of the patients improved after

3 months of the study whereas this percentage in-

creased to 68.4 % after 12 months.

Quality of life of patients

The overall quality of life (QoL) score improved sig-

nificantly during the study period (fig. 2). The mean

score decrease found was 0.86 (CI 95 %, 0.54-1.17).

Five of the seven domains included in the question-

naire decreased significantly: non-hayfever symp-
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Table II

Household characteristics and cleaning practices

n = 55

Household characteristics

Type of home (%)

Ground floor 4.1

Flat 83.7

House 12.2

Age of home (%)

< 10 years 10.2

11-25 years 49.0

> 25 years 40.8

Physical characteristics

Temperature (%)

18-25 °C 95.9

> 25 °C 4.1

Relative humidity (%, range) 50-80

Rooms (%)

1 2.0

2 12.2

� 3 85.8

Mattress (%)

Foam 10.2

Wool 4.1

Sprung 79.6

Other 6.1

Interior decoration (%)

Fitted carpet 0.0

Carpet 6.1

Felts 30.6

Books 77.6

Cleaning practices

Vacuum frequency (%)

Daily 10.6

Every 2-3 days 40.4

Every 3-7 days 36.2

> 7 days 12.8

Washing of sheets (%)

Hot water 51.0

Frequency of washing

Once/week 76.0

Once/two weeks 24.0

Use of mattress cover 6.1



toms (mean decrease of 0.97, CI 95 % 0.56-1.39);

practical problems (1.25, CI 95 % 0.63-1.88); nasal

symptoms (1.23, CI 95 % 0.70-1.76); eye symptoms

(1.14, CI 95 % 0.62-1.67), and emotions (0.64, CI

95% 0.26-1.01). These decreases were found during

the first 3 months and later remained stable at lower

levels than at baseline.

Antigenicity of HDM

The content of guanine in dust samples decreased

significantly from 2.17 ± 0.75 to 1.43 ± 0.68 (fig. 3).

Overall, the presence of HDM in dust samples de-

creased in 70 % of the analysed homes.

Toxicity of Frontac

No adverse events or toxic effects were recorded

during the one-year study period.

DISCUSSION

The results of the present study suggest a clinical

benefit derived from the use of the tested acarici-

de-containing aerosol, combined with standard envi-

ronmental measures, in the homes of patients suf-

fering from perennial allergic rhinoconjunctivitis. The

efficacy of an acaricide is measured as the capacity

to kill adult mites but also larvae and eggs. Clinical

improvement is a consequence of reduced exposu-

re to allergen following removal by vacuum cleaning

of mites killed by the acaricide. If vacuum cleaning is

not done properly, large numbers of dead mites re-

main in the dust; they gradually disintegrate and

more allergen-bearing, aerosolisable particles are ge-

nerated. Therefore, although this was an open un-

controlled study it is relevant that the allergic patients

achieved a satisfactory symptom control and impro-

ved their quality of life even after one year of fo-

llow-up. Long-term studies are advisable: other aut-

hors have previously found improvement in the

clinical variables of patients with HDM-allergic asth-

ma only after one year of study but not after

4 months (19). Moreover, studies performed on a

one-year basis allow the detection of possible sea-

sonal modifications.

Rhinoconjunctivitis symptoms are not life-threa-

tening but have detrimental effects on the physical,

psychological and social aspects of the patients’ li-

ves, and can decrease their quality of life signifi-

cantly (20). Therefore, it is becoming increasingly

accepted that both health-related quality of life

(HRQoL) assessments and clinical measurements

are needed to obtain a complete evaluation of the

health status of the patients with allergic rhinitis.

HRQoL data can be used to identify optimal thera-

peutic regimens but also to suggest practice guide-

lines for allergic disorders (21). The reliability of

HRQoL data is highly dependent on the tool with

which they are gathered: the RQLQ used here is

one of the first disease-specific instruments valida-

ted to measure HRQoL in rhinoconjunctivitis (6). The

RQLQ measures both physical and emotional func-

tion, reflects areas of function important to patients

with rhinoconjunctivitis, provides reproducible sco-

res amenable to statistical analysis and when the cli-

nical status is stable it is responsive to clinical chan-

ges, even small ones. In the present study, we have

found higher baseline scores for nasal/eye symp-

toms but also for practical problems (i.e., need to

blow nose repeatedly; need to rub nose/eyes, and

inconvenience of having to carry handkerchiefs).

The decreases found in these and other RQLQ do-

mains reflected that symptomatic improvement

was accompanied by an improved quality of life of

the patients.

An important environmental control step is to mi-

nimise HDM exposure in mite-allergic patients in or-

der to reduce the morbidity of the allergic disease.

The use of chemical acaricides supplements the

HDM avoidance measures, as chemical acaricides

are effective in reducing mite allergen levels

(22-25). Both the wide range of allergic problems

that can be caused by HDM and the ways an effec-
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Figure 1.—Changes in the score of nasal symptoms. The score

was rated from 0 (none) to 3 (severe). NS = non-significant. The

data shown are means ± SEM.
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Figure 2.—Changes in the quality of life (QoL) of subjects studied. The score was rated from 0 (not disturbing) to 6 (extremely disturbing)

except for emotions where 0 (never) and 6 (all the time). NS = non-significant. The data shown are means ± SEM.
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tive acaricide can improve them have been de-

monstrated in several clinical studies: some used

aerosols, foams or powders containing benzyl ben-

zoate in the home of patients with allergic rhinitis

(26, 27), although most of them were performed in

the homes of patients with allergic asthma (28-33).

Other studies were performed using esbiol and pi-

peronyl butoxide in the homes of patients with

allergic rhinitis or asthma (34). Relapse of symp-

toms following exposure to untreated dusty envi-

ronments was observed in many patients, thus con-

firming that the improvement reported was due to

the removal of HDM allergen (26). Nevertheless, ot-

her studies with benzyl-benzoate failed to show sig-

nificant differences versus placebo (30, 35) or envi-

ronmental control alone (17) in the homes of allergic

asthma patients. Therefore, the clinical relevance of

the use of chemical acaricides under the variable

conditions and the great diversity of HDM inhabita-

ble niches found in the homes of allergic patients

remains controversial. In many cases, products with

double activity (i.e. acaricide and fungicide) are re-

commended (36).

The present study is the first that reports the aca-

ricidal effectiveness and the subsequent clinical be-

nefit of the use of Frontac combined with environ-

mental control for human beings. The results

obtained with the Acarex test showed the effective

duration of the acaricide activity of Frontac, since

guanine content of dust samples decreased even

after a year; this is a relevant finding, as an initial dra-

matic decrease of mite load by mechanical or chemi-

cal means is commonly followed by rapid recoloniza-

tion (36) and vacuum-cleaning alone does not reduce

mite numbers significantly (37). Besides, we confir-

med the lack of toxicity of the chemical acaricide

used in this study; this supports its use in long pe-

riods, a common procedure in the treatment of

HDM-related allergic diseases.

In conclusion, the present study suggests a clinical

benefit of short-term (3-months) and long-term

(1-year) use of the new chemical acaricide tested,

together with standard environmental measures, in

the homes of patients suffering from perennial aller-

gic rhinoconjunctivitis, with or without bronchial asth-

ma. After one year, the severity of rhinoconjunctivi-

tis symptoms decreased and the quality of life of

patients improved while no toxicity of the acaricide

was found. Nevertheless, the present results should

be treated with caution; its use as an useful and ad-

ditional preventive treatment of allergic patients

must be confirmed in future randomised, controlled

clinical trials comparing this efficacy with that of en-

vironmental control alone or other acaricides, but also

by measuring changes in HDM-allergen levels using

specific immunoassays.
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RESUMEN

El estudio se realizó de manera prospectiva, abier-

ta y observacional para valorar el efecto de las nor-

mas habituales de control ambiental de forma con-

junta con la aplicación de un acaricida en aerosol de

esbiol/bencil benzoato/piperonil/butóxido/2-fenilfenol

(Frontac) en pacientes afectos de rinoconjuntivitis

perenne relacionada con sensibilización a ácaros del

polvo doméstico. Cincuenta y cinco pacientes fueron

incluidos y estudiados durante un año. Se procedió a

tabular la calidad de vida de los pacientes mediante el

cuestionario de calidad de vida para pacientes con ri-

noconjuntivitis. Los niveles de ácaros domésticos

fueron evaluados de forma semicuantitiva mediante

el test de guanina.
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Figure 3.—Changes in the antigenicity of dust samples measured

from guanine content (Acarex test). The data shown are me-

ans ± SEM.
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Encontramos un significativo descenso (p < 0,001)

en la mayoría de los registros de los síntomas nasales:

estornudos, rinorrea, prurito nasal y obstrucción nasal.

El registro del cuestionario de la calidad de vida tam-

bién constató una significativa mejoría durante dicho

periodo, siendo el descenso de la media del registro

del 0,86 (IC 95%, 0,54-1,17) (p < 0,001). Cinco de los

siete ítems incluidos en el registro disminuyeron sig-

nificativamente (síntomas respiratorios, problemas

sociales, síntomas nasales, síntomas conjuntivales y

síntomas afectivos). El registro del cuestionario des-

cendió durante los primeros tres meses y se mantuvo

con posterioridad por debajo de los valores basales de

forma estable. El contenido de guanina de las mues-

tras del polvo del habitat de los pacientes disminu-

yó significativamente de 2,17 ± 0,75 a 1,43 ± 0,68

(p < 0,001). No se detectaron reacciones tóxicas

adversas.

En conclusión, estos resultados demuestran una

mejoría de la calidad de vida y mejoría clínica utilizan-

do a largo plazo la aplicación del nuevo acaricida tes-

tado de forma conjunta con la aplicación de medidas

ambientales del habitat de los pacientes que sufren

enfermedad respiratoria alérgica.

Palabras clave: Esbiol. Bencil benzoato. Piperonil bu-

tóxido. 2-fenilfenol. Acaricida. Rinoconjuntivitis.

Asma bronquial. Calidad de vida.
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