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Abstract

Background: The widespread house ant, Monomorium pha-
raonis (pharaoh ant, PA), was recently identified as a poten-
tial cause of respiratory allergies. However, there are no
reports of the distribution of PA allergens in various environ-
ments. We developed specific ELISA inhibition assays and
measured the distribution and amount of PA antigens in
household dust samples. Methods: Floor dust was collected
at 3-month intervals from 56 homes in Seoul over a 1-year
period. PA antigens in fine dusts were quantified by ELISA
inhibition assays using rabbit anti-PA sera, and specific IgE
to PA antigens in residents’ serum was measured by ELISA.
Results: In 18 of the 56 homes (32.1%), PA antigen was de-
tected in at least 1 floor dust sample either from the living
room or the kitchen. Levels of PA antigens showed seasonal
variations with peaks in autumn and winter. The detection
rate of PA antigens was significantly higher in homes with
visual evidence of PA infestations (70%) than in homes with-
outsuchinfestations (23.9%; p < 0.05). However, a significant
amount of PA antigens was still detected in uninfested

homes. Thirteen of 113 (11.5%) residents were positive for
PA-specific IgE. PA-specific IgE was detected more frequent-
ly in residents living in PA antigen-positive homes (19.6%)
than in antigen-negative homes (4.8%; p < 0.05). Conclu-
sion: A considerable level of PA antigens is distributed in the
indoor environment. Therefore, inhalant exposure to PA an-
tigens can occur during domestic activities. These results
suggest that PAs might be a significant source of aeroaller-
gens in households. Copyright © 2007 S. Karger AG, Basel

Introduction

It has long been recognized that insects are significant
sources of aeroallergens [1-12]. Although cockroaches
have attracted considerable attention, there have been
very few studies on other insects as a source of indoor in-
halant allergens [1, 2]. The changes in lifestyle and living
environment might have encouraged the growth of in-
door arthropods and insects, and increased the level of
human exposure to new allergens. The recently reported
respiratory allergy to the Asian ladybug, Harmonia axy-
ridis, in the US is a good example of a new type of inhalant
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allergy to insects [7-9]. The recognition of avoidable new
allergens is an important part of clinical allergy practice.

The nonstinging house ant, Monomorium pharaonis
(pharaoh ant, PA), is a species that infests the urban in-
door environment. We recently reported that the PA can
act as a source of indoor aeroallergens. Briefly, 18.2% of
318 patients with asthma showed positive skin responses
to PA and 7.9% had an isolated response. Immunoblot
analysis identified 2 important IgE-binding components
of PA, and the ELISA inhibition test demonstrated sig-
nificant inhibition by PA. However, other ant species,
cockroaches and house dust mites (HDMs) did not in-
hibit the IgE binding to PA. Eight of 9 patients in whom
PA bronchial challenge tests had been performed showed
typical asthmatic responses [13, 14].

Despite its potential role in respiratory allergy, there is
no information about the distribution of PA allergens in
the indoor environment. Evaluation of the exposure to
PA antigens is essential for determining the risk factors
for sensitization and elicitation of symptoms in suscep-
tible subjects. Furthermore, quantifiable measurement of
the PA antigens in the environment is needed to deter-
mine whether inhalant exposure to ant antigens can oc-
cur as a result of domestic activities.

The aim of this study was to demonstrate the existence
of PA antigens in households, and to evaluate the distri-
bution of PA antigens. For this purpose, specific ELISA
inhibition assays were developed and the amount of PA
antigens was measured in samples of household dust.

Materials and Methods

Subjects

A total of 56 homes in Seoul were selected based on the follow-
ing: (1) the residents’ willingness to actively participate in this
study; (2) no plans to move house during the study period; (3) no
use of insecticides or pesticides with the exception of a mosquito
repellent. An adult resident of each home provided written in-
formed consent to be included in this study. Eighteen participants
were patients with allergic rhinitis and/or bronchial asthma, who
were treated at the Allergy Clinic of the Yonsei University Sever-
ance Hospital, and the remaining 38 were friends of these pa-
tients.

A modified questionnaire developed by the International
Study of Asthma and Allergic diseases in Children [15] was trans-
lated into Korean and given to all family members. The resident
was regarded as having a respiratory allergy if he/she had experi-
enced wheezing during the previous 12 months or had been diag-
nosed with allergic rhinitis during the previous 12 months. Skin
prick tests were performed to determine atopy by using a panel of
12 common aeroallergens, and blood sampling was carried out
after permission.
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At the first home visit, a trained field technician recorded the
home characteristics by asking the adult resident questions re-
garding the building structure, living duration, type of heating,
frequency of cleaning and the presence of cockroaches, ants, fun-
gi and pets. The indoor temperature and relative humidity were
recorded at each home visit.

Dust Collection and Extraction

From April 2001 to January 2002, home visits were carried out
every 3 months in 56 homes. Dust was collected as previously de-
scribed [16]. Briefly, a trained technician collected floor dust in a
standardized manner from a 1-m? area of the floor in the living
room and the kitchen for 2 min using a vacuum cleaner (LG Elec-
tronics, Changwon, Korea). Five sticky traps (16 X 9 X 3 cm;
Earth Chemical Co., Japan) were placed on the floor of the living
room and the kitchen and left in each home for 1 day to capture
any inhabitant ants.

The dust samples were sieved through a mesh screen to remove
the large particles and fibers. Forty milligrams of fine dust was
extracted overnight with 2 ml of 1% bovine serum albumin (BSA)
diluted in phosphate-buffered saline (PBS)-Tween 20 at room
temperature before being centrifuged at 15,000 rpm for 30 min.
The supernatants were then stored at ~20°C.

Preparation of PA Extract

The PA antigens were extracted as previously described [13].
The PAs were ground up and extracted with a PBS (pH 7.4) solu-
tion 1:20 w/v at 4°C for 48 h, followed by centrifugation at 12,000
rpm for 1 h. The supernatant was dialyzed against distilled water
at 4°C for 48 h, lyophilized at -70°C and used as a crude ant ex-
tract. The protein concentration in the crude extract was deter-
mined by using the Bradford method.

Rabbit Immunization

Two white female rabbits were injected subcutaneously with
1 mlofa50:50 mix of Freund’s complete adjuvant (Sigma-Aldrich
Corp., St. Louis, Mo., USA) and 10 mg of the crude PA extract. At
3-week intervals, injections of 10 mg of PA extract with Freund’s
incomplete adjuvant were repeated 3 times. Seven days after the
final injection, the rabbits were sacrificed, and the anti-PA serum
was pooled and stored at —20°C in aliquots to be used for the
ELISA inhibition and immunoblot inhibition analyses.

ELISA Inhibition Assay

Microtiter plates were incubated overnight at 4°C with 0.1 g
of the PA extract in 100 pl of 0.1 M carbonate buffer (pH 9.6). On
the next day, 100 pl of each dust extract was added to 100 .l of
rabbit serum (diluted 2,000-fold in 1% BSA/PBS-Tween 20) and
incubated for 2 h at room temperature. To produce the standard
inhibition curve, 100 wl of the PA extract, Dermatophagoides fa-
rinae or Blattella germanica extracts (Korea National Research
Resource Collection of Allergens, Seoul, Korea) with the antigen
concentrations of 100, 10, 5 ug PA protein/ml, and then 6 dou-
bling dilutions were also incubated with rabbit serum. After
washing and blocking, the plate was incubated for 1 h with 100 pl
of the preincubated mixture of rabbit serum prepared as de-
scribed above. After washing, the plate was incubated with 100 pl
of biotinylated goat anti-rabbit IgG (Pierce, Rockford, Ill., USA)
followed by incubation with streptavidin-peroxidase (Sigma-Al-
drich Corp.). After washing, 100 w1 of 3,3’,5,5'-tetramethylbenzi-
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dine-0.01% H,0, (KPL, Gaithersburg, Md., USA) was added as a
substrate, and the reactions were stopped by adding 100 pl of a
stop solution (KPL). Optical densities were measured at 450 nm
using an automated UV microplate spectrophotometer (Dynatec,
Alexandria, Calif., USA). The standard curve was constructed us-
ing a4-parameter logistic curve fit and the antigen content in each
sample was calculated. The inhibitory ELISA was considered sig-
nificant if the 50% inhibitory concentration of the inhibitor was
less than 50 wg/ml.

IgG immunoblot Inhibition Experiments

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and immunoblot analysis were performed under reduced condi-
tions. The PA extract was electrophoresed in 13.5% separation gel
with 4% stacking gel. The proteins were transferred onto a nitro-
cellulose membrane (Amersham, Buckinghamshire, UK). The
rabbit serum, diluted 2,000-fold, was preincubated with PA, D.
farinae, B. germanica or dust extracts for 2 h at room temperature,
and incubated with thenitrocellulose-blotted PA antigens. Bound
specific IgG was detected with goat anti-rabbit IgG conjugated
with alkaline phosphatase (Sigma-Aldrich Corp.), followed by
0.66% 4-nitroblue tetrazolium and 0.33% 5-bromo-4-chloro-3in-
doly-phosphate system (Promega, Madison, Wisc., USA) as a sub-
strate solution.

Specific IgE Determination

The presence of specific IgE (sIgE) to the PA antigens was de-
termined by using ELISA [8]. Microtiter plates were coated with
a0.05 M carbonate buffer containing 10 pg/ml of the PA extract.
After blocking, the plate was incubated with either resident or
control serum from 10 healthy volunteers with negative skin test
responses to the common aeroallergens and PA. The plate was
then incubated with biotinylated anti-human IgE (Vector Labo-
ratories, Burlingame, Calif.,, USA) followed by incubation with
streptavidin-peroxidase. After washing, ABTS solution was add-
ed as a substrate, and 2 mM NaNj was added to quench the reac-
tion. The colorimetric reaction was measured by absorbance at
405 nm on an ELISA reader. The positive cutoff value was decid-
ed as the mean + 2 SD of the absorbance value of the nonatopic
control serum samples.

Statistical Analyses

To determine the reproducibility of the ELISA inhibition as-
say, the slopes and intercepts of the standard curves produced by
4-parameter logistic fit were compared after logit transformation
using analysis of covariance. The home visiting periods were cat-
egorized into 4 seasons: spring (April), summer (July), autumn
(October) and winter (January). The seasonal variation in the PA
antigens was assessed with a repeated measures analysis. The me-
dian values of the PA antigens in the dust samples were compared
using the Wilcoxon signed-ranks test or the Mann-Whitney test.
The amounts of antigen below the detection limits were assigned
a value of half the detection limit in order to include them in the
analysis. Detection rates of the PA antigens in dusts were com-
pared using the x? test. All statistical analyses were performed
using SAS version 8.1 software.
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Fig. 1. ELISA inhibition of IgG binding of rabbit anti-ant serum
to the PA antigens. Rabbit serum was preincubated with an in-
hibitor [2 experiments with PA extracts (PA 1 and 2), D. farinae
and B. germanica] and then added to the PA antigen-coated im-
munoplate. The inhibition curves by PA 1 and 2 represent 2 stan-
dard curves, with no difference in the slopes and intercepts after
logit transformation.

Results

Specificity of Rabbit Serum and Validation of the

ELISA Inhibition Assay

The ELISA inhibition test indicated that the binding
of rabbit IgG to the PA antigens was inhibited by prein-
cubation with the PA antigens in a dose-dependent man-
ner. However, the other indoor aeroallergens, D. farinae
and B. germanica, did not inhibit the binding of IgG to
the PA antigens (fig. 1). In this method, the lower detec-
tion limit of the PA antigens was 0.1 pwg/ml. Analysis of
covariance showed that there was no significant differ-
ence between the slopes and intercepts of the logit-trans-
formed curves from 4 consecutive assays (p>0.05). These
results show that the ELISA inhibition assay is suitable for
measuring the PA antigens.

Immunoblot inhibition experiments were performed
to determine if the important indoor allergens D. fari-
nae and B. germanica contained cross-reactive epitopes
against rabbit IgG to PA. While preincubation of the rab-
bit serum with PA dose-dependently inhibited IgG bind-
ing to the PA antigens, the IgG reactivity was not blocked
after preincubation with mite or cockroach extracts
(fig. 2). The specificity of the ELISA inhibition test using
the rabbit serum was also confirmed by the immunoblot
inhibition tests. Partial inhibition of IgG binding was
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Fig. 2. IgG immunoblot inhibition experiments. Preincubation of rabbit serum with the PA extracts dose-de-
pendently inhibited IgG binding to the PA antigens (a, lane 1-5), but not with mite (D. farinae; b, lane 2, 3) or
cockroach (B. germanica; b, lane 1) extract. Preincubation with the PA antigen-positive dust extracts also dose-
dependently inhibited the binding of IgG (a, lane 6-8). No inhibition was observed after preincubation with
dust extracts testing negative for the PA antigen (a, lane 9). M = Marker protein; C = buffer control.

noted after preincubation of rabbit serum with the PA
antigen-positive dust samples in the ELISA inhibition
tests. No inhibition was observed after preincubation
with the PA antigen-negative dust sample (fig. 2).

Measurement of PA Antigens in Household Dust

Samples

A total of 101 floor dust samples (56 from living room,
45 from kitchen) were collected during each round of
home visits. Overall, 404 dust samples were used to mea-
sure the level of the PA antigen. Fifty-five dust samples
(13.6%) had detectable amounts of the PA antigens. The
detection rate of PA antigens was higher in autumn
(18.8%, 19/101) and winter (19.8%, 20/101), and lower in
spring (5.9%, 6/101) and summer (9.9%, 10/101).

In 18 of the 56 homes (32.1%), the PA antigen was de-
tected in atleast 1 floor dust sample from either the living
room or the kitchen. For convenience, data from these 18
homes were included in further analyses. Figure 3 shows
the distribution of the PA antigens in the dust samples
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from the 18 antigen-positive homes. In the living rooms,
the median level of the PA antigens was significantly
higher in autumn (28.1 g/g dust) and winter (32.7 ng/g
dust) than in spring (0.1 pg/g dust) and summer (0.1 pg/g
dust; p < 0.05; fig. 3a). The median level of PA antigens
in the kitchen floor samples was also significantly higher
in autumn (25.1 pg/g dust) and winter (41.1 pg/g dust)
thanin spring (0.1 pg/g dust) and summer (0.1 pg/g dust;
p <0.05; fig. 3b).

Ants were captured in more than 2 sticky traps in 10
of the 56 (17.9%) enrolled homes, and all captured ants
were identified as PAs by an entomologist. We considered
ant capture as visual evidence of PA infestation in the
home. The detection rate of PA antigens was significant-
ly higher in the homes with visual evidence of PA infesta-
tion (70%, 7/10) than in homes without infestation (p <
0.05). However, a significant amount of PA antigens was
also measured in the homes without infestation (23.9%,
11/46). There were 3 homes with ant infestation but no
detectable PA antigen. In summer, the level of PA anti-
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Fig. 3. Distribution of the PA antigens in the reservoir dusts of living room (a) and kitchen (b) floors in the 18

ant antigen-positive homes.

gens in the living room floor was significantly higher in
those homes with PA infestation than in those without
infestation (fig. 4).

PA-sIgE Determination

Of the 203 persons inhabiting the 56 homes, 52 did
not answer the questionnaire or undergo the allergy skin
test for personal reasons or because they were absent at
the time of the home visit. Blood sampling was not per-
formed in 38 residents due to refusal (30 residents) or
young age (<4 years, 8 residents). Therefore, the levels
of sIgE to PAs were measured in the serum of the 113
residents who ranged in age from 5 to 64 years (mean 37.0
years; 50 males, 63 females). Of these residents, a ques-
tionnaire survey revealed 32 to have respiratory allergies
and the remaining 81 to have no respiratory allergy.
Thirteen of the 113 residents (11.5%) had significant lev-
els of PA-sIgE. Of these 13 residents, 10 lived in PA-in-
fested homes and 3 lived in noninfested homes. PA-sIgE
was detected at higher rates in the residents from the
homes with detectable PA antigens (19.6%, 10/51) than
in those from homes with no measurable PA antigen
(4.8%, 3/62; p < 0.05; fig. 5). PA-sIgE was more signifi-
cantly detected in residents with a respiratory allergy
(21.9%, 7/32) than in those with no respiratory allergy
(7.4%, 6/81; p < 0.05).

PA Antigen and Home Characteristics
The presence of the PA antigen in floor dusts was
strongly associated with ant infestations in the home. The
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Fig.4. Level of PA antigens in the living room floor dusts from the
18 PA antigen-positive homes according to the presence of an ant
infestation in the home. The horizontal bars represent the median
level of the PA antigens in the living room floor dusts.

location of the home was also an important factor for the
presence of the PA antigen, with lower-level homes (first
to third story) having a higher detection rate of the ant
antigen than those homes at higher levels (over fourth
story; 43.8 vs. 16.7%; p < 0.05). However, the amount of
the PA antigens was not associated with the building
type, living duration, temperature or relative humidity of
the home.
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Discussion

PA has become a troublesome indoor insect [17]. PA
was found to have infested approximately 18% of the
homes in this study. However, this high prevalence of PA
infestation does not represent the general status of PA in-
festations in Seoul because the subjects’ homes were not
randomly selected. Nevertheless, such an infestation rate
was unexpectedly high. In addition, a significant level of
PA antigens was distributed in the indoor environment,
resulting in potential inhalant exposure.

In this study, the specificity and reproducibility of the
ELISA inhibition assay was confirmed by immunoblot-
ting inhibition and analysis of covariance of the standard
curves. There are no reports on the distribution of indoor
arthropods other than HDMs and cockroaches in Seoul.
A microscopic evaluation of dust samples and bait traps
was carried out in a field survey of 207 homes in Seoul in
1999. In that survey, we determined the distribution pat-
tern of indoor arthropods and insects in the Seoul met-
ropolitan area. HDMs were identified in 172 homes
(83.1%), cockroaches in 80 (38.6%), PAs in 39 (19.8%),
earwigs in 19 (9.2%), spiders in 14 (6.8%) and millipedes
in 2 (0.9%) [unpubl. data]. It was concluded that HDMs,
cockroaches and PAs were the main indoor arthropods
in Seoul with the other local species being relatively in-
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significant. Therefore, an ELISA inhibition test with oth-
er ants or local insect species was not performed because
of the relatively low importance and lack of commercial-
ly available high-quality extracts.

Although the indoor environment provides favorable
growth conditions for PAs all the year round, the ant pop-
ulation usually declines in winter because it requires con-
siderable warmth and humidity [17]. However, this study
found the level of PA antigens to be highest in winter.
Several studies have also reported a lag period between
the peak in population and the peak in allergen levels [18,
19]. Peak levels of PA antigens in winter might be repre-
sentative of this lag and may be due to the persistence of
ant allergens even after the number of ants has declined.

The most important factors for the detection of PA
antigens were the level of the home and whether the home
had a PA infestation. Although homes on the lower floors
had higher detection rates of PA antigens, those on the
higher levels also had detectable PA antigens. Indeed, a
PA infestation and the PA antigens were detected in a
home on the fifteenth floor in this study. Even if the de-
tection of PA antigens was significantly higher in homes
with visual evidence of a PA infestation, a significant
amount was measured in homes with no PA infestation.
It was considered possible that cross-reactivity with oth-
er ants or insect species occurred. However, this was
ruled out indirectly by the previously mentioned specific-
ity of this experiment. It is believed that these results
might be due to the sensitivity of the assay; an immuno-
logical method was more sensitive in assessing the level
of the PA antigens than the ant counts. It is well known
that insect allergens can be present in an environment
that has no physical signs of the insect. Chew et al. [20]
reported that the cockroach allergen was detected in 48%
of homes with no reported signs of cockroaches in the
previous 12 months. Moreover, Pollart et al. [21] reported
that 20% of homes not reporting signs of cockroaches had
significant levels of the Bla g 2 allergen. This suggests that
PAs should be considered a possible cause of disease in
PA-sensitized symptomatic patients with a respiratory al-
lergy, and the concentration of PA antigens should be
measured even in the absence of an obvious ant infesta-
tion.

Exposure to allergens is essential to the process of spe-
cific sensitization. Exposure to an amount of the allergen
greater than the threshold is required for sensitization.
The risk levels for sensitization and symptom develop-
ment are known for several inhalant allergens [1, 2, 20].
In this study, significantly higher detection of PA-sIgE
was noted in residentsliving in PA antigen-positive homes
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than in residents living in antigen-negative homes. We
previously reported that PA allergens might have no
cross-reactive allergenic determinants and could elicit
sIgE response because there were many patients with
monosensitization to PA, and the sIgE binding to PA was
completely inhibited by PA itself but not by other aller-
gens [14]. It was assumed that the PA-sIgE response in
this study might be a unique reaction to PA. However, it
is unclear if the detection pattern of PA-sIgE in this study
reflects a dose-response relationship between allergen
exposure and sensitization. Because PA-sIgE was not de-
termined in all residents in the homes examined, the
prevalence of PA-sIgE did not represent the general status
and might have been overestimated. Further studies will
be needed to clarify the sensitization and symptom prov-
ocation of exposure to PA allergens.

In conclusion, a considerable level of PA antigens
might be distributed in an indoor environment, and in-
halant exposure to PA antigens can occur as a result of
domestic activities. PAs might be an important source of
indoor aeroallergens. These species should be considered
asa cause of respiratory allergy in patients living in urban
areas even when there is no evidence of ant infestations
in the home.
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