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Abstract

Background: Laboratory animal allergy (LAA) has not been sufficiently investigated, although LAA is a relatively com-
mon work-related condition and important occupational hazard. 

Objective: This study aimed to evaluate the prevalence of LAA and analyze the diagnostic value of serum specific IgE 
(sIgE) using the skin prick test (SPT) as a comparative standard.

Methods: Korean laboratory animal researchers who attended an annual symposium were requested to answer ques-
tionnaires regarding demographic characteristics, laboratory animal exposure, and symptoms related to laboratory ani-
mal exposure. A total of 213 participants underwent a SPT with mouse and rat epithelial allergen extract. We measured 
sIgE against rodent urine, epithelium, and serum allergens from 63 participants. SPT outcome served as the compari-
son method.

Results: Among 223 participants, 213 had direct/indirect exposure to mice or rats, and 30% and 14% of them com-
plained of allergic symptoms after exposure to mouse and rat, respectively. Sensitization rates were 28% for mouse ep-
ithelium and 23% for rat epithelium. Compared to a positive SPT with wheal ≥ 3 mm, presence of sIgE against rodent 
allergens showed a higher positive predictive value of 87–91% at a cut-off level of 0.35 KUA/L. Agreement between SPT 
and sIgE test was determined to be fair to moderate.

Conclusion: Sensitization and allergy to mouse and rat were prevalent among laboratory personnel in Korea. When 
evaluating cases of potential LAA, the sIgE test can provide added diagnostic value if the skin test is positive. Careful 
interpretation of two tests is required to accurately diagnose LAA.
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Introduction
Laboratory animal allergy (LAA) is an occupational al-

lergic disease seen among people engaged in the care or use 
of laboratory animals. The prevalence of LAA varies based 
on the composition of the study population and the method 
used for diagnosis; nonetheless, it may affect up to 46% of 
exposed laboratory workers and result in considerable socio-
economic burden.1-6 LAA can affect almost any organ system 
with a wide range of symptoms, including rhinoconjunctivi-
tis, asthma, and skin symptoms, or a combination of these.3-6 
Rodents, in particular mice and rats, are widely used in sci-
entific and medical research studies and can cause sensitiza-
tion with subsequent allergic diseases.7,8 While prevalence 
rates for mouse allergies have ranged from 10–32%, rat aller-
gies have been similarly reported to be 12–31% of laborato-
ry personnel.1,9 In recent years, the number of rodents used 
for research has risen sharply in Korea and in the world, 
and consequently, LAA has received increasing attention.10,11
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Specific IgE measurement
We excluded 12 subjects with false positive SPT results re-

sponding to negative control of SPT and 15 subjects who did 
not consent to have their blood drawn. Specific IgE measure-
ment was performed in 63 subjects who had tested positive 
in SPT. A positive SPT was defined as any wheal larger than 
that of negative control. Serum sIgE against urinary, epithe-
lial, and serum allergens from mouse and rat were measured 
using the ImmunoCAP® kit (Thermofisher, Uppsala, Sweden) 
(Figure 1). 

Therefore, it is necessary to accurately determine the preva-
lence of LAA and assess whether (i) the diagnostic test helps 
patients prevent exposure to any allergic substance and (ii) 
provide appropriate treatment to improve their health status 
and quality of life. Thus, our study was designed to evaluate 
the prevalence of LAA among personnel handling laboratory 
animals in Korea and to assess the value of two modalities, 
skin prick test (SPT) and allergen-specific IgE (sIgE), for de-
termining mouse and rat allergies.

Material and Methods
Study subjects

This cross-sectional study was conducted during the 2018 
annual symposium of the Korean Association of Laboratory 
Animal Science (KALAS) held during 18-20th July 2018. Ini-
tially, 223 subjects were enrolled in this study, but we exclud-
ed 10 subjects as they did not report recent exposure to mice 
or rats. Thus, the remaining 213 subjects were invited to en-
roll in the study and relevant data from this group was used 
for analysis. Enrolled participants were administered a ques-
tionnaire and underwent a SPT and blood sampling for sIgE 
against mouse and rat allergens. Participants who had admin-
istered medications that could influence the SPT results such 
as antihistamines, systemic corticosteroids, and tricyclic anti-
depressants within a week were excluded before enrollment. 
The study protocol was approved by the institutional review 
board of our institution (IRB: GAIRB2018-094) and all indi-
viduals gave informed consent to participate. 

Questionnaires
Subjects were asked to answer a questionnaire that ob-

tained information on demographic characteristics, medical 
history, history of laboratory animal exposure, and allergic 
symptoms during exposure to laboratory animals. Exposure 
to mouse and rat was queried as handling and working with 
or near rodents (direct exposure) or as contact with a per-
son who had direct exposure (indirect exposure). Participants 
were regarded as having a LAA if they suffered from allergic 
symptoms during working hours or after direct/indirect con-
tact with laboratory animals. Allergic symptoms such as rhini-
tis and conjunctivitis were defined as follows: rhinitis, one or 
more of the following symptoms, namely, rhinorrhea, sneez-
ing, nasal congestion, postnasal drip, or itchy nose; conjunc-
tivitis, one or more of the following symptoms, such as red, 
swollen, or itchy eyes with or without tears.

Skin prick test
Subjects who had been exposed to mice and rats under-

went skin prick test (SPT) using rodent allergens such as 
mouse and rat allergen extract (Lofarma, Milano, Italy). SPT 
was administered to each subject, and the test used 1% his-
tamine solution and diluent as positive and negative controls, 
respectively. The SPT was scored as positive under three con-
ditions, namely, (i) Any wheal larger than that of negative 
control; (ii) allergen-induced mean wheal diameter (MWD) 
≥ 3 mm; (iii) ratio of mean wheal diameter between aller-
gen and histamine (A/H ratio) ≥ 1. The allergen sensitization 
rates were calculated using a positive SPT of a wheal 3 mm or 
greater.

Statistical analysis 
Continuous variables are expressed as medians (interquar-

tile ranges) due to non-normally distributed data. Categorical 
variables are expressed as absolute numbers and percentages. 
Continuous variables were compared using the Mann–Whit-
ney U-test. Categorical variables were analyzed using the Chi-
squared test. Two-by-two tables were used to calculate per-
cent positive predictive value (PPV), negative predictive value 
(NPV), sensitivity (SN), and specificity (SP). Cohen’s kappa 
and overall agreement were calculated to compare sIgE test 
results against those of SPT, which was used as the reference 
standard.12 Kappa values were interpreted as almost perfect 
(0.8–1.0), substantial (0.6–0.8), moderate (0.4–0.6), fair (0.2–
0.4), and poor (< 0.2).12 All statistical analyses were carried 
out using SPSS Version 19 (SPSS, Chicago, IL, USA). A p val-
ue less than 0.05, using a two-tailed analysis, was considered 
significant. 

Figure 1. Participant flowchart. 
SPT, Skin prick tests; sIgE, serum specific IgE. †False positive 
is a result that responds to negative control of SPT. 

Questionnaires distributed 
in participants who visited 

our survey booth in symposium of 
Korean Association of Laboratory 

Animal Science 2018 (n = 223)

Skin prick tests using mouse and rat 
epithelium (n = 213)

Serum IgE test in subject with positive 
SPT to mouse or rat allergen (n = 63)

Subjects without recent 
exposure to mice and rats 
(n = 10)

Result of SPT
Negative (n = 123)
False positive† (n = 12)

Withdrawal consent 
for blood sampling 
(n = 15)
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Results
Baseline characteristics of laboratory animal personnel in 
Korea

Demographic characteristics of the study subjects are list-
ed in Table 1. LAA during exposure to mouse were reported 
by 64 participants (30.0%) while 29 (13.7%) reported LAA to 
rat exposure. In the study subjects who were exposed to rats, 
LAA group was older (33 vs 28 years, p = 0.024) and had a 
longer duration (6.5 vs 3.0 years, p = 0.018) of occupation as 
compared to non-LAA group. Among the 64 subjects who 
developed a LAA to mice, the most common ever-diagnosed 
allergic disease was allergic rhinitis (54.7%), followed by aller-
gic conjunctivitis (25.0%), asthma (14.1%), atopic dermatitis 
(14.1%), chronic urticaria (12.5%), food allergy (4.7%), and 
drug allergy (4.7%). Allergic rhinitis, allergic conjunctivitis, 
and asthma were more prevalent in subjects who developed 
LAA during exposure to mouse compared to subjects without 
LAA (54.7% vs. 29.5%, p < 0.001; 25.0% vs. 12.1%, p < 0.024; 
14.1% vs 3.4%, p < 0.007; respectively). Among 29 subjects 
who showed LAA to rats, the most common ever-diagnosed 
condition was allergic rhinitis (62.1%), followed by chron-
ic urticaria (20.7%), allergic conjunctivitis (10.3%), asthma 
(10.3%), atopic dermatitis (10.3%), food allergy (6.9%), and 
drug allergy (6.9%). Allergic rhinitis and chronic urticaria 
were more prevalent in subjects who developed LAA during 
exposure to rat compared to subjects without LAA (62.1% vs. 
33.0%, p < 0.004; 20.7% vs. 4.9%, p < 0.008; respectively). 

Allergic symptoms during exposure to laboratory animals
As shown in Table 2, rhinitis (67.2%) was the most com-

mon symptom among the 64 subjects allergic to mouse, fol-
lowed by itchy skin (64.1%), cough (48.4%), conjunctivitis 

(40.6%), skin rash (28.1%), urticaria (23.4%), sputum (17.2%), 
chest discomfort (12.5%), wheezing (9.4%), dyspnea (7.8%), 
and angioedema (6.3%). Among the 29 subjects allergic to rat, 
the most frequent allergic symptom during exposure was itchy 
skin (69.0%), followed by rhinitis (58.6%), cough (37.9%), ur-
ticaria (31.0%), skin rash (24.1%), conjunctivitis symptom 
(17.2%), chest discomfort (17.2%), dyspnea (13.8%), wheezing 
(10.3%), sputum (6.9%), and angioedema (3.4%). 

Table 1. Demographic characteristics of the study subjects.

Subjects exposed to mouse
(n = 213)

P-value*

Subjects exposed to rat
(n = 211)

P-value*
LAA to mouse

(n = 64)
Non-LAA
(n = 149)

LAA to rat
(n = 29)

Non-LAA
(n = 182)

Age, years 29.5 [26.0-34.0] 28.0 [25.0-34.5] 0.443 33.0 [27.0-38.0] 28.0 [25.-33.3] 0.024

Female (%) 41 (64.1) 95 (63.8) 1.000 18 (62.1) 117 (64.3) 0.837

Duration of occupation, years 4.6 [1.6-9.0] 3.0 [1.3-8.3] 0.170 6.5 [3.0-9.8] 3.0 [1.1-8.0] 0.018

Ever diagnoses of allergic diseases 

Allergic rhinitis 35 (54.7) 44 (29.5) 0.001 18 (62.1) 60 (33.0) 0.004

Allergic conjunctivitis 16 (25.0) 18 (12.1) 0.024 3 (10.3) 31 (17.0) 0.586

Asthma 9 (14.1) 5 (3.4) 0.007 3 (10.3) 11 (6.0) 0.416

Atopic dermatitis 9 (14.1) 23 (15.4) 0.838 3 (10.3) 29 (15.9) 0.582

Chronic urticaria 8 (12.5) 7 (4.7) 0.075 6 (20.7) 9 (4.9) 0.008

Food allergy 3 (4.7) 9 (6.0) 1.000 2 (6.9) 10 (5.5) 0.672

Drug allergy 3 (4.7) 4 (2.7) 0.431 2 (6.9) 5 (2.7) 0.247

Family history of allergic diseases 25 (45.5) 50 (38.2) 0.414 10 (50.0) 64 (39.0) 0.469

Data are shown as median [interquartile range] or frequency (%). *P-value < 0.05 is shown as boldface in comparing variables between subjects with mouse aller-
gy and those without it or between subjects with rat allergy and those without it. 

Table 2. Allergic symptoms during exposure to mouse or 
rat.

Subjects allergic 
to mouse (n = 64)

Subjects allergic 
to rat (n = 29)

Rhinitis symptom* 43 (67.2) 17 (58.6)

Itchy skin 41 (64.1) 20 (69.0)

Cough 31 (48.4) 11 (37.9)

Conjunctivitis symptom† 26 (40.6) 5 (17.2)

Skin rash 18 (28.1) 7 (24.1)

Urticaria 15 (23.4) 9 (31.0)

Sputum 11 (17.2) 2 (6.9)

Chest discomfort 8 (12.5) 5 (17.2)

Wheezing 6 (9.4) 3 (10.3)

Dyspnea 5 (7.8) 4 (13.8)

Angioedema 4 (6.3) 1 (3.4)

Data are shown as frequency (%). *Rhinitis symptoms are defined as one 
or more of rhinorrhea, sneezing, nasal congestion, postnasal drip, and itchy 
nose, †Conjunctivitis symptoms are defined as one or more of red, swollen, 
and itchy eyes with or without tears.



Asian Pac J Allergy Immunol DOI 10.12932/AP-220321-1094

Results of SPT with mouse and rat epithelial allergen extract
Overall sensitization rates of mouse and rat epithelium 

were 28% and 23%, respectively. As shown in Table 3, among 
the 201 subjects who underwent SPT using commercially 
available mouse epithelium allergen extract, the LAA group 
showed higher MWD and A/H ratio compared to those of the 
non-LAA group (median [interquartile range, IQR]: 3.0 [0.0-
5.0] mm vs 0.0 [0.0-0.0] mm, p < 0.001; 0.5 [0.0-0.9] vs 0.0 
[0.0-0.0], p < 0.001, respectively). The proportion of subjects 
with a positive SPT result was also higher in the LAA group 
than in the non-LAA group (53.3% vs. 17.0% for MWD ≥ 3 
mm, p < 0.001; 25.0% vs. 6.4% for A/H ratio ≥ 1, p < 0.001; 
respectively). Among 199 subjects who underwent SPT us-
ing commercially available rat epithelium allergen extract, the 
LAA group also showed higher MWD and A/H ratio com-
pared to those of the non-LAA group (2.8 [0.0-5.0] mm vs 
0.0 [0.0-0.0] mm, p = 0.001; 0.4 [0.0-0.9] vs 0.0 [0.0-0.0], p < 
0.001, respectively). The proportion of subjects with a positive 

Table 3. Results of skin prick test with mouse and rat epithelial allergen extracts.

SPT with mouse allergen
(n = 201)

P-value*

SPT with rat allergen
(n = 199)

P-value*
LAA to mouse

(n = 60)
Non-LAA
(n = 141)

LAA to rat
(n = 28)

Non-LAA
(n = 171)

MWD, mm 3.0 [0.0-5.0] 0.0 [0.0-0.0] < 0.001 2.8 [0.0-5.0] 0.0 [0.0-0.0]  0.001

A/H ratio 0.5 [0.0-0.9] 0.0 [0.0-0.0] < 0.001 0.4 [0.0-0.9] 0.0 [0.0-0.0] < 0.001

Positive results

MWD ≥ 3mm 32 (53.3) 24 (17.0) < 0.001 14 (50.0) 31 (18.1) < 0.001

A/H ratio ≥ 1 15 (25.0) 9 (6.4) < 0.001 6 (21.4) 12 (7.0) 0.025

Data are shown as median [interquartile range] or frequency (%). *P-value < 0.05 is shown as boldface in comparing variables between subjects with mouse aller-
gy and those without it or between subjects with rat allergy and those without it.
MWD, mean wheal diameter provoked by allergen; A/H ratio, allergen/histamine ratio of mean wheal diameter

Table 4. Comparison of characteristics in sIgE compared to SPT for mouse and rat allergens*

PPV% NPV% SN% SP% Overall 
agreement (%)†

Kappa 
index

Mouse allergen 

Positive if sIgE for

Urine ≥ 0.35 kU/L 90.6 45.2 63.0 82.4 68.3 0.360

Epithelium ≥ 0.35 kU/L 85.1 62.5 87.0 58.8 79.4 0.466

Serum ≥ 0.35 kU/L 87.2 50.0 73.9 70.6 73.0 0.394

Rat allergen 

Positive if sIgE for

Urine ≥ 0.35 kU/L 81.0 66.7 82.9 63.6 76.2 0.471

Epithelium ≥ 0.35 kU/L 82.4 55.2 68.3 72.7 69.8 0.382

Serum ≥ 0.35 kU/L 81.8 53.3 65.9 72.7 68.3 0.356

*By blood sampling from 63 patients who came out positive for SPT, we measured sIgE for urine, epithelium, and serum of mouse and rat. We compared sIgE 
results with SPT as the clinical gold standard. †Agreement is a percentage of overall results (SPT ≥ 3 mm and sIgE ≥ 0.35 kU/L) where both tests have either both 
positive and negative results. SPT, skin prick test; sIgE, serum specific IgE, PPV, positive predictive value; NPV, negative predictive value; SN, sensitivity; SP, spec-
ificity

SPT result was also higher in the LAA group than in the non-
LAA group (50.0% vs. 18.1% for MWD ≥ 3 mm, p < 0.001; 
21.4% vs. 7.0% for A/H ratio ≥ 1, p = 0.025; respectively). 

Performance of sIgE for mouse and rat allergen compared to 
the SPT

We collected blood samples from 63 participants who had 
tested positive for SPT for mouse or rat allergens. We used 
cut-off levels of SPT wheal size ≥ 3 mm and sIgE ≥ 0.35 kU/L 
to compare test performance and evaluated the diagnostic 
performance of sIgE against rodent allergens from 3 different 
allergenic sources, such as urine, epithelium, and serum. SPT 
was considered the clinical standard (Table 4). When com-
pared to SPT, sIgE for the three different allergens showed ac-
ceptable PPV (87.2–90.6% for mouse allergen and 81.0-82.4% 
for rat allergen), but rather low NPV (45.2-62.5% for mouse 
allergen and 53.3-66.7% for rat allergen). The SN for mouse 
allergen ranged from 63.0% to 87.0%, and the SP ranged from 
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58.8% to 82.4%. The SN for rat allergen ranged from 65.9% 
to 82.9%, and the SP ranged from 63.6% to 72.7%. Over-
all agreement and kappa index between SPT and sIgE tests 
ranged from 68.3–79.4% and 0.360-0.466 for mouse allergen, 
and from 68.3–76.2% and 0.356–0.471 for rat allergen, respec-
tively. 

Discussion
Laboratory animal personnel can come in to contact with 

organic material from rodents in multiple ways. They had at-
tendant risks of allergic sensitization according to the nature 
and intensity of exposure with rodent allergens including dan-
der, saliva, urine, and serum.1,8 Such exposure to sensitizing 
agents in the workplace can lead to allergic diseases.13,14 De-
pending on the population studied and the diagnostic meth-
ods used, the prevalence of sensitization and allergy symp-
toms due to rodents has shown wide variation, but LAA has 
not been extensively studied in Korea.1,10 

In this study, up to one-third of the participants suffered 
from allergy symptoms upon exposure to mice (30.0%) or rats 
(13.7%), and rhinoconjunctivitis was the most common aller-
gic manifestation, followed by cough and dermatologic symp-
toms such as rash and urticaria. Further, questionnaire-based 
reporting of sensitization to rodents by qualitative and quan-
titative measures was higher in the symptomatic group 
(LAA) than in the non-symptomatic group. Similarly, several 
cross-sectional studies have also reported that 10–47% of ex-
posed personnel have laboratory animal allergies that often 
manifest as rhinoconjunctivitis, asthma, and skin reactions 
such as hives and rashes.3-6 

Prevalence of sensitization to mouse and rat allergens has 
been reported in 4–18% of laboratory personnel.5,15-20; howev-
er, we found much higher levels of sensitization in our cohort 
(28% for mouse epithelium and 23% for rat epithelium). Thus, 
these findings from cross-sectional surveys of laboratory per-
sonnel are concerning and warrant special attention on LAA 
in Korea. 

Structured questionnaires and diagnostic tests, such as 
allergen specific IgE measurements and lung function tests, 
have been used for screening and identification of LAA. Aller-
gen-specific IgE measurements can be determined using the 
SPT or the sIgE assay. SPT, commonly used for detecting the 
causative allergen, remains the gold standard for in vivo as-
sessment of allergen-specific IgE. In line with previous studies 
in laboratory workers and community populations, our results 
with SPT showed higher SP and NPV (data not shown).21,22 

Measurement of sIgE levels has been used as an alterna-
tive to SPT for identifying the causative allergen for multiple 
reasons, including those related to operator technique, under-
lying medical conditions, or adverse reactions.23 Compared to 
SPT, the PPV for sIgE against mouse and rat was higher than 
the NPV, even though SN and SP varied depending on the al-
lergen source used. Our analyses demonstrated that combined 
results of sIgE for rodent allergens were similar to those of 
sIgE for the individual components (data not shown). Taken 
together, our data indicate that the high PPV of rodent sIgE 
can be used to add diagnostic value (i.e., ruling in) in cases 
where the skin test for evaluating LAA is positive.

A comparison of the two methods has been reported pre-
viously.24,25 Good strength of agreement between SPT and 
sIgE has been observed for aeroallergens such as house dust 
mites, trees, grasses, weeds, and pets, including cat and dog.24 
Nevertheless, some studies have revealed a discrepancy be-
tween these two tests.25 Our study found that both SPT and 
sIgE provided fair-to-moderate agreement, depending on the 
source of rodent allergens. The discordance between the SPT 
and the sIgE assays can be explained by differences in the 
composition of the allergens used. Previous studies showed 
wide variations in compositions of SPT reagents and their 
IgE binding capacity. There were also differences in allergenic 
potency and concentration of the major allergens, leading to 
inconsistent results even when the same extract was used.26,27 
Therefore, the quality of allergen extracts used in SPT and 
sIgE is of main significance to ensure a diagnostic accuracy to 
allergic diseases.

There are several limitations to this study. First, we could 
not evaluate the clinical relevance of LAA using challenge 
tests. We enrolled participants who visited an annual sym-
posium and relied on self-reported questionnaire data to de-
scribe allergic conditions. Second, asymptomatic sensitization, 
a risk factor for subsequent allergy development, may have af-
fected our results. Lastly, the results of the two diagnostic tests 
might have been influenced by allergens from other sources 
or cross-reactivity between mouse and rat allergens. To over-
come these limits, component-resolved diagnostics may be 
needed to identify the patient’s reactivity to specific allergenic 
protein components. Additional studies are required to inves-
tigate whether allergen component analysis can add value to 
LAA diagnosis in routine clinical practice. 

Nevertheless, the strengths of this study are as follows. To 
the best of our knowledge, this is the first study of research-
ers from various research institutes in Korea, and the results 
of this study would be of value to healthcare providers and 
health authorities as it can help to identify the unmet need 
of prevention and countermeasures against LAA. Moreover, 
we evaluated the performance of sIgE against rodent aller-
gens from different allergen sources and compared the results 
to those from SPT, which is the current gold standard. Our 
findings suggest that the sIgE assay could be an adjunct tool 
in the accurate identification of LAA but that additional larg-
er-scale studies are needed to draw a definite conclusion.

In summary, our data indicate that LAA affects about one 
third of all personnel exposed to laboratory animals and that 
raising awareness and strategies to control LAA are warranted. 
sIgE tests can be used along with SPT to detect LAA among 
symptomatic personnel. Detailed interpretation of both SPT 
and sIgE measurement, despite the relative difference in per-
formance, can help adequate assessment of LAA. 
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