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ABSTRACT
Background: Historical data suggest 15% of laboratory animal workers develop IgE sensitisation and 10%
symptoms of laboratory animal allergy (LAA), including occupational asthma. Individually ventilated cages
(IVCs) are replacing conventional open cages; we sought to evaluate their impact on the development of
LAA.
Methods: We surveyed 750 laboratory animal workers and measured airborne Mus m 1 (mouse allergen)
levels in seven UK institutions. We compared the prevalence of sensitisation to mouse proteins (by specific
IgE assay or skin prick test) and of work-related allergic symptoms in IVC-only and open cage units.
Results: Full-shift Mus m 1 levels were lower in IVC than open cage units (geometric mean 1.00 (95% CI
0.73–1.36) versus 8.35 (95% CI 6.97–9.95) ng·m−3; p<0.001), but varied eight-fold across the IVC units
(geometric mean range 0.33–4.12 ng·m−3). Primary analyses on data from 216 participants with ⩽3 years
exposure to mice revealed a lower prevalence of sensitisation in those working in IVC units compared
with conventional cage units (2.4% (n=2) versus 9.8% (n=13); p=0.052). Sensitisation in IVC units varied
from 0% to 12.5%; the use of fitted respiratory protection was less common in IVC units where prevalence
of sensitisation was higher. Work-related allergy symptoms were more frequently reported by mouse-
sensitised individuals (46.7% versus 10.9%; p<0.001) and only by those working in open cage units.
Conclusion: In contemporary practice, LAA is now largely preventable with the use of IVC systems and
the judicious use of appropriate respiratory protection.
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Introduction
Laboratory animal allergy (LAA) is the manifestation of an IgE-associated sensitisation to animal proteins,
and is a common cause of occupational allergy and asthma. Evidence of an exposure–response relationship
between airborne rat urinary proteins and LAA has long been established, with increasing risks of IgE
sensitisation and LAA at higher levels of exposure [1–3]; the evidence for allergy to mouse proteins is less
clear [4, 5].

Previous studies of LAA, largely of employees in facilities using open cages to house rats, suggest ∼15% of
exposed workers developed specific IgE sensitisation and 10% clinically apparent disease [6]. Recent,
significant changes in animal research institute practices have rendered much of the published literature on
LAA potentially outdated. Importantly, conventional open cages are being replaced by expensive
individually ventilated cages (IVCs) to maintain gnotobiotic colonies in a microbiologically controlled
environment; IVCs are generally used in conjunction with other engineering control “systems” such as use
of a hood with local exhaust ventilation when handing mice and may also have the effect of reducing, in
some circumstances, levels of aeroallergen [5, 7, 8]. In addition, with the advance of genetic manipulation,
mice, rather than rats, are now the major animal model, e.g. in 2017 mice were used in 74% of the 3.79
million procedures carried out on animals in Great Britain [9]. The major mouse urinary protein, Mus m 1,
is well characterised, excreted mainly in urine [10] and rendered airborne by tasks that involve handling of
mice or their bedding material.

To date, there has been no published intervention study to evaluate the effectiveness of reducing levels of
aeroallergens in animal facilities on decreasing the frequency of sensitisation and allergic disease. We
exploited the introduction of IVCs to some, but not all, animal units to investigate whether aeroallergen
levels are lower in IVC facilities and whether any reduction in aeroallergen levels is associated with a lower
incidence of sensitisation to mouse proteins and LAA. As a secondary aim, we investigated if any
individual factors might confound the relationship between aeroallergen exposure and specific IgE
sensitisation.

Methods
Between July 2014 and March 2017 we surveyed employees of seven UK research institutions housing
mice (with or without rats). We identified potential participants through lists of registered animal users
and research group members. All employees with a minimum of 4 months of (current) occupational
exposure to mice were eligible. Ethical permission was granted by the Office for Research Ethics
Committees Northern Ireland (13/NI/0208).

The survey was conducted on-site. After taking informed consent we carried out skin prick tests to
extracts of common aeroallergens (cat, grass and Dermatophagoides pteronyssinus), mouse and rat
epithelia, and histamine (positive) and saline (negative) controls (Diagenics, Milton Keynes, UK and
Stallergenes, London UK). Blood samples were taken for assay of serum specific IgE to mouse urine and
epithelium (Thermo Fisher Scientific, Uppsala, Sweden). We invited participants to complete an online
questionnaire that included questions about current and previous exposure to laboratory animals, use of
personal protective equipment, symptoms and prior diagnoses of work-related allergy, and pertinent
previous health conditions.

We determined sensitisation by a positive specific IgE to mouse urine (e72) or mouse epithelium (e71)
(ImmunoCAP; Phadia, Uppsala, Sweden; ⩾0.35 kU·L−1), a positive saline-adjusted skin prick test (wheal
diameter ⩾2 mm) to mouse epithelium, or both [11, 12]. We defined atopy by a positive saline-adjusted
skin prick test to one or more common aeroallergens.

In addition, we measured background levels of, and personal exposure to, Mus m 1 in the different units;
the methods are reported in the supplementary material.

Statistical methods
Our primary aim was to compare the prevalence of sensitisation between those who had only ever worked
in IVC units with those with previous or current work in a conventional open cage unit. To minimise the
impact of survivor biases (the “healthy worker effect”) we restricted our primary analyses to workers with
⩽3 years of occupational exposure to mice [1, 13].

The distributions of aeroallergen measurements were log-normal and are summarised by their geometric
means and 95% confidence intervals. We present other continuous variables by their mean and standard
deviation or median and range, and categorical variables as percentages. For comparisons between groups
we used the Kruskal–Wallis test for nonparametric continuous data and the Chi-squared test for
proportions (or Fisher’s exact test where appropriate). All tests were two sided. We undertook logistic
regression to test the independent associations between sensitisation and work with IVC/open cages,
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smoking and atopy. Finally, we conducted an ecological analysis of the relationship between sensitisation
and unit. We used Stata version 14 (StataCorp, College Station, TX, USA) for all analyses.

Results
Aeroallergen levels are consistently lower in IVC units
Background Mus m 1 levels were significantly lower in IVC units than open cage units (n=189 samples;
geometric mean 0.04 (95% CI 0.02–0.10) versus 0.53 (95% CI 0.30–0.95) ng·m−3; p<0.001). Similarly, we
collected 241 full-shift, representative, personal exposure samples (median (range) sampling time of 365
(180–550) min), and found that Mus m 1 levels across shifts were significantly and consistently higher in
open cage and mixed IVC/open cage units than in IVC units (geometric mean 8.35 (95% CI 6.97–9.95)
versus 1.00 (95% CI 0.73–1.36) ng·m−3; p<0.001). However, there was an eight-fold difference in mean
personal aeroallergen exposures across the IVC units (geometric mean range 0.33–4.12 ng·m−3).

Prevalence of sensitisation to mouse proteins is lower in participants working in IVC units
We recruited 750 participants (response rate 85%) and complete information on 743 individuals. Of the
seven surveyed institutions, five housed mice only in IVCs (units A, C, D, E and G) and one (unit B) had
mixed housing where employees worked with mice predominantly in open cages but also a few IVCs; the
final institution (unit F) was categorised into two as employees either worked in open cage (FO) or IVC
(FI) units. Two-thirds (65.8%) of all participants were research scientists; overall, 10.4% (n=77) were
sensitised to mice (table 1).

We restricted further analyses to the 216 (29.1%) participants with ⩽3 years exposure to mice. This
population was younger and more frequently atopic (44.1%) than the total population (38.9%), and a
higher proportion of participants had only ever worked in IVC units (38.4% versus 28.1%) (table 1).
15 (6.9%) participants in this population were sensitised to mouse proteins; of these, 12 had had no
previous occupational or pet exposure to mice, suggesting that sensitisation had occurred in their current job.

TABLE 1 Characteristics of study participants: total population and restricted population
(⩽3 years work with mice)

Total population Restricted population

Subjects 743 216
Male 312 (42.0) 86 (39.8)
Age years 31.7 (17.8–67.2) 25.8 (17.8–61.3)
Current smoker 85 (11.4) 31 (14.4)
Atopic# 286 (38.9) 94 (44.1)
Sensitised to mice¶ 77 (10.4) 15 (6.9)
Sensitised to rats 32 (4.4) 7 (3.3)
Sensitised to rats and mice 29 (10.8) 6 (2.8)
No occupational exposure to mice prior to current post 345 (46.5) 187 (86.6)
Years exposed to mice 6.0 (0.5–42.0) 1.8 (0.5–3.0)
Job title
Technician 206 (27.7) 63 (29.2)
Scientist 489 (65.8) 148 (68.5)
Other+ 48 (6.5) 5 (2.3)

Unit
A 60 (8.1) 13 (6.0)
B 178 (24.0) 60 (27.8)
C 82 (11.0) 19 (8.8)
D 88 (11.8) 15 (6.9)
E 77 (10.4) 23 (10.7)
FO 161 (21.6) 64 (29.6)
FI 76 (10.2) 21 (9.7)
G 21 (2.8) 1 (0.5)

Cage type
IVC only ever 209 (28.1) 83 (38.4)
Open/mixed ever 534 (71.9) 133 (61.6)

Data are presented as n, n (%) or median (range). #: saline-adjusted wheal of ⩾2 mm to grass,
Dermatophagoides pteronyssinus or cat on skin prick testing; ¶: saline-adjusted wheal of ⩾2 mm to mouse
or positive serum specific IgE to mouse epithelium or mouse urine: +: included microbiologists, managers,
veterinarians and domestic assistants.
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83 participants had only worked in IVC units. Of these, two (2.4%) were sensitised, a proportion lower
than in those who had worked in open cage units (9.8%; p=0.052) (table 2).

Individual factors associated with sensitisation to mouse proteins
In participants sensitised to mice, the prevalence of atopy was significantly higher (80.0% versus 40.8%;
p=0.005) as was current smoking (46.7% versus 11.9%; p<0.001). Age, job title and history of pet rodent
ownership were not significantly associated with sensitisation, nor were having had a mask fit test or the
reported wearing of a face mask while carrying out tasks likely to be associated with high allergen
exposure (handling mice or their soiled bedding) (table 2). Both of the sensitised individuals who had only
ever worked in IVC units were scientists; of the 13 participants sensitised to mice and who had worked in
open cage units, eight (61.5%) were scientists, four (30.8%) were technicians and one (7.7%) was a unit
manager who had previously been an animal technician.

Logistic regression analysis showed that both the crude and adjusted odds of sensitisation were lower in
those who had only ever worked in IVC units, although the difference was not statistically significant
(adjusted OR 0.24 (95% CI 0.05–1.15); p=0.074) (table 3). The odds of sensitisation to mice were
significantly increased in current smokers (adjusted OR 6.43 (95% CI 1.96–21.10); p=0.002) and in those
who were atopic to common aeroallergens (adjusted OR 6.93 (95% CI 1.77–27.14); p=0.005).

Wearing of fitted respiratory protection associated with sensitisation at an ecological level
We noted that the prevalence of sensitisation to mouse proteins varied from 6.7% to 10.4% in the open
cage units (12 cases) and from 0% to 12.5% in the IVC units (three cases). Figure 1 presents an ecological
analysis across different units. Aeroallergen levels were consistently higher in the open cage units
compared with the IVC units; however, neither cage type nor allergen level fully explained the variation in
prevalence of sensitisation between the units. The prevalence of smoking (4.4–19.5%) and of atopy (33.3–
57.1%) varied between the units but, at an ecological level, there was no obvious pattern relating these
variables to mouse sensitisation (data not shown). However, there were higher reported rates of mask fit
tests and use of masks at the three units with zero or low rates of sensitisation.

Symptoms and identification of LAA
In the population with ⩽3 years exposure to mice, work-related allergy symptoms were reported more
often by those sensitised to mouse proteins than those who were not sensitised (46.7% versus 10.9%;
p<0.001); these differences were significant for work-related nasal and ocular symptoms (table 4). Seven

TABLE 2 Risk factors for sensitisation to mouse proteins in those with ⩽3 years work with
mice

Mouse sensitised¶ Not sensitised p-value

Subjects 15 (6.9) 201 (93.1)
Male 5 (33.3) 81 (40.3) 0.595
Age years 25.3 (21.8–42.9) 25.8 (17.8–61.3) 0.841
Current smoker 7 (46.7) 24 (11.9) <0.001
Atopic# 12 (80.0) 82 (40.8) 0.005
Job title 0.472
Technician 4 (26.7) 59 (29.4)
Scientist 10 (66.7) 138 (68.7)
Other 1 (6.7) 4 (2.0)

Cage type 0.052
IVC only ever 2 (13.3) 81 (40.3)
Open/mixed ever 13 (86.7) 120 (59.7)

Pet mice or rats ever 3 (20.0) 23 (11.4) 0.400
Rat sensitised+ 6 (40.0) 1 (0.5) <0.001
Mask fit test 6 (40.0) 87 (43.3) 0.800
Wearing of mask for tasks likely to be
associated with high allergen exposure

5 (33.3) 72 (36.4) 0.814

Data are presented as n (%) or median (range), unless otherwise stated. #: saline-adjusted wheal of
⩾2 mm to grass, Dermatophagoides pteronyssinus or cat on skin prick testing; ¶: saline-adjusted wheal
of ⩾2 mm to mouse or positive specific IgE to mouse epithelium or mouse urine; +: saline-adjusted wheal
of ⩾2 mm to rat epithelium on skin prick testing. p<0.05 considered significant.
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individuals were sensitised and reported work-related nasal or respiratory symptoms; all had worked in an
open or mixed cage unit.

Only a minority of participants with symptomatic sensitisation to mouse proteins had been formally
diagnosed with LAA as part of a health surveillance programme (two out of seven (28.6%) in the restricted
population and 17 out of 35 (48.6%) in the total population). There were three individuals in the restricted
population and seven in the total population who had previously been told they were allergic to mice by a
healthcare professional but on testing had no immunological evidence of sensitisation to mouse proteins.

Discussion
Our findings, from a large cross-sectional multicentre study of laboratory animal workers, suggest it is now
possible to run a modern mouse research unit with a very low risk of sensitising individuals, indicating
that LAA is largely, if not wholly, preventable. The prevalence of sensitisation to mice in our study was
lower than recently reported [5, 14], particularly so in the IVC units, with three of the seven such units
not having any recently employed workers who were sensitised. The low prevalence in sensitisation
reflects, as we have demonstrated, better aeroallergen control with lower ambient levels of Mus m 1 with
the use of IVCs. However, the considerable variation in sensitisation between different IVC units, despite
similar background aeroallergen levels, suggests this is not the sole explanation and we observed
differences in practice between the IVC units that may be relevant. In our ecological analysis we
demonstrated variation in the proportion of employees who reported having a mask fit test and wearing a
mask during tasks likely to be associated with high allergen exposure. Units where the prevalence of
sensitisation was very low or zero had higher proportions of staff who reported the regular use of fitted

TABLE 3 Unadjusted and adjusted logistic regression of the association between sensitisation
and individually ventilated cages (IVCs)/open cages in those with ⩽3 years work with mice

Unadjusted OR (95% CI) Adjusted OR (95%)# p-value

IVC only ever 0.23 (0.05–1.04) 0.24 (0.05–1.15) 0.074
Current smoking 6.45 (2.15–19.39) 6.43 (1.96–21.10) 0.002
Atopic¶ 5.66 (1.55–20.69) 6.93 (1.77–27.14) 0.005

#: adjusted for current smoking and atopy; ¶: saline-adjusted wheal of ⩾2 mm to grass, Dermatophagoides
pteronyssinus or cat on skin prick testing. p<0.05 considered significant.
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respiratory protection: this practice may be a surrogate for careful attention to UK guidance on respiratory
protection in animal units [15]. Importantly, work-related allergy symptoms in individuals sensitised to
mice were uniquely reported in those working in open or mixed cage units, suggesting that higher
aeroallergen levels may be required to provoke symptoms following sensitisation.

In keeping with other studies [1, 14] and with some other causes of occupational asthma [16] we found
atopy was strongly associated with sensitisation to mice. We also found a strong association between
current smoking and sensitisation; this relationship is less consistent in the literature. VENABLES et al. [12]
found a significant increase in risk of sensitisation to rats in smokers; a second study also showed that
sensitisation to rats was more common in smokers, but this association was lost in a multivariable analysis
[17]. However, most studies have found no association between smoking and sensitisation to, primarily,
rats but also other laboratory animal allergens [1, 18–20]. We suggest that once environmental exposures
have been tightly controlled, factors that determine individual susceptibility become more prominent. A
similar observation was made in precious metal refinery workers where the influence of human leukocyte
antigen phenotype was more pronounced at lower levels of platinum salt exposure [21].

Most reports of laboratory animal workers relate to work with rats and were published in the (rapidly
disappearing) era of open-caged housing. There are relatively few reports of sensitisation to mice in
laboratory workers; all relate to single centres using conventional cages, to smaller populations than in our
study and, with one exception, were published >20 years ago. An Australian study of 121 workers with a
median exposure history of 3 years (range 3 months to 41 years) found a prevalence of 17.4% based on a
skin prick test result of ⩾2 mm to mouse allergens [22]. A Dutch study reported a 2-year incidence of
16% in sensitisation (positive skin prick test result of ⩾3 mm to mouse proteins or positive specific IgE to
mice) in recently exposed laboratory animal workers [4]. In a study from Italy, two individuals from 75
workers who were followed for a mean±SD of 3.84±1.5 years developed sensitisation (positive skin prick
test of ⩾3 mm to mouse extracts), but it is unclear if all these workers were exposed to mice [23].
A longitudinal study of 179 employees in a mouse breeding unit in the USA reported a 2-year incidence
of 23% [5]. Possible explanations for this strikingly high incidence are the higher proportions of
ever-smokers and participants who were atopic compared with our study (45% and 51%, respectively) or
that breeding units differ from other research units, e.g. in procedures carried out and in stocking density
of mice. However, a recent study from Sweden of 70 animal workers (of whom 14% were smokers and
37% were atopic) reported a similar 2-year incidence of 19%; in that study, animals were housed in both
IVCs and open cages, but no data were reported on differences in sensitisation by cage use [14].

Generally, data relating to the number of exposed laboratory animal workers and the various controls in
place are not well recorded; globally the number is estimated to be several hundred thousand [24]. In the
UK around 12000 people work with mice at 160 different establishments, primarily academic and medical
research institutions [9, 25]. In the USA, there was a low response rate (19.2%) to an online survey of 1033
institutions identified by the National Institutes of Health Office of Laboratory Animal Welfare [26]. Of
the 198 institutions who did respond, the majority (84%) were academic or research organisations and
thus have similar populations to those we studied. The authors reported considerable variability in
workplace practices to reduce the risk of LAA, e.g. IVCs were used by 65% of institutions and fewer than
one-third had compulsory wearing of respiratory protection.

The risks of LAA are highest in the early years of employment [1, 13, 16] and an estimated 95% of
individuals who develop LAA do so in the first 3 years of exposure [13]. By restricting our main analyses
to those employed within this window we aimed to capture most incident cases and to mitigate the impact

TABLE 4 Work-related allergy symptoms and other allergic diseases by sensitisation to mouse
proteins in those with ⩽3 years work with mice

Mouse sensitised# Not sensitised p-value

Subjects 5 (6.9) 201 (93.1)
Work-related respiratory symptoms 2 (13.3) 4 (2.0) 0.058
Self-reported current asthma (last 12 months) 1 (6.7) 18 (9.0) 1.000
Work-related nasal symptoms 7 (46.7) 16 (8.0) <0.001
Self-reported current hay fever (last 12 months) 9 (60.0) 66 (32.8) 0.033
Work-related ocular symptoms 5 (33.3) 10 (5.0) <0.001
⩾1 work-related symptom (respiratory, nasal or ocular) 7 (46.7) 22 (10.9) <0.001

Data are presented as n (%), unless otherwise stated. #: saline-adjusted wheal of ⩾2 mm to mouse or
positive serum specific IgE to mouse epithelium or mouse urine. p<0.05 considered significant.
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of any “healthy worker effect” [1], a well-recognised limitation of cross-sectional occupational surveys.
Moreover, we were primarily interested in the risks of contemporary laboratory animal work. In the
restricted population, 38% had only ever worked with IVCs compared with 28% of the total population,
reflecting the increasing use of IVCs in research units. The higher prevalence of atopy in the restricted
population (44.1% versus 38.9%) may reflect a birth cohort effect or the differential movement of atopic
individuals away from animal work due to development of LAA in previous years.

Over half (53.3%) of those sensitised to mice reported no work-related nasal, ocular or respiratory
symptoms. Asymptomatic sensitisation is well recognised and may reflect a permanent state or a transition
phase from immunological sensitisation to symptoms. As discussed earlier, symptoms may only manifest
in environments where allergen levels are higher. Despite the confidential nature of our survey, individuals
may have been reluctant to admit or report symptoms. In the total study population there were 46
sensitised individuals with work-related symptoms who appeared not to have been told they were allergic
to mice, suggesting LAA is underdetected, leaving individuals without advice on how best to manage their
exposures (both in the short and longer term) and vulnerable to developing persistent asthma. Moreover,
seven individuals who were not sensitised to mice had been told they had LAA, suggesting an alternative
explanation for their symptoms.

A strength of our survey is that it was multicentred and included both “state-of-the-art” animal facilities
and less modernised units. Our findings reflect a wide range of practices and should be broadly
generalisable. We acknowledge that some employees who developed LAA very early in their career may
have left their workplace and that this could account for the low rates of sensitisation observed at some
units. We were unable to obtain comprehensive lists of those who had left employment during our
recruitment period, but review of referrals of suspected cases of LAA to our clinical service (standard
practice for all the surveyed institutions) for the 5 years prior to recruitment found only three cases of
confirmed LAA (all from open cage units) that had resulted in the individuals ceasing animal exposure.
This suggests the low sensitisation rate is unlikely to be due to a survival effect; indeed, if there was a
survival effect we had not captured, then the difference between the IVC and open cage groups would be
even greater. It may be that new employees have not had sufficient exposure to develop sensitisation,
leading to an underestimation of cases of LAA, but the proportion of participants with <1 and 1–2 years
of exposure to mice was similar between units (data not shown). Our high response rate helped to
minimise the risk of participator bias. Our study may have been carried out in units where management
proactively protect the health of their workers, resulting in an underestimate of the general prevalence of
sensitisation, although the wide disparities in mask fit testing suggest this was not universally true. The
prevalence of mouse sensitisation was lower than anticipated and the number of cases in our restricted
population was small, which limited our ability to test differences between units. Finally, this is a
cross-sectional study and thus it is not possible to attribute with any certainty causal relationships to
observed associations. Due to the high costs of IVCs, a randomised controlled trial of introduction of
IVCs into animal units is not practical, and the low prevalence of sensitisation means that a longitudinal
study of the incidence of LAA in open cage and IVC units would require a very large number of
participants to be adequately powered.

The use of animal works will, for the foreseeable future, remain a crucial part of research in respiratory
and other medicine [27]. LAA is a condition that historically afflicted up to 20% of a highly trained
workforce with important health and economic consequences for the affected individual, their employing
institutions and the wider scientific research community. Our findings indicate that LAA may be very
largely preventable in modern animal research units by using a multifaceted approach, although at lower
levels of aeroallergen exposure individual factors may remain relevant to its development.
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