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Introduction: The fishing- and the seafood processing industries are the largest

industrial sectors in Greenland. Despite this, only a few cases of occupational

diseases in this industry have been reported to the Danish Labor Market Insurance.

Occupational asthma and allergy are well-known occupational diseases in the seafood

processing industry worldwide and underreporting of occupational diseases in Greenland

is suspected.

Objective: The aim of the current study was to examine the associations between job

exposures and occupational asthma and rhino conjunctivitis in workers in the Greenlandic

seafood processing industry and to compare the prevalence of sensitization by type and

degree of exposure to snow crab, shrimp, fish, and the fish parasite, Anisakis simplex.

Methods: Data from 382 Greenlandic seafood processing workers were collected

during 2016–2018. Data included questionnaire answers, lung function measurements,

skin prick tests, and blood samples with ImmunoCAP. For all analyses, p < 0.05 was

considered the level of significance.

Results: 5.5% of the workers had occupational asthma and 4.6% had occupational

rhino conjunctivitis. A large proportion of the workers were sensitized to allergens specific

to the workplace; 18.1% to snow crab, 13.6% to shrimp, 1.4% to fish, and 32.6% to

the fish parasite, A. simplex.We found a dose-response relationship between the risk of

being sensitized to snow crab and A. simplex and years of exposure to the allergens in

the seafood processing industry.

https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/journals/allergy#editorial-board
https://www.frontiersin.org/journals/allergy#editorial-board
https://www.frontiersin.org/journals/allergy#editorial-board
https://www.frontiersin.org/journals/allergy#editorial-board
https://doi.org/10.3389/falgy.2021.747011
http://crossmark.crossref.org/dialog/?doi=10.3389/falgy.2021.747011&domain=pdf&date_stamp=2021-10-08
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org
https://www.frontiersin.org/journals/allergy#articles
https://creativecommons.org/licenses/by/4.0/
mailto:birgitte.l@rn.dk
https://doi.org/10.3389/falgy.2021.747011
https://www.frontiersin.org/articles/10.3389/falgy.2021.747011/full


Laustsen et al. Occupational Asthma in Greenland

Conclusion: This study showed that a considerable proportion of workers in

the Greenlandic seafood processing industry had occupational asthma and rhino

conjunctivitis. Additionally, the study showed high sensitization levels toward snow crab,

shrimp, and the fish parasite, A. simplex. This supports the hypothesis of a considerable

degree of underreporting of occupational allergic airway disease in the Greenlandic

seafood processing industry. Prospectively, it is important to inform workers, leaders, and

health care professionals of the health problems and the law on worker’s compensation,

and to initiate preventive actions at factory and trawler level.

Keywords: occupational exposure, asthma, allergy, seafood, snow crab, shrimp, Anisakis, Greenland

INTRODUCTION

The fishing- and the seafood processing industries are the
largest industrial sectors in Greenland. In 2018, these sectors
occupied approximately 16% of the Greenlandic workforce of
approximately 26.800 people (1). High sensitization rates toward
snow crab and shrimp have been found in Canadian studies
as well as a high prevalence of both occupational asthma and
occupational allergy (symptoms at work from the upper airways
in combination with sensitization to seafood) in the seafood
processing industry (2–4). Overall, the studies have shown an
occupational asthma prevalence of 2–36% and an occupational
allergy prevalence of 5–24% in the seafood processing industry
(5, 6). A dose–response relationship between the prevalence
of occupational asthma and the level of exposure to seafood
aeroallergens has been established, showing a higher prevalence
of asthma with higher exposure levels (5). It has been known for
decades that the mechanism for sensitization toward airborne
seafood allergens at work is IgE antibody mediated (2, 7).
Later studies have shown that especially high molecular weight
proteins are involved in the pathogenesis (8). In addition to
identified allergens from the seafood itself, e.g., parvalbumin
and tropomyosin, also allergens from parasites such as the
fish parasite, Anisakis simplex (A. simplex), can induce allergic
sensitization (9). The adult A. simplex larvae live in the digestive
system of marine mammals from which their eggs are expelled
to the sea by feces. The eggs evolve through several steps and are
infectious as third-stage larvae in the tissue of fish (10). When
fish are eaten by humans, we are at risk of becoming an accidental
host of the parasite larvae causing Anisakiasis, a gastro-intestinal
disease. A. simplex can also cause allergic reactions in humans
with symptoms such as urticaria. Infection with live larvae are
meant to be a prerequisite to sensitization but dead larvae can
also lead to allergic reactions such as asthma, rhino conjunctivitis
and dermatitis when inhaled or by direct contact (9, 11, 12).
Sensitization levels toward A. simplex in the seafood processing
industries are shown to vary from 1.8 to 50% (13, 14).

Knowledge regarding occupational asthma and allergy in
Greenland is limited since only one pilot study has addressed
this subject, reporting a 40% IgE sensitization to snow crab,
20% sensitization to shrimp and 10% sensitization to cod
(6). Sensitization levels toward A. simplex were 26%. Workers
suffering from probable occupational asthma constituted 11%,

while workers suffering from possible occupational asthma
constituted 20%. The study indicates that occupational asthma
and allergy might represent a serious problem in the Greenlandic
seafood processing industry. However, despite the size of
the Greenlandic seafood processing industry, only two cases
of occupational diseases concerning “agriculture, forestry and
fishing industry” were reported to the Danish Labor Market
Insurance in 2014 (15). The diagnoses reported correspond
poorly to what one would expect given the occupational structure
in Greenland with asthma and allergy representing <10% in
2014 (15). A considerable degree of underreporting is therefore
suspected. Alternatively, the population of Greenland, of which
most are of Inuit origin, could be suspected of being partly
genetically protected against developing respiratory diseases
(16, 17). This could partly explain why so few occupational
respiratory diseases are reported.

The aim of the current study was to examine the associations
between job exposures and occupational asthma and rhino
conjunctivitis in workers in the Greenlandic seafood processing
industry and to compare the prevalence of sensitization by type
and degree of exposure to snow crab, shrimp, fish, and the fish
parasite, A. simplex.

MATERIALS AND METHODS

Study Population
The study was conducted at the west coast of Greenland
from 2016 to 2018. A total of 382 workers participated. They
were employed at three large factories with 60–118 employees
located in the largest cities in Greenland, Nuuk, Sisimiut, and
Ilulissat, four smaller factories with 12–40 employees located
in four small settlements, and four factory trawlers with 11–34
employees. All employees were invited to participate, but the
number of eligible workers could not be precisely determined
because several were seasonal workers or were in the process
of being hired or leaving the jobs. All workers that accepted
the invitation were included even if they were seasonal workers.
From employment lists and talks with the leaders, we estimated
that approximately 85% of the invited employees participated in
the study. Of the employees present on the examination day,
99% participated. The study was approved by The Danish Data
Protection Agency, the Central Denmark Region, The Scientific
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Ethical Committee for Greenland (2015-11317) and the Human
Research Ethics Committee for James Cook University, Australia
(H8114). Written and oral, informed consent was obtained from
each participant.

Data Collection
Data were collected in 2016–2018 by a team of doctors
specialized in occupational medicine. At the workplace the
participants received a questionnaire and underwent clinical
examinations with spirometry, skin prick tests, and venous blood
samples. A modified version of the ECRHS II lung function
questionnaire1 was translated into Danish and Greenlandic. It
included questions regarding ethnicity, work exposures, health,
smoking, and diet. Clinical interviews were performed with the
aid of native medical students, who were fluent in Danish and
Greenlandic language, if the participants were unable to fill in the
questionnaires themselves.

Spirometry was performed using a spirometer (MIR
Spirobank II spirometer and Easy-One R© NDD Medical
Technologies, Zurich, Switzerland). Lung function was
registered as forced expiratory volume in the first second
of expiration (FEV1) and forced vital capacity (FVC) as best out
of at least 3 blows. A post bronchodilator test was performed
15min after inhalation of 0.2mg Salbutamol if FEV1/FVC
was reduced by 20% or more in proportion to expected. The
bronchodilator test was deemed positive if lung function
measured by FEV1 and/or FVC showed improvement >12%
and at least 200ml increase after inhalation of β2-agonist
(18). Additionally, 30 participants were asked to observe their
lung function for 2 weeks by peak-flow monitoring. Due to
lack of compliance, these measurements were not included
in the analyses. Using gender to represent biological sex,
predicted values, and z-scores for spirometric indices were
calculated using the Quanjer GLI-2012 regression equations for
Caucasians by means of the SPSS macro provided by the E.G.L.F.
Initiative2 (19).

Skin prick tests were performed using a standard prick test
panel (Soluprick, ALK-Abelló, Hørsholm, Denmark), including
birch, grass mix, mug wort, horse, dog, cat, house-dust mite,
andmold. Additionally, in-house generated seafood preparations
were used, including extracts from Snow-crab (Chionoecetes
opilio) (minced entire crab with entrails, shell, mouth, etc.,
raw meat, cooked meat, cooking water), Northern prawn
(Pandalus borealis) (raw meat, cooked meat, cooking water),
Greenland cod (Gadus ogac) (raw meat), and Greenland turbot
(Reinhardtius hippoglossoides) (raw meat). A wheal diameter
of ≥3mm with a positive reaction to histamine phosphate (1
mg/ml) and negative to saline was considered as a positive
test result.

Serum samples were analyzed at the Molecular Allergy
Research Laboratory, Australian Institute of Tropical Health and
Medicine, James Cook University, Australia. Sera were assayed

1ECRHS II Lung Function Protocol and Questionnaire. Available online at: https://

www.ecrhs.org/questionnaires-and-protocols (accessed September 7, 2021).
2SPSS Macro. Available online at: https://dev.ers-education.org/lr/show-details/?

idParent=138989 (accessed September 18, 2020).

for IgE-specific antibodies to cod (f3) and A. simplex (p4) by
ImmunoCAP (Thermo Fisher Scientific, Waltham, Mass, USA).
The test was considered positive if IgE antibody readout was
>0.10 kU/L.

Exposure
The snow crab process included manual slaughtering, cooking,
freezing, and packing. The shrimp process included landing,
maturation in big vessels, boiling, manual, and mechanical
removal of the shell and packing. The fish process including
landing, decapitation and degutting, fileting, freezing, and
packing. Crab and fish processing are seasonal activities and the
study was conducted during the processing season. Shrimp is
processed all year.

Current employment was comprised by the total number of
years the participants had been employed in the current facility.
Participants were exposed to snow crab in four different work
tasks including crab handling, cold store work, cleaning, and
laboratory work. They were exposed to shrimp in six different
work tasks including shrimp handling, cold store work, cleaning,
laboratory work, and other work in the production site and the
hold. Finally, the participants were exposed to fish in six different
work tasks including fish handling, cold store work, cleaning,
laboratory work, and other work in the production site and the
hold. Exposure to snow crab, shrimp, and fish was calculated
based on the number of years employed in the current facility
times the average time spent in each job function with exposure
to snow crab, shrimp, or fish. A. simplex antigen exposure
was suspected to be most common during fish processing and
calculated as number of years working with fish processing.

Former employment was assessed depending on the total
number of years exposed to fish, shrimp, and/or crab in the
participant’s former employments.

Classification of Occupational Asthma
Participants were classified with occupational asthma into four
categories according to Gautrin et al. (4):

I. Probable occupational asthma: Participants presenting at
least one symptom from the lower airways at work
(cough, shortness of breath, wheezing) with improvement of
symptoms outside work or a positive reversibility test and
sensitization to at least one work allergen toward snow crab,
shrimp, or fish.

II. Possible occupational asthma: Participants reporting at least
one symptom from the lower airways at work, improvement
of symptoms outside work but no sensitization toward
work allergens.

III. Unlikely occupational asthma: Participants reporting no
symptoms from the lower airways at work but sensitization
to at least one work allergen.

IV. Negative (no occupational asthma): Participants reporting
no symptoms from the lower airways at work and no
sensitization to work allergens.
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Classification of Occupational Rhino
Conjunctivitis
Participants were classified with occupational rhino
conjunctivitis into four categories according to Gautrin
et al. (4):

I. Probable occupational rhino conjunctivitis: Participants
reporting at least one symptom from the upper airways at
work (runny nose, sneezing, irritation in eyes, and/or throat)
and sensitization to at least one work allergen.

II. Possible occupational rhino conjunctivitis: Participant
reporting at least one symptom from the upper airways
at work and at least one symptom from the lower airways
at work (cough, shortness of breath, wheezing) but no
sensitization to any work allergen.

III. Unlikely occupational rhino conjunctivitis: Participants
reporting at least one symptom from the upper airways at
work but no symptoms from the lower airways at work and
no sensitization to any work allergen.

IV. Negative (no occupational rhino conjunctivitis): participants
reporting no symptoms from upper airways at work
regardless of sensitization to work allergens.

Statistical Analyses
Sex differences in health outcome and exposure were tested by
t-test if the dependent variables were continuous and normally
distributed. If the dependent variables were not normally
distributed, Mann-Whitney U-test was used. For categorical
variables, Pearson Chi2-test or Fisher’s exact test were used
depending on sample size. Associations between duration of
exposure to seafood and health outcome were tested with
logistic regression with test for trend using post-estimation.
Test for trend with stratification were performed using nptrend
test. Statistical analyses were performed with Stata version 15.1
(StataCorp LLC, College Station, Texas). For all analyses, p <

0.05 was considered the level of significance. IBM SPSS Statistics
version 25 was used for the predicted lung function values
calculations3.

RESULTS

Study Population
The study population was composed of 382 workers of which
276 were males and 106 females. Most workers (n = 352)
identified themselves as Inuit. The remaining 30 participants
were fromDenmark (n= 17) followed by workers from the Faroe
Islands, Philippines, Germany, Nigeria, and Iran. There was no
difference in age between males and females, with a mean age
of 39 years. The proportion of current smokers (n = 266) was
similar among males and females. The majority (n = 250) of
both males and females worked at large factories. More males
than females worked on trawlers (n = 69) (Table 1). A large
proportion of the participants were exposed to work allergens
both at their current and former workplace with 262 ever exposed
to shrimp followed by 242 to fish and 148 to snow crab (Table 2).

3IBM. Available online at: www.ibm.com (accessed September 18, 2020).

Only males were engaged in eight of 18 work tasks, primarily
loading, repairment, engine room work, and cold store work.
More males than females were engaged in service and landing of
fish, shrimps, and crabs. More females than males were engaged
in fish and shrimp handling and work at the laboratory, where
they were mostly involved in food safety procedures of material
sampled at the production sites. An equal proportion of males
and females were engaged in crab handling, cleaning, office work,
and packing.

Clinical Investigations
Participants with atopy based on skin prick test toward common
aeroallergens constituted 23.2% in total (Table 3). A higher
proportion was sensitized toward snow crab among atopics
(35.4%) than among non-atopics (12.9%) (p < 0.01). No
difference in the proportion sensitized toward shrimp, fish, or
Anisakis was found among atopics vs. non-atopics. Of all the
participants, 54 (14.3%) reported earlier symptoms of hay fever
(sneezing, runny/itching nose, runny/itching eyes during specific
seasons of the year) and 33 (8.7%) reported an earlier diagnosis
of asthma by a doctor. Only six participants reported to be
medically treated for asthma. Of these six participants, one was
classified with probable occupational asthma and three were
classified with negative occupational asthma. Possible workplace
sensitization included A. simplex (32.6%) followed by snow crab
(18.1%), shrimp (13.6%), and fish (1.4%) with no sex difference
(Table 3). Overall, lung function was alike among males and
females, though FVC was just significantly lower among females.
In general, the mean FEV1 and FVC assessed by z-score were
larger than zero (Table 3). Of all the participants, 6% had a
FEV1 z-score below −1.645, 17% had a FEV1 z-score above
1.645, 8% had a FVC z-score below −1.645 and 21% had a
FVC z-score above 1.645. Correcting FEV1 z-score and FVC
z-score with the ratio 0.54/0.52 due to genetical differences
among Caucasians and Inuit led to similar FEV1 z-score and
FVC z-score among Inuit and Caucasians. The mean FEV1 z-
score (corrected) were −0.2 (95% CI −3.4–4.6) and the mean
FVC z-score (corrected) were 0.1 (95% CI −2.9–4.2). This was
similar to the mean values for Caucasians; FEV1 z-score −0.1
(95% CI −3.7–1.7) and FVC z-score −0.1 (95% CI −1.9–
1.9). The association between corrected Inuit lung function and
Caucasian lung function were near statistically significant (p =

0.05). Male participants classified with probable occupational
asthma constituted 4.6% while female participants classified
with probable occupational asthma constituted 7.8%. Probable
or possible work-related asthma were found among 13.5% of
this population with no difference between males and females.
Although more females than males were classified with probable
occupational rhino conjunctivitis with 8.7% females compared to
3% males, the overall difference was not significantly different
(Table 4). Eight participants were classified with both probable
occupational asthma and rhino conjunctivitis (2.2%). The mean
age for having probable occupational allergy was 37.8 years, for
probable occupational asthma 38.6 years while the mean age for
those having both diagnoses were 50.5 years. The age difference
between the groups was not statistically significant. Participants
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TABLE 1 | Characteristics of the study population.

Variable Male (♂) Female (♀) Total P-value for male-female difference

N = 276 N = 106 N = 382

Age, mean [SD] years 39.6 [13.8] 38.1 [13.1] 39.2 [13.6] 0.34a

Age range, years 16.0–68.1 16.9–64.0 16.0–68.1 –

Smoking, % 0.98b

Yes 69.8 70.5 70.0

Never 10.2 10.5 10.3

Previous 20.0 19.1 19.7

Pack years among smokers and previous smokers, mean [SD] years 12.5 [14.3] 8.5 [7.4] 11.4 [12.9] 0.09c

Ethnicity, % Inuit/other 91.6/8.4 94.3/5.7 92.4/7.6 0.29b

Workplace, % <0.01b

Large factory 62.0 74.5 65.4

Trawler 24.3 1.9 18.1

Small factory 13.8 23.6 16.5

a Independent samples t-test.
bPearson Chi2-test.
cMann-Whitney U-test. Bold value indicates p< 0.05.

TABLE 2 | Exposure characteristics of the study population.

Variable Male (♂) Female (♀) Total P-value for male-female difference

Exposed to snow crabc, n (%) 0.01a

Currently 49 (18.3) 22 (21.6) 71 (19.2)

Previously 67 (25.0) 10 (9.8) 77 (20.8)

Never 152 (56.7) 70 (68.6) 222 (60.0)

Exposed to shrimpc, n (%) <0.01a

Currently 89 (33.1) 57 (55.9) 146 (39.4)

Previously 101 (37.6) 15 (14.7) 116 (31.3)

Never 79 (29.4) 30 (29.4) 109 (29.4)

Exposed to fishc, n (%) 0.09a

Currently 43 (16.0) 16 (15.7) 59 (15.0)

Previously 141 (52.6) 42 (41.2) 183 (49.5)

Never 84 (31.3) 44 (43.1) 128 (34.6)

Total exposure to snow-crab, mean [SD] years 1.4 [2.9] 1.0 [3.2] 1.3 [2.0] 0.33b

Total exposure to shrimp, mean [SD] years 4.6 [7.2] 4.6 [8.1] 4.6 [7.5] 0.97b

Total exposure to fish, mean [SD] years 3.5 [6.1] 2.4 [5.3] 3.2 [5.9] 0.09b

aPearson Chi2-test.
b Independent samples t-test.
cOf participants exposed to snow crab, 12 were missing, to shrimp, 11 were missing, and to fish, 12 were missing. Missings were due to lacking information in the questionnaire
regarding work tasks or years of employment. Bold value indicates p< 0.05.

with work related skin irritation constituted 8.4% with more
women (15.2%) than men (5.8%) complaining of skin irritation.

Exposure, Sensitization, and Disease
The relative risk (RR) of being sensitized to snow crab if the
participants had been exposed to snow crab at work as opposed to
those sensitized but not exposed at work was RR= 2.27 (Table 5).
For shrimp, fish and A. simplex, we did not find a statistically
significantly higher risk of being sensitized if exposed to the
allergen at work as opposed to those sensitized, but not exposed at
work. In total, 108 complained of symptoms from upper or lower

airways at work. Of these, 38 were not exposed to snow crab,
shrimp, or fish at their present workplace, although seven were
sensitized to at least one seafood allergen (snow crab, shrimp, or
fish). Their work tasks included administration, packing, landing,
cooking in the kitchen and different service tasks in other parts of
the factories than the production unit (data not shown). Of the 38
participants, nine were atopic.

More participants were categorized with probable
occupational asthmawhen currently exposed to snow crab (7.9%)
than those currently exposed to shrimp (6.9%). Though, we
could not reject that the proportion with probable occupational
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TABLE 3 | Sensitization to allergens and lung function measurements.

Variable Male (♂) Female (♀) Total P-value for male-female difference

Atopicd, n (%) 54 (21.0) 28 (29.2) 82 (23.2) 0.11a

Sensitized to Snow crabe, n (%) 46 (17.9) 18 (18.8) 64 (18.1) 0.85a

Sensitized to shrimpf, n (%) 36 (14.0) 12 (12.5) 48 (13.6) 0.71a

Sensitized to fishg, n (%) 4 (1.9) 1 (1.0) 5 (1.4) 1.00b

Sensitized to Anisakish, n (%) 82 (34.5) 27 (28.1) 109 (32.6) 0.26a

FEV1 z score, mean (95% CI) 0.5 (0.4 to 0.7) 0.5 (0.2 to 0.7) 0.5 (0.4 to 0.6) 0.74c

FVC z score, mean (95% CI) 0.8 (0.7 to 1) 0.6 (0.3 to 0.8) 0.8 (0.6 to 0.9) 0.05c

FEV1/FVC z score, mean (95% CI) −0.5 (−0.6 to −0.3) −0.2 (−0.4 to −0.1) −0.4 (−0.5 to −0.3) 0.08c

aPearson Chi2-test.
bFisher’s exact test.
c Independent samples t-test.
dYes, if positive reaction by skin prick test toward a minimum of one common aeroallergen.
eYes, if positive reaction by skin prick test toward raw snow crab, cooked snow crab and in some participants cooking water from snow crab.
fYes, if positive reaction by skin prick test toward raw or cooked Northern Prawn and in some participants cooking water from Northern Prawn.
gYes, if positive reaction by skin prick test toward raw cod or turbot (one participant) or RAST test toward cod (four participants).
hYes if positive RAST test toward Anisakis simplex. Bold value indicates p< 0.05.

TABLE 4 | Prevalence of occupational asthma and occupational rhino conjunctivitis.

Variable Male (♂) Female (♀) Total P-value for male-female difference

Occupational asthmab, n (%) 0.66a

Probable 12 (4.6) 8 (7.8) 20 (5.5)

Possible 21 (8.0) 8 (7.8) 29 (8.0)

Unlikely 46 (17.6) 16 (15.7) 62 (17.1)

Negative 182 (69.7) 70 (68.6) 252 (69.4)

Occupational rhino conjunctivitisc, n (%) 0.10a

Probable 8 (3.0) 9 (8.7) 17 (4.6)

Possible 17 (6.4) 6 (5.8) 23 (6.2)

Unlikely 32 (12.0) 15 (14.6) 47 (12.7)

Negative 210 (78.7) 73 (70.9) 283 (76.5)

aPearson Chi2-test.
bNineteen missing, of which three are due to lacking information in the questionnaire regarding symptoms from the lower airways at work and sixteen are due to inconclusive results
from skin prick tests and/or RAST tests.
cTwelve missing, of which nine are due to lacking information in the questionnaire regarding symptoms from upper airways at work and three are due to inconclusive results from skin
prick tests and/or RAST tests.

TABLE 5 | The risk of being sensitized to a specific allergen at work if ever exposed to the allergen at work opposed to participants never exposed to the specific allergen

at work.

Sensitized to allergen at work Worked with allergen sourceg RR (95% CI) P

Yes No

Snow crabc (yes/no) 36/133 = 0.27 25/210 = 0.12 2.27 (1.43–3.61) <0.01a

Shrimpd (yes/no) 36/247 = 0.15 11/102 = 0.11 1.35 (0.72–2.55) 0.35a

Fishe (yes/no) 5/230 = 0.03 0/125 = 0.0 – 0.17b

Anisakisf (yes/no) 75/211 = 0.36 30/112 = 0.27 1.33 (0.93–1.89) 0.11a

aPearson Chi2 test.
bFisher’s exact test.
cYes, if positive reaction by skin prick test toward raw snow crab, cooked snow crab and in some participants cooking water from snow crab.
dYes, if positive reaction by skin prick test toward raw or cooked Northern Prawn and in some participants cooking water from Northern Prawn.
eYes, if positive reaction by skin prick test toward raw cod or turbot (one participant) or RAST test toward cod (four participants).
fYes, if positive RAST test toward Anisakis simplex.
gYes, if ever worked with snow crab, shrimp, or fish. For Anisakis simplex, yes, if ever worked with fish. Bold value indicates p< 0.05.
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asthma were alike in the two exposure groups. More participants
were categorized with probable occupational rhino conjunctivitis
when currently exposed to shrimp (7.8%) than those currently
exposed to snow crab (4.3%). Though, we could not reject that
the proportion with probable occupational rhino conjunctivitis
were alike in the two exposure groups.

A potential dose-response relation was analyzed in four
exposure groups. The logistic regression analysis was adjusted to
atopy, age, smoking, and sex. Increasing duration of exposure
to snow crab, compared with 0–<0.1 year of exposure, was
associated with increasing odds ratio (OR) of participants being
sensitized to snow crab: for 0.1–<1 year, OR = 3.06 (95%
CI: 1.25–7.51); for 1–<5 years, OR = 2.33 (95% CI: 1.01–
5.37); for ≥5 years, OR = 4.61 (95% CI: 1.82–11.67). The p
for trend was 0.01 (Figure 1A). Increasing duration of exposure
to shrimp, compared with 0–<0.1 year of exposure, was not
associated with increasing odds of participants being sensitized
to shrimp, and the p for trend was 0.24 (Figure 1B). Increasing
duration of exposure to fish could not be assessed because of
too few sensitized individuals. Increasing duration of exposure
to A. simplex, compared with 0–<0.1 year of exposure, was
associated with increasing odds of participants being sensitized
to A. simplex: for 0.1–<1 year, OR= 1.35 (95% CI: 0.56-3.25); for
1–<5 years, OR = 1.37 (95% CI: 0.68–2.75); for ≥5 years, OR =

2.67 (95% CI: 1.33–5.35). The p for trend was 0.01 (Figure 1C).
Furthermore, the trend analysis was stratified to atopy and age
in two groups: young (<40 years) and older (>40 years). For
snow-crab, the stratification showed that the trend test was
only significant among non-atopic and the younger participants.
For shrimp, the stratification showed a significant trend among
atopic and the older participants. ForA. simplex, the stratification
showed that the trend test was only significant among non-atopic
and the older participants.

DISCUSSION

A considerable proportion of workers in the Greenlandic
seafood processing industry had occupational asthma and
rhino conjunctivitis and numerous workers were sensitized to
occupational allergens.

Asthma
We found a prevalence of 5.5% for probable occupational asthma.
This is higher than the prevalence of asthma among Inuit living
in Nuuk (3.6%) (20). Furthermore, the occupational asthma
prevalence in the present study is within the range of findings
in other studies. Previous studies have found an occupational
asthma prevalence ranging from 4 to 36% regarding shellfish
and 2 to 8% regarding fish (5, 6, 21). The prevalence range
of occupational asthma are widely different in previous studies.
This might be due to varying definitions of occupational asthma
and the size and the design of previous studies. Many studies
include few participants and most of them are cross-sectional
(2, 22–27) which may lead to biased results. Furthermore, the
type of allergen as well as the type of work process also plays
a role (5). As stated earlier by Jeebhay et al., atopy increases
the risk of developing occupational asthma (28). In the present

study, 23% were atopic representing a risk factor for occupational
asthma in the future, which is supported by our finding of a
higher proportion sensitized toward snow crab among atopics vs.
non-atopics. Of the participants, 90% were smokers or former
smokers. Smoking has been mentioned as a risk factor for
developing occupational asthma among crab processing workers
(28), but a new, large Danish study have indicated that smoking
is a protective factor in having asthma (29). In the present
study, the number of never smokers was so small that it did not
make sense to examine possible differences in the risk of asthma
between smokers and never smokers. Finally, we investigated if
there was a difference in occupational asthma prevalence among
those exposed to snow crab to those exposed to shrimp at
their present workplace. We did not find a significant difference
between these two groups. More participants were sensitized
to snow crab than to shrimp allergens despite higher exposure
levels in the shrimp production compared to the snow crab
production, both regarding particles, endotoxin, and protein
levels (Birgitte Hamann Laustsen et al., Work environment,
occupational diseases, and accidents among seafood industry
workers in Greenland, submitted). Based on this contradiction,
one could suspect snow crab allergens to be more potent in
inducing sensitization, asthma, and allergy than shrimp allergens.
Though, the most likely explanation for this contradiction may
be that snow crab workers were more exposed to allergens due
to their working conditions than shrimp workers. In the present
study, 108 participants complained of symptoms from the upper
or lower airways at work. Of these, 38 participants were not
exposed to snow crab, shrimp, or fish at their present workplace
but seven were sensitized to snow crab, shrimp, and/or fish.
These seven participants may have been exposed and sensitized
at earlier workplaces or in their leisure time. We know from
previous studies that kitchen cooks and caterers are also at risk
of being sensitized when handling crustaceans and fish (30, 31).
However, only two participants worked as kitchen cooks and
only one of them complained of symptoms. Nine of the 38
participants were atopic, which may also explain their symptoms.
In addition, former studies have shown that not only seafood
allergens cause allergic/inflammatory reactions. Also other work-
related exposures, such as endotoxins, bacteria, viruses, parasites,
marine or bacterial toxins, gases, protochordates, algae, chemical
additives, spices, and hidden ingredients in canned or processed
fish products can cause symptoms from upper and lower airways
at work (28, 32), which might explain these symptoms among
those not exposed to the specific allergens we studied.

Rhino Conjunctivitis
We found a prevalence of 4.6% for probable occupational rhino
conjunctivitis. Previous studies have found an occupational
rhinitis prevalence of 5–24% (5). Often, occupational rhino
conjunctivitis and occupational asthma has been found in the
same individuals. In fact, occupational rhino conjunctivitis tends
to present before occupational asthma in the same individuals
(5, 33). Therefore, occupational rhino conjunctivitis may be an
indicator of underlying allergic disease posing a higher risk of
also developing occupational asthma (28). In other words, in
addition to the 5.5% categorized with probable occupational
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FIGURE 1 | Logistic regression* with trend test exploring a dose-response relationship between sensitization to snow-crab (A), shrimp (B), and A. simplex (C) and the

total time exposed to snow-crab, shrimp, and fish when working in the seafood processing industry in four exposure groups (0–<0.1 year, 0.1–<1 year, 1–<5 years,

≥5 years). The dashed line shows OR = 1.

asthma, the 2.5% participants categorized with only probable
occupational rhino conjunctivitis are also at risk of developing
occupational asthma. In the present study we found eight
participants with both probable occupational asthma and rhino
conjunctivitis equalling 40% of all categorized with probable
occupational asthma and 47% of those with occupational
rhino conjunctivitis. We found no significant difference in the
prevalence of occupational rhino conjunctivitis among those
exposed to snow crab and those exposed to shrimp at their
present workplace.

Sensitization to Snow Crab, Shrimp, and
Fish
It has been known for decades that the mechanism for
sensitization toward airborne seafood allergens at work is mostly
IgE mediated (2, 7). Later studies have shown that especially
high molecular weight proteins are involved in the pathogenesis
(8). In the present study, we found high sensitization levels
to specific seafood derived allergens. The highest frequency
of IgE sensitization were identified toward snow crab (18.1%)
followed by shrimp (13.6%) and fish (1.4%). Studies in the

seafood processing industry in other parts of the world have
observed similar results with sensitization levels ranging from
13.6 to 25% to snow crab (4, 34–36), 12.5 to 24% to shrimp
(3, 22–24), and 1.6 to 8.2% to fish (3, 22, 37). In general, IgE
sensitization to shellfish-allergens are more prevalent than fish-
allergens, which is also found in the present study (6, 32, 38).
Possibly the cooking and vapor exposure of the shellfish in
contrast to the handling of raw fish also contributes to the
higher risk of sensitization when processing shellfish (5). Our
exposure measurements showed the highest exposure levels
in the shrimp production (Birgitte Hamann Laustsen et al.,
Work environment, occupational diseases, and accidents among
seafood industry workers in Greenland, submitted). Thus, the
observation of the highest sensitization levels toward snow crab
is surprising. These findings seem to indicate that snow crab
allergens are more allergenic than shrimp allergens through
inhalational exposure and sensitization. Furthermore, based on
our understanding that allergen-specific IgE sensitization leads
to a higher risk of developing allergy, which further leads to
a higher risk of developing asthma, it seems that snow crab
allergens may be more likely to cause allergy and asthma than

Frontiers in Allergy | www.frontiersin.org 8 October 2021 | Volume 2 | Article 747011

https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org
https://www.frontiersin.org/journals/allergy#articles


Laustsen et al. Occupational Asthma in Greenland

shrimp allergens (5, 28, 33). In the present study, we found
a dose-response effect between exposure to snow crab at the
current workplace and the risk of being sensitized to snow
crab. We did not find a dose-response effect for shrimp and
it was not possible to examine the association for fish due to
too few fish-sensitized participants. The lack of a dose-response
effect for shrimp might be because participants are frequently
exposed to shrimp allergens in their leisure time as shrimp
are commonly consumed in Greenland in contrast to snow
crab. We do not, however, have data on the non-occupational
exposure of the participants to seafood, e.g., by consumption of
seafood, and cannot distinguish between sensitization acquired
at or outside work. Furthermore, there might be a healthy
worker effect with workers leaving their jobs soon after debut
of symptoms. For shrimp, the stratification on age showed that
the trend test was significant for those above 40 years. This is
most likely because the older participants ingest more traditional
food including shrimp. A dose–response relationship between
the dose of seafood and the risk of developing sensitization or
occupational asthma have been found in earlier studies (5, 28, 39).
Furthermore, Hudson et al. found that the prognosis for recovery
from seafood mediated airway disease worsened, the longer the
exposure to seafood extended over time (40). Malo et al. found
that after 2 years of termination of seafood exposure, remission
of occupational asthma reached a plateau (41). We found a RR of
2.3 of being sensitized to snow crab if the participants had ever
worked with snow crab as opposed to participants never exposed
to snow crab at work. We did not find a significantly higher risk
of being sensitized to shrimp or fish if ever working with shrimp
or fish. Again, this might be explained by differences in leisure
time activities and food ingestion.

Sensitization to Anisakis simplex
A sensitization prevalence towards A. simplex of 32.6% in the
present study is consistent with findings in other studies varying
from 1.8 to 50% (13, 14). Our findings do not allow us to
distinguish between A. simplex sensitization due to ingestion
of seafood or due to occupational exposure. An important
difference between our study and former studies is the cut off
value of 0.1 kU/L while in former studies a value 0.35 kU/L
was used. The lower cut-off was used because ImmunoCAP has
improved the sensitivity of their quantification in recent years
(42, 43). All values between 0.1 and 0.35 kU/L are considered
true positives. However, if applying the higher cut off value, the
number of sensitized workers declined only marginally to 26%,
while only 0.5%were sensitized to fish. To the authors knowledge,
this is the first study to show a significant dose–response
relationship between exposure-time to fish at the workplace
and the risk of sensitization to A. simplex. For A. simplex, the
stratification on age showed that the trend test was significant
for those above 40 years. This is most likely because the older
participants ingest more traditional food including fish. Indeed,
A. simplex is known to show extremely high sensitization levels
in the general population (13). We did not find a significantly
higher risk of being sensitized to A. simplex if ever working with
fish supporting the theory that A. simplex sensitization is partly
due to consuming fish rather than being exposed to A. simplex

at work. Moreover, a recent study showed that the highest
risk associated with A. simplex-sensitization among workers was
fishing in their leisure time, rather than any of attributes related
to the occupational exposure (14).

Lung Function
Since no Inuit reference material exists for lung function
measurements, we were constrained to use the Caucasian
reference material as suggested by Fenton et al. (44). Lung
function measurements assessed by FEV1 and FVC were higher
than expected with both FEV1 z-score and FVC z-score above
zero. The z-scores for FEV1 and FVC showed some low values
with a shift to the top range as well. Inuit lung function has
previously been demonstrated to be higher than Caucasian
lung function (17). Hence, the reason for higher lung function
among the participants may be genetical. We tried to do a
standing/sitting height correction of all participants with Inuit
ethnicity with the ratio 0.54/0.52 due to former studies showing
that Inuit have shorter legs than Caucasians (45, 46). This
led to similar FEV1 z-score and FVC z-score among Inuit
and Caucasians. However, the higher lung function in the
present study may also partly be explained by a healthy worker
effect in which the workers with the lowest lung function
quit their jobs in the seafood processing industry shortly after
employment began.

Skin Symptoms
In the present study, we found more females than males
complaining of symptoms from the skin. This may be due to
different work tasks among males and females. Males were more
likely to be engaged in service, handling and packing tasks while
females were more likely to be engaged in fish and shrimp
handling and lab work. Hence, females may be more exposed
to wet work and gloves which irritates the skin. The difference
between males and females may also be explained by a difference
in gender’s attitude toward health problems (47).

Strengths
Considerable strengths of the present study are the size of the
study and the high participation rate, although the number
of eligible workers could not be precisely determined. Of the
invited workers, 84.5% participated. Of the workers present at
the factories on the examination days, nearly 100% participated.
A great effort was done in order to overcome language barriers.
The questionnaire was in both Danish and Greenlandic. If the
participants had problems understanding the questions, Danish-
Greenlandic medical students conducted interviews.

Weaknesses
The gold standard for diagnosing occupational asthma in
epidemiological studies is a questionnaire and allergy test (skin
prick test or RAST) followed by specific bronchial provocation
(48) with serial peak flow measurements at and away from work
being almost as valuable in many cases. Unfortunately, in the
present study it was not possible to perform specific bronchial
provocations or serial peak flowmeasurements due to constraints
on time and compliance problems. Therefore, the diagnosis of
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occupational asthma relied on answers regarding symptoms from
the lower airways at work in the questionnaire, lung function
measurements, reversibility testing, and allergy tests toward work
allergens. Hence, the diagnosis of occupational asthma possesses
some uncertainty in the present study, and we may not have
diagnosed everyone with occupational asthma. On the contrary,
we may have diagnosed some with asthma who instead suffered
from chronic obstructive pulmonary disease (COPD). In general,
the risk estimates are probably conservative because there is
a high risk of misclassification in our exposure data, possibly
decreasing the likelihood of detecting associations. In assessing
occupational exposure, we did not have access to complete
job histories from employers and we relied on the participants
subjective memories of past and present jobs including time
frame and tasks. Although non-differential misclassificationmost
often occurs in association with subjective exposure assessment,
differential misclassification cannot completely be ruled out
due to a possible common knowledge in the communities of
an association between the present exposure and disease thus
intending to overestimate the risk. Since it was not possible to
establish contact with the last 15% of the employees, a potential
risk of selection bias may exist. However, due to the size of
the study, the modest loss of 15% and the general homogeneity
of the employees in this specific sector in Greenland, we
expect bias to a limited extent. Due to the possibility of
misclassification discussed above, the data should be considered
with care. Further studies should include a prospective follow-
up design in order to identify causal relations, to evaluate how
symptoms evolve among the workers, and to identify potential
preventive measures.

CONCLUSION

This the first study regarding occupational asthma and rhino
conjunctivitis in the Greenlandic seafood processing industry.
The study showed that a considerable proportion of workers in
the Greenlandic seafood processing industry had occupational
asthma and rhino conjunctivitis. This supports the hypothesis
of a considerable degree of underreporting of occupational
allergic airway disease in the Greenlandic seafood processing
industry. This may be caused by a lack of knowledge of
the reporting system both among employees, employers, and
health professionals. Furthermore, we found high sensitization
levels toward snow crab, shrimp, and the fish parasite, A.
simplex. Finally, we found a dose–response relationship between
the risk of being sensitized to snow crab and A. simplex
according to work length, though A. simplex sensitization may
partly be caused by ingestion of fish and crustaceans. A large
proportion of the participants were atopic and thereby possess
a considerable risk of developing allergic airway disease in the
future if an ongoing exposure to seafood allergens is maintained.
Prospectively, it is important to inform workers, leaders, and
health care professionals of the health problems and the law on
worker’s compensation.
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Lopata AL, et al. Food processing and occupational respiratory allergy - an

EAACI position paper. Allergy Eur J Allergy Clin Immunol. (2019) 74:1852–

71. doi: 10.1111/all.13807

7. Malo JL, Chrétien P, McCants M, Lehrer S. Detection of snow-crab antigens

by air sampling of a snow-crab production plant. Clin Exp Allergy. (1997)

27:75–8. doi: 10.1111/j.1365-2222.1997.tb00675.x

8. Jeebhay MF, Robins TG, Lehrer SB, Lopata AL. Occupational seafood allergy:

a review. Occup Environ Med. (2001) 58:553–62. doi: 10.1136/oem.58.9.553

9. Nieuwenhuizen N, Lopata AL, Jeebhay MF, Herbert DR, Robins TG,

Brombacher F. Exposure to the fish parasite Anisakis causes allergic airway

hyperreactivity and dermatitis. J Allergy Clin Immunol. (2006) 117:1098–

105. doi: 10.1016/j.jaci.2005.12.1357

10. Purello-D’Ambrosio F, Pastorello E, Gangemi S, Lombardo G, Ricciardi

L, Fogliani O, et al. Incidence of sensitivity to Anisakis simplex in a risk

population of fishermen/fishmongers. Ann Allergy Asthma Immunol. (2000)

84:439–44. doi: 10.1016/S1081-1206(10)62278-8

11. Nieuwenhuizen NE, Lopata AL. Allergic reactions to Anisakis found in fish.

Curr Allergy Asthma Rep. (2014) 14:455. doi: 10.1007/s11882-014-0455-3

12. Nieuwenhuizen NE. Anisakis – immunology of a foodborne parasitosis.

Parasite Immunol. (2016) 38:548–57. doi: 10.1111/pim.12349

13. Mazzucco W, Raia DD, Marotta C, Costa A, Ferrantelli V, Vitale

F, et al. Anisakis sensitization in different population groups and

public health impact: a systematic review. PLoS ONE. (2018)

13:e0203671. doi: 10.1371/journal.pone.0203671
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