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Abstract

Background: Aerosolization of fish proteins during sea-
food processing has been identified as a potential route
forallergic sensitization and occupational asthmaamong
workers involved in high-risk activities. The aim of this
study was to develop immunological assays for the
quantification of aerosolized fish antigens in a fish-pro-
cessing factory. Methods: Polyclonal antibodies to the
main fish species processed in the factory (anchovy and
pilchard) were generated in rabbits and compared by
ELISA inhibition assay and immunoblotting. These anti-
sera were utilized to develop ELISA assays for the detec-
tion of fish antigens. The ELISA inhibition assays were
evaluated by analyzing environmental air samples col-
lected from three areas in a fish-processing factory: pil-
chard canning, fish meal production and lobster process-
ing. Results: By immunoblotting, the rabbit polyclonal
antibodies demonstrated IgG antibody binding patterns
comparable with IgE antibodies of fish-sensitized pa-

tients, particularly in regard to the major fish allergens
parvalbumins. The sensitivity of the fish-specific ELISA
assays developed was 0.5 pg/ml. The ELISA inhibition
assays were able to differentiate between the two differ-
ent fish species of interest but did not recognize a crus-
tacean species. Notable differences in exposure levels to
canned pilchard and anchovy antigens were demon-
strated in the three different working areas of the factory,
with assays having a detection limit as low as 105 ng/m?.
Conclusion: These ELISA-based assays are sensitive and
specific to quantify differential exposure levels to fish
antigens produced during fish processing, making it pos-
sible to investigate exposure-disease response relation-
ships among workers in this industry.

Copyright © 2005 S. Karger AG, Basel

Introduction

Aerosolization of seafood allergens during processing
has been identified as a potential route for allergic sensi-
tization and occupational asthma in the crustacean-pro-
cessing industry [1]. Despite the known putative role of
fish causing occupational allergies and asthma, the de-
tailed detection and quantification of different bony fish
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antigens during specific work processes in fish processing
has not been previously undertaken [2]. This has possibly
resulted in underdeveloped occupational hygiene surveil-
lance programs of workers involved in high-risk jobs, ac-
companied by underdetection and underreporting of ad-
verse health outcomes to fish [3].

Until recently, few exposure assessment techniques ex-
isted to directly measure protein allergens of plant or ani-
mal origin [4]. Traditional methods relied on total dust
measurements, total protein concentrations or functional
assays measuring enzyme activity. These approaches are
unlikely to be sensitive and specific enough to investigate
exposure-response relationships among sensitized work-
ers. The recent introduction of highly sensitive immuno-
assays for the quantification of allergens in environmental
air samples and their efficiency has contributed towards a
better understanding of these relationships in population
studies, including occupational settings [4, 5]. These stud-
ies provide clear evidence for the existence of exposure-
response relationships for occupational allergens [6].

Most seafood allergens are very stable proteins that
resist the effects of cooking, processing or even digestive
processes [7]. Not only are fish allergens heat resistant,
their antigenicity may also be enhanced by heat. This has
been shown as early as 1921 when Kustner demonstrated
that he could tolerate raw haddock but actually developed
severe anaphylaxis after ingestion of boiled haddock [8].
In addition, it has been documented in some reports on
seafood exposure that the heating process can produce
additional allergens which increases the allergenicity of
crustacean and fish allergens obtained from certain work
processes [1, 9]. Therefore, measuring allergen exposure
of seafood workers requires assays that can accurately
detect and quantify specific allergens aerosolized in the
workplace environment at various stages of the produc-
tion process. Most previous attempts to measure airborne
seafood allergens in the occupational context utilized hu-
man sera in radioimmunoassay procedures or monoclo-
nal antibody-based assays [2]. However, these techniques
have significant drawbacks, such as lack of specificity,
since serum aliquots from different sensitized humans
may demonstrate varying degrees of avidity for the dif-
ferent allergens. Monoclonal antibodies have the advan-
tage of being highly specific [10]; however, they only de-
tect particular allergens with identical epitopes, therefore
possibly missing other uncharacterized allergens.

The primary aim of this study was to develop sensitive
and specific immunological assays to detect and quantify
fish antigens in the fish-processing work environment.
Polyclonal antibodies were generated in rabbits, since
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they produce large amounts of sensitive antisera required
for the immunological analysis in environmental surveys
[4]. The use of these assays will enable the assessment of
exposure-response relationships among jobs with differ-
ent allergen load and health outcomes, including allergic
sensitization and occupational asthma.

Methods

Patient Sera

Sera were collected from 5 patients with a known history of al-
lergy to fish. All patients demonstrated specific IgE to all analysed
fish species (pilchard, anchovy, hake and mackerel) using UniCAP
RAST (Pharmacia and Upjohn, Uppsala, Sweden) and immuno-
blotting.

Preparation of Protein Extracts

Protein extracts were prepared from two fish species, i.e. from
canned pilchard (Sardinops sagax) and from fresh Cape anchovy
(Engraulis capensis), from a crustacean species, namely Rock lob-
ster (Jasus lalandii), and from fish meal, which consisted of about
80% anchovy and the remainder of the mixture of other fish spe-
cies. About 10 g of tissue or fish meal was extracted with 100 ml
phosphate-buffered saline overnight at 4°C. The extracts were ster-
ile filtered (0.45 wm; Millipore), the protein concentration deter-
mined (BCA-protein assay; Pierce) and aliquots stored at —-80°C
until further use.

Production of Polyclonal Antibodies in Rabbits

For the production of polyclonal antibodies, 500 pg (in 0.5 ml
TBY) of each fish protein extract was used to immunize two New
Zealand rabbits. The rabbits received subcutaneous injections at
several sites, with the extracted proteins in 0.5 ml of complete
Freund’s adjuvant (Difco). Subsequent immunizations were per-
formed with the same protein concentration in incomplete Freund’s
adjuvant at 3 and 6 weeks after the first immunization. Blood sam-
ples were taken for specific antibody titre analysis and the final
bleed was performed at week 8. The Ethics Committee for Animal
Experiments of the University of Cape Town approved this study
and standard guidelines for laboratory animal care were followed
(Institute of Laboratory Animal Resources Commission of Life Sci-
ences NRC, 1996).

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis

and Immunoblotting

To visualize antibody binding to different antigens in the sea-
food extracts produced in-house, proteins were separated according
to their molecular weights using sodium dodecyl sulphate (SDS) gel
electrophoresis on gradient gels (4-16%) under reducing conditions
[11] and stained with Coomassie Blue. For immunoblotting, about
5 g of proteins were transferred by electroblotting onto a polyvi-
nyldifluoride membrane (Hybond-PVDF; Amersham) employing
the semidry method, and subsequently, the membranes were
blocked with 2% powder skim milk in TBS-T (TBS with 0.05%
Tween-20). To analyze patients’ IgE reactivity, serum samples
(1:30 in TBS) were incubated overnight with the immunoblot. The
blots were incubated for 2 h with a mouse anti-human IgE antibody
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with an alkaline phosphatase labelled mouse anti-human IgE anti-
body (1:1,000; Southern Biotechnology), washed and finally incu-
bated using the NBT/BCIP (Roche) substrate.

For analysis of rabbit IgG-binding activity, membranes were
incubated with different rabbit sera for 90 min, followed by incu-
bation with goat anti-rabbit IgG antibody with an alkaline phos-
phatase labelled goat anti-rabbit IgG antibody (1:2,000; Southern
Biotechnology), and the colour developed using the NBT/BCIP
substrate (Roche). The method for the immunoblot analysis of pa-
tient and rabbit sera to recombinant parvalbumin is described in
detail elsewhere [12].

Development of ELISA for the Detection of Antigens

Microtitre plates (Dynex flat bottom 2HB high binding plates)
were coated with different concentrations (0.05-100 wg/ml) of the
four seafood protein extracts diluted in 100 mA/ carbonate buffer.
After blocking with 2% blocking reagent in TBS-T (powder skim
milk in TBS-T), plates were incubated for 90 min at room tem-
perature with the corresponding rabbit antisera diluted 1:8,000,
1:16,000, 1:32,000, 1:64,000, 1:128,000, 1:256,000 and 1:512,000
in TBS. After a wash with TBS-T, goat anti-rabbit IgG antibody
(alkaline phosphatase labelled; Jackson Immuno Research Labora-
tories Inc.) was added (1:10,000 in TBS) for 90 min (room tem-
perature), followed by a subsequent wash in TBS-T and incubation
with the substrate (p-nitrophenyl phosphate; Sigma). Results were
expressed as optical densities (optical density read at 410 nm). The
background reading (negative rabbit serum) was subtracted from
all the readings. Based on these results, the optimal antigen coating
and corresponding antiserum concentrations were determined.

ELISA Inhibition Assay

To assess the sensitivity of the rabbit antibodies in detecting
antigens, ELISA inhibition assays were performed. Extracts of the
two fish species analysed, pilchard and anchovy, were coated on the
ELISA plates at the optimized coating concentration, incubated
with the optimized antibody dilution and one dilution above and
treated as described above. For the analysis of the environmental
samples, inhibition curves using known standard concentrations of
the inhibitor were used to determine the limit of detection for each
specific ELISA plate. After coating and blocking of the ELISA
plates, 50 pl of respective extracts were added to the wells in a 1:2
dilution series, followed by 50 pl of rabbit serum. The lowest con-
centration of antigen detected was calculated from the slope of the
inhibition curve. In the environmental samples, the antigen con-
centration obtained (in micrograms of antigen per millilitres of
extract) was adjusted to the mean volume of air flowing through the
personal air-sampling pump to gain a concentration (in micrograms
of antigen per cubic metres of sampled air).

To evaluate the selectivity of the generated antisera, each ELISA
plate was coated with the four generated protein extracts at their
optimal antigen concentrations and incubated with the two utilized
antisera, anti-pilchard and anti-anchovy, at their optimal dilutions.
Antibody reactivity of the rabbit antisera to the extracts against
which they were raised as 100% binding and the other reactivities
were calculated accordingly.

Collection of Environmental Samples from Different

Departments of a Fish-Processing Factory

The cannery department (handling pilchard), fish meal produc-
tion (handling mainly anchovy) and the rock lobster department of
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a fish-processing factory were included in a preliminary environ-
mental hygiene survey. SKC Aircheck samplers (Model 224-PC-
CXR) and Alpha-1 battery-operated air-sampling pumps (Du Pont
and Gill Air) running at an average flow rate of 3 litres per minute
were used to collect samples over the 8-hour work shift. The aero-
sols were collected on polytetrafluroethylene membrane-laminated
filters (0.3 pm; QuanTec-Air Inc.) and housed in a Personal Envi-
ronmental Monitor (PEM;o; manufactured by MSP Corp., Min-
neapolis, Minn., USA) attached to the sampling device. The prese-
lector in the PEM( has an upper median cut diameter of 10 pm,
resulting in the collection of the ‘thoracic’ fraction (i.e. reaching the
tracheo-bronchial and alveolar regions of the respiratory tract), of
particulate on the filter, since occupational asthma was the main
health outcome of interest. Filters were weighed before and after
sampling to determine the amount of aerosols deposited and blanks
were collected as controls. The filter pieces were extracted into
0.5 ml phosphate-buffered saline 0.05% Tween-20 overnight on a
shaker at 4°C, the supernatants removed and stored at —20°C until
further use.

Results

Production and Evaluation of Rabbit Antisera

Directed Against Fish Protein Extracts

All immunized rabbits produced high titres of specific
antibodies to the respective fish extracts by week 8. The
electrophoretic separation of the fish protein extracts
demonstrated bands ranging from approximately 10 to
over 250 kDa for both the pilchard and anchovy extracts
(fig. la). Subsequent immunoblotting of the pilchard
(canned) and raw anchovy extract was performed to iden-
tify antigens with similar molecular weights detected by
the different antisera (fig. 1b). The anti-pilchard (canned)
serum in lanes a of figure 1b demonstrates strong anti-
body binding to pilchard proteins with molecular weights
of about 12 and 20 kDa, as well as weaker bands in the
range of 35-55 kDa. The same serum detected only a 12-
kDa band in the anchovy protein extract and no other
bands. However, the anti-anchovy serum detected pro-
teins with similar molecular weights in the pilchard ex-
tract, but as expected, demonstrated much stronger bind-
ing to the corresponding anchovy extract (fig. 1b, lanes
b). The anchovy proteins with strong antibody binding
have molecular weights of about 12 kDa, as well as weights
in the range of 25-45 kDa. None of the two control sera
of non-immunized rabbits demonstrated any antigen
binding to the pilchard protein extract (fig. 1b, lanes ¢, d).
Subsequently, the binding reactivity of the produced rab-
bit antisera to fish parvalbumin (using recombinant pro-
tein) was compared with sensitized individuals (fig. 2).
These immunoblots (IgE binding of patient sera and IgG
binding of rabbit sera) are shown in order to identify the
major fish allergen recognized by the rabbit sera. All five
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Fig. 1. a SDS gel electrophoresis of pilchard (1) and anchovy (2) protein extracts, stained with Coomassie Blue.
b Immunoblotting of antibody reactivity of anti-pilchard rabbit sera (lanes a) and anti-anchovy rabbit sera (lanes
b) to the pilchard extract (1) and anchovy extract (2). Binding to the pilchard protein extract of pre-immune rab-

bit sera is in indicated as lanes ¢ and d.

sera of fish-sensitized individuals demonstrated strong
IgE antibody binding to the 6.5-kDa band of recombinant
fish parvalbumin (fig. 2a). This band was also recognized
by the anti-pilchard and anti-anchovy rabbit sera (fig. 2b),
but not by the control negative sera (lanes 3, 4). It is of
note that the 12-kDa parvalbumin in SDS gel electropho-
resis usually appears with a molecular weight of about
6.5 kDa.

Development of ELISA for Quantification of Fish

Antigens

The optimal antigen concentrations established by
checkerboard titration for pilchard (canned) and raw an-
chovy were 1.56 and 3.13 pg/ml, respectively. To assess
the sensitivity of the rabbit antibodies generated, ELISA
inhibition assays were performed at two antiserum dilu-
tions. The inhibition curve of canned pilchard and raw
anchovy are shown in figures 3a and b and demonstrated
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very similar slopes for the two antiserum concentrations,
suggesting that ELISAs were optimized and the specifica-
tions chosen were appropriate. The curves indicated that
an antigen concentration as low as 0.5 pg/ml caused in-
hibition and could be detected by the assay. The standard
curves of the inhibition assays demonstrated good con-
sistency with coefficient variation of 7 and 12.7% for pil-
chard and anchovy, respectively.

Cross-reactions of the rabbit anti-sera were analyzed
by ELISA against the two fish extracts as well as fishmeal
and rock lobster, thereby demonstrating the specificity for
detecting fish antigens (table 1). The interaction of coat-
ing antigens, i.e. the pilchard (canned) extract and corre-
sponding rabbit anti-pilchard (canned) serum, was set to
100%, and all other reactivities were calculated accord-
ingly. Anti-pilchard serum demonstrated limited cross-
reactivity to anchovy and minimal cross-reactivity to fish
meal and rock lobster.
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Fig. 2. Immunoblotting of antiserum bind-
ing to recombinant carp parvalbumin. The
known fish allergic patient antisera are la- ®
belled from A to E (a). The rabbit antisera
are labelled from 1 to 4 (b); 1 Anti-pilchard A C D E 1 2 3 4
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Fig. 3. ELISA-inhibition assay for the detection of pilchard (canned)
(a) and anchovy (b) antigens.
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Table 1. Assessment of reactions of rabbit anti-anchovy and anti-
pilchard sera to four different protein extracts

ELISA coating antigen Anti-anchovy  Anti-pilchard
serum (canned) serum

1 Anchovy 100 45

2 Pilchard (canned) 59 100

3 Fish meal 24 19

4 Rock lobster 1 0

Antibody reaction of the rabbit antisera to the homologue pro-
tein extracts were set as 100% binding (bold). Other reactions were
calculated in percentage accordingly.

Analysis of Environmental Samples Obtained from

the Fish-Processing Factory

Environmental air samples were collected over an 8-
hour shift in a fish factory from the three main depart-
ments. To evaluate the newly developed ELISA assay in
detail, all 27 environmental samples were analyzed with
both pilchard and anchovy fish antisera (table 2). The
limits of detection of the assay ranged between 105 and
136 ng/m? for batches analyzed on different days. Quan-
tification of antigens in aerosols produced in different
exposure settings in the factory demonstrated different
exposure levels. As expected, high concentrations of pil-
chard were detected mainly in the canning department
(exhaust box), ranging from 442 to 556 ng/m?>, whereas
high concentrations of anchovy, 422-2,662 ng/m?, were
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Table 2. Analysis of ambient environmental samples in a fish-pro-
cessing factory for the presence of fish antigens using the ELISA
inhibition assay

Department  Location Sample Pilchard Anchovy
antigen antigen
concentration  concentration
ng/m? ng/m?

Fish autopacker 1 <LOD <LOD

canning autopacker 2 148 <LOD

autopacker 3 <LOD <LOD
control 4 <LOD <LOD
control 5 <LOD <LOD
control 6 <LOD <LOD
exhaust box 7 442 105

exhaust box 8 488 488

exhaust box 9 556 554

sorting table 10 <LOD <LOD
sorting table 11 138 <LOD
sorting table 12 156 <LOD
control 13 <LOD <LOD

Fish meal bagging 14 312 2,662

processing  bagging 15 190 2,390

bagging 16 136 422
control 17 <LOD <LOD

Lobster cooker 18 <LOD <LOD

processing  control 19 <LOD <LOD

control 20 <LOD <LOD
cooker 21 <LOD <LOD
packaging 22 <LOD <LOD
washing 23 <LOD <LOD
packaging 24 <LOD <LOD
control 25 <LOD <LOD
packaging 26 <LOD <LOD
cooker 27 <LOD <LOD

Limit of detection (LOD) was 105 ng/m?.

detected in samples obtained from fish meal bagging.
Samples 7-9 showed unexpected elevated levels of an-
chovy, even though this fish species was not generally
processed in the canning department. Fish antigen could
not be detected within the detection limits of this assay
in the lobster department, nor in all eight control blanks
(unused filters).

Discussion
IgE-mediated hypersensitivity to fish is a clinically sig-

nificant problem in many countries where fishing plays a
substantial role in the domestic and occupational life of
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communities [13]. Although most allergic reactions to fish
are caused by ingestion, occupational exposures to sea-
food allergens due to inhalation have also been positively
correlated with allergic respiratory symptoms [1, 2]. A
recent study conducted in South Africa among seafood-
processing workplaces demonstrated that although fish
was the most commonly processed seafood in the West-
ern Cape province (76% of all workplaces), this was ac-
companied by a relatively low prevalence of asthmatic
and other allergic symptoms reported by employers. It
suggested a possible underdetection of adverse allergic
outcomes attributed to the lack of appropriate monitor-
ing systems for in vivo testing of exposed workers and
quantification of environmental allergen exposure in the
workplace environment [3].

Most studies that have addressed occupational expo-
sure to seafood antigens have mainly concentrated on
crustacean (crab and shrimp) and very scantily on fish
(salmon, whiff megrim and hake) [10, 14-20]. Either
pooled human sera from patients known to be allergic to
the particular seafood agent or monoclonal antibodies to
a major antigen previously identified were used for the
detection of antigens. Monoclonal antibodies have the
advantage of being highly specific [10] but only detect
particular allergens with identical epitopes, therefore
probably missing other uncharacterized allergens. Sera
from fish-allergic patients were not considered in this
study, since individual antigen-binding profiles can show
marked differences and human serum has to be available
in large quantities to enable detailed analyses of numer-
ous environmental samples [4]. In this current study,
polyclonal antibodies from rabbits were used for the de-
velopment of a sensitive immunological assay to detect
fish antigens in the occupational environment. The rabbit
antisera generated in this study showed high titres of spe-
cific antibodies and detected pilchard and anchovy anti-
gens at a very low concentration. To demonstrate the
binding similarities of the generated polyclonal rabbit an-
tisera with sera of fish-allergic patients, immunoblots
were compared. Both serum sources demonstrated very
similar and strong binding patterns of rabbit IgG and hu-
man IgE to the recombinant parvalbumin from carp
(rCypc 1.01) [12], increasing the confidence that the gen-
erated sera are able to detect the major fish allergen.

The cross-reactions of the produced rabbit antisera
were further assessed by ELISA and showed significant
degrees of specificity for the extracts against which they
had been generated. To explain the limited degree of
cross-reaction between the two generated anti-fish anti-
sera, immunoblots of both protein extracts were com-
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pared. Both rabbit antisera demonstrated the strongest
binding to a protein with a molecular weight below
15 kDa, most probably representing parvalbumin. Addi-
tional bands at about 20, 30 and 50 kDa are observed,
which appear to be detected by both antisera in the pil-
chard (canned) extract, resulting most probably from
non-denatured parvalbumin dimers as previously docu-
mented [12]. However, also species-specific bands were
recognized, in particular those of the anti-pilchard serum
in the pilchard extract, ranging from 20 to 50 kDa. These
bands were not detected in the anchovy extract. This in-
dicates that the anti-pilchard serum is more specific than
the anti-anchovy serum and that the cross-reaction ob-
served against the anchovy extract (table 1) is mainly due
to the cross-reaction to parvalbumin. Parvalbumins are
small calcium-binding proteins which are the main aller-
gens characterized in fish [12]. They are very heat stable
and of the very first food allergens that have been identi-
fied in patients with fish allergy [21]. However, there was
no antibody binding to the rock lobster extract, again sup-
porting the specificity of the antisera produced.
Nevertheless, additional allergens have recently been
described. Dory et al. [22] have demonstrated IgE-reac-
tive proteins over a wide molecular weight range (13-
130 kDa) depending on the storage conditions of codfish.
In a recent study by Das Dores et al. [23], anovel 41-kDa
allergen was identified in codfish. It has also been dem-
onstrated that heat treatment of fish can produce novel
allergens enhancing the allergenicity of the fish aerosols
produced during cooking [8, 9]. The qualitatively differ-
ent antigen binding profiles of the generated rabbit anti-
sera, as compared with patient sera (sensitization mainly
by ingestion), have important implications for the detec-
tion of aerosolized fish allergens, since additional aller-
gens other than the well-described parvalbumin may be
involved. Hence, utilization of rabbit antiserum, which
detects the major fish allergens in addition to other fish
antigens, is considered to be more advantageous for anal-
ysis of environmental samples than patient sera or even
monoclonal antibodies, which mainly detect one major
allergen. This should be viewed in the context of the mo-
lecular nature of aerosolized fish and crustacean allergens
which predominate in the occupational environment,
which is still unknown and has yet to be identified [2].
Using polyclonal rabbit antisera has demonstrated its
usefulness in detecting fish antigens in aerosols generated
in a factory processing pilchard and anchovy. The limit
of detection was as low as 105 ng/m? for both fish types.
The sensitivity for detection of pilchard and anchovy an-
tigens in ambient environmental samples is within simi-
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lar detection assay capabilities developed for salmon
(100 ng/m?) [19]. However, this new assay seems some-
what less sensitive than previously reported assays for
antigen detection of aerosolized whiff megrim/hake
(2 ng/m?) and crustaceans such as the common crab
(1 ng/m?) and snow-crab (53 ng/m?), but more sensitive
than the recently reported assay for scampi (451 ng/m?)
[10, 15, 17, 20].

These newly developed assays were able to detect dif-
ferent antigen exposure levels in various exposure settings
(fish canning, fish meal production and lobster process-
ing). Elevated levels of pilchard antigens were detected in
the fish canning department, and much higher levels of
anchovy than pilchard antigens were detected in the fish
meal department. In addition, neither fish antigen could
be detected in the lobster department. These findings cor-
rectly reflect the main seafood type being processed in
these departments. The results also suggest that fish anti-
gen exposure is very high in the fish meal production de-
partment and is an area for future detailed investigation
to enable correlation with allergic health outcomes among
exposed workers. These relationships could ultimately as-
sist in the development of effective exposure prevention
strategies in the fish-processing industry [24].

In conclusion, this study has illustrated the develop-
ment of an immunochemical analytical technique for the
determination of ambient fish (pilchard and anchovy) an-
tigen concentrations and illustrated the good performance
of the assay on environmental samples obtained from a
fish-processing factory. This assay is currently being used
in a survey of two major fish-processing plants to establish
dose-response relationships between fish allergen expo-
sure and allergic sensitization and occupational asthma.
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