
Background: Latex allergens released from gloves and bound
to airborne cornstarch powder have been shown to cause res-
piratory allergy in health care workers.
Objective: Cornstarch from powdered latex gloves is a well-
known carrier of airborne allergens. It should be investigated
whether cotton fluffs used to lubricate household and industri-
al gloves also function as airborne carriers for latex allergens.
Methods: Latex gloves, cotton fluffs with or without latex
glove contact, dipping water from the glove cooling tank, a
dust sample from the floor, and 10 samples from area dust
samplers were analyzed for their allergen content by using a
CAP inhibition method. Furthermore, 84% (119/142) of the
working group participated in a cross-sectional study involving
a questionnaire and measurement of latex-specific IgE by
means of CAP inhibition.
Results: Latex gloves, area dust samples from latex glove pro-
duction sites, and the floor dust sample contained high concen-
trations of latex allergens. Cotton fluffs were free of allergens
before being in contact with gloves but showed considerable
allergen concentrations after their removal from gloves. The
dipping water of the cooling tank also contained latex aller-
gens. Of the examined employees, 12.6% had IgE-mediated
sensitization, and a third of the sensitized subjects (ie, 4% of
the total group) reported work-related hypersensitivity reac-
tions.
Conclusions: Cotton fluffs bind latex allergens and behave like
cornstarch as airborne allergen carriers causing conjunctivitis
and allergic respiratory disorders. (J Allergy Clin Immunol
2003;111:177-9.)
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Various powder lubricants for latex gloves have been
used in recent decades to reduce stickiness and to facili-
tate donning. The first one was Lycopodium species
(moss spores). Because Lycopodium species was respon-
sible for severe granuloma formation and adhesions, tal-
cum powder was introduced. Because this powder also
frequently caused granulomas, adhesions, and cytotoxic
effects,1,2 it was replaced by cornstarch cross-linked with
phosphorus oxychloride or epichlorhydrin and mixed
with approximately 2% magnesium oxide. Cornstarch
appears to have fewer and less intense side effects. How-

ever, during glove manufacture, allergenic latex proteins
are easily released from gloves when dipped into the
cornstarch slurry for powdering.3-6 Because of the
aerosolization of cornstarch powder from finished latex
gloves, latex allergens are constantly inhaled in environ-
ments where powdered gloves are manufactured or fre-
quently used.7-11 Chaiear et al12 reported extremely high
air concentrations of latex allergens (geometric mean,
15.4 µg/m3) in Thai glove production plants; however, no
information was given on the powder type obviously
functioning as an allergen carrier. Contrary to this, Pisati
et al13 reported that no latex allergens were found in air
samples of a textile factory using talc-powdered rubber
skeins. Proteins could not be detected by using the Bio-
Rad method in the dust or in the latex-lubricating talc
powder extract of this textile factory, whereas latex aller-
gens were found in the deposited dust and in the latex-
lubricating talc powder extract, indicating that such aller-
gen contents and their distribution are only measurable
by means of sensitive immunologic methods. Similarly,
we found rather low measurable latex allergen contents
in talc powder removed from latex gloves and low air
concentrations in our challenge test chamber when talc-
lubricated latex gloves were used (measurable concentra-
tions were lower than one tenth of those when corn-
starch-powdered latex gloves were tested (Baur X,
unpublished observations). As reported by Lundberg et
al,14 talc irreversibly binds latex allergens, whereas the
cornstarch binding of allergens is unstable.

For some latex products (eg, household gloves), cotton
fluffs are used instead of cornstarch. As far as we know,
it has not been investigated yet whether cotton fluffs also
function as allergen carriers. The aim of this study was to
measure air concentrations of latex allergens in different
working areas of a factory producing synthetic, as well as
latex, household and industrial gloves powdered with
such fluffs. Furthermore, the prevalence of work-related
symptoms and latex sensitization was investigated.

METHODS

Latex allergen measurements in workplace atmospheres and in
different material samples were performed by means of the CAP
inhibition assay, as previously described15,16; a serum pool from 4
latex-sensitized health care workers was used as antiserum. The
sensitivity of the CAP inhibition assay was 20 ng (ie, 0.2 ng in 14
m3 of air), and the interassay coefficient of variation was 16.5%.

Protein concentrations were measured according to a modified
Lowry method.17 Ten samples obtained with area dust samplers in 7
work sites were collected and tested for their latex allergen content.

In addition, latex gloves, cotton fluffs with or without latex glove
contact, samples of the cooling tank’s dipping water, and a dust
sample of the production area were analyzed.
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All 142 employees were informed by a company meeting and a
notice about the risk of latex allergy and about this cross-sectional
study; 119 (84%) of them participated (38 women and 81 men; 10
were absent, and 13 refused to take part). Mean duration of work
was 9.2 years (range, 0.7-24.7 years). All 119 participants filled in
a case history questionnaire and underwent latex-specific IgE anti-
body determination by means of CAP inhibition.

RESULTS

Latex aeroallergen measurements

No airborne latex allergens were detectable in the pro-
duction area of synthetic gloves, which was well isolated
from the section producing latex gloves. The highest air
concentrations of latex allergens were found in the pro-
duction and vulcanization areas of latex gloves, followed
by the technical laboratory, where the quality of newly
produced latex gloves was to be approved (Table I). A
considerable lower airborne allergen load was found in
the section where latex sap was formulated for produc-
tion. This section is directly connected by a door to the
latex glove production area. Several other rooms of the
factory, which are not in the neighborhood of the latex

glove production area, did not show latex contamination.
Fine dust covering the floor of the latex glove production
area was collected and shown to contain an extremely
high latex allergen concentration (Table I).

Latex allergen concentrations in different

material samples

Lubricated rough latex gloves contained high concen-
trations of proteins and latex allergens, which decreased
by 44% or 34% after the gloves were washed and cooled
down in a cold-water tank (Table II).

The natural cotton fluffs did not contain latex aller-
gens before their contact with latex gloves. During the
production process, dry fluffs were spread on the glove
surface for lubricating before vulcanization. After vul-
canization, the cotton fluffs that were not tightly attached
to the gloves were washed off in the cooling tank during
the cooling process. In the meantime the latex allergens
that were released from latex gloves were transferred to
the cotton fluffs. Thus high protein and latex allergen
concentrations were found in cotton fluffs from finished
latex gloves collected with a vacuum cleaner.

Environm
ental

and occupational
disorders

TABLE I. Protein and latex aeroallergen concentrations in area dust samples*

Area Concentration of latex allergens (ng/m3)

Production of synthetic gloves ND
Production area 1 of latex gloves >60.0
Production area 2 of latex gloves >60.0
Technical laboratory (3 samples) 22.0

45.0
19.0

Formulating room (with connecting door to production area of latex gloves) 1.9
Mold construction room ND
Stock-warehouse ND
Floor ND

ND, Not detectable.
*The dust sample taken from the floor of latex glove production area 1 contained greater than 10,000 ng/g dust.

TABLE II. Protein and latex allergen concentrations in different samples-materials

Amount or concentration

Samples Proteins Latex allergens

Gloves after vulcanization
Before washing 1270.2 µg/g rubber 955.5 µg/g rubber
After washing 714.5 µg/g rubber 634.5 µg/g rubber

Cotton fluffs before being in contact with latex gloves 100.4 µg/g cotton fluffs ND
Cotton fluffs removed by a vacuum cleaner from latex gloves at different

production steps
Rough gloves after cooling and dipping into the cooling tank >10,000 µg/g cotton fluffs 15,580.0 µg/g cotton fluffs

(2.1 g of fluffs obtained from 5 gloves)
Rough gloves after additional rinsing and washing >8000 µg/g cotton fluffs 11,700.0 µg/g cotton fluffs

(1.8 g of fluffs obtained from 5 gloves)
Finished gloves (0.4 g of fluffs obtained from 8 gloves) >5000 µg/g cotton fluffs 9244.0 µg/g cotton fluffs

Water samples from cooling tank (3 samples)
Water after one washing process 19.5 µg/mL 0.3 µg/mL
Water after one washing process 8.4 µg/mL 0.4 µg/mL
Water after several washing processes 109.5 µg/mL 56.5 µg/mL

ND, Not detectable.
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In the cooling tank of the production area, consider-
able allergen concentrations were measurable after sev-
eral washing processes.

IgE antibody analysis and symptoms

Fifteen (12.6%) of 119 examined employees working
in areas with measurable latex aeroallergen loads had
latex-specific IgE antibodies (range, 0.37-33 kU/L). Five
of them complained of workplace-related symptoms (ie,
conjunctivitis, n = 4; dermatitis, n = 3; rhinitis, n = 2;
cough, n = 2; and/or shortness of breath, n = 1), whereas
subjects without latex-specific IgE antibodies did not
report work-related symptoms (P < .05).

According to their case history, sensitized subjects did
not significantly differ from nonsensitized workers with
regard to smoking (27% vs 33%), the frequency of hay fever
or other respiratory allergies caused by nonoccupational
allergens (20% vs 17%), and duration of work in the glove
factory (10.5 ± 4.7 vs 8.9 ± 4.9 years [mean ± SD]).

DISCUSSION

The data presented here demonstrate that cotton fluffs
bind allergenic latex proteins and function as allergen
carriers, as also shown for cornstarch. Airborne aller-
genic cotton fluffs can be directly released from lubricat-
ed gloves or can occur as a result of the frequent spread-
ing of contaminated dipping water from the cooling tank
because this spread dipping water evaporates in the pro-
duction site and leaves behind a fine dust layer contain-
ing high concentrations of latex allergens that are easily
airborne.

The allergen contamination in the workplace, as well
as the high prevalence of type I sensitization to latex in
our study, indicate the necessity to improve primary pre-
ventive measures (eg, to avoid the spreading of contami-
nated dipping water), to use closed-circuit machinery,
and to install effective exhaust systems with filters.

Regarding the allergy risk of glove users, the allergen
content of household gloves has to be strongly reduced
and, instead of lubricating powder alternatives, should be
introduced as recently recommended for medical gloves.18
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