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Background: Prompted by worsening asthma in a dental assistant with latex
allergy and occupational asthma while under personal latex precautions, we con-
firmed continuing latex aeroallergen exposure.

Objectives: To determine the source of latex aeroallergen and ascertain the
effects of site-wide substitution of nonpowdered low allergen latex glove in a health
care site.

Methods: Using a volumetric sampler, baseline latex aeroallergen levels were
measured in rooms where she worked and nearby rooms, as well as shared X-ray,
laboratory, and waiting rooms. Allergen levels were measured in upholstery fabric
samples, ventilation duct dust, and latex gloves. Alterations in aeroallergen levels
following change of glove types were prospectively determined.

Results: Baseline latex aeroallergen levels ranged from 6 to 25 ng/m3 in the
patient’s work areas and in other rooms from 29 to 90 ng/m3 during work hours.
Latex antigen was found in three brands of powdered latex gloves (X# 5 1,156mg/g)
used in the nearby opertories and the hygiene room, and in upholstery fabric, carpet
dust, but not ventilation duct dust. In the absence of any other control measures,
airborne latex became undetectable (,5 ng/m3) with exclusive use of nonpowdered
latex gloves.

Discussion: Latex aeroallergen is primarily generated by active glove use;
carpeting and fabric upholstery can serve as important aeroallergen repositories.
Site-wide substitution of nonpowdered latex gloves eliminates detectable latex
aeroallergen.
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INTRODUCTION
Natural rubber latex (NRL), com-
monly called “latex,” causes allergic
sensitization in 5% to 17% of exposed
health care workers.1,2 Occupational
latex exposure occurs both from direct
contact with latex gloves and from in-
halation of latex aeroallergens carried
by donning glove powders. Conse-
quently, allergic reactions to latex in-
clude not only contact urticaria, but the
full range of respiratory symptoms in-

cluding rhinoconjunctivitis, asthma,
and rarely anaphylaxis.3 Occupational
asthma, induced by ongoing respira-
tion of latex allergens, affects at least
2.5% or more of exposed health care
and manufacturing workers according
to several recent reports.4–8

Published safety recommendations
for latex allergy either omit recom-
mendations for workers with occupa-
tional asthma (Task Force on Allergic
Reactions to Latex, J Allergy Clin Im-
munol 1993;92:16–18) or suggest that
reliance on personal avoidance of latex
product will provide adequate safe-
guard.9 Earlier reports have demon-
strated that use of lower allergen or
nonpowdered gloves has a protective
effect on occupational asthma. These
studies examined individual laborato-
ries, medical center wards or surgical
suites.10–14 Published data demonstrat-
ing the dispersion of latex aeroallergen

from areas using powdered gloves to
“‘safe’ areas containing only nonpow-
dered latex or nonlatex gloves” has, to
our knowledge, not been previously
available.

The current study was prompted by
worsening asthma in a dental assistant
despite adherence to personal latex
avoidance measures. In brief, at an ini-
tial evaluation in July 1994, following
a hospitalization for asthma, the diag-
nosis of latex allergy was confirmed by
a non-blinded glove challenge (immer-
sion of a gloved hand in warm water
for 20 minutes) which resulted in a
marked late reaction consisting of con-
tact and facial urticaria, rhinoconjunc-
tivitis, and symptomatic wheezing 10
minutes after the glove removal and by
the finding of a latex-specific IgE level
of 886 ng/ml (DACI laboratory, Johns
Hopkins University). On return to
clinic in October 1996, her pulmonary
exam revealed a prolonged expiratory
phase and spirometric flow study dem-
onstrated marked reduction in forced
vital capacity and air flows with a 25%
decline in FVC and FEV1 from her
baseline despite ongoing treatment
with inhaled corticosteroids. After
confirming the presence of measurable
latex aeroallergen in the immediate
work area, she was removed from the
workplace while a prospective investi-
gation of occupational aeroallergen
dispersion was undertaken and she was
only allowed to return to work when
latex aeroallergen levels in her work
area fell below limits of detection.

The limited size of this dental prac-
tice setting, identifiable point sources
of latex use, as well as a lack of forced
air heating offered a unique opportu-
nity to investigate the sources and
quantitate passive dispersion of latex
aerosols in a health care facility. Base-
line latex aeroallergen concentrations
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in the work areas, including other pa-
tient care areas, the laboratory, and
waiting room area were measured, as
well as allergen content in gloves used
in each room. Alternative sources of
latex aeroallergen in this building were
assayed including ventilator duct, car-
peting, and fabric upholstery samples.
The effects of substitution of powder-
free gloves on aeroallergen levels in
these areas were determined. Contin-
ued unannounced use of high allergen
powdered latex gloves in one dental
opertory and an associated hygiene
room, and later of “low-powder” latex
gloves in these two rooms permitted
assessment of the contribution of these
types of gloves on the generation and
dispersion of NRL aeroallergen.

METHODS
A volumetric area air sampler (Quan-
Tec-Air, Inc., Rochester, MN) was
used to collect samples over a mini-
mum of 2 hours during or after normal
office hours at a flow rate of 3 L/s from
various areas of the dental office. Air-
borne particulates were collected onto
polytetrafluoroethylene filter media
(Quan-Tec-Air, Inc., Rochester, MN).
The filters were extracted in 0.1 M
phosphate buffer and assayed immuno-
chemically by a competitive inhibition

technique. Latex allergens from aque-
ous extracts of the air filters or a stan-
dard prepared as a direct extract from
gloves (Bodyguards, TK Glove Prod-
ucts Co, Ltd, Huntington Beach, CA)
compete with immobilized latex aller-
gens (Bodyguards) on the surface of
Immunlon IV microtiter wells (Dynex,
Inc., Chantilly, VA) for IgE antibodies
obtained from pooled sera from seven
latex sensitized individuals. These an-
tibodies specifically identify NRL pro-
teins which cause allergic reactions in
NRL sensitive individuals. Rabbit anti-
IgE radiolabeled with125I was used to
detect bound IgE antibodies.15 Results
represented the mean of duplicate ob-
servations and were expressed in nano-
grams of protein/m3 referenced by the
glove extract containing 7 mg/mL of
protein. The sensitivity of the assay
was 5 ng, allowing, detection of 100 ng
in 20 m3 of air. Determination of aller-
gen concentrations in fabric upholstery
and dust were determined by 1:5 wt/
vol extractions of squares of fabric or
collected dust samples with phosphate
buffer.

The floor plan of the dental office
building is shown in Figure 1. Four
dentists shared a common waiting
room, X-ray and laboratory areas using
an “open office” concept that provided

for doors only on storage rooms and
closets. The wall separating the X-ray
area from dental opertory A did not
extend to the ceiling. Most rooms were
non-carpeted, but the waiting room
and three patient care rooms did have
carpeted floors. In two, Opertories D1/
D2, the carpeting was 2 years old; in a
third, hygiene room B/D, the carpeting
was 7 years old. Furniture with fabric
upholstery was present in the waiting
room, in opertory A, and in hygiene
room A. The office building is heated
by a hot water baseboard system. A
low-flow non-filtered ventilation sys-
tem that runs continuously year-round
is coupled to a central air-conditioning
unit during the warmer months.

Dentists B and D worked full time in
the building and shared hygiene room
B/D. Dentist C worked only part-time
at this location averaging only 21⁄2
days a week; his hygiene room was
used only two1⁄2 days a week. Each
dental practice purchased their gloves
independently (two different brands of
gloves were used in hygiene room
B/D). No formal records of glove
change frequency were kept; these are
estimated at approximately 25 to 30
per/day per employee. X-ray and lab-
oratory areas were shared spaces, uti-
lizing a combination of different
brands of gloves. No allergen concen-
trations were determined for these
gloves.

Baseline aeroallergen sampling was
conducted December 1996 and Febru-
ary 1997. Allergen content was mea-
sured in powdered latex gloves used in
each of dental opertories B, C, and D,
and in samples of ventilation duct dust.
Fabric from upholstered seats and seat
backs used in hygiene room A was
assayed; the covers were then replaced
with vinyl upholstery. In May 1997, 1
month after presumed introduction of
nonpowdered low-allergen latex gloves
(Safeskin Corp, San Diego, CA) through-
out the entire level, additional sam-
pling began and continued into June
1997. Discovery of unannounced use
of high-allergen latex gloves in opertory
C prompted more sampling in Septem-
ber 1997. The effects of substituting a
lightly powdered lower-allergen glove

Figure 1. Blueprint of dental office building. The affected employee worked in opertory A and
hygiene room A where only nonpowdered or non-latex gloves were used. Powdered latex gloves were
used in all other opertories, hygiene rooms and in the lab and X-ray areas. Carpeted rooms are shaded
on the figure.
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(Safeskin Corp) in these areas was as-
sessed with repeated sampling during
December to January 1998. Dust sam-
ples from the carpets in Hygiene room
B/D were obtained in March 1998 and
again in July, 1 month after conven-
tional steam cleaning.

RESULTS
Baseline latex aeroallergen concentra-
tions (December to February 1997)

during work hours are shown in Figure
2A. Concentrations exceeding 10 ng/
m3, believed significant based on re-
sults of prior studies,4,13,15,16 were ob-
tained in the patient’s work areas,
despite the absence of powdered latex
gloves. Measurable amounts of latex
aerosol were also found in the waiting
room, indicating dispersion of latex
aeroallergen to nonpatient care areas as

well. In the other three dental operto-
ries, hygiene room, X-ray area and lab-
oratory, latex aeroallergen concentra-
tions ranged from 12 to 90 ng/m3

during working hours. During non-
work hours, latex aeroallergen was not
detectable in two noncarpeted dental
opertories B and C and in carpeted
opertory D1. In a room with old car-
peting, hygiene room B/D, aeroaller-

Figure 2. (A) Baseline aeroallergen levels (in italic). Amount of extractable glove allergen used in each opertory noted at top right. (B) Aeroallergen levels
one to two months following change to nonpowdered gloves in all areas but opertory C. Levels in waiting room and index case work area have become
undetectable. (C) Two months after conversion to lightly powdered gloves in opertory C. Aeroallergen levels are detectable only in an adjacent lab and carpeted
hygiene room. (D) Detectable levels of latex aeroallergen found only in opertory C where “lightly” powdered gloves remain in use.
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gen levels decreased 46% from work-
ing hour levels, but remained
substantial (34 ng/m3) during nonwork
hours.

Allergen content was determined in
upholstery, ventilator duct dust and
presteam and poststeam cleaning car-
pet dust (Table 1). Active “dusting
out” of the cushions in hygiene room
A, one of the rooms frequented by the
worker resulted in generation of the
highest aeroallergen level recorded,
370 ng/m3.

Extractable latex allergen content
per gram of the gloves used are shown
in Table 2. In opertory A, nonlatex
gloves were used virtually exclusively.
Gloves #1–3 were used by dentists B,
C, and D, respectively, at baseline. Be-
ginning April 1997, a nonpowdered
low allergen glove, (glove #6) was
used exclusively by dentists B and D
and their employees.

Repeat sampling at least one month
after introduction of nonpowdered
low-allergen latex gloves (May to June
1997) demonstrated a reduction in
aeroallergen concentration below the
limit of assay detection in the patient’s
work area (Operatory and hygiene
room A), in the laboratory, and in the
waiting room (Fig 2B). Persistence of
elevated levels of latex aeroallergen at
this time, particularly in opertory C,
suggested possible unannounced con-
tinued use of powdered latex gloves in
this area, which was confirmed on
nonscheduled site visit (Table 2, glove
4). Subsequent conversion to use of
“lightly powdered” lower allergen la-
tex gloves (Table 2, glove 5) in the fall
of 1997 (September) was associated
with a further reduction in latex aeroal-
lergen concentrations. By September,
only the lab (where some “lightly pow-
dered” gloves were used) and hygiene
room B/D had detectable levels (Fig
2C). Followup sampling in December,

demonstrated that measurable airborne
latex was confined to areas where
“lightly powdered” gloves were used
(Fig 2D).

DISCUSSION
We confirmed the presence of latex
aeroallergen in the work areas of this
patient in quantities likely to have con-
tributed to her occupational asthma.
Since powdered latex gloves were not
used in the rooms where she worked,
other sources of airborne latex were
investigated, including the ventilation
system, dispersion from other rooms
using powdered gloves, as well as pos-
sible contribution of upholstery and
carpeting repositories.

The minimal amounts of latex aller-
gen in the dust sample from the passive
ventilation duct of a nonforced air
heated building make this an implau-
sible source for distribution of aeroal-
lergens. In contrast, samples of fabric
upholstery from work area chairs did
contain significant amounts of latex al-
lergen. The fact that the highest level
of latex aerosol measured, 370 ng/m3

(as compared with a baseline mean of
19 ng/m3), was related to the repetitive
striking of one of the seat-back cush-
ions during a sampling period attests to
the capacity of fabric upholstery to
serve as a reservoir of latex allergen.
Nonetheless, the persistence of mea-
surable latex aerosols in Opertory A
even after removal of fabric cushions
and findings of elevated latex aerosol
in other rooms where no fabric uphol-
stery was present, suggests the primacy
of another source of aeroallergen.

Our data strongly support the con-
clusion that utilization of powdered la-
tex gloves is the chief source of latex
aeroallergen in the medical setting.
This is supported by several inter-re-
lated but independent observations.
First, as seen in earlier studies, the

generation of aeroallergen appears to
be dependent upon active glove use.15

During nonworking hours, when
gloves were not in use, aeroallergen
concentrations became undetectable in
noncarpeted rooms. Second, in noncar-
peted rooms where only single type of
glove was in use, the concentration of
aeroallergen highly correlated with the
amount of extractable latex glove al-
lergen (r 5 0.9450; CI: 0.7785 to
0.9872). Third, in the absence of any
other action, intervention by means of
conversion to use of only nonpow-
dered low allergen latex gloves (glove
6) in all but two rooms, resulted in
elimination of detectable latex aerosol
from the patient’s work area and adja-
cent areas (Figs 2B,C). Fourth, ele-
vated latex aerosol concentrations in
Opertory C associated with unan-
nounced use of powdered gloves al-
most completely resolved after conver-
sion to “lightly” powdered lower
allergen gloves (Fig 2D).

These observations verify that dis-
persion of latex aeroallergen from ar-
eas using powdered latex gloves to
nonpatient care areas and to areas un-
der “latex precautions” can occur dur-
ing normal work place routines. In this
nonforced air heated building, the most
probable vehicle of NRL dispersion is
people. The consistent finding of
higher concentrations of latex aeroal-
lergen in rooms adjacent to or nearby
opertory C and hygiene B/D, suggests
that passive dispersion is a factor.
Whether forced air heating systems
cause additional dispersion requires
additional study.

As with dander antigens, carpeting
and furniture serve as allergen reposi-
tories capable sustaining elevated
aeroallergen concentrations even after
removal of the primary source, in this
case powdered gloves.17–21 While
aeroallergen concentrations in noncar-
peted rooms during nonworking hours
consistently fell below detectable lim-
its, the room with carpeting several
years old, hygiene room B/D, yielded
one of the highest recorded concentra-
tions, 34 ng/m3, on a Sunday sampling.
As latex aeroallergen concentrations
declined throughout the floor, signifi-

Table 1. Allergen Concentrations in Upholstery, Ventilation Ducts, and Carpeting (in mg/g)

Seatcover
1

Backcover
1

Seatcover
2

Backcover
3

Ventilator
Duct

Carpet Carpet

Dust
(preclean)

Dust
(postclean)

15.6 63 83.7 15.3 2 54.1 12.8
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cant concentrations persisted in hy-
giene room B/D (Fig 2C). This reser-
voir effect appears to be long-lived;
carpet dust samples obtained after
more than 10 months after nonpow-
dered glove intervention still contained
notable amounts of latex allergen (Ta-
ble 1). The carpeting however, only ap-
pears to retard rather than prevent aero-
solization of latex. Even before carpets
were cleaned, measurable aeroallergen
concentrations disappeared after several
months use of nonpowdered latex gloves
attesting to the singular contribution of
powdered latex gloves to latex aerosol as
well as to the stability of latex antigen.
Additional prospective studies may yield
valuable information regarding the con-
tribution of such repositories to occupa-
tional asthma in affected workers.

Baur and colleagues reported a
strong association between exposure to
elevated latex aeroallergen levels and
the prevalence of latex allergy among
exposed workers.4 Our study demon-
strates that the relevant area of concern
extends beyond the immediate work
area to adjacent rooms on the same
level and has important implications
for both the individual worker and for
institutions and employers. For work-
ers with occupational asthma, cur-
rently recommended measures of indi-
vidual protection, such as personal use
of nonlatex gloves, coupled with intro-
duction of nonpowdered latex or non-
latex gloves for coworkers in the im-
mediate area may prove inadequate.
Dispersion of latex allergens from ar-
eas retaining use of powdered latex
gloves, such as operating room suites
and delivery rooms, to associated ad-
joining care areas, such as recovery
and labor rooms, should be anticipated.
The finding by Vandenplas and col-
leagues that even a substantial propor-
tion of latex-allergic workers without a
history of occupationalasthma demon-

strate asthmatic reactions to specific in-
halation challenge with latex gloves ar-
gues that persistent exposure to latex
aeroallergen may adversely affect a ap-
preciable number of exposed workers.22

Based on our findings, exclusive use
of nonpowdered gloves can result in
virtual elimination of latex aerosol
from noncarpeted rooms within one
month. Cleaning of surfaces likely to
serve as allergen repositories, such as
carpeting, rugs, and upholstery, con-
comitant with introduction of nonpow-
dered latex gloves, seems appropriate.

Employees deserve a safe work
place. Currently available powdered
latex gloves have a high content of
extractable latex allergen, and are the
source of inhalant exposure to latex
proteins. The consequent risks of aller-
gic sensitization and exposure to work-
ers and latex allergic patients do not
justify their continued widespread
usage.
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