Endotoxin as a factor in adverse reactions to
latex gloves
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Background: Endotoxin is an inflammatory agent made by gram negative tibility factors!®*-?*Endotoxin has also
bacteria that can irritate the skin, induce respiratory problems, fever, and shock. been shown to act as an adjuvant for
is an adjuvant for both delayed hypersensitivity and IgE production and has beeallergic contact sensitivity to haptéfis
shown to magnify antigen specific mediator release. Since many of the clinicahnd to be an adjuvant for IgE responses
problems associated with natural latex products involve similar clinical sequelae, wehen inhaled with antigett-28 In ad-
investigated the possibility that latex gloves might be contaminated with endotoxingdition, endotoxin acts synergistically

Objective: To measure the endotoxin content of a variety of natural latex gloves,with allergen resulting in a magnifica-
investigate its distribution and origin, association with latex proteins, and determingion of specific allergen-induced medi-
the particle sizes associated with its release. ator releasg®-32

Methods: Endotoxin, protein, and allergen were measured using a quantitative Since the mid-eighties the cumula-
kinetic Limulus assay, modified Lowry, and RAST inhibition, respectively. Particle tjye prevalence of individuals experi-
size and density were determined using an Anderson multistage air sampler ar@qﬁcing adverse reactions to products
CsCl, gradient. manufactured from native latex has in-

Results: Endotoxin was found to be a highly significant contaminant of some ¢reased dramaticalff.Clinically these
latex gloves. Levels ranged from 0.09 ng to A@g of glove. Protein levels ranged  raactions range from direct irritant ef-
from <25 to 1150ug/g of glove while allergen levels ranged fromil to 837ug/g fects to immunologically induced con-
of glove. Endotoxin and protein eluted rapidly from the interior of the gloves tested5ct dermatitis, urticaria, rhinoconjunc-
Greater than 70% of the endotoxin was found to be associated with particles in th&itis asthma. and anaphylads3s
<7 um aerodynamic diameter range. The highest levels of endotoxin were found iR,q i}nmunoloéic activity of the chem-
nonsterile examination gloves with a tendency towards powdered gloves containing,is and the allergenicity of proteins
more endotoxin and protein. A slurry containing cross-linked dextran through whic resent in natural latex products have
gloves were dipped revealed very high endotoxin contamination.(@dL) while been studied by a number of investiga-
unused cross-linked dextran has very little associated endotoxin. tors and many of their molecular prop-

Conclusions: These data demonstrate that some natural rubber latex gloves rties have been elucidat&d?” The
particularly nonsterile examination gloves, are contaminated with high amounts o?easons why these substancés seem to
endotoxin and proteins. These were found mostly on the inside of gloves and Werﬁ1e such potent sensitizers. with often
released as very small respirable particles that were not physically associated wi Lvere ccl)onse uences has’not been de-
the powder. These findings support the hypothesis that endotoxin may be respof- ined. Th qh i ' d din-
sible for some of the tissue irritation associated with latex glove use. In addition, thi ermined. 1 he nypotheses advancedin
material may be responsible for the enhancement of delayed and immediate hypé“lj-UOIe the large increase in the use_of
sensitivity reactions to chemicals and proteins found in these products and offers'?;{itur"’lI rubber latex gloves as a barrier

possible explanation for the disproportionate severity of these reactions. ahgall'nst mfecgodus ag%nts anhd thg ftact
Ann Allergy Asthma Immunol 1997;79:303-10. that increased demand may have intro-

duced alterations in manufacturing

. . . processe&
INTRODUCTION ing bacteria and are released upontheir * ~gnsideration of the manner in

Lipopolysaccharides unique to the out- death?® Specific cellular and humoral  \yhich these latex products are manu-
ermost wall of gram negative bacteria receptors exist for endotoxins that en- tactured, with the resulting potential
have very potent proinflammatory ef- hance their ability to induce proinflam-  for endotoxin contamination, and the
fects’? These substances referred to as matory cytokines and chemokines such npature of the clinical reactions ob-

“endotoxins” for historical reasons and  as TNFRy, IL-6, and IL-85-22 Clinical served, prompted us to determine the
are continually being shed from grow-  reactions to endotoxins include irrita- endotoxin content of natural latex
tion, skin rashes, fever, rhinoconjunc- gloves. In this paper, we provide data

- tivitis, respiratory congestion, asthma, on the occurrence, distribution, and
Institutional Affiliation of AuthorsiIBT Ref- and anaphylactoid shoék:® The probable source of endotoxin in com-
ereggge'i-\f‘:é’;itromblicaﬁon December 5. 1996 SYMptoms observed depend upon the mercially available latex gloves. Based
Accepted for publication in revised form June  d0sage, route of entry, molecular struc-  on these findings we propose that the

3, 1997. ture, and other poorly defined suscep- presence of endotoxin in some latex
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gloves is an important factor in the
etiology of the clinical reactions to
these products.

METHODS

Extracts

Natural latex gloves and synthetic
gloves (n= 23) obtained from a vari-
ety of different manufacturers were cut
into 0.5 cn? pieces, weighed, and
placed in depyrogenated borosilicate
test tubes. Glassware was depyroge-
nated by heating in an oven held at
180 °C for four hours. Extracts were
prepared from 0.4 g of each glove by
vigorously shaking for one hour in 2
mL pyrogen-free water (BioWhittaker,
Inc., Walkersville, MD). This was fol-
lowed by centrifugation at 3,000 for

20 minutes and the supernate was re-
covered. Fifty-microliter aliquots were
removed and diluted in pyrogen-free
water and assayed immediately. A
fresh starch extract was prepared from
unused cross-linked dextran powder
(Grain Processing Corporation, Mus-
catine, 1A) by extracting at a 1:5 ratio
(wt/vol) in pyrogen-free water for one
hour with shaking and centrifugation at
3,0009g for 20 minutes. A sample of
cornstarch slurry from a latex glove
production line was collected in Ma-
laysia and shipped frozen to the labo-
ratory (a gift from Russell Thompson,
TNI, Hartland, WI). An extract was
prepared from this material by centri-
fuging the thawed slurry at 3,0a@pfor

20 minutes.

Endotoxin

Endotoxin was measured using the ki-
netic chromogenic quantitative Limu-
lus amebocyte lysate assay which is
nonreactive to glucans (BioWhittaker,
Inc, Walkersville, MD). Aliquots of
the extracts were serially diluted in
10-fold increments with pyrogen free
water. A 100pL aliquot of each of
these dilutions was mixed with 1Q€L

of freshly prepared Limulus amebo-
cyte lysate containing chromogenic
substrate in a pyrogen-free microtiter
plate (Dynatech Corporation, Chan-
tilly, VA). The microtiter plates were
kept at 37 °C and the color develop-
ment was monitored every 15 seconds

with the Dynatech MR5000 microtiter
plate reading spectrophotometer. The
calculation program in this instrument
determines the time interval to reach
0.03 absorbance and this was com-
pared with a standard curve covering
the range of 5 ng/mL to 0.5 pg/mL.
The standards were linear over this
5-log range on a log-log plot. Un-
knowns were calculated by linear in-
terpolation by the software. All dilu-
tions were assayed in duplicate and a
parallel dilution was spiked with 50 pg

latex extract was used as the reference
extract or standard. This extract was
prepared fromH. brasiliensis latex
shipped frozen from Malaysia as de-
scribed by Tomazic et &0.The protein
content was established by the Ameri-
can Society for Testing Materials mod-
ified Lowry method. Dilutions of this
standard were made in phosphate buff-
ered saline containing 1 mg/mL human
serum albumin. The serum pool for the
RAST inhibition was prepared from 42
sera known to have high concentra-

endotoxin to assess any enhancement tions of latex-specific IgE. For com-

or inhibition of activity by any of the
extracts. Only those dilutions that did
not exhibit enhancement or inhibition
and which were parallel to the standard
curve were used. Values shown are
averages from the same glove assayed
on three different occasions. The coef-
ficient of variation for these assays av-
eraged 7.6%. To convert endotoxin ac-
tivity to equivalent mass units of the
EC6 reference standard (US Pharma-
copeia), a factor of 10 EU/ng was used.

Protein

A modification of the Lowry protein
determination method was used to de-
termine protein in the glove extracts.
The method (American Society for
Testing Materials 5712-95) was re-
cently adopted by the American Soci-
ety for Testing Materials and is cur-
rently the method approved by the US
Food and Drug Administration for de-
termining protein content in gloves and
other medical devices derived from la-
tex. The method incorporates several
protein precipitating reagents to cir-
cumvent the interference of the Lowry
assay by the various chemicals used in
the manufacture of these products. The
method utilized ovalbumin as a stan-
dard at a range of Jug/mL to 640
ng/mL. Since the gloves were ex-
tracted at a ratio of 1:5 (wt/vol), the
resulting detection limit was 2mg/g

of glove.

Allergen Content

The quantity of latex allergen was de-
termined by RAST inhibition using the
method previously describ&dexcept
that for this study a non-ammoniated

parison purposes, a reference latex ex-
tract from the FDA (E-8) was
determined to contain 1.2 mg/mL of
latex allergen and 2.8 mg/mL of pro-
tein by the American Society for Test-
ing Materials modified Lowry method.
The useful limit of detection of the
RAST inhibition assay in these studies
was estimated to be 0.03g/mL and
for quantitation to be 0.06Q.g/mL.

Particle Sizing

The relative size (ie, aerodynamic di-
ameter) of the particles suspended in
air when ten gloves were snapped in an
enclosed room (25 fiwas determined
by analyzing samples collected with an
Anderson multistage air sampler
(Grasby/Anderson Inc, Atlanta, GA).
Prior to use this device was depyroge-
nated by soaking the stages overnight
in 0.3 N NaOH. The glass 100-mm
Petri plates were depyrogenated by
heating at 180 °C for four hours. Each
plate was filled with 20 mL depyroge-
nated water and vacuum was applied
for 15 minutes at 28.3 L/min (total air
volume sampled was 0.424.5mAli-
quots of the 20 mL of water in the
individual plates (ie, stages) were cen-
trifuged and the supernates were as-
sayed for endotoxin by the Limulus
amebocyte lysate method described
above. These samples were assayed
prior to and immediately following the
application of vacuum to the Anderson
sampler. A microscopic analysis of the
resulting particles in the different
stages of the Anderson was performed
with cytospin (Shandon Inc, Pitts-
burgh, PA) preparations from each
stage.
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Density Studies

Particles created from snapping five
pairs of gloves in a small room (25%n
were collected in a cyclone sampler
(Burkard Instruments, Britain) over a
period of 90 minutes. This sample was
suspended in 0.5 mL depyrogenated
water and layered over a 60% wt/vol
solution of CsCJ. The dextran parti-
cles were allowing to sediment for 30
minutes at which time an aliquot was
removed for endotoxin testing. The re-
sults were compared with a 1w
sample of the suspension assayed prior
to layering over the CsGl Assay re-
sults were corrected for dilution and
recoveries were compared.

Kinetics of Release
Endotoxin-containing gloves were ei-
ther left normal or turned inside out
and each was filled with 100 mL depy-
rogenated water. They were then at-
tached to a 500-mL flask and placed on
a rocker platform at 100 rpm. Samples
(0.5 mL) were taken at times indicated
and assayed for protein and endotoxin
as above.

RESULTS

The results of the endotoxin, protein,
and allergen assays for the 21 different
gloves are listed in Table 1. The pro-
tein content of latex gloves varied over
a large range, from below the assay
detection limit (25ug/g) to 1150ug/g

of glove. The average protein content
for latex examination gloves was 460
ngl/g compared with 74.7ug/g of
glove for latex surgical gloves (Table
2). The average protein content for
powdered latex gloves was 444g/g

of glove while that for nonpowdered
latex gloves was 47.g/g. One of the
nonlatex control gloves (vinyl) demon-
strated a high level of protein as mea-
sured by the modified Lowry test while
the other was negative. The latex aller-
gen content in commercially available
latex gloves also varied over a wide
range from below the detection limits
of the assay (Iug/g) to 858ug/g of
glove. The average allergen content for
latex examination gloves was 33%)/g

of glove while latex surgical gloves
averaged much lower at 2jdg/g of

glove. Powdered latex gloves con-
tained on average 3183g/g of glove
while nonpowdered latex gloves aver-
aged 25ug/g of glove. Neither of the
non-latex gloves demonstrated any de-
tectable latex allergen. The endotoxin
content of the latex gloves ranged from
0.09 to 2800 ng/g of glove. As with the
protein and allergen measurements,
there was a strong correlation of endo-
toxin levels with the type of glove.
Examination gloves were contami-
nated with the highest amounts of en-
dotoxin and averaged 404 ng/g while
surgical gloves averaged a much lower
endotoxin content at 3 ng/g of glove.
The endotoxin content was generally
higher in powdered latex gloves which
averaged 338 ng/g of glove as com-
pared with nhonpowdered latex gloves
which averaged 78 ng/g of glove. One
powdered nonlatex control glove dem-
onstrated 4.0 ng/g of glove while the

other was below the detection limits of

the assay (0.5 pg/g of glove). On av-
erage examination gloves contained
higher levels of protein, allergen, and

endotoxin and this trend was apparent
whether they were powdered or not.
There were exceptions to this finding

as one of the powdered examination
latex gloves was very low in endotoxin

content and two nonpowdered exami-
nation gloves were high in endotoxin

content. The endotoxin content of the
slurry and the unused dextran powder
were found to be 64000 ng/mL and 0.3
ng/mL, respectively (Table 1).

The rate of endotoxin and allergen
release into an aqueous buffer from
latex gloves was very rapid (Fig 1).
The majority of these materials was
released in the first two minutes of
incubation after which slowly increas-
ing amounts were seen. When gloves
were turned inside-out and these ex-

Table 1. Allergen, Protein, and Endotoxin Content of Surgical and Examination Gloves

Glove Type Allergen,*  Protein,t  Endotoxin,t
Powder  Surgical/Exam ra/g ra/g ng/g
1 P S 88 150 0.09
2 P E 21.9 145 0.4
3 NP S 1.4 130 0.45
4 NP S 1.5 <25 0.92
5 NP S <1 <25 3.80
6 P S 32 90 3.80
7 P S 66 85 5.80
8 P S 2.7 68 6.00
9 P E 214 360 23.0
10 NP E 74.5 55 37.3
11 P E 837 735 82.3
12 P E 635 685 87.3
13 P E 26.4 100 1471
14 P E 858 700 201.0
15 NP E 3.1 45 210.5
16 NP E 68.6 50 216.5
17 P E 686 840 337.0
18 P E 44 655 662.5
19 P E 553 1150 2837.5
Vinyl NP S <1 675 <0.0005
Neoprene P S <1 25 4.0
Dry powder 50 0.32
Liquid slurry 405 64000

NP, nonpowdered; P, powdered; S, surgical glove; and E, examination glove.

* RAST inhibition method.

T Protein determined by the American Society for Testing Materials (ASTM) standard method

D5712-95.

F Endotoxin by kinetic Limulus Amebocyte Lysate method (average of three determinations on

same glove).
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periments were repeated, only a small Table 2. Comparison of Powdered Versus Nonpowdered and Surgical Versus

amount of protein was seen and no
endotoxin was detected. These results
indicate that both the endotoxin and
protein are loosely attached to the
side of the gloves tested.

When powdered gloves were
shapped in an enclosed room and the
airborne particles were collected and
analyzed, it was found that 73% of the
endotoxin was associated with parti-
cles less that ium aerodynamic diam-
eter (Fig 2). Twenty-seven percent was
associated with larger particles found
in the first stage of the Anderson col-
lector. The cross-linked dextran parti-
cles were only found in the first stage
as their size ranged from 20 to {0n.
Microscopic examination of air sam-
ples (Samplair) from the room during
these experiments revealed mainly two
types of particles. The first appeared to
be typical cross-linked dextran parti-
cles and the second were much smaller
and uniform in appearance and size.

The cross-linked dextran particles
were found to be quite dense-1.79
g/mL) and sedimented very quickly
through 60% CsGlwithout centrifuga-
tion. When a suspension of air sampled
with the cyclone from a room in which
gloves were snapped was layered over
60% CsCJ and the powder allowed to
sediment, the endotoxin was entirely
recovered from the supernatant.

DISCUSSION

This study demonstrates that natural
latex gloves contain variable and in
some cases very high amounts of en-
dotoxin. Powdered gloves had an av-
erage of 338 ng of endotoxin per gram
of glove. Nonpowdered gloves had
roughly a quarter of that amount. Non-
sterile examination gloves had an av-
erage of 135 times more endotoxin
than did sterile surgical gloves. Al-

though exceptions were observed, pro-
tein and allergen levels were higher in
the powdered gloves and lower in the
surgical gloves examined. No allergen
was eluted from nonlatex gloves and a
very small amount of endotoxin was

detected in the one neoprene glove
which was lightly powdered.

Examination Gloves

Mean Values from Gloves Tested

Protein, png/g

Allergen, pg/g Endotoxin, ng/g

Powdered latex gloves (P) 444
Nonpowdered gloves (NP) 47
Ratio (P/NP) = 9.5
Latex examination gloves (E) 460
Latex surgical gloves (S) 75
Ratio (E/S) = 6.2

313 338
25 78
12.6 4.3

335 404
27 3.0
12.3 135

Data and abbreviations from Table 1.
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Figure 1. Kinetics of release from a latex glove: endotoxin and latex allergen. Gloves were filled with

pyrogen-free water and mixed on a rocker. At the times indicated, samples were removed for analysis of

endotoxin and allergen.

Both endotoxin and protein were re-
leased rapidly into an aqueous medium
from the gloves tested. The similarity
of the kinetics of release of both sug-
gest that they may be associated. Lev-
els of both endotoxin and protein in-
creased at diminishing rates over the
20-minute observation period indicat-
ing some additional solubilization over
time. Surprisingly, all the endotoxin
and most of the protein were released
from the interior of three different
gloves tested. This would strongly sug-
gest that the contamination with the
protein and endotoxin occurred during
manufacture while the gloves were on
their molds in the inside-out configu-
ration.

Upon gently snapping inverted
gloves, we found that the majority (ie,
73%) of the endotoxin could be found
in fully respirable airborne particles
less than 7um in aerodynamic diam-

eter. This again suggests that the endo-
toxin is not associated with the cross-
linked dextran particles which are
much larger (20 to 7@m in diameter).

In addition, the endotoxin found in the
upper stage of the Anderson sampler
(27%) may be an overestimate because
of the trapping effects of fluid medium
in the first stage. Protein was not mea-
sured in these Anderson sampling ex-
periments. The fact that both endo-
toxin and protein elute with similar
kinetics in agueous medium suggests
that they may be associated with each
other as an aerosol. This conclusion is
somewhat contradictory to the findings
of Tomazic et al who provided data
that the cross-linked dextran particles
were carriers of allergenic proteifrs.
Upon close inspection, their report
suggests that only a small fraction of
the protein (1% to 11%) and specific
IgE binding (6%) is associated with the
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Figure 2. Size distribution of endotoxin in air. Gloves were snapped in a®2®em and air samples
were collected with the Anderson multistage sampler. An aliquot from each stage was assayed fonduce chemotactic factors, cellular

endotoxin content.

cross-linked dextran particles. Since
practically all the cross-linked dextran
particles are too large to be fully re-
spired, it is difficult to understand how
these could reach tissues and effect
allergen-specific mediator release
and/or sensitization. The density of the
cross-linked dextran particles we stud-
ied was shown to be very high~(L.79
g/mL). Powder of this density and size
would not be expected to remain air-
borne for a long period of time and as
such would not be likely to contribute
to sensitization. This procedure also
separated the endotoxin from the
cross-linked dextran indicating again
that the endotoxin is not closely asso-
ciated with the cross-linked dextran
particles.

What is the possible origin of this
endotoxin? Since practically all of the
endotoxin and most of the protein were
found on the inner surface of the
gloves, it is probable that they were
passively absorbed from the dipping
slurries through which the gloves were
put prior to their removal from their
molds. These slurries are kept at ele-
vated temperatures, can be highly mal-
odorous, and contain both protein and
cross-linked dextran which should pro-
vide an excellent growth medium for
microbes. In support of this, the slurry
sample that we tested contained a high
amount of endotoxin which is probably

an underestimate since the slurry had
been frozen and thawed, a treatment
that greatly reduces measurable endo-
toxin activity5? Furthermore, there
was only a small amount of endotoxin
detected in the unused cross-linked
dextran particles. It is reasonable to
anticipate that the amount of endotoxin
and protein in the slurry baths would
increase over time during manufacture
and thus with the size of a particular
lot. This could result not only in lot-
to-lot variations, as documented by
Yunginger et aP? but also in a time-
dependent increase in both endotoxin
and protein during the manufacture of
a single lot. As demand for gloves in-
creased, it is likely that the number of
gloves/lot also increased. In addition,
with the rapid increase in demand for
latex gloves, more of the production
was shifted to overseas sites, particu-
larly Malaysia, where much of the la-
tex is harvested. It is possible that the
tropical environmental conditions at
these sites favors higher levels of bac-
terial growth and thus more endotoxin
in the slurries. The conversion from
talc to cross-linked dextran powder,
which occurred in the mid-80s (close
to when problems with latex products
began to accelerate) would also be ex-
pected to favor bacterial growth. Fi-
nally, the shortened time between har-
vest and use in production would be

expected to allow for less breakdown
of proteins and endotoxin by the action
of various proteases and ammonia.
Medical problems from endotoxin
are diverse and have been well docu-
mented. They include irritation, rhino-
conjunctivitis, pulmonary congestion
and asthma, fever, malaise, and ana-
phylactoid shock3-'® These nonspe-
cific effects have been shown to in-
volve the induction of
proinflammatory cytokines such as
TNF-a, IL-6, and IL-8 via specific hu-
moral factors (LBP-lipid binding pro-
tein-a co-factor in the binding of LPS
to CD-14) and cell receptors (CD-
14)8-12 These cytokines can in turn

adhesion molecules, and effector sys-
tems such as nitric oxide synthetase
and platelet activating facté#:5° The
clinical effects of exposure to endo-
toxin depends upon the dosage, the
route of exposure, the structure of the
endotoxin encountered, and individual
susceptibility factor$?-245" Specific
effects of endotoxin include its activity
as an immunologic adjuvant both for
IgE antibodies to bystander antigens
when administered through the respi-
ratory route and also as an adjuvant for
delayed hypersensitivity to chemical
haptens on the skif#:?>-?¢ Both the
nonspecific and specific activities of
endotoxin could be playing a role in
clinical problems with natural latex
products and these are not necessarily
mutually exclusive. This may explain
some of the difficulties in diagnosing
these problems as these symptoms can
arise through specific or nonspecific
mechanisms. This possibility is
strengthened by Sullivan’s finding that
a number of ill defined symptoms
blamed upon latex sensitization do not
seem to be associated with the pres-
ence of IgE antibodie¥.In addition to
being an immunologic adjuvant, endo-
toxin has been shown to enhance anti-
gen-specific mediator release from ba-
sophils?®-31 The possibility exists that
endotoxin can magnify these immuno-
logically induced reactions. This in
turn could explain why so many of
these reactions are so severe.
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Our experiments demonstrated that
ten lightly snapped gloves (with high
endotoxin content) in a room of 25°m
resulted in a concentration of endo-
toxin in the air of 520 ng/fh This is a
highly significant level of endotoxin as
illustrated by studies indicating that
levels of 10 ng endotoxin/frand 100
ng endotoxin/mh can significantly
compromise asthmatic and normal in-
dividuals’ pulmonary problem¥:5®
The total endotoxin exposure to a sin-
gle pair of highly contaminated gloves
(#19) can be calculated to be around 84
g assuming the average glove weighs
7.5 g and the endotoxin is confined to
the inside of the glove. Since many
pairs of these gloves are worn during a
working period, the actual exposure
would be much higher. The time the
gloves are worn might also be a factor
in estimating exposure as moisture ac-
cumulates over time and would be ex-
pected to enhance elution of both en-
dotoxin and proteins.

An additional complication of endo-
toxin-induced inflammation includes
the fact that other bacterial products
such as peptidoglycans and teichnoic
acid can not only induce similar in-
flammation but can act to prime ani-
mals in a way that their reactions to
endotoxins are more sevéfe? The
possibility exists that these priming ef-
fects could also affect the susceptibil-
ity of different individuals at different
times to exhibit symptoms upon expo-
sure to endotoxins and allergens.

These findings strengthen the argu-
ments that increased demand and
changes in manufacturing procedures,
such as the use of cross-linked dextran,
the production of larger lots of gloves,
and the increase use of foreign produc-
tion sites are likely factors responsible
for the current high incidence of sen-
sitization to natural latex products.
They also indicate that the powder is
most likely relevant to this phenome-
non, not as a carrier of allergens, but as
a growth source for bacteria. Collec-
tively, these processes would be ex-
pected to increase the chances of bac-
terial and protein contamination.

In conclusion, given their nonspe-
cific and specific inflammatory poten-

tial, we propose that the finding of
endotoxin in some latex gloves could
have serious health implications. En-
dotoxin would be expected to be an
irritant to the skin and to increase the
sensitization rate to chemicals inherent
in these products. Second, since endo-
toxin was found in small fully respira-
ble particles, areas of heavy glove us-
age may represent an environmental
threat from endotoxins alone. The ad-
juvancy properties of endotoxin
through the respiratory route would be
expected to increase sensitization
rates. Finally, the fact that endotoxin
and other bacterial products can en-
hance antigen-specific mediator re-
lease and other inflammatory pro-
cesses may explain why many of the
reactions to these products are so se-
vere. This latter property of endotoxin
may also provide an explanation for
why a high number of latex skin tests
are positive in individuals with nega-
tive clinical histories®5°

Our results do demonstrate that
these contaminants readily elute from
natural latex gloves in aqueous me-
dium and thus can be removed by
washing. The observation that several
different gloves were very low in pro-
tein, allergen, and endotoxin provides
evidence that this can be accomplished
on a routine basis.
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