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Dear Sir or Madam:

National Starch and Chemical Company appreciates the opportunity to provide comments on the FDA
proposed rule to reclassify surgeon’s and patient examination gloves. National Starch and Chemical
Company is a manufacturer of absorbable dusting powder, USP.

As shown in the attached comments, National Starch and Chemical Company supports the
reclassification of medical gloves to Class I devices with special controls. Several items of concern are
discussed in the attached comments, such as powder and protein limits and the continued need for
powdered medical gloves.

Thank you again for the opportunity to provide comments on the proposed rule. If you have any
questions, you may contact me at the telephone number listed above.

Sincerely yours,

Lois A. Kotkoskie, Ph.D., D.AB.T.
Senior Toxicologist
Product Assurance
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National Starch and Chemical Company (NSC) Comments

FDA Proposed Rule: Surgeon’s and Patient Examination Gloves;
Reclassification. 64 FR 41709-41743, july 30, 1999.
Docket No. 98N-0313

Summary of Comments:

In general, NSC supports the reclassification of medical gloves to Class ll devices with
special controls. However, NSC does not agree with the following items in the proposed
rule as summarized below:

FDA Proposed Rule NSC Proposal
4 categories of medical gloves 2 categories of medical gloves
1200 pg/glove protein limit 300 pg/dm? protein limit
(recommended) (required)
120 mg/glove powder limit 150-200 mg/glove powder limit
(recommended) (required-natural latex gloves only)
powder limit on synthetic gloves | no powder limit on synthetic gloves

We request FDA to consider the barrier to trade that could arise if the proposed
protein limit of 1200 ug/glove was implemented. It is estimated that 70-80% of the glove
manufacturers in Southeast Asia would be unable to comply with the proposed protein
limit on gloves. A more reasonable extractable protein limit should be proposed, such as
300 pg/dm?.

There is a need for powdered medical gloves to exist because they have the best
performance properties of all glove types. If the FDA reclassifies medical gloves as Class
Il medical devices with special controls such as powder and protein limits, then it will not
be necessary to take further regulatory action to ban or limit the use of powdered
medical gloves.

NSC Comments on Proposed Protein Limit of 1200 ug/glove

NSC believes it is appropriate to limit the amount of water extractable protein content
on natural rubber latex (NRL) medical gloves, because natural fatex (NL) proteins are the
cause of Type | hypersensitivity reactions. However, NSC does not agree with the
proposed protein limit of 1200 ug/glove, regardless of glove size, and the sensitivity limit
of 300 ug/glove. As discussed in more detail below, NSC proposes an extractable
protein limit based on per unit area of 300 pg/dm’.
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FDA does not provide any scientific justification for the proposed protein limit of 1200
ug/glove. Therefore, it is not known if this protein limit will protect the public health
from latex allergies. In addition, in order to adequately protect the public health, the
extractable protein limits should be required limits and not recommended limits.

The protein from corn starch is not allergenic (Tomazic et al., 1994) and therefore, the
allergenic NL protein in gloves should be measured as extractable protein. Extractable
protein should be measured by the newest version of the ASTM Lowry Method D5712
and the limit of sensitivity of this method should be re-evaluated. FDA states the limit of
sensitivity is 300 pig/glove (based on a 6 gram glove), but this limit seems to be too high
to determine the extractable protein (Beezhold et al., 1996).

The unit of measurement of micrograms of protein per glove is not appropriate because
gloves have various sizes, weight and thickness. Therefore, extractable protein should be
measured based on surface area, in the units of micrograms per unit area (ug/dm?).

NSC proposes an extractable protein limit of 300 uig/dm” per glove, which is
approximately equal to 2400 micrograms of protein in a 7 gram glove. Most Asian glove
manufacturers can comply with this extractable protein limit.

The most important reason why the FDA should reconsider the proposed protein limit
of 1200 ug/glove is the potential barrier to trade. We have been in contact with several
trade associations and glove manufacturers in Southeast Asia; approximately 70-80% of
the glove manufacturers in this region cannot comply with the recommended protein
limit of 1200 ug/glove. If the protein limit of 1200 pg/glove is implemented, these glove
manufacturers will either have to do extra leaching, manufacture powder-free gloves, or
go out of business.

NSC Comments on Proposed Powder Limit of 120 mg/glove

The 120 mg/glove powder limit is not based on science and there is no justification for
this choice. There has been no comprehensive study on the amount of absorbable
dusting powder on medical gloves to justify the choice of 120 mg/glove. If a less than
optimal amount of powder is used on a medical glove, then certain performance
characteristics will be affected such as donning properties, increased chance of glove
stickiness, durability, shelf life, etc. NSC suggests a required powder limit of not more
than 150-200 mg/glove, in order to provide an optimal amount of powder for different
sized gloves and to adequately protect the public health.

Absorbable dusting powder is not, by itself, an allergen. It is hypothesized that the
powder adsorbs latex proteins during the manufacturing process. The airborne powder-
NL protein moiety is hypothesized to produce latex allergies. Therefore, if the protein
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limit and the manufacturing process can be controlied, then it will not be necessary to
limit powder on NL medical gloves. Powder limits should be required secondary to
protein limits and manufacturing process controls for NL protein. Recommendations for
protein limits and manufacturing process controls are found elsewhere in this document.

The value of 120 mg/glove seems to be an arbitrary value that was not chosen using
appropriate risk assessment procedures. Therefore, it is quite surprising that FDA would
be able to predict the reduction in expected allergic reactions as shown in the proposed
rule, because, as FDA states, “the scientific data to define the quantitative relationship
between respiratory allergic reactions and powder level on NL gloves are not available at
this time” (p. 41712, FDA proposed rule).

There is no justification whatsoever for a powder limit of 120 mg/glove for synthetic
gloves. Synthetic gloves do not contain NL proteins and therefore, are not associated
with NL allergies.

FDA states in the proposed rule that it is concerned about foreign body reactions caused
by glove powder, either on a NL glove or synthetic glove. This issue of foreign body
reactions caused by glove powder has been previously reviewed by FDA in the
September 1997 Medical Glove Powder Report, which discusses foreign body reactions
and concludes that foreign body reactions are most likely caused by sutures and not glove
powder. In fact, the overall conclusion of the 1997 Medical Glove Powder Report is:
“the major adverse impact of glove powder appears to be its contributing role in natural
rubber latex allergies” (U.S. FDA, 1997, p. 2) and the issue of foreign body reactions is
not mentioned. Therefore, there is insufficient scientific evidence to demonstrate that
powder plays a role in foreign body reactions. If the FDA has new evidence to show that
powder does cause foreign body reactions, then it should make these data available to
the public for review and comment.

The ability of cornstarch to be a growth source for bacteria and a carrier for endotoxin
is not well supported by scientific evidence. One paper by Williams and Halsey (1997)
addresses the endotoxin issue. These investigators found low levels of endotoxin in dry
powder; these results have been confirmed by NSC for ABSORBO® HP absorbable
dusting powder, USP (NSC, 199%9a). Williams and Halsey hypothesized that endotoxin
was being introduced into the glove manufacturing process in the starch slurry tank;
endotoxin levels in the starch slurry tank tested were 64000 ng/g, compared with 0.32
ng/g for dry starch powder (Williams and Haisey, 1997). The September 1997 Medical
Glove Powder Report reviewed the issue of bioburden and powder and found no
evidence that powder and bioburden are related (U.S. FDA, 1997). ABSORBO® HP
absorbable dusting powder, USP contains low microbial levels at less than 1000 Total
Plate Count per gram of powder (NSC, 1999b). If adequate manufacturing controls are
placed on the manufacturing process at the starch slurry tank, then the levels of
endotoxin and presumably microbial contamination will also be controlled.
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It is recommended that the method to be developed by FDA to measure glove powder
should be specific for absorbable dusting powder.

Response to FDA’s Specific Request for Comments

I.  FDA requests comments on the timeframe for implementation of the proposed rule
considering the need for change in production, technology, and labeling, as well as the
immediate need to address adverse health concerns associated with medical gloves. Although
FDA prefers a I-year effective date, FDA is proposing a 2-year effective date based on
indications from industry that the necessary changes could not be made in | year and that a
shortage of medical gloves could resuft.

NSC Response: We support the 2-year timeline for implementation of the proposed
rule.

2. In the proposed guidance document, FDA recommends a limit of no more than 120 mg
powder per powdered glove, regardless of size, as the maximum level in order to reduce
exposure to particulates and airborne allergens. FDA requests comments on the
recommended limit with regard to the minimum level of powder needed for adequate donning
of gloves.

NSC Response: As discussed above in more detail, NSC does not agree with the
recommended powder limit of 120 mg/glove. There is no scientific evidence that 120 mg
powder per glove will reduce the incidence rate of adverse reactions from gloves. Most
manufacturers use 150-200 mg powder per glove . Therefore, if manufacturers reduce
the amount of powder in the glove to a less than optimal level, quality problems may
result such as: less donnability, higher reject rate, decreased shelf life due to gloves
sticking together, and higher cost to the consumer for extra processing of gloves to meet
powder limit.

There is no scientific justification whatsoever for a powder limit on synthetic medical
gloves. There is no known interaction between the powder and synthetic gloves and no
known adverse effects from the use of powder on synthetic medical gloves. The powder
limit should apply only to NRL medical gloves.

3. FDA requests comments on the feasibility and desirability of additional labeling requiring
manufacturers to state the primary ingredients in glove powder in the product labeling.

NSC Response: In order to provide accurate information to the consumer, the fabel
should clearly state “contains absorbabie dusting powder, USP” or the chemical name of
the glove powder used in medical gloves.
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4. In the proposed guidance document, FDA is recommending no more than 2 mg powder per
glove, regardless of size, as the recommended powder level for those surgeon’s and patient
examination gloves labeled “powder-free”. FDA requests comments on the proposed limit.
FDA is also seeking comments on the possible impact of this powder limit on barrier
properties and shelf-life of NL gloves.

NSC Response: We propose to increase the powder limit for powder-free gloves to 4
mg/glove and then reduce in stages by | mg/glove within a two-year period to 2 mg/glove.
Giove manufacturers are requesting this additionai time to make the necessary processing
changes to comply with the recommended powder level for powder-free gloves.

5. FDAis aiso considering a future requirement that all surgeon’s and patient examination gloves
marketed in the United States be powder-free. FDA requests comments as to whether a
continued need for powdered gloves exists, and, if so, the reason for this need.

NSC Response: Overall, there is substantial support from the market that there is a
need for powdered medical gloves. Powdered medical gloves are the most economical
and technically, the best glove in terms of donnability, durability, shelf life, appearance,
tactile properties. If FDA and the glove manufacturers can control the amount of protein
and powder on a medical glove, then the incidence rate of adverse reactions should
decrease.

6. FDA considered restrictions on the sale (advertising), distribution, and use of powdered
surgeon’s and patient examination gloves. FDA is seeking comments on the feasibility of such
restrictions.

NSC Response: There is still a need for powdered gloves due to their excellent
technical properties. Therefore, there should not be any restriction on the sales,
advertisement, and distribution of powdered gloves. The proposed warning labels and
required powder and protein levels will be sufficient to protect the public health.

7. In the proposed guidance document, FDA is recommending an upper fimit of no more than
1,200 pg protein per NL glove, regardless of size, as the maximum level for NL surgeon’s
and patient examination gloves. FDA is seeking comments on the proposed recommended
limit.

NSC Response: As stated above in our detailed comments on the protein limit, NSC
proposes a required protein limit of 300 ug/dm’ The FDA proposed protein limit does
not take into account the size or thickness of the glove, which can vary significantly. In
addition, we believe the protein limit should be required rather than recommended in
order to adequately protect the public health.

8. FDA’s objectives in this proposed rulemaking are to reduce adverse health effects from
allergic reactions and foreign body reactions by controlfing the levels of water-extractable
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protein and glove powder on NL gloves. FDA requests comments as to whether there are
feasible alternative approaches to achieve these objectives. If other alternatives or data
submitted present feasible methods to protect the public health or suggest that different
powder or protein levels are adequate to protect the public health, FDA may incorporate such
data or approaches in a final rule.

NSC Response: The manufacturing process for powdered gloves couid be better
controlled in order to reduce the NL protein level in finished gloves. One suggestion is
to require process control of the starch slurry tank. Some manufacturers do not change
the starch slurry tank on a regular basis, and as a result, NL protein concentration rises in
the tank over time. Therefore, finished gloves produced from the ‘old’ starch slurry
would theoretically have higher NL protein levels than gloves produced from ‘fresh’
starch slurry. It may be necessary to require manufacturers to change the tank ona
regular basis, such as every day or twice a week. Also, regular changes to the starch
slurry tank may reduce other possible problems such as endotoxin and bioburden
contamination on finished gloves.

In addition, as stated previously, a required extractable protein limit of 300 pg/dm® and a
required powder limit of 150-200 mg/glove would be predicted to adequately protect the
public health.

9. FDA dlso invites comments on the issue of whether the recommended fimits on powder and
protein proposed in this rule should be recommended limits or required fimits.

NSC Response: The powder and protein limits should be required limits in order to
protect the public health. However, the required limits should be based on scientific
judgment and glove manufacturing capabilities. Most glove manufacturers in Southeast

" Asia could meet the NSC proposed extractable protein limit of 300 pg/dm’ and powder
limit of 150-200 mg/glove.

10. FDA considered allowing manufacturers to establish an initial tentative shelf-ife up to a
certain duration based on accelerated aging data, provided that manufacturers initiate
concurrent real-time shelf-life studies to confirm and extend the tentative shelf-ife. FDA has
been unable, however, to determine whether any validated stability study protocols exist
employing accelerated aging methodologies. The agency invites comments or information on
the availability of accelerated aging stability study protocols which are predictive of glove shelf-
life. If convincing information concerning such protocols is available, FDA may incorporate
such an approach in a final rule.

NSC Response: The minimum duration for shelf life should be 2 years or more. The
use of accelerated aging stability studies has been used for pharmaceutical products but
the protocols would not be applicable for this purpose. The use of accelerated aging
studies should not be permitted until validated methods are available.
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I 1. FDA considered requiring the use of a special air handfing system at the point of use for those
facilities using powdered surgeon’s and patient examination gloves with powder levels over
120 mg per glove, regardless of glove size. FDA is seeking comments on the appropriateness
of this restriction.

NSC Response: There is no need for a special air handling system if special controls
are implemented for medical gloves. The required powder and protein limits will reduce
the amount of airborne latex protein. The cost of such a system will be prohibitive and
therefore, inappropriate. It also not practical and is inconvenient to the surgeons and
healthworkers
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Correlation of pfotein levels with skin prick
test reactions in patients allergic to latex

Donald Beezhold, PhD,? Bradiey Pugh,® Gary Liss, MD,*
and Gordon Sussman, MD<
Sayre, Pa., Dothan, Ala.. and Toronto, Ontario. Canada

Background: Natural rubber latex (NRL) gloves are the major source of proteins that cause
latex allergic reactions in sensitized health care workers and patients.

Objective: This study evaluated the effect of manufacturing changes on reducing protein,
antigen, and allergen levels of latex medical gloves.

Methods: Three types of NRL gloves were manufactured with a common barch of
compounded latex. The NRL gloves were analvzed for 1otal protein by using the American
Society for Testing and Materials D3712-95 Lowny method, and specifically for latex proteins
by immunoassay. Allergen levels in the extracts were determined by end-point titrration skin
prick tests (SPTs) on patients allergic 1o NRL.

Results: Extracts from regular powdered gloves had detectable levels of latex prowins and
allergens (62% SPT positive), whereas the powder-free gloves were low in protein content and
allergenicity (59¢ to 8% SPT positive). No significant difference in SPT reactivity was
observed benveen the chiorinated powder-free gloves and the polymer-coated gloves. Although
the protein levels determined by the Lowny assav correlated with SPT reactivity (r = 0.95), the
test was restricted by a high detection limit (9.3 pg/ml). Fifty-eight percent of patients allergic
10 latex reacted at the 50 ugfgm detection limit allowed by the Food and Drug
Administration. The ELISA had a good correlation with SPT reactivity (v = 0.93), and
because of the greater sensitivity, gloves testing below the ELISA reporting limit (0.06 pg/mi)
have a significantly lower potential for eliciting reactions in parients allergic to latex.
Conclusions: Results of protein assays are acceptable criteria with which to rate the potential
allergenicire of gloves: however, the American Society for Testing and Materials D5712-95
assay may lack the sensitivity to provide clinically relevant data. (J Allergy Clin Immunol
1996,98:1097-1102.)

Key words: Latex allergy, latex proteins, Lowry assav, immunoassay, skin prick rests

Natural rubber latex (NRL) allergy presents as a
clinical spectrum of manifestations including local Abbreviations used
contact dermatitis, allergic rhinoconjunctivitis, ASTM:  American Society for Testing and
asthma, and life-threatening anaphylaxis.! It is Materials o )
generally understood that latex sensitization oc- LEAP:  Latex ELISA for antigenic protein

. NRL: Natural rubber latex
curs as a result of repeated contact with NRL- SPT-  Skin prick test
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Dothan: “Ontario Ministry of Labour, Toronto; and ¢Univer-
sity of Toronto. ) . containing products or by inhalation of latex
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poration, Dothan. Alabama. professions (5% to 15%) and chﬂdren with spina
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accepted for publication May 28, 1996. rates for latex allergy.>* Immediate hypersensitiv-

Reprint requests: Donald Beezhold. PhD, Director. Laboratory ity reactions to latex occur when individuals have

(r)feI\gﬁﬁzzhzﬁxmﬁf”is?féh"e Research Institute, 1 Guth- specific IgE antibodies to NRL proteins. Once
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0091-6749/96 $5.00 + U 1/1/75630 sitivity, and anaphylactic reactions have been re-
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ported from NRL inhalation. skin prick testing.
and inadvertent contamination in food.™ '

Latex proteins have been demonstrated in most
medical devices containing NRL.""* The product
most often implicated as causing allergic reactions
is NRL gloves. especially powdered gloves. Pa-
tients allergic to latex have been reported to react
less to extracts of powder-free latex gloves than to
extracts of powdered gloves." Use of low-protein
and powder-free gloves reduces the consequences
of NRL occupational asthma.”!7 Powdered gloves
have higher latex antigen and allergen levels than
powder-free gloves.’®-1° Recently, the Food and
Drug Administration approved manufacturers’ use
of a modified Lowry assay to report latex protein
levels on glove packages. However, it is not known
what quantitative level of NRL protein is safe to
prevent sensitization or allergic reactions.

Our objective in this study was to quantitatively
evaluate the effect of processing changes on pro-
tein and allergen levels of NRL gloves. We mea-
sured protein. antigen, and allergen levels on reg-
ular  powdered. chlorinated. and chlorinated
polymer-coated gloves to correlate the modified
Lowry assay and ELISA with skin test reactivity in
patients with known latex allergy.

METHODS
Patient poputation

Thirty-nine otherwise healthy patient volunteers, di-
agnosed as having latex allergy, with a positive history
and positive NRL skin prick test (SPT) results were
recruited for this study. NRL SPTs were previously
performed on these patients with a standard latex skin
test reagent (Bencard. Mississauga. Ontario, Canada),
and wheals 4 mm greater than the negative control were
considered positive. The control group consisted of 31
volunteers not allergic to latex who were first seen
consecutively in the allergy clinic (17 with allérgic rhi-
noconjunctivitis, 5 with asthma, 4 with sinusitis, 3 with
urticaria, 1 with migraine headache, and 1 with a drug
reaction). The protocol was approved by the Ethical
Review Committee of the Ontario Allergy Society.

Skin testing

SPTs were done on the volar aspect of the forearm
with a drop of test solution, and the epidermis beneath
the drop was pricked with a lancet (Miles, Warwickshire,
U.K.). SPT sites were wiped clean after 15 minutes. and
the wheal and flare reactions were carefully measured.
Positive wheal and flare reactions (=4 mm of the
negative wheal) were outlined, transferred onto trans-
parent tape, and recorded as a permanent record. Test-
ing with the latex components was started at a
1:1,000,000 dilution and continued with 10-fold lower
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difutions thigher concentration of extracts) untit i pos-
itive reaction wus oblained.

Test solutions

Allergenic components used for SPTs included a
standard latex skin test reagent (Bencard). a polywvalent
ammoniated latex protein preparation,®™ four extracts
prepared from commercially available latex medical
gloves. and extracts of three specifically prepared test
gloves. Histamine (1 mg/ml) and diluent (human serum
albumin. 0.3 mg/ml in (.9% saline solution) were used as
positive and negative control reagents for the skin tests.

Test solutions were prepared by extracting gloves for
2 hours at 37° C under sterile conditions. To obtain a
representative extract for skin testing. five gloves from
each lot were cut into small pieces and extracted in a
polypropylene container with 5 ml/gm sterile saline
solution.®">! The samples were centrifuged (2000 g) to
remove glove powder and particulates. To eliminate the
lot-to-lot variability®® and directly observe anv differ-
ences resulting from processing changes, the three test
gloves were specially manufactured. starting with a
common batch of compounded latex; and the same dip
machine was used within an 8-hour period. The three
different test gloves were processed differently in order
to produce: (1) regular powdered gloves, (2) chlorinated
powder-free gloves, and (3) chiorinated polymer-coated
gloves (patent pending). The test gloves manufactured for
this study were used within 1 month of manufacture.

Protein analysis

Total prorein levels. Protein levels were determined
according 1o the American Society for Testing and

Materials (ASTM) standard test method D35712-95,

which incorporates a precipitation step to reduce the
interfering substances before analysis by the Lowry
assay. In brief. the precipitation step was performed on
0.5 ml of each sample by first adding 50 ul of 0.13%
(wt/vol) sodium deoxvcholate and incubating the sample
al room temperature for 10 minutes. Next, 30 ul of 72%
(wt/vol) trichloroacetic acid and 50 pl of 72% (wt/vol)
phosphotungstic acid were added. and the samples were
incubated at room temperature for an additonal 20
minutes. The samples were centrifuged for 15 minutes at
6000 g, the supernatant was discarded, and the pellet was
dissolved in 125 pl of 0.1 mol/L NaOH (yielding a
fourfold concentration of each sample). Protein was
determined by using the Detergent Compatible protein
assay (Bio-Rad Laboratories, Hercules, Calif.). Each
sample was tested in duplicate by using four twofold
serial dilutions. The optical density was read at 700 nm.
and the concentration of protein was determined by
comparing the optical density of unknowns with the
ovalbumin protein standard. The detection limit was
defined as three times the standard deviation at zero,
and the reporting limit was defined as 10 times the
standard deviation ut zero.*® The standard deviation at
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zero was determined by extrapolating the standard de-
vigions ot known concentrations of ovalbumin (6 repli-
cates of 3 protein concentrations) according o the
method of Tavlor?® The limit of detection for the
modified Lowry assay was found to be 2.5 pwg/ml. and the
reporting limit for the method was calculated as 9.3
pg/ml (46.5 pe/‘em with a 1:5 weight-to-volume extrac-
tion ratio).

Antigen levels. Antigen levels in the glove extracts
were quantitated by an indirect ELISA with the Latex
ELISA for Antigenic Protein (LEAP) as previously
deseribed.'= ™% Latex protein antigens from the stan-
dard polyvalent ammoniated latex protein preparation
or the glove extracts were adsorbed to the wells of a
96-well ELISA plate {Easy Wash: Corning Glass Works.
Corning. N.Y.} by incubating eight duplicate twofold
serial dilutions of the extracts (carbonate buffer. pH 9.6)
in the wells for 4 hours at 37° C. Nonspecific binding
sites were blocked by using 2% bovine serum albumin
(Fraction V: Sigma Chemical Co.. St. Louis. Mo.). A
rabbit anti-latex antiserum (1:5000 dilution) was allowed
to react with the plastic-bound latex proteins overnight.
The specifically bound rabbit anti-latex antibodies were
then reacted for 1 hour with a gouat anti-rabbit IgG
(1:1000 dilution) conjugated with horseradish peroxi-
dase (Sigma). Finally, a colored reaction product was
produced by incubation in 10 mgiml o-phenylenedi-
amine (Sigma) containing 0.001% H.O..

The LEAP uses a pooled rabbit anti-serum specific for
latex protein. which has been shown to have an immu-
noblot profile similar to that of pooled IgE from 20
paticnts allergic to latex.™ The LEAP has a good linear
correlation. with range of sensitivity and specificity sim-
ilar to those of a human IgE inhibition assay.>! The
detection limit for the ELISA was determined as de-
scribed above by extrapolating the standard deviations of
known concentrations of latex protein to zero.™ The
assay has a detection limit of 0.03 pg/mi and a reporting
limit of 0.06 pg/ml (0.3 pg/g with a 1:5 extraction ratio).
Intra-lot variability for the test gloves was determined by
using four or more individual glove samples for each test
condition. Samples below the detection limit were as-
signed a value of one half the reporting limit (0.03

pg/mi).

Statistical analysis

The proportions of patients allergic to latex reacting
to glove extracts were compared by using the Mantel-
Haenszel chi square test or Fisher’s exact test. as appro-
priate.

RESULTS
Protein analysis

Several gloves for each test condition were ana-
lyzed with the modified Lowry assay (ASTM 5712-
95) and the ELISA to determine intra-lot variabil-
ity. The Lowry assay detected 29 = 8.8 pg/ml
(mean = SD, n = 5) for the regular powdered
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gloves. whereas all of the samples tested for both
the chlorinated (7 = 6) and the polymer-coated
gloves (n = 7) were below the detection limit of the
Lown assay (9.3 pg'ml). With the LEAP, extracts
of the regular powdered gloves had 28.1 = 8.2
peml (mean = SD, n = 4), whereas the chiori-
nated gloves had 0.045 = 0.023 pg/ml (n = 6) and
the polymer-coated gloves had 0.067 = 0.082
mgmi (n = 7). Three of six chlorinated gloves and
five of seven polymer-coated gloves were below the
detection limit (0.06 pg/ml) of the ELISA. These
data indicate that the processing changes to pro-
duce the chlorinated and polymer-coated gloves
consistently lower latex protein levels.

Skin testing results

Control. Thirty-one volunteer control patients,
who were not allergic to latex, were skin prick tested
with all test reagents; and full-strength testing solu-
tions were used. All control patients reacted posi-
tively to the histamine control: however, no reactions
to the glove extracts were observed. It was concluded
that the glove extracts did not contain substances that
would cause irritation reactions.

Patients allergic to latex. The population of 39
patients with positive responses to latex was found
to be highly allergic to latex. As shown in Table I,
56% of these patients reacted to a 1:10,000 or
greater dilution of the Bencard standard skin test
reagent. The extracts were ranked according to the
percent of patients allergic to latex with positive
skin test responses, and the data are summarized
in Table II. Sixty-two percent (24 of 39) of the
patients reacted to the extract from the regular™
powdered gloves. The proportion of SPT reactivity
for the test powdered gloves is significantly greater
than that for test powder-free gloves (2 of 39.p =
0.0000005) and that for test polymer-coated glove
extract (3 of 39, p = 0.0000019). The proportion of
SPT reactivity was not different between the test
powder-free and the polymer-coated gloves (p =
1.0, two-tailed Fisher’s exact test). This level of
reactivity was similar to that observed for another
powder-free. polymer-coated glove (4 of 39, 10%)
also tested in this study. In general, the rank order
of reactivity of the extracts matched with the
protein levels by both the Lowry assay and the
ELISA.

Correlation of protein assays t¢ SPT
reactivity

The percent of patients reacting to the different
latex extracts was plotted against the protein con-
centration (log) in an attempt to correkate these
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TABLE 1. Sensitivity of the latex-allergic population

Bencard Cumulative AL Cumulative

: SPT reactivity reference reactivity
Reagent dilution reagent (%) protein {%)

1,000.000 7/39 (18%) 18 2/39 (5%) 5

100.000 9/39 (23%) 41 4,39 (10%) 15

10,000 6/39 (15%) 56 9/39 (23%) 38

1,000 8/39 (21%2) 77 8/39 (21%) 59

100 2/39 (5% 82 4/39 (109%) 69

10 1/39(2.6%) 85 6/39 (15%) 84

1 6/39 (15%) 100 3/39 (8%) 92

No reaction 0/39 (0%) 3/39 (8%)

AL, Ammoniated latex.

TABLE . Comparison of protein level to
SPT reactivity in patients allergic to latex

Percent  Lowry ELISA

Test solution® reacting {ug/ml) {(pg/mi)
Saline control -0 bd bd’
Test powder-free 5 bd 0.08
Test polymer-coated 8 bd 0.16
Powder-free glove 10 bd 0.08
Powdered glove 3 135 bd 0.94
Test powdered 61 29 28
Powdered glove 2 74 36 15
Powdered glove 1 85 140 18
AL reference protein 92 591 1844
Bencard reagent 100 1850 13000

bd, Below detection limit of 9.3 ug/mi for the Lowry assay and
0.06 pg/ml for the LEAP: AL. ammoniated latex.

assays. Samples below the detection limit were not
included in the analysis. As shown in Fig. 1, there
was a good correlation between Lowry protein
levels and SPT reactivity (- = 0.95). The equation
for the regression line comparing Lowry protein
levels with SPT reactivity was (y = 18.8 log[x] +
40), where x is micrograms per milliliter of latex
protein determined by the protein assay. This
equation allows one to predict the percent (y) of
patients altergic to latex that will react to a glove
extract. Likewise, there was a good linear correla-
tion (r = 0.94) between the ELISA and SPT
reactivity (Fig. 1). The equation for the regression
line was (y = 19.2 log[x] + 34).

The major difference found between the protein
assays was a reduced sensitivity of the Lowry assay.
Although the Lowry assay correlated well with skin
test reactivity, it has a reporting limit of 9.3 pg/ml
or 47 pg/gm (with a 5:1 extraction ratio). If the
regression line is used to predict reactivity at the
reporting limits, 58% of this population would

react at the Lowry limit, whereas only 119 would
react at the reporting limit of the ELISA. Thus the
ELISA allows one to predict SPT reactivity over a
broader protein range and at a lower protein level
than does the Lowry assay.

DISCUSSION

Latex allergy is problematic for health care
workers who require barrier protection and who

. are working in a hospital environment laden with

airborme NRL allergen.> 7% A simple solution to
reducing airborne latex is the use of powder-free
gloves. In this study we compared regular pow-
dered gloves with powder-free gloves manufac-
tured by using chlorination and/or polymer coating
processes. We attempted to determine the rela-
tionship between residual protein levels and skin
test reactivity. Three brands of gloves were spe-
cially produced from a common batch of com-
pounded latex to eliminate the variability caused
by differences in the starting materials.?? Residual
protein in extracts was analyzed for total protein by
using the ASTM 5712-95 method, and specifically
for latex antigens by using ELISA. Relative aller-
gen levels in the extracts were determined by
end-point titration skin prick testing.

It has been reported that powder-free gloves
have lower protein and allergen levels than regular
powdered gioves.'”"?* The chlorination step ap-
pears to dramatically reduce latex allergen levels.?®
Coating latex with a polymer is another process
used to eliminate the need for donning powder.
We found dramatic differences between the pow-
dered and powder-free gloves in residual protein,
antigen, and SPT reactivity. We were unable 10
determine a significant difference in protein or
SPT reactivity between the chlorinated and the
polymer-coated gloves.

It is generally believed that the use of low-
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protein gloves will reduce ‘the potential for latex
reactivity and sensitization. However, several im-
portant points need to be addressed including: (1)
How Is the residual protein or ailergen level mea-
sured? and (2) What amount of protein is accept-
able? Previously, total protein levels were not
found to correlate with clinical reactivity,!0-3% 28
This was presumed to occur because not all pro-
teins are allergens, and measuring total protein
would obscure the measurement of only those
proteins that are allergens. However, numerous
investigations have demonstrated that multiple la-
tex proteins are allergens®* 2%31: thus, measuring
total protein would be expected to correlate with
allergen levels. A probable explanation for lack of
correlation in previous studies is that accelerator
chemicals in latex extracts strongly interfere in the
protein assay, resulting in elevated protein read-
ings.!* To overcome this problem the ASTM
5712-95 protocol introduces a precipitation step,
which serves to concentrate the protein and to
remove the chemical compounds that interfere in
the assay. Using this method, we now report a good
correlation between the Lowry total protein levels
and SPT reactivity. The ELISA, which measures
antigenic protein, also demonstrated a good corre-
lation with SPT reactivity. The rank order of SPT
reactivity of the nine NRL-containing extracts
matched the protein levels measured by both pro-
tein assays. The major exception observed was the
test powdered glove that measured higher protein
levels than expected on the basis of SPT reactivity.
This glove was produced by using a calcium car-
bonate powder rather than the more common
cornstarch powder. This processing change may
have altered the allergenic potential of the residual
latex proteins, or this glove may have had in-
creased amounts of proteins that were less aller-
genic in this patient population. However, given
the heterogeneity of reactivity to specific latex
proteins,?-3! our data support the conclusion that
protein levels can be useful in assessing the relative
allergenicity of NRL gloves.

An equally important question relates to the
relevance of protein levels. The ASTM D5712-95
test has limited sensitivity, resulting in a high limit
of detection. Recently, the Food and Drug Admin-
istration has allowed manufacturers to make “low
protein” claims on glove packages by using the
ASTM D5712-95 protocol. Because of the limita-
tions of the assay, documenting actual protein
levels below the 50 ug/g level was not allowed. Our
data demonstrate that at the detection limit of the
Lowry method, 58% of patients allergic to latex
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FIG. 1. Correiation of protein levels to SPT reactivity in
patients allergic to latex. Patients were skin tested by
end-point titration with nine NRL-containing samples.
Protein levels in extracts were determined by the ASTM
D5712-95 method (solid diamonds} or the LEAP method
{open squares). Total percent of patients with skin test
reactivity (to any dilution of extract) was plotted against
protein levels, and curve fitting was performed by loga-
rithmic regression analysis.

will still react to lower protein levels. The ASTM
D5712-95 may lack the sensitivity to provide clin-
ically relevant data.

Immunologic assays are physiologically more
relevant assays in which antibodies are used to
specifically measure reactive protein. The LEAP
was found to be 150 times more sensitive than the
ASTM 5712-95 method, and it correlates well with
the RAST inhibition assay.?! The good correlation
of the ELISA method with the SPT results and the
expanded range of detection allows for a method
that can more easily discriminate low protein lev-
els. Glove extracts testing below the minimum
level of detection of 0.06 pg/ml (0.2 pg/g) would
have a significantly lower potential (11%) for
eliciting type I reactions in latex-sensitized individ-
uals. However, caution must be exercised in at-
tempting to extrapolate these results to the actual
clinical situation. The results of SPT reactivity may
be different than the actual in-use situation. It
could be speculated that hydrophobic proteins,
which might not be extracted in saline solution,
may be released by the sweat on a gloved hand or

by direct skin contact with latex. Latex-sensitive
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individuals must still be assumed to be highly
allergic to any NRL-containing glove and cau-
tioned to only use non-latex products.

We thank Zong-Lu Shen for excellent technical assis-
tance.
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Background:

This report gives the endotoxin levels for one starch product: Absorbe® HP GJB
127/6. This starch was made in Thailand and is used in Latex gloves. There was
some concern that endotoxins, substances found in gram negative bacteria, could
cause an adverse reaction to people wearing latex gloves.

Method:

1 gram of sample was extracted in depyrogenated test tubes with 10 mL of LAL
reagent water for one hour at room temperature. The sample was vortexed for one
minute every ten minutes during this hour. The sample was then allowed to settle
for one additional hour at room temperature. A 1:100 dilution was made and 2
fold dilutions were made from that. Duplicate test tubes of sample at each dilution
were tested. The sample was also “spiked” with endotoxin at 2 lambdaasa
positive control (See attached SOP for method details).

Table 1: Results on the Microbiological Testing of Samples

Dilution Absorbo® HP GJB 127/6
spiked sample +,+
1: 100 -
1:2 -
1:8 -
Endotoxin Activity in EU/MI <3

Key:
+ = positive gel clot

Absorbo® is a registered trademark of National Starch




- = negative gel clot

Conclusions:

The endotoxin activity of the starch was very low. In an article by Williams and
Halsey, "Endotoxin as a factor in adverse reactions to latex gloves", they found
gloves to have between .9 - 28,000 EU/MI of endotoxin activity. They found the
dry powder to be 3.2 EU/ML. Our starch, at <3 EU/M], is within the ranges the
article found and is acceptable.

SOP for Detecting Endotoxin in Starch

Principle - .
This SOP describes the materials and methods involved in performing the
Bacterial Endotoxin Test on starch samples. Limulus Amobecyte
Lysate (LAL) is an indicator of the presence of bacterial endotoxins or
Pryogens. Endotoxins are heat stable compounds that can produce
fever, shock or death if in the blood stream. The bacterial endotoxin test is a
test for estimating endotoxin concentration in starch samples.

2. Safety -
Personal protective equipment such as a lab coat, safety glasses and gloves

must be worn. The analyst must wash his/her hands before and after
working with microorganisms. All contaminated materials must be
sterilized by autoclaving and the work surfaces used must be disinfected

before and after use.

3. Apparatus -
1.15 mL Corning Polystyrene sterile, disposable centrifuge tubes

for dilutions, Fisher cat. # 05-538-51

2. 10 X 75 mm soda lime glass tubes, depyrogenated, Associates of
Cape Cod, cat # TSOS50

3. Disposable glass pipets, from Fisher

4. Vortex Mixer

5. MLA 100 uL pipet and pipet tips

6. Incubator or water bath capable of maintaining 37°C

" 7. Depyrogenated Erlenmeyer flasks, beakers, funnels, volumetric flasks

and metal spatulas may be needed.

~ 8. Parafilm® ;
All apparatus that comes in contact with the LAL test must be

pyrogen free. This is accomplished by heating the materials at 250°C
for 3 hours or purchasing them pyrogen free.

4. Reagents —

Absotbo® is @ registercd trademark of National Starch




1. CSE- Control Standard Endotoxin 05ug/v1al Associates of Cape Cod,
1-800-LAL-TEST :
2. LAL Reagent- Pyrotell 5 mL/v1a1- Associates of Cape Cod
3. LAL Reagent Water- from Associates of Cape Cod or DI water
sterilized in an autoclave for 15 minutes in a depyrogenated bottle.

5. Procedure -
A. Preparation
1) Equipment preparation- N/A
2) Instrumentation setup- N/A
3) Standards preparation- See SOP:CAG:BI0:027RO0

4) Sample preparation-N/A

B. Analysis -
Procedure: ;

1. For each sample to be tested, place 1g into 10 mL of LAL reagent water.

2. Vortex for 1 minute every 10 minutes for one hour at room temperature.

3. Let the samples stand for at least one additional hour at room temperature.

4. Take 0.10 uL of the starch extract (top liquid). This is the undiluted sample.
From this undiluted sample, make a 1:100 dilution, 0.1 mL into 9.9 mL of LAL
reagent water. From this 1:100 dilution, further dilutions can be made if it is
necessary. '

5.1;1, 1:2, 1:4, and 1:8 dilutions can be made from the 1:100 tube.
Also run a “spiked” sample which is the undiluted sample “spiked” with 2A
control endotoxin, where A is the sensitivity of the Lysate.

6. Place 0.1 mL of each of the CSE standard series 4, 2, A/2, A/4 into duplicate
test tubes. Also place 0.1 mL of each sample to be tested into duplicate tubes.

7. Pipet 0.1 mL of reconstituted LAL reagent into each tube. Vortex immediately and
carefully place into the 37°C waterbath or incubator. The incubation time should
be 60 +/- 2 minutes.

8. After 60 minutes, carefully remove each tube, invert 180 degrees once and
examine for a firm clot. A positive test is indicated by a clot that maintains its
integrity upon inversion.

9. Calculations:

If the spiked samples are positive and the CSE series is within a 2 fold dilution

of A, then the endotoxin concentration can be determined. ,
'10. The last positive tube in the dilution series is used for calculations. For example:

if the 1:100 tube is positive, then you would multiply 100 times the A sensitivity or

the result. If the 1:2 tube was positive, then you would multiply 2 X 100 X the A

sensitivity for the endotoxin concentration.

Absorbo® 'is a registered wrademark of National Starch




Sensitivity and Precision —

The minimum amount of endotoxin that can be detected by a lot of LAL
reagent is termed the “LAL sensitivity” A or label claim. The LAL
reagent has a two-fold dilution range of error.

- Absorbo® s a registered trademark of National Starch
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Cornstarch powder on latex products is an

allergen carrier

Vesna J. Tomazic, PhD,” Eric L. Shampaine, MD,” Anthony Lamanna, MS,”
Thomas J. Withrow, MS,* N. Franklin Adkinson, Jr., MD,® and
Robert G. Hamilton, PhD"® Rockville and Baltimore, Md.

Allergic reactions of the upper respiratory tract during use of powdered latex rubber gloves have
been recently associated with sensitivity to latex. We have studied the ability of comnstrach
powder to bind latex proteins and evaluated allergenic properties of the bound protein.
Allergenicity was determined by competitive inhibition of human anti-latex IgE binding to
solid-phase latex antigen. Cornstarch extracted from powdered latex products and clean
comstarch exposed to latex protein extracts were evaluated in comparison with clean unexposed
comstarch. Both exposed cornstarch preparations inhibited specific binding of anti-latex IgE
antibodies to latex proteins in a dose-response manner. Latex-exposed comnstarch diluted 50%
volfvol produced complete inhibition, whereas greater dilutions exhibited variable levels of
inhibition, depending on the source of comstarch-bound proteins, insolubilized latex proteins,
and IgE antibody-containing human serum used. Cornstarch not exposed to latex had no
inhibitory activity. The study demonstrates that comstarch indeed binds allergenic latex proteins
and supports the causative relationship between allergic reactions in individuals with latex
sensitivity and the exposure to airborne particles from powdered latex products. (J ALLErGY CLIN

Immunor 1994;93:751-8.)

Key words: Latex, natural rubber, comstarch, allergen, type 1 allergic reaction, IgE antibodies

Reports of immediate-type hypersensitivity re-
actions to latex proteins have raised a concern
among manufacturers of latex medical products
and the medical community.'* A recent increase
in the severity and prevalence of latex sensitivity
reactions®® is probably associated with the in-
creased use of natural latex rubber products as a
barrier against viral infections.® It has been dem-
onstrated that a broad spectrum of allergic reac-
tions to latex-containing products is primarily due
to leachable proteins, which are common con-
stituents of natural latex rubber.”® These proteins
remain on the surface of latex products after the
manufacturing process and are released during
use of such products. Frequent exposure to latex
proteins, combined with genetic factors predispos-
ing individuals to atopy, may result in a gradual
development of IgE-mediated latex hypersensitiv-
ity. This has led to severe anaphylactic reactions

From the *Food and Drug Administration, Center for Devices
and Radiological Health, Health Sciences Branch,
Rockville; and "Allergy and Asthma Center, Johns Hopkins
University, Baltimore.

Vesna J. Tomazic, PhD, FDA, Center for Devices and Radio-
logical Health, Division of Life Sciencies, Health Sciences
Branch, 12709 Twinbrook Pkwy., Rockviile, MD 20852.
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Abbreviations used
AL: Ammoniated latex
BSA: Bovine serum albumin
GL-JHU: Glove extract prepared at Johns
Hopkins University
NAL: Nonammoniated latex
PBS: Phosphate-buffered saline

in patients with latex sensitivity who are undergo-
ing surgery.'>™

More commonly, there have been reports of
contact urticaria’®*** and allergic reactions involv-
ing the upper airway'®** during use of powdered
latex gloves. These reactions were initially
thought to be related to an IgE antibody specific
for the cornstarch, which is used as a dry lubri-
cant, although direct correlation between the two
has never been substantiated. Only recently was
an association between these reactions and latex
proteins identified,”* when patients exhibiting
these symptoms were found to have latex-specific
IgE antibodies in their sera.” Although such cases
were observed less frequently than skin reactions
to latex gloves, it was speculated that the same
antigen may be transferred from gloves to the
cornstarch particles and thus appear as an air-
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borne antigen.** ** A report of individuals with
latex allergy experiencing immediate-type reac-
tions while being in the same room with an
individual using a cornstarch-powdered latex
product supports this hypothesis.>

The goal of this study was to determine
whether cornstarch adsorbs proteins from latex
and therefore acts as an allergen carrier that can
induce respiratory allergic reactions in individuals
with latex sensitivity.

METHODS
Sources of latex proteins

Raw ammoniated latex (AL) from Hevea brasiliensis
in Malaysia was obtained through Guthrie Latex, Inc.
(Tucson, Ariz.). Nonammoniated latex (NAL) was also

obtained from a Malaysian plantation by collecting
Hevea sap directly into Tris buffer without the addition

of ammonia. Latex products used for protein extraction

in this study were commercially available cornstarch-
powdered surgical gloves and cornstarch-powdered ex-
amination gloves.

Extraction of protein from raw latex

Unprocessed natural latex and raw AL were diluted
1:3 with phosphate-buffered saline (PBS) (Gibco,
Grand Island, N.Y.) and centrifuged at 10,000 g for 40
minutes. The middle aqueous fraction containing latex
proteins. was collected, centrifuged at 40,000 g, and
filtered through a Millipore 0.45 wm low-protein-bind-
ing membrane (Millipore Corp., Bedford, Mass.) to
eliminate any remaining latex particles. The NAL ex-
tract (NAL-3) and the AL extract (AL-6) both con-
tained about 1% proteins as determined by the Lowry
method. Both extracts were concentrated with an Ami-
con filtration unit (Amicon Inc., Beverly, Mass.) with a
YM1 membrane (molecular weight cutoff = 1000 D).

Extraction of proteins from latex gloves

Gloves were cut open to allow contact of the extrac-
tion media with all surfaces. Proteins were extracted
with sterile PBS for 1 hour at 37° C with continuous
agitation. The protein extract was separated from any
residual cornstarch powder by centrifugation for 10
minutes at 1000 g and then fiitered through a Millipore
0.45 pm filter. The cornstarch pellet was washed with
PBS to remove unbound proteins and saved for further
analysis. Proteins in the PBS extracts were also concen-
trated by an Amicon pressure filtration unit. All ex-
tracts were stored at 4° C for up to 1 week or at
=20° C for more extended periods.

‘Source of cornstarch preparations

In addition to cornstarch extracted from latex gloves,
we studied unexposed dry cornstarch, which is used for
donning latex gloves. This preparation, kindly supplied
by Baxter Healthcare Co. (Valencia, Calif.), contains
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primarily carbohydrates, which are heavily cross-linked
to prevent extensive swelling when in contact with
moisture, The virgin cornstarch, which had never been
in contact with any latex product, was exposed in our
experiment to latex proteins extracted from unpro-
cessed and ammoniated natural latex material and to
those extracted from latex gloves, Treated and un-
treated cornstarch samples were evaluated for the level
of protein, in parallel with cornstarch preparations
collected directly from powdered latex gloves. For di-
rect binding immunoassay, cornstrach was collected
from 12 lots of latex gloves. PBS (10 ml/gm of latex) was
carefully pipetted into gloves. Each glove was tied off,
inserted in a plastic bag, and incubated for 1 hour at
37° C with agitation. The PBS-cornstarch slurry was
collected by nicking a finger and milking the glove. The
cornstarch was sedimented by centrifugation {10 min-
utes at 2000 g) and washed three times with 50-fold
excess volumes of RAST buffer (PBS-0.1% bovine
serum albumin [BSA] containing 0.01% sodium azide
and 0.05% Tween 20) to remove any loosely bound or
solution-phase proteins. Pelleted washed cornstarch
was reconstituted to 50% volivol in RAST buffer for
storage or to 1% volvol for immediate use. Stored
cornstarch samples were rewashed with RAST buffer
before dilution for use in the assay.

Protein determination methods

The protein determinations on cornstarch fractions
were performed by micro-Kjeldahl’s method, whereas
latex protein extracts used in this study were evaluated
by both the modified Lowry method and micro-
Kjeldahl’s method to establish correlation of the mea-
surements.

The Lowry method used in this study was modified in
our laboratory. Briefly, 2% alkaline tartrate (reagent A)
and a 0.1% solution of copper sulfate (reagent B) were
prepared in our laboratory, and the Folin and Ciocal-
teuw’s phenol reagent was obtained from Sigma Chemi-
cal Co. (St. Louis, Mo.). On the day of assay, reagents
A and B were mixed in a ratio of 9:1, respectively
(working solution). Protein samples were prepared by
adding 5 ml of working solution to 0.1 ml of protein-
containing extract, mixed, and left at room tempera-
ture. After 30 minutes, 0.5 ml of 1N phenol reagent was
added, mixed well, and incubated for an additional 60
minutes. Protein levels were evaluated against serial
dilutions of the reference protein ovalbumin, fraction V
(Sigma Chemical Co.) with a DU-7 spectrophotometer
(Beckman Instrument Co., Columbia, Md.) or a UV-
Max microplate reader (Molecular Devices Corp.,
Menlo Park, Calif.) at a wavelength of 595 nm.

A modified micro-Kjeldahi procedure was used to
determine protein levels in cornstarch fractions. Dried
powder samples were mixed with 1 ml of 18N sulfuric
acid and heated to boiling until the solution became
clear or light brown. The samples were then cooled,
mixed with 1 ml of 30% hydrogen peroxide, and boiled
again for 1 hour. After cooling, the samples were
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diluted to the desired concentration range, and total
_nitrogen levels were determined on a DU-7 spectro-
photometer by direct comparison against an analo-
gously processed standard protein.

Human serum specimens

The sera used in the competitive inhibition studies
were collected from individuals who had a clinically
documented allergy to latex products, positive skin
prick test results through a rubber glove, and a positive
serum IgE antibody level as measured by RAST. Sera
JD and LJ (25 and 44 years old, respectively) were
collected from two female health care workers who had
respiratory symptoms and mild systemic reactions after
exposure to latex gloves in an operating room. Serum
FT was collected from a 6-year-old child, who had
undergone multiple operations for correction of spina
bifida. He experienced local swelling, respiratory prob-
lems, and systemic allergic reactions on exposure to
latex gloves. Sera from JD and FT were used in the
competitive inhibition assay to determine the presence
of latex allergens attached to cornstarch. The level of
latex-specific IgE antibody in the reference serum LJ
was 80 ng/ml as determined by depletion analysis with
latex glove extract prpeared by Johns Hopkins Univer-
sity (GL-JHU) as the allergen source for the allergo-
absorbent test.

Competitive inhibition immunoassay

The quantity of latex allergens bound to the corn-
starch was determined by use of a sequential-addition,
competitive antigen inhibition format of an immunoen-
zymametric assay for IgE antibodies.” An inhibition
step was initiated 1 day before the performance of the
assasy. Each test and control cornstarch preparation
was prewashed; diluted to 50%, 5%, and 0.5% vol/vol
with PBS-1% BSA; and mixed individually with an
equal volume of anti-latex IgE-containing serum. At
the same time, flat-bottom Immulon IV Removawell
plates (Dynatech, Chantilly, Va.) were coated overnight
with either NAL-3, AL-6, or GL-JHU (10 pg/ml, 0.1
ml/well) at 4° C. Plates were washed with PBS-0.05%
Tween 20 and blocked for 1 hour with PBS-1% BSA at
23° C. After blocking and washing plates, 0.1 ml of each

serum, preincubated for 16 hours with cornstarch or -

buffer, was added to the respective wells. A standard
curve was constructed with eight twofold dilutions of
the LJ serum in duplicate, starting from 80 ng/ml
(undiluted). All samples were pipetted within 15 min-
utes with no interruption. After a 2-hour incubation,
plates were washed with PBS-0.05% Tween 20 and
biotinylated mouse-anti-human IgE Fc (clone HP6029,
Hybridoma Reagent Laboratory, Baltimore, Md.)* was

added (0.1 ml, 1 pg/ml in PBS-1% BSA). After 1-hour

incubation at 23° C, streptavidin-horseradish peroxi-
dase (avidin-HRP, Sigma Chemical Co.) was added (0.1
ng/ml, 0.1 mi/well). Plates were incubated for 1 hour
and washed four times; substratc (3,3', 35,5'-tctra-
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methylbenzidine; KPL. Gaithersburg, Md.) was then
added. The reaction was stopped with 0.1 mi of 4N
H,S0,-at 5 minutes. Optical density was read with a
Dynatech M400 spectrophotometer at a wavelength of
450 nm. The percent inhibition that resulted from
binding of latex-specific IgE antibodies to insolubilized
latex proteins attached to the cornstarch was calculated
in comparison with antibody levels measured in control
wells, when the same serum was incubated with an
equal volume of buffer alone.

Direct binding immunoassay for ailergen
on cornstarch _

A direct binding radioimmunoassay used cornstarch
coilected directly from the gloves as the solid-phase
“allergoabsorbent.”

Control (unexposed) or test cornstarch from the
latex gloves was pipetted into their respective 12 x 75
mm plastic test tubes in duplicate (0.5 ml of 1%
vol/vol). Human sera (LJ,LB) were then added (0.1
mi/tube; undiluted = 80 ng/ml of anti-latex IgE for LJ,
42 ng/ml anti-latex IgE for LB). A serum sample from
a nonatopic volunteer (total serum IgE of 2 ng/ml) was

- used as a negative control. A “heterologous” reference

dose-response curve was constructed with 1% volivol
Sepharose-GL-JHU and serum LJ diluted from neat to
1:512. Antibodies were permitted to bind (16-hour
rotation at 23° C), and unbound proteins were removed
by four washings with RAST buffer. Iodine 125-labeled
anti-human IgE Fc was added to detect IgE bound to
solid-phase latex proteins. After 16 hours, unbound
radiolabeled anti-IgE was removed by washing, and
bound radioactivity was detected in a Capintec 16-well
gamma counter (Capintec, Inc., Ramsey, N.J.). The
amount of bound IgE was calculated by interpolation
from the reference IgE antibody standard curve in
nanograms per milliliter of anti-latex IgE. The amount
of latex allergen on the cornstarch was assumed to be
proportional to the amount of IgE antibody bound.

RESULTS

To identify latex proteins on the dusting corn-
starch powder in gloves, we extracted proteins
from commercial latex gloves and isolated the
powder fraction by centrifugation and washing to
remove unbound proteins.

Protein level measurements, performed by
Kjeldahl’s method, indicated the presence of pro-
tein in the cornstarch fraction, as well as in the
PBS extract (Table I). The quantity of proteins
eluted from three types of gloves varied markedly
(from 6.2 to 17.3 mg per glove). Protein levels in
the cornstarch samples varied over a wider range,
from 0.1 to 1.3 mg per glove. On the basis of this
limited sampling, it appears that the amounts of
protein bound to the cornstarch depend on the
total amount of leachable protein per glove and
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TABLEk I. Protein levels in the PBS extra‘éi and donning bowder components from latex gloves
Source of latex proteins

Extract fraction 11{S) 2 (E) 3 (E)
PBS extract (mg protein per glove) 17.3 6.2 9.0
Cornstarch (mg protein per glove) 1.3 0.1 1.1
Cornstarch (% of total protein) 7 1.7 11.3
Cornstarch (mg starch per glove) 0.22 0.1 0.17
Cornstarch (mg protein per gm of starch) 59 1z 7.4

Protein levels were evaluated by the Kjehidal method.
S5, Surgical glove; £, examination glove.

TABLE ll. Binding of proteins to cornstarch powder

Protein level in cornstarch {mg/gm}t

Protein source* Before exposure

After exposure

Protein bound Binding (%]

PBS (control) 1.9
NAL-3 1.9
AL4 1.9
Glove no. 4% 1.9
Gilove no. 5% 1.9

1.79 -0.11 -9.4
291 1.0 34.6
2.24 0.34 15.2
2.40 0.5 20.8
2.5 0.6 24.0

One hundred milligrams of cornstarch was mixed with 1 ml of protein solution and incubated overnight at room temperature.
*Protein concentrations in extracts were between 1.2 and 1.8 mg/ml.

tProtein levels were determined by the Kjeldahl method.

$Gloves no. 4 and no. 5 were commercially available latex examination gloves.

the quantity of cornstarch power applied to the
glove. Glove no. 2 contained the lowest guantity
of protein and the smallest amount of powder of
all of the gloves studied. Only 1.7% of the total
protein present in the eluate was detected in the
cornstarch fraction. Cornstarch from the other
two gloves had greater amounts of bound protein,
ranging from 7% to 11% of total protein found in
the eluate. This demonstrates that cornstarch ef-
fectively adsorbs proteins from the glove surface.

The unexposed virgin cornstarch alone con-
tained about 0.2% of native proteinaceous mate-
rials (Table II). Laboratory exposure of the un-
treated cornstarch to the PBS-protein extracts
from gloves and comparable extracts from raw
NAL and AL resulted in additional binding of
protein from all extracts. The level of binding
observed with NAL proteins was higher than that
observed with AL proteins and glove extracts
(Table II). This finding was confirmed in the
repeat experiments. Decreases in protein levels of
25% to 38%, which were observed with the ex-
tracts before and after incubation with previously
unexposed cornstarch, supported these findings
(Table III). It appears that protein binding to the

cornstarch occurs in a random manner rather
than resulting from specific interaction of the
powder with a particular protein molecule.

Once latex glove proteins were shown to be
readily adsorbed by the cornstarch, we next ex-
plored whether these proteins were allergens,
using a competitive antigen inhibition enzyme
immunoassay similar to the RAST inhibition as-
say. A microtiter plate solid phase method was
used to bind latex allergens because the corn-
starch-latex protein-antibody complex formed
during the first incubation could be readily sepa-
rated from antibody bound to allergenic protein
on the microtiter plate well. Conventional allergo-
absorbents (e.g., Sepharose, paper disc) would not
have allowed us to distinguish allergosorbent-
bound IgE antibody from that bound to cornstarch.
The data in Fig. 1 and Table IV indicate that latex
allergen is present on all washed cornstarch prepa-
rations in a sufficient quantity to competitively in-
hibit the binding of IgE antibodies to latex solid-
phase antigens. The inhibition of IgE antibody
binding to the plate allergen was dose-dependent,
increasing as higher (vol/vol) amounts of the
cornstarch-latex preparations were preincubated
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TABLE IIl. Protein levels in extracts after incubation with cornstarch

Protein levels in extracts {mg/mi)*

Before exposure

After exposure to

Protein extract to starch starch Reduction (%)
PBS 0 0.02 -
NAL-3 1.35 0.9 333
AL-4 1.84 1.39 24.5
Glove no. 47 1.15 0.84 27.0
Glove no. 5 1.38 1.0 27.5

*Protein levels were determined by a modified Lowry method.

tGloves no. 4 and no. 5 were commercially available latex examination gloves.

with serum before enzyme immunoassay analysis.
In fact, the 5% vol/vol concentration of the corn-
starch that had been pretreated with NAL-3, AL-6,
and GL-JHU protein extracts inhibited the binding
of IgE antibodies to the plate allergen by more
than 95%. All preparations showed almost com-
plete inhibition at 50% vol/vol. The measured IgE
antibody levels and percentage inhibition observed
at the 0.5% vol/vol cornstarch concentration dis-
criminate more effectively among the inhibitory
capacities of the five different cornstarch-latex al-
lergen preparations.

The cross-inhibition studies demonstrated that
the homologous latex allergen extract cornstarch
produced the highest degree of competitive inhi-
bition of IgE binding to each of the allergen
source materials. IgE antibody from serum JD
demonstrated restricted reactivity to the NAL
proteins, which prevented its use in competitive
inhibition with AL-6 cornstarch. Inhibition of up
to 98% with cornstarch-latex protein preparations
as low as 0.05% vol/vol in concentration demon-
strates clearly that latex allergen is attached to the
cornstarch. Untreated “clean” cornstarch showed
no inhibitory activity. ‘

Finally, the presence of latex allergen on corn-
starch isolated from gloves was confirmed by di-
rect binding immunoassay experiments in which
the cornstarch was used as the solid-phase antigen
and incubated with IgE antibody—containing sera.
Radiolabeled anti-human IgE detected binding of
IgE antibodies to glove-extracted cornstarch (1%
vol/vol) in comparison with untreated cornstarch.
The level of latex-specific antibody that bound to
1% vol/vol glove-extracted cornstarch was 3.3 =
2.3 ng/ml (mean * SD) (range, 1.0 to 9.6 ng/ml,
n = 12), compared with IgE antibody binding
levels of less than 0.3 ng/m! for binding of the
same IgE antibody to virgin cornstarch at the
same concentration. Moreover, binding levels ob-

served with the buffer and nonatopic control
serum to the cornstarch from 12 lots of gloves
were also less than 0.3 ng/ml.

DISCUSSION

The cornstarch used by the manufacturers of
latex products as a donning powder is a heavily
cross-linked carbohydrate, with particle sizes
ranging from 1 to 3 pm in diameter. There is only
a slight increase in the mean diameter of particles
when it is exposed to moisture. Because the
cornstarch particles are in a respirable size, they
can transport latex allergen into an individual’s
respiratory tract and induce sensitization or aller-
gic reaction. The goal of this study was to dem-
onstrate that allergenic latex protein is attached
to the cornstarch that has been recovered from

latex products such as surgical and examination .

gloves.

Our studies demonstrate conclusively that pro-
tein molecules from various natural latex sources
are effectively bound to cornstarch donning pow-
der. We observed that the starch removed from
latex gloves had higher protein levels than could
be accounted for by proteinaceous material
present in unused cornstarch powder. Analysis of
the cornstarch extracted from gloves suggests that
the amount of protein binding to cornstarch de-
pends on both the total amount of protein in latex
material and the amount of starch deposited on
the particular product. Protein levels measured in
the cornstarch before and after exposure to PBS-
extracted latex proteins support this hypothesis.
The protein level in cornstarch was highest after
exposure to proteins extracted from NAL. Unex-
posed cornstarch binds proteins extracted from
raw unprocessed latex material and those ex-
tracted from powdered latex products. This indi-
cates that the mechanism of binding (probably
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FIG. 1. Inhibition of IgE binding to latex antigens by cornstarch-bound latex proteins. Dose-
response curve for 0.5%, 5.0% and 50.0% vol/val dilutions of cornstarch preparations.

TABLE {V. Cornstarch-induced inhibition of anti-latex IgE binding to solid-phase antigens

Microtiter plate adsorbed latex allergen

Latex-cornstarch - NAL3 ALS GL-28 GL-JHU
- “inhibitor IgEa-latex
{0.5% vol/vol) serum ng/mi %l ng/mi %I* ng/mi %Ii* ng/mi %l*
Control cornstarch FT 156 = 23 - 246 21 ~ 191 %7 - 463 = 11 -
' Buffer control FT 142 9% 240 2% 182 5% 462 0%
NAL3-cornstarch FT 39 75% 87 65% 53 72% 279 40%
ALG6-cornstarch FT <10 >94% 16 93% <8 >96% 104 78%
GL28-cornstarch FT 35 78% 111 55% 42 78% 337 27%
GL29-cornstarch FT <10 >94% 33 87% <8 >96% 31 93%
‘ - GL-JHU cornstarch FT <10 >949% 6 98% <8 >96% <8 99%
Control cornstarch JD 287 = 21 — ND ND ND ND 108 x 11 -
L Buffer controf D 291 -1% ND ND ND ND 110 -2%
' NAL3-cornstarch D 83 1% ND ND ND = ND 25 77%
AlLG6-cornstarch D 142 50% ND ND ND ND 38 77%
: GL28-cornstarch JD 311 0% ND ND ND ND 18 83%
‘ GL29-cornstarch D 304 0% ND ND ND ND 83 23%

; GL-JHU cornstarch D 185 36% ND ND ND ND 14 87%

: Control cornstarch is virgin cornstarch not previously exposed to any latex protein (mean = 1 SD).
o ND, Not done.
*%]1 = percent inhibition = (control cornstarch ~ test antigen cornstarch) + control cornstarch x 100,

random ionic interaction) is not selective with  proteins, which have the potential to induce aller-
regard to particular protein molecules. Results  gic reactions. We were able to detect significant
obtained with the competitive inhibition and di-  levels of allergens on all latex-exposed cornstarch
rect binding immunoassays demonstrated that la- - preparations, whether they were experimentally
tex proteins bound to cornstarch are allergenic  exposed to different latex protein extracts or re-
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moved directly from commercially available latex
gloves.

The sera used .to evaluate inhibitory activity of
the cornstarch samples were obtained from chil-
dren and adults who presumably had been sensi-
tized to latex proteins by different routes of ex-
posure. Serum FT was from a child with spina
bifida, who had been repeatedly exposed to a
variety of medical and consumer latex products
through surgical procedures, starting very early in
life. Serum JD was from an adult health care
worker who was presumably sensitized later in life
by repeated exposure to latex gloves. These two
subjects represent populations that are presently
identified to be at the highest risk for having an
allergic reaction to latex." The level of inhibition
of IgE binding to plate-bound latex allergen by
preincubation with glove cornstarch differed with
these two sera, which suggested the presence of
antibodies with a spectrum of latex allergen speci-
ficities. IgE antibodies in FT serum reacted four
times more strongly with proteins from AL and
GL-JHU extracts as compared with equivalent
amounts of NAL. Cross-reactivity between NAL
and AL preparations was shown when IgE anti-
bodies in the serum from the adult health care
worker (JD) reacted twice as strongly to NAL
proteins as to GL-JHU-extractable proteins. The
IgE antibody binding to each insolubilized protein
was effectively inhibited by both homologous and
heterologous latex extracts when attached to
cornstarch. The interesting difference in the in-
hibitory activity of the glove, NAL, and AL ex-
tracts with these two sera indicate differences in
the specificity of antibodies, possibly as a result of
differences in the patients’ mode of sensitization.
Variations in the physical-chemical properties of
proteins in latex-containing devices between
products and among different sources may also
play a role in the observed differences. Other
factors, possibly specific to latex sensitization pat-
tern in children with spina bifida, may also be
contributing to the observed differences.

The important observation from both the com- -

petitive inhibition and the direct binding studies is
that cross-reacting allergenic latex proteins from
all three major latex sources (NAL, AL, and
gloves) attach securely enough to cornstarch so
that repetitive mechanical washing does not re-
move them. One could hypothesize that multiple
allergenic proteins insolubilized on cornstarch
particles may be more effective in cross-linking
multiple IgE antibodies on mast cells than solu-
tion-phase latex allergens. This may explain in

part how allergic respiratory symptoms are effec-
tively triggered in Sensitized individuals by expo-
sure to trace quantities of cornstarch that is re-
leased into the air from an individual removing
powdered gloves from across a room.* *

In summary, this study clearly demonstrates
that cornstarch powder used for donning gloves
has the strong propensity to bind proteins when in
contact with natural latex material. Airborne par-
ticles from powdered latex devices therefore rep-
resent a serious threat to individuals with latex
sensitivity. :
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Regulation of IgE and IgG, responses by
allergen specific T-cell clones to bee venom

phospholipase A, in vitro

José M. Carballido, PhD, Nicole Carbailido-Perrig, MSc,
Aurelia Oberli-Schraimmli, PhD, Christoph H. Heusser, PhD, and

Kurt Blaser, PhD Davos and Basel, Switzerland

An in vitro antibody response to bee venom phospholipase A, (PLA) from peripheral blood
mononuclear cells of bee sting—sensitized individuals was achieved after stimulation with PLA
and pokeweed mitogen. This stimulation resulted in a secretion of T;,-associated cytokines and
- induced PLA-specific and nonspecific IgG,, antibody production but not IgE production. The
addition of interleukin-4 (IL-4) to this system decreased the secretion of IgG antibodies,
whereas secretion of polyspecific IgE was induced. The mitogen was not required if peripheral
blood mononuclear cells were enriched with autologous, PLA-specific, resting T-cell clones
in the presence of the antigen. In these experiments the cytokine profile of the particular clone
determined the antibody class generated. Low ratios of IL-4 to interferon-v, induced by the
antigen alone or obtained by neutralizing anti-IL-4 antibodies, enhanced IgG, antibody
formation, whereas IgE levels increased at high ratios of IL-4 to interferon-. These results
 suggest a complementary regulation of the main isotypes, IgE and IgG , implicated in allergic
and protective hyperimmune responses. (J ALLERGY CLIN IMMUNOL 1994;93:758-67.)

Key words: T, cells, interleukin-4, IgG , IgE, bee sting allergy

Physical contact of B lymphocytes with acti-
vated T helper (Ty) lymphocytes renders B cells Abbreviations used
responsive to subsequent cytokine-mediated dif- IFN-y: Interferon-y
ferentiation signals.' These contact-dependent IL:  Interleukin

mAb: Monoclonal antibody

—_— MHC: Major histocompatibility complex
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signals are not restricted by major histocompat-
ibility complex (MHC) or species. > However,
under physietogic conditions, most of the cellular
interactions are antigen-specific.* Cytokines have
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Medical Glove Powder Report

Issue
Do current Center policies adequately address potential adverse health effects of medical glove powder?

Background

The Food and Drug Administration (FDA), as well as other state and federal agencies, has received
requests to ban the use of glove powder. It has been suggested that experimental and clinical studies
demonstrate that glove powder on medical gloves can enhance foreign body reactions, increase infections
and act as a carrier of natural latex allergens. The National Institute of Occupational Safety and Health
(NIOSH) recently issued a safety alert recommending the use of powder-free, reduced protein content
latex gloves to reduce exposure to natural latex proteins (allergens).

For the purposes of this document, total particulate matter [glove powder] includes dusting or donning
powders, mold-release compounds, and manufacturing debris. Dry lubricants such as comstarch, silicone
etc., are used to make donning gloves easier and to prevent gloves from sticking together during the
manufacturing process. Cornstarch, which meets the specification for absorbable dusting powder in the
United States Pharmacopoeia (USP), is the most common lubricant for patient examination gloves. Only
absorbable dusting powders that have an approved Premarket Approval Application (PMA) or New Drug
Application (NDA) may be used for lubricating surgeons gloves. There are no comprehensive studies of
the amount of absorbable dusting powder used on powdered gloves. It is estimated that amounts of total
particulates may range from 120 to 400 mg for a medium size powdered glove. [Appendix A]

Glove powder is composed of particles, thus, issues related to biologic responses to foreign bodies apply
to both natural rubber latex (NRL) and synthetic gloves. Industry conversion from talcum powder, a
non-absorbable lubricant, to absorbable cornstarch has greatly reduced the formation of granulomas.
Adhesions of peritoneal tissue after surgery are associated with foreign bodies and remain a concern. The
issue of the level of micro-organisms (bioburden) on gloves has been raised under various circumstances.
However, evidence that bioburden and powder are related do not exist at this time. [Appendix B]

Experimental and clinical data demonstrate that: natural latex proteins are allergenic, natural latex proteins
bind to cornstarch, aerosolized powder on NRL gloves is allergenic and can cause respiratory allergic
reactions. These published studies support the conclusion that airborne glove powder represents a threat
to individuals allergic to natural rubber latex and may represent an important agent for sensitizing
non-allergic individuals. There are also published data (although limited) and clinical experience that
comstarch powder on NRL gloves may also be a contributing factor in the development of irritation and
Type IV allergy. [Appendix B]

There are alternatives to dusting powder for lubricating natural rubber latex surfaces. The most common
method is chlorination. Chlorine reacts with the natural rubber latex surface to reduce the natural
tackiness, eliminating the need for adding dusting powder. The extra washing performed during the
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«chlorination process provides an added benefit by also greatly reducing the level of soluble natural latex
. proteins. However, chlorination affects some of the mechanical and physical properties. Gloves made from

alternative materials, not containing natural allergens, are available, but none possess the unique mix of
properties offered by natural rubber latex. [Appendix C]

Market availability must be factored into any policy decision regarding medical glove powder. The large
majority of medical gloves used in the U.S. are imported. In 1996, 20.8 billion medical gloves were
imported into the U.S.: 90% natural rubber latex and 10% nonlatex. Of the 90% that were natural rubber
latex, 20-25% were powder-free and chlorinated. Only a small number of manufacturers are using a
process other than chlorination to produce powder-free gloves. A rapid increase in the demand for
non-powdered gloves could result in products with poor barrier integrity and/or unacceptable shelf life
entering the U.S. market. In addition to concerns about glove quality, most alternatives to glove powder
currently would entail substantially increased costs to the U.S. health care system. [Appendix D]

Conclusions

(1) The major adverse impact of glove powder appears to be its contributing role in natural rubber latex
allergies.

(2) Glove powder acts as an airborne carrier of natural latex proteins.

(3) Exposure to airborne natural rubber latex allergens can be most effectively reduced by considering
both the level of natural latex proteins and the amount of glove powder on medical gloves.

‘Ogtions

Immediately banning the use of glove powder would cause a market shortage that could result in inferior
products and increased costs. Doing nothing to address the problem of airborne allergens which are
carried by glove powder, would appear to be an abrogation of FDA's responsibility to protect public
health. It appears that neither extreme offers a viable option. The following options are offered for
consideration:

1. Provide adequate information for the consumer to make an informed decision. Require that the
amount of water-soluble natural latex proteins and the amount of particulate present on powdered
gloves be stated on the product label. In addition, establish upper limits for the amount of
water-soluble natural latex proteins and glove powder allowed.

Pro:

o Should not precipitate market shortage
o Labeling requirement is achievable using current ASTM standard protocols.
o Market forces may lower both water-soluble protein and particulate levels.

Con:

° Upper limits for water-soluble protein and particulates have to be established based on
state-of-technology considerations.

o Labeling requirement would not be effective without education effort by industry and/or the
FDA.

o Would require a new regulation.
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2. Ban powdered medical gloves at some predetermined time in the future. Require manufacturers
to convert to powder-free production or provide safety data, including foreign body and airborne
allergen concerns, by a certain date.

Pro:

o Should not precipitate market shortage.
© Requires no education effort.
o Offers a greater degree of protection from airborne natural latex allergens than Option 1.

Con:

o Conversion date would have to be negotiated with industry to avoid market shortage.

° The effect of powder-free gloves on user preferences and needs for qualities such as tactile
sensation, etc. are largely unknown.

© Would most likely result in increased costs to the U.S. health care system.

o It is not clear that the amount of particulates need to be reduced to the "powder-free" level in
order to offer an acceptable level of protection from adverse health effects. Does not address
natural latex protein level.

° Would require a new regulation.

Author: Mel Stratmeyer

Recommendations

These recommendations represent activities either currently ongoing or which could be initiated. Detailed
action plans required to accomplish these recommendations are not addressed in this document, but will
need to be developed.

Glove Powder

1. Establish a maximum allowable powder level to reduce the amount of powder on powdered medical
gloves by working with ASTM. *

2. Standardize the maximum allowable amount of powder on powder-free medlcal gloves by working
with ASTM. *

3. Adopt the use of an accepted gravimetric method (such as ASTM D 6124-97) to measure total
powder to demonstrate powder-free content claims.

4. Ban medical gloves that contain talc and/or lycopodium.

Protein

5. Reduce the level of water-soluble protein on finished medical gloves by working with ASTM to
establish a maximum allowable glove protein level. *

Barrier Properties
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6. Define effects of processing, handling, and environment on the long-term barrier characteristics of
all medical gloves (natural rubber latex and alternative materials). Establish shelf-life requirements.

7. Promote the use of Process Controls, as described in the Quahty System Regulation, for controlling
manufacturing processes, such as chlorination, to minimize adverse effects on glove properties.

Labeling

8. Require manufacturers to label all medical gloves with the following additional information:
a. the total quantity of glove powder content, unless the manufacturer has demonstrated by
means of an accepted gravimetric method that the total powder is 2 mg or less;
b. the total quantity of remaining water-soluble protein; and
c. an expiration date as determined by shelf-life requirements.
9. Explore the possible need to include glove powder content labeling on all product labels.

* In addition to ASTM, work with other voluntary standards organizations when appropriate.

Appendix A

Glove Powder Background

History

Since the introduction of surgical gloves to the operating theater in 1889, various types of lubricating
materials have been used to aid in glove donning. These range from various wetting techniques to the use
of dusting powders such as a mixtures of Lycopodium spores and talc, talcum powder alone, calcium
carbonate, and different types of starch products. The first lubricant used was a powder made of
Lycopodium spores (ground pines or club moss). This lubricant was quickly accepted and was used
worldwide until the 1930's, when surgeons realized that it caused granuloma and adhesion formation.
Lycopodium was toxic and became unacceptable fof use as a glove lubricant. As a result, talcum powder
(hydrous magnesium silicate), a non-absorbable lubricant, was introduced as a replacement for
Lycopodium spores. In the 1940's talcum powder was also identified as a cause of post-operative
complications such as granuloma and adhesion formation. In 1947 a modified cornstarch glove powder
was introduced to the medical community as an absorbable and non-irritating powder. By the early 70's,
many surgical glove manufacturers replaced talc with the modified cornstarch.

Cornstarch, which is absorbable through biological degradation, that meets the specification for
absorbable dusting or dusting powder in the United States Pharmacopoeia (USP) is the most common
lubricant for patient examination gloves. The absorbable dusting powder used on medical gloves is a
chemically cross-linked cornstarch to which no more than 2% of magnesium oxide is mixed to prevent
caking or turning to paste. Talc, cotton flock, and other non-absorbable materials are not acceptable as a
lubricating, dusting or donning powder. ASTM" D 3578-95 (Standard Specification for Rubber
Examination Gloves), D 5250-92 (Standard Specnficatlon for Polyvmyl Chloride Gloves for Medlcal
Application) and ASTM

D 3577-91 (Standard Specification for Rubber Surgical Gloves) require the inside and outside surfaces of
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medical gloves to be free of talc.

In addition to dusting powder, other lubricants may also be used in the manufacturing process. Latex and
some polymers are tacky and gloves made of these materials stick to the mold or former. A mold-release
lubricant such as calcium carbonate or a mixture of calcium carbonate and cornstarch is used to enable the
removal of gloves from molds. The other side of the glove may be coated with a donning lubricant, such
as cornstarch or silicone, to make donning gloves easier and to prevent gloves from sticking during the
manufacturing process.

Over the past three years, FDA has received requests to ban the use of all glove powders. These requests
have been based on repeated clinical and experimental studies reporting that cornstarch on surgical gloves
can damage tissue's resistance to infection, enhance the development of infection, serve as a potential
source of occupational asthma, and provide a source of natural latex protein exposure to natural latex
allergic individuals. The issues regarding the use of glove powder, except for the transport of natural latex
protein allergens, apply to the use of glove powder on both natural rubber latex and synthetic gloves.

As a result of continuing concern over adverse reactions to cornstarch, in 1971 FDA required
manufacturers to place a warning label on the glove packages. The warning label stated, "CAUTION: After
donning, remove powder by wiping gloves thoroughly with a sterile wet sponge, sterile wet towel, or
other effective method." Studies have shown that efforts to remove the cornstarch from the surgical gloves
using washbasins and wet cloths are unsuccessful. It has been reported that such efforts have led to added
clumping, creating even less absorbable aggregates.

Because of multiple concerns about the adverse health effects of all particulate matter from the surface of
medical gloves (Appendix B), there is a recognized need for "low powder" and "powder-free" glove
products. Particulates found on the gloves can include dusting powder, mold- or former-release
compounds, lint, dust, colloidal solids, cotton, cellulose, wood fibers, metal, paper particles from
packaging, and manufacturing debris. The most common particulates on gloves are dusting powder and
former-release compounds added by manufacturers. Gloves with sufficiently low amounts of residual
particulates are referred to as "powder-free", or "powderless." Several brands of powder-free examination
and surgical gloves have been developed, some using powder-free manufacturing processes. Gloves
labeled as "powder-free" may be coated with a polymer or added powder may have been removed through
washing and chlorination. Although gloves are labeled as "powder-free", they contain various amounts of
powder or particulates matter. FDA has adopted 2 milligrams particulate weight (based on the ASTM test
standard D 6124-97) per glove powder or less as a basis for approving powder-free gloves. Alternatively,
the Office of Device Evaluation (ODE) has accepted a negative iodine test to support "powder-free"
claims. However, virtually all glove manufacturers provide particulate weight. For comparison purposes, a
medium size powdered glove, depending on the processing, contains about 120-400 milligrams of
residual debris, former-release and dusting powder.

Problems associated with the use of powder-free examination and surgical gloves include concerns about
the particulate levels remaining on the gloves, use of chlorination, and the treatment with other chemical
agents that may have a deleterious effect on the physical properties and/or performance of the gloves.

Surgeon's Gloves

Surgeon's gloves, defined as "a device made of natural or synthetic rubber intended to be worn by
operating room personnel to protect a surgical wound from contamination ..." are classified as Class I
medical devices under 21 CFR 878.4460.
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Absorbable dusting powder for lubricating a surgeon's glove is classified by the FDA General and Plastic
Surgery panel under 21 CFR Part 878.4480 as a class Il device which requires an approved PMA. Only
absorbable dusting powders from manufacturers that have an approved PMA or NDA (before it was
regulated as a device) may be used on surgeon's gloves. Powder used for lubricating examination gloves
has not yet fallen under the same regulatory guidelines as those for surgical gloves.

Patient Examination Gloves

Patient examination gloves were classified as Class I medical devices in the October 21, 1980 Federal
Register under 21 CDR 880.6250 and amended in the January 13, 1989 Federal Register. The amendment
revoked the Premarket Notification 510(k) and Good manufacturing Practices (GMP) exemptions
previously designated for examination gloves.

The description for patient examination gloves made of natural rubber, vinyl, or other materials given in
regulation 880.6250 define the patient examination glove as "... a disposable device intended for medical
purposes that is worn on the examiner's hand or finger to prevent contamination between patient and
examiner."

Powder used for lubricating examination gloves should meet the USP monograph for absorbable dusting
powder or be shown to be equivalent in terms of safety and effectiveness. The 510 (k) must state the type,
specifications and source of powder or other dusting lubricant used on the gloves. ASTM is currently
developing the Standard Test Method for Residual Powder on Medical Gloves (D 6124-97). The standard
does not include a weight limit for the total powders on powder-free medical gloves.

Quality System Regulation

FDA published, in the Federal Register (FR) on October 7, 1996, a revised GMP or Quality Systems (QS)
regulation which contains requirements on the control of naturally occurring material on medical devices
such as adverse protein on gloves.

The new QS regulation has several revised definitions, such as the definition for manufacturing materials
mn §820.3(p) which is:

"Manufacturing material means any material or substance used in or used to facilitate the
manufacturing process, a concomitant constituent, or a byproduct constituent produced
during the manufacturing process, which is present in or on the finished device as a residue or
impurity not by design or intent of the manufacturer.”

A concomitant constituent is an ingredient that naturally exists in a component of a medical device or that
exists in a manufacturing material used in, or used to facilitate, the manufacturing process. The allergenic
or adverse proteins that naturally occur in the natural rubber latex component of medical devices are
concomitant constituents.

Specific requirements for the use and removal of manufacturing materials are in §820.70 Process Controls
where §820.70(h) states:

"Manufacturing material. Where a manufacturing material could reasonably be expected to

have an adverse effect on product quality, the manufacturer shall establish and maintain
procedures for the use and removal of such manufacturing material to ensure that it is
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3 «  removed or limited to an amount that does not adversely affect the device's quality. The
removal or reduction of such manufacturing material shall be documented.”

Thus, to meet direct health care concerns and to meet GMP requirements, water-soluble proteins on
medical devices have to be limited by manufacturers when such proteins can be expected to have an
adverse effect on patients and users.

Authors: Terrell Cunningham, Andrew Lowery

Appendix B

Adverse Health Effects

I. Biological Reactions

Glove dusting powder is composed of particles and there are predictable biological reactions to particles.
The bulk of the glove powder is cornstarch, which is a resorbable particle and reactions are expected to be
minimal and of short duration. This section reviews the nature of the biological reactions and the available
information on these reactions to glove powder.

General Reports

A review article appearing in the peer reviewed literature in 1990, provides background information and

an excellent summary of the problems associated with the use of glove powder D Powders have been
demonstrated to cause inflammation and granulomas but a much higher dose of cornstarch is needed
compared to talc. This study also cites a number of other substances such as suture material, gauze fluff;
and cellulose that may cause these biological reactions more frequently than does comstarch which is the
major particulate component of glove powder. Studies on changes in starch processing were also
examined and autoclaved starch is rapidly resorbed (48 hrs. in rat peritoneum) and irradiated starch was
still present at 70 days. Studies on washing the powder off were also reported and washing with saline
clumps the powder rather than removing it.

There are additional general reports which do not contribute much to the discussion and do not provide

recent references %»3). Zaza et al ¥ report a good study on natural latex sensitivity with some reference to
glove powder. There was no difference in sensitivity incidences when the different kinds of gloves were
compared. However, nurses with cosmetic sensitivity had higher incidence. The availability and
widespread use of cosmetic powders with talc and with cornstarch is cited and is an important issue in
evaluating the risks associated with glove powder.

Contamination of Surgical Wounds and Peritoneal Adhesions

Contamination of surgical wounds and peritoneal adhesions are the biological reactions most frequently
cited in the literature. There were pleas for powder-free gloves $:6) and indications that glove powder
does contaminate the wounds smce washmg of gloves is ineffective ©).
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The issue of peritoneal adhesions from the use of powdered surgical gloves is the major issue in the

literature and most of these studies are from Europe (11-12) The studies are well documented, and the
assumption is that the glove powder is comstarch and not talc. But this is not really proven in all cases.
Peritoneal adhesions following surgery are a major complication with estimates that 60-80% of intestinal
obstructions are due to adhesions. The presence of foreign bodies is a major cause of these adhesions and
the reactions are likely to be to sutures. However, the overall recommendation is to keep foreign bodies
out of the operative area and this includes glove powder. Powder-free gloves are recommended and some
available gloves or methodologies for preparing gloves are provided.

One European study had some interesting data and is the only study to have numbers that reflect incidence

of reactions to glove powder (9 1 1991-1993, 448 patients were evaluated and peritoneal granulomas
were found in 26% of the patients. There were suture granulomas in 25% of the patients and the surgeons
of 309 patients used powdered gloves. Of these, 14 (5%) had documented starch granulomas. The overall
conclusions were: the more operations on a patient; the more likely granulomas would appear. These are
related to foreign bodies with sutures being the major cause. However, they do advocate avoiding
depositing glove powder into the wound.

Experimental Studies
Some very interesting animal studies, mostly done in Europe, examined glove powder. The overall
conclusions can be summarized that glove powder consists of particles and there is a biological response

to those particles. The presence of a foreign body increases the risk of infection and cornstarch 1s a foreign
body. However, of all the foreign bodies studied, comnstarch promotes the least

reaction (13-16)

Other Concerns with Glove Powder

There are miscellaneous reports of glove powder being left behind on devices or instruments (7,18)

When this literature survey began, it was anticipated that pulmonary complications and associated
granulomas would be the major issue. This does not appear in the literature and pulmonary complications
in patients are not described.

Powder and cancer

Chronic inflammatory responses are of concern and there is some continuing thought, but no evidence,
that a site of chronic inflammatory responses may be more prone to developing a cancer. In addition, there

is always the concern of foreign body carcinomas (19 demonstrated in rodents. The biggest issue with
granulomas from the chronic inflammatory response is that they mimic cancers and there may be a
misdiagnosis. There is no evidence of genotoxicity, mutagenicity, or carcinogenicity with cornstarch.

Granulomas may mimic carcinomas and biopsies may be necessary for decision making )

General Issues with Comnstarch

Cornstarch is a powder of particles and as such, the reactions are as those expected to particles. However,
since cornstarch is a biodegradable particle, chronic responses are rare. Any modification of cornstarch
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that prolongs its degradation will increase the magnitude of the reactions. Any contamination with talc
will greatly increase the biological reactions. Cornstarch is a common substance in every day life. Powders
and cosmetic products with cornstarch are available over-the-counter (OTC) in all stores. In addition
comstarch is common in baking and cooking. There are numerous reports of reactions to powders in

cosmetics and in the work place that are not associated with health care (20,21)

Bioburden and Powder

The issue of the level of micro-organisms on non-sterile medical gloves has been raised under various
circumstances. The only study available on bioburden is an ongoing FDA funded study. Progress reports
indicate organisms of pathogenic potential were found on examination gloves in some instances.
However, the issue of powder should be kept separate from the bioburden since there is no evidence that
bioburden and powder are related.

Surgeons gloves are sterilized and thus, there is no remaining living bioburden on the finished product.
Surgeons gloves, which are often highly powdered for ease in donning over wet hands, are routinely
washed prior to use and the methods of washing and the effectiveness of the procedure are not well
described and remain an area of concern for powder and bioburden from washing contamination.

Powder Free Gloves

Articles on the availability and suitability of powder-free gloves appeared with pleas to surgeons to use
them 22:23),

Review of Biological Reactions to Powdered Gloves

1. The use of cornstarch rather than talc for powdering gloves greatly reduced the formation of
granulomas in surgical patients. Experimental studies in animals (mice, rats, rabbits) clearly point
out that talc is a potent stimulator of granulomas. Experimental studies in the same animal models
showed comstarch did not stimulate granulomas. However, if the cornstarch was not resorbed it
could stimulate granulomas and some of this was associated with irradiation rather than autoclave
sterilization of the comnstarch. It is also apparent that contamination of glove powder with
nonresorbable particulates will cause increased formation of granulomas.

2. Granulomas to particles from starch coated gloves were described early. There are few granulomas
described in the current literature. However, adhesions of peritoneal tissue after surgery is
associated with foreign bodies and remains a concern. Glove powder is implicated in these
reactions. Proof is fairly substantial with some pathology sections which appear to be agglomerated
cornstarch, however, sutures are a more COmmon cause.

3. The studies on peritoneal adhesions clearly recommend the use of powder-free gloves.

4. The summary reviews on the hazards of powdered gloves, with the exception of adhesions, do not
have recent (after mid 1980's) problems. They demonstrate the incidence of reactions to glove
powder has diminished since elimination of talc and may still be declining. ’

5. Most of the literature comes from Europe.

6. Washing of gloves does not completely remove the powder and may cause clumping and delay
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resorption of the glove powder.

7. All of these reports are based on surgical gloves since they are used on patients with whom
follow-up is routine and problems would be noted.

8. Cornstarch is the major component of glove powder and is a common powder used in a variety of
occupations. (The bottles of talc and cornstarch that are OTC as baby powder have instructions "do
not inhale." Pulmonary reactions to baby powder are documented. There are some peritoneal
reactions to OTC powder used in the genital areas.)

Author: Katharine Merritt
IL. Prevalence and health impact of Type I allergy to natural rubber latex (NRL)

Millions of health care workers, including groups such as physicians, nurses, respiratory technicians, and
phlebotomists, use NRL gloves on a daily basis. The advent of universal precautions policies dramatically
altered the usage of NRL gloves by the health care workers. Prior to universal precautions, gloves were
only employed in instances when the patient was known to be infected with a given infectious agent, such

as the hepatitis B virus. A multi-state study by Kaczmarek et al 9 found 100% compliance with
universal precautions policies by the health care facilities in the study. Actual observed compliance by
health care workers during routine procedures that could involve contact with patient body fluids was
substantial, but not universal, ranging up to 92% during arterial blood gas procedures. Although many
devices employed in the health care environment include natural latex, it is clear that NRL gloves are a
crucial source of exposure to natural latex allergens for many health care workers.

Health care workers are recognized as comprising a high-risk group for natural latex allergy. Every study

of health care workers has demonstrated an appreciable prevalence of natural latex sensitization as
evidenced by natural latex-specific IgE antibodies and/or positive skin tests for natural latex allergy. For

example, a study by Kibby and Akl (5) reported that 8.2% of hospital employees were skin test positive
for natural latex reagent and 6.7% of them had class II or higher ELISAs for natural latex-specific IgE

antibodies. A national, multi-center study by Kaczmarek et al (26) found that 5.5% of health care workers
had natural latex-specific IgE antibodies. Nine point nine percent of the natural latex skin prick tests of

101 physicians were positive in a study by Arellano and colleagues. @n Operating room nurses have also
been studied. A study by Lagier et al (8) reported a prevalence of 10.7% natural latex skin prick test
positivity among 197 operating room nurses. Finally, in a study that included dental personnel with

hospital employees, Yassin et al (29 observed a prevalence of natural latex skin prick test positivity of
17%.

The general population is exposed to natural latex from a variety of sources, including consumer products
such as natural latex balloons, as well as medical devices such as barrier contraceptives and the NRL
gloves of health care providers, e.g., dental personnel. The prevalence of natural latex allergy among the
general population has been estimated to range between 1% and 6%, lower than the corresponding range
for health care workers. The upper end of the range is based on a study of blood donors in southeastern

Michigan 3% This study has been questioned because blood donors may not be fully representative of the
general population. There is a consensus that further study is warranted. The CDRH Epidemiology Team
is currently conducting a seroprevalence study of natural latex-specific IgE antibodies among NHANES
(National Health and Nutrition Examination Survey) Il participants. This study, with an estimated sample
size of several thousand individuals, will substantially increase the understanding of the epidemiology of
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Author: Ron Kaczmarek
II1. Role of glove powder in allergic reactions to natural rubber latex (NRL)
Clinical stndiqs

A number of publications since the mid 1980's, reported respiratory problems and asthma like attacks in
hospital employees and patients. The problem was ascribed to inhalation of airborne natural latex allergen
in the areas of heavy use of powdered gloves (31-39)  Affected individuals were frequent users of medical
gloves, mainly nurses and physicians. The reactions to airborne natural latex allergens were also reported

in other occupationally exposed individuals (38,49) ynd/or environmentally exposed individuals G 1tis

estimated that roughly 30% of natural latex sensitive individuals develop respiratory problems GD and
that aerosolized glove powder in areas of frequent glove use may affect direct users as well as those who

do not use natural latex products, but are in the same areas @1) Fyrthermore, a recent study from Finland
demonstrated a rather low prevalence of respiratory allergy reactions in one hospital, in which powder-free

gloves were used for an extended period of time 42) The conclusions regarding the role of glove powder
in the above clinical reports were based on medical histories of individuals presenting symptoms, on
positive skin tests and, in some cases, on positive inhalation test. ‘

Binding of na_tug'g! !atex p rotgins to cornstarch powder

The propensity of cornstarch to bind natural latex proteins was studied in detail in two recent publicatirér/ié.w o
Three preparations of cornstarch: a) clean, unused dusting powder, b) cornstarch exposed to natural latex
protein extracts and c) comnstarch extracted from powdered gloves, were evaluated for total protein levels

(43) and for allergenic protein levels (43,49 ypexposed cornstarch contained no allergenic proteins, while
both natural latex exposed cornstarch preparations had a significant amount of allergenic proteins bound
to the particles. The results of both studies clearly demonstrate that cornstarch indeed binds allergenic
proteins, which can not be detached by simply washing the powder. These findings support the causal
relationship between asthmatic reactions in individuals with natural latex allergy and the exposure to
airborne particles from NRL products. ' '

Airborne glove powder as an yalleggen carrier

Several papers describe measurements of airborne particle levels in the environment with frequent wseof
NRL gloves. Airborne particles were collected through filters and analyzed for allergen content.

Airborne natural latex allergen levels were evaluated in the laboratories using either powdered gloves or
powder-free gloves (45 This study showed much higher allergen levels ranging from 39-311 ng/m? in

laboratories where powdered gloves were used in comparison with the levels of less than 20 ng/m3 in
laboratories where powder-free gloves were used. More detailed measurements of the airborne allergen
were done in the operating rooms, comparing airborne allergen levels on days when high-allergen gloves

were used with days when low-allergen gloves were used and finally with no surgery days (6) The

' median allergen level of 13.7 ng/m3 on high-allergen glove days was down to lng/m3 and 0.6 ng/m3 on
low allergen glove days or no surgery days, respectively. In the environment where powdered gloves were

used, large quantities of allergen could also be collected from personnel lab coats and scrub suits (47)7
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These studies demonstrate that the level of airbomé ailetgen is directly related to the frequency of
powdered glove usage in particular areas and to the level of allergen/powder on the gloves used.

Respiratory problems in natural latex allergic individuals

A number of published papers provide direct evidence that natural latex protein allergens, bound to corn
starch particles are a cause of respiratory allergic reactions and asthma like attacks. This has been
documented by the bronchial provocation test, performed by exposing allergic individuals to inhalation
from powders on NRL gloves. A change in the Forced Expiration Volume (FEV), a measure of pulmonary
function, is an indication of intensity of the reaction to allergen.

Patients who developed rhinitis, conjunctivitis and dyspnea when in the operating room theater or in other
hospital environments with a heavy use of NRL gloves, were evaluated for natural latex allergy (medical
history, specific IgE antibodies, skin test). After positive diagnosis of existing allergy to natural latex
proteins, patients underwent the bronchial provocation test with airborne powder particles from NRL
gloves. Test subjects were asked to handle powdered NRL gloves and powdered non-NRL gloves while
their respiratory functions were monitored. They could handle up to 20 pairs of non-NRL gloves inhaling
the powder particles, without any respiratory symptoms, while the same individuals, after handling as few

as one pair of NRL gloves started to develop airway resistance “8) Fyrthermore, the preparation of glove
powder from NRL gloves tested by bronchial provocation test and skin test, demonstrated positive

reactions in both cases 4% In another study, a provocation test with clean cornstarch that has not been n
the contact with a natural latex product did not provoke any respiratory reaction, while in the same

individuals, powder from NRL induced asthmatic reaction (39 The control individuals with no natural
latex allergy, did not develop any symptoms during provocation with allergenic powder.

In a more recent well controlled study (D the bronchial provocation test was performed with the extracts
from powder-free surgical gloves, from powdered surgical gloves and with a clean cornstarch powder
extract. A clean comstarch powder caused no bronchial reaction in sensitized subjects. Exposure to a
nebulized powder-free NRL surgical glove extract induced immediate bronchoconstriction in two of four
tested subjects. However, when nebulized powdered glove extract was tested, a 1:10 dilution of the extract
induced bronchoconstriction in all four tested subjects and the intensity of the reaction was the same as
with undiluted powder-free glove extract.

A recent study from Belgium (52) revealed that 4.7% of hospital personnel were allergic to natural latex,
confirmed by medical history and skin testing. Allergic individuals were pretested for bronchial
responsiveness and then exposed to the provocation test with powdered NRL gloves. A total of 58% of
allergic participants or 2.6% of the entire surveyed population developed an asthmatic reaction, while the
provocation with vinyl glove powder did not cause any change in bronchial functions.

In summary, the studies reviewed above lend support to the conclusion that airbome glove powder may
represent a threat to individuals allergic to natural latex protetns. Avoidance of use of natural latex
products by such individuals may provide insufficient protection from natural latex proteins if they are in
the environment of powdered glove use. Since there is not current safe and effective therapy for natural
latex allergy, avoidance of all sources of natural latex allergen is the only available therapeutic option.

Role of glove powder m irrit’;"x’tion'and contact dermatitis development
Another issue that has to be addresséd is a possible causal relationship of glove powder with the irritation
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and contact dermatitis development.

It is known that cornstarch used for donning is a strong absorbing powder and has a tendency to cause
dryness of the skin leading to cracking and itching. A compromised epithelium can have serious health
consequences. Not only that barrier properties for infectious agents are reduced, but also in this case,
chemicals used in the production of NRL gloves and natural latex proteins can penetrate a damaged skin
enhancing chances of development of both Type IV and Type 1 allergy. Skin reactions to glove powder

have been observed and interpreted as irritant reactions 53} The major factors influencing elicitation of
irritant dermatitis are dose and exposure time, and termination of exposure is the cure. Therefore, in the
case of NRL gloves, a prolonged contact with glove powder may have serious impact on the user skin
condition. '

There are no data that directly implicate comstarch powder as a cause of allergic contact dermatitis up to
now. However, it has been reported that nonimmune proinflammatory agents can augment the response to

contact sensitizers 9. This augmentation occurs with subthreshold doses of both irritants and allergens
and therefore, individuals that may have not presented symptoms of either reaction, can still react in case

of a combined exposure ),

These published data (although limited) and clinical experience implicate that cornstarch powder on the
NRL gloves, in addition to its role in Type I allergy, may also be a contributing factor in the development
of irritation and Type IV allergy.

Awmthor: Vesna Tomazic

IV. Medical Device Reporting (MedWatch) Database

FDA's adverse event databases rarely contain event text or coded information that would allow for
comprehensive, automated tallies of reported medical glove related events. Reports cannot differentiate
between events associated with either Type I or Type IV hypersensitivity reactions, including reactions to
powder-free vs. powdered glove products. However, based on a review of all reports, it is possible to
provide the following information summary.

As of August 27, 1997, 2,501 voluntary and mandatory incident reports involving natural rubber latex -
containing medical gloves have been entered into FDA's adverse event database. A review of database
information indicates that approximately 1,550 or 62% of these medical glove related reports allege the
occurrence of adverse events that involve allergic reactions, including anaphylaxis. The text of these
reports indicate the occurrence of either skin reactions (Type IV or Type I) or systemic (type I) allergic
reactions of one or more health care professionals or patients to medical gloves.

Approximately 100 or 4% of medical glove related adverse event reports allege specific glove powder
residue complaints. These reports raise concerns regarding granuloma formation, general concerns
regarding infection risk associated with powder content, low pewder content making donning difficult,
contamination with unidentified debris or insect parts, mold growth, and high levels of powder on gloves
labeled as "powder-free." A glove powder related death report was submitted in 1986 under the procode
for surgeons' gloves. The reporter, a manufacturer, indicated that a physician had questioned the role that
glove powder could have played in the death of a patient who experienced post-operative peritonitis
related complications.

The remaining 851 (33%) reports are primarily related to concerns regarding product barrier integrity.
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However, it should be noted that problems with degradation of the desirable physical properties of
medical gloves has also been associated with powder-free glove manufacturing processes such as
chlorination. '

Author: Sharon Dillard

Appendix C

Alternatives to Glove Powder

As discussed in previous sections of this report, glove powder has been implicated in the post-operative
formation of adhesions, and in some instances, in granuloma formation. Also as discussed previously,
natural latex allergens bound to airborne glove powder are known to cause respiratory problems for
natural latex allergic individuals. Although the use of glove powder as a dusting lubricant is very common,
there are other alternatives available. This section discusses several alternatives to powdered NRL gloves.

Chiorinated natural latex rubber (NRL) glqvgs

Although lubrication of the NRL glove surface can be accomplished with various dusting powders, the
powder can be rubbed off and become airborne during use. A more permanent method of reducing surface
drag in natural rubber latex products is known as halogenation. When carried out using chlorine as the
active element - as is commonly done with NRL gloves - the process is called chlorination.

Chlorination of the NRL gloves is performed by immersing the gloves in a dilute solution containing free
chlorine ions. The chlorine reacts with the natural rubber surface to reduce the natural tackiness of the
natural latex, hence eliminating the need to add a dusting powder to the glove. After immersion of the
glove into the dilute chlorine solution (usually between 0.05-0.30%), the gloves are washed in water,
dipped in a neutralizing solution (e.g., 1% ammonia solution), rinsed again, and then dried 59 This extra
washing performed during and after chlorination greatly reduces the level of extractable latex proteins in
the product. Some latex proteins are even converted to insoluble forms during chlorination itself &7,

One significant drawback to using chlorinated NRL gloves is that some of the mechanical and physical

properties of the natural latex are compromised. Woods et al G8) states that the chlorination process
adversely affects shelf life, grip and in-use durability of the glove. In addition, strong odors may be present
in chlorinated gloves, as well as possible skin rrtants.

An FDA study of the effects of elevated temperature on the tensile strength of NRL gloves showed very
dramatic results for powder-free examination gloves that are believed to have been chlorinated. Various
styles of NRL gloves were placed in paper envelopes and oven-aged in air for 7, 14, and 21 days at 70°
Celsius, and then subjected to tensile testing per ASTM D 412. (Accelerated aging in the laboratory at 70°
C is common for NRL gloves, and is one of two recommended temperatures for aging of gloves in ASTM
D 3577 and ASTM D 3578.) Five of seven powder-free styles exhibited dramatic decreases in tensile
strength after just 7-14 days at 70° C, with total decreases in tensile strength ranging from 70% to over
90% at 21 days of aging. Although the details of the manufacture of these five styles are proprietary, itis
believed that all were chlorinated. In contrast, almost half of the powdered gloves subject to the same
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conditions showed no statistically significant decrease in tensile strength, while the remaining powdered

gloves decreased a moderate 10 to 25% by 21 days of exposure (59). A progress report from an ongoing
federal-state contract study on NRL exam gloves recently indicated similar results: extreme degradation of

chlorinated exam gloves observed after 14 to 21 days of aging at 70° C (60)

Slight variations in the chlorination process are known (56,61,62) por example, variations in solution
strength, immersion time, neutralizing agents, time elapsed between chlorination and neutralization,

drying temperature and drying time can all influence the effects of chlorination. Aziz (56 tested gloves
chlorinated with 0.01%, 0.03%, 0.05%, 0.1% and 0.3% chlorine solutions. For unaged samples, tensile
strength was maintained from 1 to 20 minutes of chlorination time for all samples except those chlorinated
with the 0.3% solution, in which tensile strength decreased by approximately 25%. For samples aged 7
days at 70° C, original tensile strength decreased slightly for up to 20 minutes of chlorination, except for
the 0.3% samples, where the tensile strength decreased by roughly 50% for 20 min. of chlorination. For
samples aged 22 hours at 100° C, original tensile strength was maintained only for the 0.01% solution.
The strengths of the remaining samples decreased 50-95% after only 2-6 minutes of chlorination.

Aziz also showed the higher concentrations of chlorine lead to microscopic cracks in the surface of the
natural rubber latex. Chlorination time and solution strength also affect the color of the finished product
(longer times and higher concentrations lead to a more yellow product). Thus, in order to avoid the
potential negative effects of chlorination, chlorine concentrations and immersion times should be carefully
chosen.

Synthetic polymer linings

Another alternative to powdered gloves is a NRL glove having a synthetic polymer lining on the internal
surface of the glove. The slippery surface of such a lining facilitates donning of the glove. Synthetic
polymer coatings may be made of a hydrogel, silicone, or another polymer. It appears that no shelf-life
data exist to substantiate the long-term barrier properties of synthetic polymer-coated NRL gloves.

In the case of hydrogel polymer linings, the NRL glove is dipped into a solution of the hydrogel prior to
the final curing stage of glove manufacture. The hydrogel lining is physically bonded to the natural rubber

latex ® and lies on the internal skin-contacting surface of the finished product. Due to its low coefficient
of friction, the hydrogel lining facilitates donning with either wet or dry hands (63,64,65),

Other approaches

From the late 1800s to the mid-twentieth century, surgeons used water as the primary lubricating agent
when donning gloves. The protective rubber gloves utilized at that time were designed for multiple use,

and thus were pulled onto wet hands after being "sterilized" [sic] in boiling water (58,63,66) Wwater is not
an effective glove lubricant for today's thin, close-fitting NRL gloves. '

Glove liners in the form of cotton or nylon stretch gloves, or liners made of materials designed to resist
puncture, are sometimes worn underneath NRL gloves, between the bare skin and the glove. Although
liners are not used to facilitate donning, they will provide a layer of protection to the user, and thus reduce
the risk of skin irritation. They also reduce discomfort due to hand sweating. Gloving creams are
sometimes used to facilitate the donning of gloves and at other times, are used to reduce the wearer's
potential for skin irritation. However, if used with powdered gloves, such glove liners and creams will do
nothing to eliminate the occurrence of airborne natural latex allergens.
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Gloves made from materials other than natural rubber latex (e.g., synthetic rubbers or other synthetic
~ polymers) are available, but none possess the unique mix of properties (high elasticity and tensile strength,

excellent film-forming characteristics) found in NRL gloves (87,66) Gioves made from some of these
altemnative materials, such as plasticized PVC, include high levels of chemical additives which may cause

skin irritation and/or allergic reactions (66,67) Eyrithermore, the barrier properties of alternative glove
materials must be thoroughly examined prior to their selection for use.

Summary

Chlorination of NRL gloves is a common alternative to the use of glove powder. Chlorination has an
adverse affect on various mechanical and physical glove properties, which may affect shelf-life. Thus, the
chlorination process should be tightly controlled. Gloves made of synthetic materials are available, but
none possess the unique mix of physical properties offered by natural rubber latex. Synthetic
polymer-coated gloves are another possibility, but as is the case with both NRL and non-NRL gloves, it
appears that little or not shelf-life data exist in the current literature to substantiate the long-term barrier
properties of this type of medical glove. :

Author: Donna Walsh

Appendix D

Glove Market Availability

In 1996, the U.S. imported 20.8 billion medical gloves, 62% of which came from Malaysia. Since 1991,
the number of medical gloves imported into the U.S. has increased by 247%. See the table below provided
by the Division of Small Manufacturers Assistance (DSMA).
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U.S. Medical Glove imports
o (inbillions) _ . o _
1991 [ 1992 | 1993 | 1994 | 1995 | 19%
Malaysia 39 76 99 04 118 130
Thailand 09 18 20 17 22 32
Indomesia o2 06 o8 o8 1119
SriLanka 02 s 03  jos o6 |07
fndia o1 03 05 os 05 0.6
Taiwan R o4 o3
China 05 04 o7 o6 b6 08
Others 02 o2 03 04 o2 03
1 | | |
[Total Imports §60 4 s s 74 208
% Increase 0% 1% B% 1% 20%

* Number of imports not enough to be included in top seven countries in this table.

These numbers include medical gloves of all types: NRL, powder-free NRL, and non-NRL. In 1996, the
distribution by type was 90% NRL and 10% non-NRL. Of the 90% natural rubber latex, 20-25% were
powder-free latex and chlorinated. Only a small number of manufacturers are using a process other than
chlorination to produce powder-free gloves.

Malaysia is the largest producer of natural latex worldwide. Over 90% of all patient examination gloves
are made from natural latex, and it is estimated that up to 80% of NRL patient examination gloves

consumed in the U.S. are manufactured in Malaysia 68) The Association of Malaysian Medical Industries
(AMMI) represents Malaysian and multinational companies involved in the development and manufacture
of medical devices, products, equipment and services in Malaysia for the health care community )
worldwide. The Malaysian Rubber Glove Manufacturers' Association (MRGMA) specifically represents
the NRL glove manufacturers. According to the AMMI and MRGMA, any significant increase in the
numbers of medical gloves available for importation is not likely. However, a shift in the types of gloves
(powdered to powder-free) is already occurring.

In June 1997 as a result of the NIOSH alert, five questions regarding current and future availability of
medical gloves to the U.S. were posed to the entire 20 company AMMI membership, nine of which were
glove-only manufacturers, also members of MRGMA. The responses were compiled and presented to
CDRH by an AMMI executive and MRGMA member at a subsequent June meeting. The questions and
AMMI responses follow. Wherever appropriate, supplemental supporting documentation is included.

1. What is your current monthly and/or annual capacity for manufacturing NRL and powder-free NRL
medical gloves for the U.S.?

The total capacity from Malaysia in 1996 was 13 billion (including 10% non-NRL) pieces. This
capacity will not change significantly. The projected Malaysian industry trend is to shift the ratio of
powdered (P) to powder-free (PF) natural rubber latex. AMMI and MRGMA project this shift to be
rapid as indicated below.
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P to PF Latex
12 months ago : 80:20
6 months ago 75:25
today (June 1997) 65:35
12 months from now 50:50

2. How do these numbers compare to distribution outside the U.S.?

The ratio of Malaysian medical gloves for U.S. distribution to the rest of the world is 70:30. Partly
due to volume and purchasing requirements, other countries are more willing to pay the higher
prices of powder-free NRL gloves. As a comparison to the P to PF ratio above, the ratio in the

United Kingdom is:
P to PF Latex
3 months ago 75:25
today (June 1997) 55:45
12 months from now 40:60

3. If there was a request by the U.S. health care community to produce a larger quantity of powder-free
medical gloves, how quickly could this increase occur and by what percent?

If the U.S. health care community could bear the "current market price" of gloves, the powder-free
glove supply to other parts of the world could be significantly shifted to the U.S. Demand for
powdered gloves has already dropped worldwide. One constraint to any possible shift is long-term
contracts. Half or 50% of glove manufacturers have long-term contracts that stretch 6-12 months.
Unless the U.S. price warranted, these contracts would not be re-negotiated.

The lines producing powder-free NRL gloves are currently working to capacity. Conversion of lines
is expensive and requires 12-18 months before realizing an increased capacity. Some of the
obstacles include acquiring chlorinators, which are backlogged worldwide, and water treatment
enhancements. It is doubtful that the industrial process would shift to greater than 60% powder-free
vs. 40% powdered NRL. Any greater erosion from powdered would be made up by a shift to
non-NRL. Ten percent of the current Malaysian market is non-NRL and is growing. Although
non-latex technology is not yet equal to that of natural rubber latex, glove manufacturers are
attempting to perfect the nonlatex process and anticipate future increases in the nonlatex market.

However, additional FDA staff research found that non-NRL gloves, other than vinyl, are
considerably more expensive than NRL gloves.
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LSRR ¢ . .
i Glove Prices to Hospitals ¢%
~ (in'U.S. dollars per box of 100 picces)
| | Natural Rubber | | Svntheti

Exam Vinyl | Latex (NRL) Synthetic Rubber, -7 ¢
L o g i  Polymer
Powdered | 350 | 390 | 800 | 1200
Powderfree | 420 | 580 | 1000 | 1500
1% of Increase for | | E
Powderfree | o500 1 499 L 2s% L 25%
Product ] |

For the powdered gloves, NRL costs are 11.4% higher than vinyl but synthetic rubber is 128.5%
higher than vinyl and 105% higher than NRL. For powder-free gloves, NRL costs are 39% higher
than vinyl but synthetic rubber is 138% higher than vinyl and 72.4% higher than NRL. Moving to a
synthetic glove is currently cost prohibitive for U.S. hospitals.

Although vinyl gloves are less expensive than NRL, research indicates they are not necessarily the
best alternative. Both NRL and vinyl patient examination gloves provide protection against
microorganisms; however, it has been demonstrated that NRL is preferred to vinyl for more

effective and durable barrier qualities (70,71) NRL is pliable allowing for natural molding for more
appropriate fit and has the ability to reseal when tiny punctures occur. In general, NRL provides
comfort to the wearer, adequately protects against microorganisms, and provides adequate barrier

effectiveness when used for medical and nursing procedures (79 _Consequently, NRL is still the
barrier of choice in the U.S.

4. Would an increased volume impact importation/distribution to the U.S.? If so, what obstacles may
you encounter?

U.S. entry requirements can be a problem for glove manufacturers which result in delays and, in
some cases, a barrier too costly to pursue. Some specific obstacles which act as a deterrent are:

o 510(k) requirement of biocompatibility testing. There are very few laboratories available to
conduct the testing causing a current 2-4 month backlog. It would be helpful if a "contingent”
510(k) approval could be granted while biocompatibility testing is being conducted. This
would allow the manufacturer the opportunity to recoup some of the start-up expenses. It is
cost prohibitive for 2 manufacturer to maintain the facility without any return, even for a
relatively short period of time. - B e

o 510(k) processing time. The current 90 days is all the manufacturers can afford. It would be
an obstacle if an increase in 510(k) applications would cause a backlog.

o Regulatory expenses. Other countries are offering prices comparable or greater than those
offered by the U.S. To avoid U.S. regulatory expenses/hassles, glove manufacturers are
strongly inclined to direct their products to markets they can enter without delay or added
costs. '

5. What would be your spécial concerns and/or difficulties producing a larger quantity of powder-free
NRL medical gloves, if any?
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Barrier integrity is the main concern for medical gloves and glove manufacturers. Producing a
product that will consistently meet water leak tests is of special concern. However, the current
anxiety over natural latex allergy is resulting in a shift to materials and/or processes that may
compromise barrier integrity. In a shortage situation, or even a perceived shortage situation,
inconsistent quality suppliers may seize the opportunity to move into the U.S. market. This will
result in poor barrier products entering the U.S., much as they did in 1988-89 when demand rapidly
increased because of concern regarding universal precautions.

Producing a product that will have acceptable shelf life (one-year) is another special concern and/or
difficulty. Powder-free technology is not easy and chlorination contributes to the difficulty. Most
powder-free gloves are chlorinated and suppliers of auxiliary equipment are already back-ordered at
least six months. However, chlorination is not the only process for producing powder-free NRL
gloves. More emphasis needs to be placed on other processes which may help improve shelf life.

In summary and based on additional investigation, comprehensive labeling, including warnings and
precautions, added to all medical NRL gloves would not be significant. The health care community
is largely aware of natural latex allergenicity and has been making appropriate adjustments. The
demand for more powder-free or lower protein gloves will most likely increase, and as refinement in
other manufacturing processes improve and lower protein NRL is developed, the shift will be
toward medical gloves other than chlorinated powder-free.

Author: Carol Herman
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Endotoxin as a factor in adverse reactions to
latex gloves
5 f#ock Williams, PhD and John F Halsey, PhD

[

ZBackground: Endotoxin is an inflammatory agent made by gram negative
pacteria that can irritate the skin. induce respiratory problems, fever. and shock. It
i¢"ani‘adjuvant for both delayed hypersensitivity and IgE production and has been
shown to magnify antigen specific mediator release. Since many of the clinical
problems associated with natural latex products involve similar clinical sequelae. we
investigated the possibility that latex gloves might be contaminated with endotoxin.

+ Objective: To measure the endotoxin content of a variety of natural latex gloves.

‘ iivestigate its distribution and origin. association with latex proteins. and determine
“the particle sizes associated with its release.

- Metheds: Endotoxin. protein. and allergen were measured using a quantitative
kinetic Limulus assay. modified Lowry. and RAST inhibition. respectively. Particle
size and density were determined using an Anderson multistage air sampler and
CsCl, gradient.

Results: Endotoxin was found to be a highly significant contaminant of some '

latex gloves. Levels ranged from 0.09 ng to 2.8 ug/g of glove. Protein levels ranged
~ from <25 to 1150 pg/g of glove while allergen levels ranged from <1 to 837 ug/g
of glove. Endotoxin and protein eluted rapidly from the interior of the gloves tested.
Greater than 70% of the endotoxin was found to be associated with particles in the
<7 um aerodynamic diameter range. The highest levels of endotoxin were found in
nonsterile examination gloves with a tendency towards powdered gloves containing
more endotoxin and protein. A slurry containing cross-linked dextran through which
gloves were dipped revealed very high endotoxin contamination (64 pg/mL) while
unused cross-linked dextran has very little associated endotoxin.

Conclusions: These data demonstrate that some natural rubber latex gloves.
particularly nonsterile examination gloves. are contaminated with high amounts of
endotoxin and proteins. These were found mostly on the inside of gloves and were
released as very small respirable particles that were not physically associated with
the powder. These findings suppon the hypothesis that endotoxin may be respon-
sible for some of the tissue irritation associated with latex glove use. In addition. this
material may be responsible for the enhancement of delayed and immediate hyper-
sensitivity reactions to chemicals and proteins found in these products and offers a
possible explanation for the disproportionate severity of these reactions.

Ann Allergy Asthma Immunol 1997:79:303~10.

INTRODUCTION
Lipopolysaccharides unique to the out-
ermost wall of gram negative bacteria
have very potent proinflammatory ef-
£°Ct8."2 These substances referred to as
endotoxins™ for historical reasons and
are continually being shed from grow-

LT——
Institutional Affiliation of Awhors: IBT Ref-
erence Laboratory.
eceived for publication December 5. 1996.
gf;lepted for publication in revised form June

0

ing bacteria and are released upon their
death.>* Specific cellular and humoral
receptors exist for endotoxins that en-
hance their ability to induce proinflam-
matory cytokines and chemokines such

‘as TNFa. IL-6, and IL-8.°'* Clinical ‘
reactions to endotoxins include irrita-

tion. skin rashes, fever, rhinoconjunc-
tivitis, respiratory congestion. asthma.
and anaphylactoid shock.”'®  The
symptoms observed depend upon the
dosage. route of entry, molecular struc-
ture. and other poorly defined suscep-

tibility factors.'®-2* Endotoxin has also
been shown to act as an adjuvant for
allergic contact sensitivity to haptens'
and to be an adjuvant for IgE responses
when inhaled with antigen.**-* In ad-
dition, endotoxin acts synergistically
with allergen resulting in a magnifica-
tion of specific allergen-induced medi-
ator release ™%

Since the mid-eighties the cumula-
tive prevalence of individuals experi-
encing adverse reactions to products
manufactured from native latex has in-
creased dramatically.®* Clinically these
reactions range from direct irritant ef-
fects to immunologically induced con-
tact dermatitis. urticaria. rhinoconjunc-
tivitis. asthma. and anaphvlaxis.™-%*
The immunologic activity of the chem-
icals and the allergenicity of proteins
present in natural latex products have
been studied by a number of investiga-
tors and many of their molecular prop-
erties have been elucidated.”~* The
reasons why these substances seem to
be such potent sensitizers. with often
severe consequences. has not been de-
termined. The hypotheses advanced in-
clude the large increase in the use of
natural rubber latex gloves as a barrier

-against infectious agents and the fact

that increased demand may have intro-
duced alterations in manufacturing
processes.™

Consideration of the manner in
which these latex products are manu-
factured, with the resulting potential
for endotoxin contamination, and the
nature of the clinical reactions ob-
served. prompted us to determine the
endotoxin content of natural latex
gloves. In this paper, we provide data
on the occurrence, distribution, and
probable source of endotoxin in com-
mercially available latex gloves. Based
on these findings we propose that the
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 cm* 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 g for
20 minutes and the supernate was re-
covered. Fifty-microliter aliquots were
removed und diluted in pyrogen-free
water and assaved immediately. A
fresh starch extract was prepared from
unused cross-linked dextran powder
{Grain Processing Corporation. Mus-
catine. [A) by extracting at a 1:3 ratio
(wt/vol) in pyrogen-iree water for one
hour with shaking and centrifugation at
3.000 g for 20 minutes. A sample of
comstarch slurry from a latex glove
production line was collected in Ma-
laysia and shipped frozen to the labo-
ratory {a 2itt from Russell Thompson,
TNI. Hartland. WI}. An extract was
prepared trom this material by centri-
fuging the thawed slurry at 3.000 g for
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 100-uL aliquot of each of
these dilutions was mixed with 100 pnl.
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

(o E-CATATAY ettt

with the Dynatech MR3000 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
endotoxin to assess any enhancement
or inhibition of activity by any of the
extracts. Only those dilutions that did
not exhibit enhancement or irhibition
and which were parallei to the standard
curve were used. Values shown are
averages from the same glove assayed
on three different occasions. The coet-
ticient 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 moditication of the Lowry protein
determination method was used to de-
termine protein in the glove extracts.
The method (American Society for
Testing Materials 3712-95) was re-
cently adopted by the American Soci-
ety for Testing Matertals 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 5 ug/ml to 640
uwg/mL. Since the gloves were ex-
tracted at a ratio of {:5 (wt/vol), the
resulting detection limit was 25 pg/g
of glove.

Allergen Content

The quantity of latex allergen was de-
termined by RAST inhibition using the
method previously described® except
that for this study a non-ammoniated

tatex extract was used as the referenc,
extract or standard. This extract Was
prepared ftrom H. brasiliensis latex
shipped frozen from Malaysia as ge.
scribed by Tomazic et al.* The protejy
content was established by the Amey.
can Society for Testing Materials mog.
ified Lowry method. Dilutions of thig
standard were made in phosphate byff.
ered saline containing | mg/mL human
serum albumin. The serum pool for the
RAST inhibition was prepared from 43
sera known to have high concentra-

tions of latex-specific IgE. For com-
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 1o be 0.03 pug/mL and
for quantitation to be 0.060 pg/mL.
Parncle Sizing

The relative size (ie. aerodynamic di-
ameter) of the particles suspended in
air when ten gloves were snapped in an
enclosed room 123 m*) was determined
by analyzing samples collected with an
Anderson multistage air sampler
iGrasbv/Anderson Inc. Atlanta, GA).
Prior to use this device was depyroge-
nated by soaking the stages overnight
in 0.3 N NaOH. The giass 100-mm
Petrt plates were depvrogenated 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 0.424.5 m?). Ali-
quots of the 20 mL of water in the
individual plates (ie, stages) were cen-
tnfuged and the supemates 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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nensity Studies

particles created from snapping five
airs of gloves in a small room (25 m*)
were collected in a cyclone sampler
;Burkard Instruments, Britain) over a
seriod of 90 minutes. This sample was
suspended in 0.5 mL depyrogenated
water and layered over a 60% wt/vol
solution of CsCl,. 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 10-pL
sample of the suspension assayed prior
to layering over the CsCl,. Assay re-
sults were corrected for dilution and
recoveries were compared.

Kinetics of Release
Endotoxin-containing gloves were ei-
ther left normal or tumed 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 (25 pg/g) o 1150 pg/e
of glove. The average protein content
for latex examination gloves was 460
pg/g compared with 74.7 ug/g of
glove for latex surgical gloves (Table
2). The average protein content for
powdered latex gloves was 444 pe/g
of glove while that for nonpowdered
latex gloves was 47 ug/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 (1 ug/g) to 858 pglg of
glove. The average allergen content for

latex examination gloves was 335 ug/g

of glove while latex surgical gloves
averaged much lower at 27 pg/g of

e ———

glove. Powdered latex gloves con-
tained on average 313 pg/g of glove
while nonpowdered latex gloves aver-
aged 25 ug/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 nonpowdered latex gloves
which averaged 78 ng/g of glove. One
powdered nonlatex contro! glove dem-
onstrated 4.0 ng/g¢ of giove 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 tnese ex-

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

Allergen,*  Protein,t Endotoxin,t

Glove Type
Powder  Surgical/Exam ng/g 1o/g ng/g
1 P s 88 150 0.08
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 26.4 100 147 1
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.

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

D5712-95.

+ Endotoxin by kinetic Limulus Amebocyte Lysate method {average of three determinations on

same glove). -
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periments were repeated. only a small
amount of protein was seen and no
endotoxin was detected. These results
indicate that both the endotoxin and
protein are loosely attached to the in-
side of the gloves tested.

When powdered gloves were
snapped 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 7 wm 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 trom 20 to 70 um.
Microscopic examination of air sam-
ples (Samplair) from the room during
these experiments revealed mainly two
types of particles. The tirst appeared to
be tvpical 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% CsCl, without centrifuga-
tion. When a suspension of air sampled
with the cyclone from a room in which
gloves were snapped was layered over
60% CsCl. and the powder allowed to
sediment. the endotoxin was entirely
recovered from the supematant.

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.

Table 2. Comparison of Powdered Versus Nonpowdered and Surgical Versus

Examination Gloves

Mean Values from Gloves Tested

Protein, ug/g

Allergen, pg/g

Endotoxin, ng/g

Powdered latex gloves (P) 444 313 338
Nonpowdered gloves (NP) 47 25 78
Ratio (PINP) = 9.5 12.6 4.3
Latex examination gloves (E) 460 335 404
Latex surgical gloves (S) 75 27 3.0
~ Ratio (E/S) = 6.2 12.3 135
Data and abbreviations from Tabie 1.
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Figure 1. Kinetics of release from a latex glove: endotoxin and latex ailergen. Gloves were filled with
pyrogen-free water and mixed on a rocker. At the times indicated. samples aere removed for analysis of

endotoxin and allergen.

Both endotoxin and protetn were re-
leased rapidly into an aqueous medium
from the gloves tested. The similanty
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 strongiy 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 7 wm in aerodynamic diam-

cter. This again suggests that the endo-
toxin is not associated with the cross-
linked dextran particles which are
much larger (20 to 70 um in diameter).
In addition. the endotoxin tound 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 €X-
periments. The fact that both endo-
toxin and protein elute with similar
kinetics in aqueous 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 daa
that the cross-linked dextran particles
were carriers of allergenic proteinss’
Upon close inspection. their repor!

suggests that only a small fraction_of
the protein (1% to 11%) and specific
IgE binding (6%) is associated with,tv_};’:e

%
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':Figurc 2. Size distribution of endotoxin in air. Gloves were snapped in a 25-m* room and air samples
were collected with the Anderson multistage sampler. An aliquot from each stage was assayed for

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 (>1.79
g/mL). Powder of this density and size
would not be expected 10 remain air-
borne for a long period of time and as
such would not be likely o 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. 2 treatment
that greativ reduces measurable endo-
toxin activitv.* 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 slumry baths would
increase over time during manufacture
and thus with the size of a particular
lot. This could result not only in loi-
to-lot variations. as documented by
Yunginger et al.** 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 likelv 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
10 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 shock.'>'® These nonspe-
cific effects have been shown to in-
volve the induction of
proinflammatory cytokines such as
TNF-«, 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).¢-1* These cytokines can in turn
induce chemotactic factors, cellular
adhesion molecules. and effector sys-
tems such as nitric oxide synthetase
and platelet activating factor.™>* 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 factors.!®-257  Specific
effects of endotoxin include its activity
as an immunologic adjuvant both for

IgE antibodies to bystander antigens

when administered through the respi-
ratorv route and also as an adjuvant for
delaved hypersensitivity to chemical
haptens on the skin.'**** 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 s
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 antibodies.*® In addition to
being an immunologic adjuvant, endo-
toxin has been shown to enhance anti-
gen-specific mediator release from ba-
sophils.?*~*' The possibility exists that
endotoxin cdn magnify these immuno-
logically induced reactions. This in
turn could explain why so many of
these reaclions are so severe. .

W
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QOur experiments demonstrated that
ten hghtly snapped gloves (with high
endotoxin content) in a room of 25 m*
resulted in a concentration of endo-
toxin in the air of 320 ng/m’. This is a
highly significant level of endotoxin as
illustrated by studies indicating that
levels of 10 ng endotoxin/m® and 100
ng endotoxin/m® can significantly
compromise asthmatic and normal in-
dividuals’ pulmonary problems.’™3#
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 2x-
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 peptidogivcans and teichnoic
acid can not onlv induce similar in-
flammation but can act to prime ani-

~mals in a way that their reactions to
endotoxins ‘are more severe.””~>* The
possibility exists that these priming ef-
fects could also arfect the suscepubii-
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 alsc 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 fuily 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.*~°

Qur results do demonstrate that
these contaminants readily elute from
natural latex gloves in agueous 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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