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DEPARTMENT OF HE....TH AND HUMAN SERVICES s Public Health Service

Robert A. Taft Laboratories

‘/(C - e — . National Institute for Occupational
ﬁ ‘ » o o Safety and Health

. B 4676 Columbia Parkway
ey oy [ ﬁ, pT ]
4 %)7 : Ei, D“ 03 3 fu} ﬁ‘ Cincinnati OH 45226-1998

October 28, 1999.

Dockets Management Branch (HFA-305)
Food and Drug Administration

5630 Fishers Lane, Room 1061
Rockville, Maryland 20852

Dear Sir/fMadam:

The National Institute for Occupational Safety and Health (NIOSH) has reviewed the
proposed rule Surgeon’s and Patient Examination Gloves: Reclassification published
in the Federal Reglster on July 30, 1999 [64 FR 41710].

NIOSH strongly supports the Food and Drug Administration (FDA) effort to reduce the
adverse health effects from allergic reactions caused by the natural latex protein
allergens and glove powder found on surgeon’s and patient examination gloves and to
reduce the adverse health effects from defects in the barrier integrity and quality of
surgeon’s and patient examination gloves. In June 1997, NIOSH published the Alert
Preventing Allergic Reactions to Natural Rubber Latex in the Workplace
[DHHS(NIOSH) Publication No. 97-135]. We continue to support the
recommendations in the Alert, including:

« Provide workers with nonlatex gloves to use when there is little potential for
contact with infectious materials (for example, in the food service industry).

- Appropriate barrier protection is necessary when handling infectious
materials. If latex gloves are chosen, provide reduced protein, powder—free
gloves to protect workers from infectious materials.

Additional information and comments are enclosed. Please contact me at
(513) 533-8302 if we can provide further assistance. ~ ‘ ‘

Sincerely yours,

L

Paul A. Schuite, Ph.D.
Director

éqﬁ- 2 33 5” Education and Information Division

Enclosures C /é
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REVIEW

Exposure—-response relanonshnps of occupatmnal mhalatxve

allergens

x. BAUR, Z. CHEN and V. LIEBERS

Ko vearch Institute for Oceuparional Medicine VBGFAI Insmure at the Ruhr-Universitdr Bochum. Germany

" Summary

Quly a few threshold limit values exist at present for allergens in the workplace known to

cantse bronchial aschma. This coneasts with the steat number of occupational asthma cases’

observed in industrialized countries. Recently published srudies provide clear evidence for
exposure intensity response refationships of occupational allergens of plant. microbiologi-
cal, animal or man-made origin. If allergen exposure levels fall short of determined limit
values. they are not associated with an increased nsk of occupational asthma. € ormspond-
ing data are available for wheat flour (1-2.4 mg/m?), funeal a-amylase (0.25 ng/m*). natural
rubber latex (0.6 ng/m’). westem red cedar (0.4 my/m®) and rat allergens (0.7 ug/m’). It 1
suggested to stipulate legally binding threshold limit values (TLV/TWA) on this basis in
order to induee more effective primary preventive measures. If no reliable data on the health
risk of an occupational airborne noxa exist. the lowest reasonably practicable exposure level
has to be achieved. Appropriate secondary preventive measires have to be initiated in all
workplaces contamninated with airbormne allergens. Verified exposure -response relationships
provide the basis for risk assessment and for targeted interventions to reduce the incidence
of occupational asthma also in consideration of cost benefit aspects, “*Occupational asthma
is a disease characterized by variable airflow limitarion and/or airvay hyperresponsiveness
due to causes in a working environment. These causes can give rise to asthma through
immunological o non-irumunological mechanisms (11. Up o 15% of all asthma cases are of
occupational origin or have a Jeast a significant causal occupational factor [1-10).
According 10 the New Zenland part of the European Respiratory Health Survey, an
increased risk of asthma prevalence was found for several occupations such as laboratery
technicians. food producers, chemical workers. plastic and rubber workers (11]. The Spain
part of this study comprising 2646 Spanish subjects showed an asthma risk 1 be arnibuted

10 occupational exposures betwesn 5 and 6.7% [12]. Main asthma-inducing agents in the,

workplace are flour, grain and feed dust. animal dandet/urinary proteins.and isecyanates.
Further. several inhalative irritants such as chlorine. acid or alkaline aerosols play a pivotal
role. Many low molecnlar weight chemicals have irmiatve as well as allergenic effects on
the airways. ¢.g. isocyanates and acid anhydrides. [n addition to chronic or repetitive
exposures. also singular accidental exposure to high concentrations of iritative or toxic
aitborne substances can cause occupational asthma. This condition is frequenty called
reactive airwayvs dysfunction {13]. '

Exposuire—~response relationships

i

Coutrerpondetice: X, Baur, Rexcutch Insurute for Occupational Modicae
{BGFAL (mstitute ot the Ruhr-Untcersitat Buchum, Burile-desurtlomp-
Platz {. D789 Bochurn, Germuny.

T 1994 Blackwell Science Lid

Recent studies on expused subjects give strong evidence for
exposure intensiry-response relationships between indoor
ot cotnmon enironmental allergens on the one hand and

537

~U0Jd  WRIN:EN RR-81-120




g
et

338 X Buur. Z. Chen und V. Liehers

Table L. Ssudics on exposure-response relancnshlps of oc:cpuion:llcmtwnm inhaant afergens
sw“e i E‘psm . T R : &. ;_‘V,,:» S et ; : .
allergen - (method) - antigen level . relation of Group Reference
Flout dun‘ Dust sampti'n( in {-2Smp/m’ Sensitization 230 bakery eriiployees {18)
dakery atmospheres L7mgm® sensitization, respiratory 279 bakery empiloyees {18}
Fungal a-amylase Dust sampling in 025 ngfm’ " Semsitizadon 230 bakery emplovees 22)
' bakery atrospheres
Wood dust Questicnnaire and 0.2-0Amgm’  Decrease in FVC 243 saw mill workets 24
tred cedart dast sampling in saw o
: mill acmospheses : ‘
Nawmral rubber  Dust sampling in - 0.6ngim’ Sensivization. fespiranyty 145 hospital emplovess  {30)
latex hospial atmospheres symprams .
Cow dandep/hair  Analysis of room 1<29 ug/g dust Sensitization 4G farmers £3S]
Bosd 2 dust samples
Rar urine Questionnaire and - 0.1-88 wm* Respirawory symiptoms 323 employees with (8]
dust sampliog in . sonuict to laboratory
workpiace atmospheres s
Dog danderfhair  Analysis of teom 10 ugfg dust Setisitization Review of (63}
Canft dust samples epidemiological studies
Cit dander/hair  Analysis of room 8 ugfe dust Sensitization Review of (631
Feld | dusy samples . e¢pidemiological studies
Chironomidae  Questionnaice > Smyg/month Sensitization 134 Chi ¢ 1-9 {42]
Chir -9 ' exposed subjects
Acid anhydrides  Dust sampling in 0.3-1.7 (various) Symptoras Qverview on various {52}
workplace 0.1-039mg/m’ (TCPA) symptoms studjes {43
atmospheres 0.82 mg/m’ (TMA) symproms. 52 factory workers (69]
sensitization 17 factory workers
‘[socyvanates MDA 7005 S~10ppb Smpmm_ lung g4 indusﬂy wm (701
function impairment P
sensitization or diseases on the other hand {14.15). As  Bakery allergens

shown by an increasing number of investigations. chis is
aiso true for occupational allergens. In the following. results
of several relevant studies on this issue are summarized (see

also Table 1. However, in this context. it has to be differ-

entated between dust exposure and allergen exposure.
Some of the studies mentioned below only esdmated the
exposure intensity related to the whole dust-concentration
measured. Since the dust samples may contain different
levels of allergenic and non-allergenic substances. it is
“particularly imponant to estatlish and employ specific
assavs for an accurate and precise estimates of the exposure
intensitv. Neverheless. in general an increased exposure to
dust is related to an increased exposure to ailergen.

Flour is one of the main causes of occupational asthma. In
bakeries. flour dust concentrations of 1-2.4mg/m’ were
found to be associated with a significandy elevated risk of
sensitization to wheat antigens [16~19]). Using logistic or
linear regression analyses. Musk et /. {16] found symp-
toms. lung function. bronchial reactivity and immediate-
type skin-prick test responses to bakery allergens to be
refated to current or past exposure to dust. More important
than the total dust measurement is the specific ascertainment
of four andgens {18~20]. The auatigen proportion in total
dust depends on size and tvpe of bakeries. Wheat antigen
amounts ranged from 2.4 to 6 ng per mg bakery dust.

€ [998 Blackweil Science Lid, Clintcal and Experimentl Allergy, 28. 537=544
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Fungal a-amylase from Aspergillus ,ary:.uey(.&sp_‘o 2 is

widety used as a baking ad;ﬁtivﬁ Smwmofm .
matic bakers are sensitized to this enzyme [21.22]. Dase-"

Jependent effects are alrcady detectable from 0.25 nglm’

© Jif. A study on 178 bakers showed that in addition to the

sopic state, the exposure to a-amylase in the air is an
important facior of sensitization to this substance in bakeries

(22).

Wood dust (western red cedar)

Total dust concentrations in the air of a red cedar sawmill
were determined by Vedal er of {23]. In addition. 652
employees were investigared using questionnaire and spiro-
raetry. The dust level was found to be up to 6mg/m’® in
working environment. Workplace-refated eye imritations
were more common ar concenwutions above 3mg/m’.
Workplace-related asthma was associated with an exposure
of more than 10 vears (found in 8¢ of workers). Lung
function vajues (FEV, and FVC) were lower at higher wood
dust concentrations. ;

Noertjojo er al. [24] investigated 243 sawmill workers in
an 1l-year follow-up study on the relationship between
exposure 10 red cedar dust and lung functon changes. A
total of 140 office workers served as control group. Asth-
matics were not included in the study. The intensity of
exposure was calculated for each employee on the basis of
concenuation and duration of dust exposure. Three expo-
sure groups were differeptiated: low (0.2 mg/m?). medium
(0.2-0.4 mg/in®) and high (> 0.4 mg/m?). In the follow-up, 2
significant decrease of FEV, and FVC. inversely related to
the wood dust load. was found.

Nagural rubber kaiex

Allergy to natural rubber latex is becoming a serious
occupational problem especially among health care work-
ers. Although the direct skin contact with latex gloves is the
most common way of exposure, recent studies demonstrate
that larex allergens can become apborne in hospitals and
doctors” surgeties with glove powder as allergen camier
{25-28]. To analyse the relationship between Jatex allergen
load in the air and risk of sensitization. Baur er al. {29.30]
collected dust samples in various hospital and surgical
rooms and quantified the airborne latex allergen crncentra-
tonts by a competitive immunoassay using pooled serum
from latex-allergic patents. Specific IgE aatibodies and
hypersensitivity reactions of the !45 emplovees who
worked in these rooms were measured as well.

Airborne latex allergens were detectable in all rooms in
which powdersd gloves were used und no ventilation
systems were installed. The highest concenration of
airborme latex allergens was 205 ng/m’.
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Fig. 1. Prevalence of IgE-mediated sensitization to latex of
hospital employees working in rooms/usiits with less than 0.6 ng
or = 0.6 ng Jatex allergens per o’ air.

As shown in Fig. |. IgE-mediated sensitizarion was found
to be significanty associated with the laicx aeroallergen
fevels: at latex allergen concentrations of = 0.6 ng/m’, 18%
of exposed people were found to be sensitized and 15.5%
revealed hvperseasitivity reactions. Lower concentrations
were neither associated with IgE-mediated sensitization nor
with respiratory symptoms [30).

These findings detonstrate that continuous inhalative
coatact with {atex allergens seems to be an important risk
factor for hypersensidvity reactions.

Non-occupational situations. e. g. latex allergies in spina
bifida patients, also show evidence of exposure-response
relasions: the frequency of latex sensitization in spina bifida
children was found to be strongly associated with the
number of surgical procedures [31-34]. o

s

P

,;/‘
Cow danderthair ‘

The relationship between the levels of airborne cow dander/
hair allergens and [gE-mediated sensitization in farters was
investigated by Hinze ¢t al {35]. They determined [gE
autibodies to the major allergen Bos d 2 in 40 dairy farmers
and analysed dust samples from living rooms. A threshold of
1-21 g Bos d 2 per gram dust (atopics) and of 24-S0,g
Bos d 2 per gram dust (non-atopics) was found 1o be
significantly associated with an IgE level of >0.7kU/L.

Rat allergens

Several investgations related to laboratory animal allergy
were performed by Hollander er af, {36]. Thev developed .
highly specific and sensitive sandwich immunoassays for rat
and mouse urinary allergens. A cross-sectional study on 540
laboratory animal workers was performed to quantify the
exposure-response relationship for allergy to rats. [n the

P 1998 Blackwell Science Lid. Clinical and Expertmental Allergy. 38, 537544
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smﬂPOf‘"O*cﬁWl Rt less
ence with labunuo‘ nm 3
tization to I rg:ns ’
levels [36]. Alicrgies 1 cat ‘and dog seemed to be -:m
important risk factor for labomtnry animal allergy [37]. -

A toral of 323 subjects y exposed to rats was
studied by Cullinan ¢t of [38). The authors measured

mxensxtyandfxmmyofe:memmd&mmﬁm '

“wrinary allergens; in addition, workplace-related symnptoms

aned skin-prick st results (smda.rd and ¢ urinary aller-
gens) were evaluated. ‘There was & positive comreladon
between the ievel of rn.t urinary allergen exposure and the

. frequency of positive skin<est results. The celationship

between spesific sensitization and ‘work-related symptoms -
was more evident for atopics than for non-atopics.

Dog and cat dander/hair

Proteins from pelt and saliva of pets are mainly environ-
mental allergens: howevet. sometimes they are also of
occupational relevance. ¢.g. for veterinarians. pet shop
owners and animal dealers.

Can f 1| (dog) and Fel d 1 (cat) are well-characterized
allergens. Even in rooms withous animals. 110 g of these
allergens per gram dust can be found. Obviousiv. the
allergens are aansferred by clothes, etc. Reservoirs of Can
f | are carpets. upholstered seats in public buildings,
curtains, matresses and soft toys (39]. The investigation
of different public places by Custovic ¢ al. revealed values

- of above 10 ug Can f 1 per gram dust in 40% of upholstered

seats [39]. Such concentrations are capable of provoking
asthinatic symptoms in most patients allergic to dogs. A
threshold value of 8 ug Fel d /g dust is suggested by Gelber
er al [40] for cat allergens. The investigation of 114
sensitized asthmatic patients and 114 controls revealed

_that nearly all car-alfergic subjects showed symptoms at

20F=d

this concentsadon. In addition. it was the lowest value found
in a house with a cat.

Chironomidae allergens

Red mosquito larvae of the non-biting midge (Chironomi-
dae) are ofien used as fishfood. Their haemoglobins (Chi t
1-~9) are potent allergens (41]. An association between the
degree of exposure (calculated by frequency and amount of
material handled) and symptoms could be found in 134
subjects exposed to this insect allergen [42]. The group
consisted of fishbreeders, workers in a fish food factory and
employees of zoological shops. Based on data obtained by a
questionnaire, exposure levels were divided inw low,
medium and high. Paraflel to the e¢xposure degree. the
perventage of subjects with complains increased. In addi-
tion. a relationship between exposure and IgE-mediated

_ agsocisted ‘with specific !gE antibodx s to Chi t 1-9.
t  Funhermore. ssthmatic patients had the hlghest (g€
'jmbodyco fitr:

on {421

"Acid anhydrides are a class of chemical agents frequemly

- vsed .in the prcducnon of syntbeucs t.isa et al. (43]

“performed a cross-sectional  srudy in & fagtory with

s2 employees using “tetrachlorphthalic anhydride (TCPA;

berween 021 and 039m,/rn The prevalence of work-
related airway complaints was high (27~39%). After venti-
lacion msullnnon. the TCPA concenuation decreased to
0.1 me/m’. and a1 the same time symproms diminished
considerably.

Eighteen workers exposed to trimellitic anhydride (TMA)
were investigated by Bernstein ez 2l [44], 12 of them were
observed over 2 yvears, Five of the workers developed IgE
antibodies 1 TMA-HSA. Three of them suffered from late
respiratory sysiemic syndromes. one from rhinitis. After the
{nstallation of ventilation systers. TMA concentration in the
air were reduced from 0.82-2.1 mg/m? t0 0.01-0.03 mg/m™.
Subsequently. the number of workers with ' specific [gE
aadbodies and symptoms decressed. At the latter concen-
trations, the induction of new hypersensitivity reactions
seems to be jmprobable.

Detergent enzymes

Proteolyiie enzymes derived from Bacillus ies have
been added w symhede detergents to enhance ‘clearing
effectivencss. They have been described a5 asthma-causing
sensitizers [4S]. Even after the intmduénon of encapsu-
lated enzymes. exposures at the workplaces are still suffi-
cient 10 cause IgE-mediated Imminological sensitization
[46]. An cpidemiclogical study covering i1 years of
enzyme-detergent production and its effects on 2341
workers revealed significant differences between minimum
and maximum exposure groups with regard to FEV, values
[47].

Isocvanates

Toluene diisocyanate (TDD). diphenyimethane diisocyanate
(MDD}, hexamethvlene diisocyanare (HDI) as well as corre-
sponding polvisocvapates are well known as causes of
occupational airway diseases. Karol (48] investigated the
relationship betwesn exposure concentration and immuneo-
logical response using an animal model (guinea-pigsi. The
amimals were exposed for 3 h to TDI concentrations frem
0.12 to 10 ppm on five consecutive days. Starting on day 22

£ 1998 Blackwell Science Ltd. Clinical and Experimental Allergy. 28. 55754
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specific - antibndtes wzre
cutaneous, mphylam. and allergy’ skm
lung funcuon measuremem.s were_pcrl’
animals were senskized in the group exposed
The exposure to higher TDI concéntrations resulmd in an

increase in antibody level and in the percentage of sensitized  be to

animals. In u.ddmon “hypersensitivity reactiotts were mes-
surable by bronchlal challenge test in animals exposed o

036ppm or more. More than 2ppm were found to be .
preumotoxic. No immune reaction was seen after long-k %

term exposure to a jow TDI cancencation [{
{5 weeks).

Marek er al, (39] found dat TD{ acmopheres of 10 ppb
cause bronchial hyperresctivity within 4-6 h of exposure in
a rabbit model of occupational lung disease. The responses

* were further enhanced at 30 ppb. In guinea-pigs. (0 ppb of

HDI applied over' 8
hyperreactivity [50}.

Baur [51] reported ag increased frequency of sensitiza-
don and sympioms in a group of isocyanate workers
exposed 10 5-10 ppb when compared with a group exposed
to fess than Sppb. No influence of smoking habits was
found.

In most European countries. TLVs for isocyanates have
been stipulated at 5 or {0ppb.

weeks also induced bronchial

How can threshold limit values be defined?

Avoidance of allergen exposure in the working place is the
most effective approach for the prevention of occupational
asthma. With regard to appropriate measures to reduce or
even eliminate occupational asthma-inducing agents, the
publications of Venables [$2). Corn (53] and Gordon ez al.
{S4] are also refetred to. Depending on the allergen source
and material. different preventive procedures may be effec-
tive. e. g. the substinition of hazardous substances by harm-
less ones, instailation of exhaust systems. use of ventilated
workstations. encapsuladon of machines. use of granuhaed
or liquid products instead of powdered ones. ‘

In conrtast to many roxic and/or carcinogenic substances
[55.56]. only few exposure limit values for allergenic
substances in the workplace exist, e.g. inhalable wood
dust with a TLV/TWA! of 2mg/m’ (due to carcinogenic
effects) in Sweden and Germany: flour dust with a TLVI
TWA of I mg/m® in the Netherlands and of dmg/m® in

" Germany and isocyanates with TLVs/TWAs mostly of 5 or
10 ppb.

To control the exposure to asthma-inducing agents in the
workplace, threshold values or a maximum tolerated con-
cencration of these agents should be eswablished first. The
question is how these legally binding threshold limit values
{TLV) shouid be defined, Should thev be based on the

' (exceptions arz several chéxmcﬂs at hi i
would be appmpmxe 1o supulate legally binding TLVsI

TWASs (or major causes of occupational asthma based on the
best available scientific work referring to the incidence
{prevalence) of this disease,

It exposure to an uccup:monal agent causes a significanc
increase in asthma cases in a working group when compared
with the normal populanon. ot significant increase in asthma
incidence is found among the workers. the causative agent
should be indicared as a hazardous substance. con'espondmg
preventive measures should be introduced and based or. the
results of research works on the exposure-response relation-
ship, 2 TLV/TWA for this agent should become obligatory.
If this TLV/TW A is exceeded in workplaces, restrictions for
work should be introduced. such as limited workmg dura-
tion and exposure. use of adeguate personal prorective
devices (especially respirators) and introduction of medical
surveillance programmes (30.52.58-60].

If no reliable dara on asthma prevalence/incidence of a
certain cndangered. occupationally exposed group exist, the
lowest reasonably practicable exposure-level of airborne

" organic as well as inorganic substagices has to be achieved.

Furthermore, approprinte research work has to be initiafed
1o obtain this information as soon as possible. o A
One major problem of defining threshold values is that
methodology for quantification of differemt allergemc
material is far from being standardized/yet. This is.

_however. urgently needed for exact exploration of expo-

sure-intensity relationship and it also builds the basis to
establish thresholds for aﬂcrgcmc substances in the work-
place. The recent progress on allergen analvsis has been
summarized by Hamilton er 2l {61] and Esch [62] To
quantify airborne allergen concentrations in the. work-
place. some appropriate imumunoassays. mainly based on
monoclonal antibodies. already exist. e.g. for fungal a-
amylase. natural rubber latex, several animal allergens and
flour [22.29.38.53.54.63-68]. However. in most cases
these specific assays were employed only by reporter
self. Some working conditions. e.g. reference antgen or
antibodv are mostly not available fpr other investigators,
In order to lacilitste the comparison of exposure data
cbuwined from differenr studies corroborarion arnd
standardization of these assays are necessary,

£ 1998 Blackwell Science Lid. Climcal and Expertmental Allergy, 28, 537541
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response rel:n ' "s('nps many ot.her xss es st Il need oo be

asthma-eliciting dgents in the workplace. occupational epi-
demiology studies require accurate and precise estimates of
the exposure imensity to explore exposwre ingensity
response relationships [67). With different working condi-

dons. the level of exposure in individuals ‘varies: “and
different measurement ‘stratcgies may “lead 1o different

health ‘risk estimates, A comptchensive review of the
issucs involved in exposure ussessment for o-.cupauonnl
epidemiology swmdies has becn recently gmcn by
Nieuwenhuijsen {68].

Other impormant aspects which also have to be investi-
gated are the detection of early discase stages and their
process. a more detiled description of the underlying
exposure—response relationships of single or even mixed
exposures and the interference of exposure with individual
predisposing/protective factors like genetic susceptibility.
atopy. smoking habits. ete. The possible booting effect of
peak exposurss on sensitization and symptoms/dysfunctions
is especially important for the sasdy of initiation of occupa-
tional asthma. In general. this effect can be evaluated by
real-time measurements and clinical examinations. So far.
the information about the relationships between a single
brief high-level exposure to an irritant or sensitizing agent
and the initiation of new-onset asthma is only limited. Most
studies available here deal with the present average expo-
sures. i. . did not take into consideration variations/peaks of
previous and cumrent exposure. The data presented are
mostly from cross-sectional surveys of working populatons
where causative factors are not always identified.

Nevertheless. there is no doubt that dawa are enough for
assesstnent of exposure—response relationships for several
irmporant occupational asthma causes. More detailed studies
have 10 be p-:rformed in order to describe precisely these
relationships. We are just at the beginning of understanding
such underlying complex interactions and associations.

Appendix

Definitions of well-established threshold limit values of the ~

American Conference of Guvernmental Industrial Hygie-
nists [$2] are given as examples. similar definitions exist in
most countries

!Threshold Limit Valiwe —
Wi,

@ (e time-u eighied average ceneentration fora nermal $h
working day and a 40 h working week. to which nearly all
workers may be repeatedly exposed. day after day. without
adverse effect.

Time-Weighted Average (TLV-

It has to be emphnsazed tha: in lhe context of npnmn\

amongst workers studied. [n addition (o the quantfieation of

“ThnM bnm Valuz Shorz-Tem E.tposune Umu ( TLV-

from [11 irritation (2]. chronic ormmble "izss

or {3] narcosis of sirfficient degree to increase the hkelxhood ‘

of accidental injury. impmrsdfmormunnr reduce
work efficiency. and provided that the daily TLV-TWA is

" not gxceeded. It is noc a separate independent exposure
" limit: “rather, it supplemenits the time-weighted average

(TWA) limit where there are recognized acute effects
from a substance whose toxic cffects are pnmanlv of a
chronic namre. STELs are recommended only where toxic
effects have been reponed fram high short-term exposures
in cither humans or animals. )

Inthe USA, 2 STEL is defined as a 15 min TWA exposure
which should not be exceeded at any time during a workday
even if the 8 h TWA is within the TLV-TWA. Exposures
above the TLV-TWA up to the STEL should not be longer
than 15 min and should not oceur more than four times per
day, There should be at least 60 min between successive
exposures in this range. An averagiog period other than
ISmin may be recommended when this is warranted by
observed biological effects.

$Threshold Limir Value-Ceiling (TLV-C}
@ the concentration that should not be exceeded during any
parnt of the warking exposure.

In coaventional induserial hygiene practce if instanta-
neous monitoring is not feasible. then the TLY-C can be
assessed by sampling over a 15 min period except for those
substances that may cause immediate imitation when
exposures dre short. e
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Correlation of protein levels with skin prick
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l!patlents a!!erglc to latex

Donaid Beezhold, PhD,* Bradley Pugh,® Gary Liss, MD,*

and Gordon Sussman, MD<

Sayre, Pa., Dothan, Ala.. and Toronte, Ontaria, Canada

Background: Naaou! rubber latex (N ) gloves are the major SOW of pmtam' that cowse

larex allergic reactlons in sensitized health cure workers and patiens. v
Objective: This studv evaluated the effect of manufacturing changes on reducing protein.
antigen, and allergen levels of latex medical gloves.

Mecthods: Three types of NRL gloves were manufactured with a common batch of <
compounded lotex The NRL gloves were analyzed for total protein by using the Amarican
Saciety for Testing and Materials D5712-95 Lowry method, and specifically for laex proweins
by immunoassay. Allergen levels in the extracts were determined by end-point rivadion skin

prick tests (SPTs) on patients allergic to NRL.

Results: Exuces from regular powdered gloves had detectable levels of latex proteins and
allergens (62% SPT positive), whereas the powder-free gloves were low in protein content and
allergenicity (5% to 8% SPT positive). No significant difference.in SPT reactivity was
observed between the chlovinated pawdenfree gloves and the polymer-coated gloves.

the protein levels determined by the Lowry assay correlated with SPT reactivity (r = 0.95), the
test was restricied by a high detection limit (9.3 ugimi). Fifiy-eight percent of parients allergic
to latex reacted a1 the 50 pglgm detection limit allowed by the Food and Drug
Administration. The ELISA had a good correlarion with SPT reactivity (v = 0,93), and
because of the greater sensitivity, glaves testing below the ELISA reporting limi (0.06 pg.mi)
have a significantly lower porential for eliciting reactions in patients allergic to latex.
Conclusions: Resuits of protein assays are acceptable criteria with which o rate the porential
allergenicity of gloves: however, the American Society for Testing and Marerials D3712-95
assay may lack the sensitivity to provide clinicelly relevant data. (] Allergy Clin Jmmunol

1996;98:1097-11G2.) .
Key words: Latex allergy. latex proteins, Lowry assay. immunoassay, skin prick tests .
. . /ﬁ . .
Natural rubber iatex (NRL) alletgy presents as a

clinical spectrutn of manifestations including local Abbreviations used R
contact dermatitis, allergic rhinoconjunctivitis, ASTM:  American Socicty for Testing and
asthma, and fife-threatening anaphylaxis.! It is i Materlals TR L
generally understood that latex scnsitization oc- LEAP:  Latex ELISA for antigenic protein

curs as a result of repeated contact with NRL-
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NRL:
SPT:

Natural rubber latex
Skin prick test

containing products or by inhalation of latex
aeroallergens.’-? Individuals in the health care
professions (5% to 15%) and children with spina
bifida (40% to 68%) have the highest prevalence
rates for latex allergy.** Immediate hypersensitiv-
ity reactions to latex occur when individuals have
specific IgE antibodies to NRL proteins. Once
sensitized, certain patients experience severe sen-

i sitivity, and anaphylactic reactions have becn re-

..

1097

- .., B ) w#roneIn asp_ai. AN




b

LIE

20e-4

sk

1098 ,Beezhold et al.

ported from NRL mhalahon, slun pmk ustmg.
and madvertcnt )

'
most ofteri lmphcatcd as causing allerglc reactions

is NRL gloves, especially powdered gloves. Pa-

tients allergic to Jatex have becn tepoﬂzd to react

and powder—free gloves reduces’ the cons quences
of NRL occupational asthma.™!? Powdered gloves
have higher latex antigen and allergen levels than
powder-free gloves.*!* Recenty, the Food dnd
Drug Administration approved manufacturers’ use
of a modified Lowry assay to report latex protein
levels on glove packages. However, it is not known

- what quagtitative level of NRL protein is safe to

prevent scasitization 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
polytner-coated gloves to correlate the modified
Lowry assay and ELISA with skin tcst reactivity in

" patients with known latex allergy.

METHODS
Patient population

Thirty-ninc otherwise healthy paricnt voluntecrs, 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 thesc patjents with a standard latex skin

test reageot (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 1o latex who were first seen
consecutively in the allergy clinic (17 with allergic thi-
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 forcarm
with a drop of test solution. and the epidermis beneuath
the drop was pticked with a lancet (Miles, Warwickshire.
U.K.). SPT sites were wiped clean aftcr. 15 minutces. and

the wheal and fare reactions were carefully measured.

Positive wheal and flare reactions (24 mm of the
ncgutive wheal) were outlined, transferred onto rrans-
parent tapc. and recorded as a permanent record. Test-
ing with the latex compoments was started at 2
1:1,000,000 dilution and continued with 10-fold lower

S1/E0°d  DZi-L

o Test saiutions

J ALLERGY CUIN 'MMUNO.
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Allergenic componens nscd for SPTs mcluded a
standard latex skin fest reage=t (Bencard), 2 polyvalent
ammoniated latex protein pregaration,® fout extracts

prepared from commercially available latex mcdical
-~ gloves, and extracts of ‘thres soecifically prepared test
- gloves. Histamine (1 mg/ml) and diluent (human serum
- "albumin, 0.3 mg/ml in 0.9% ealimsolutton) were used as

positive and negative control reagents for the skin tests,
Test solutions were prepared by extracting gloves for

2 hours st 37° C under sterle conditigns. To obtain 2
representative extract for skin testing, five gloves from

each lot were cut into small sheces and extracted in a
polypropylenc container with § rol/gm sterile saline
sohation.?® ' The samples were centrifuged (2000 g) to
remove glove powder and particniates. To eliminate the
lot-to-lot variability™= apd dirextdy observe any differ-
ences resulting from processicy changes, the three tcst
gloves were specially masrixrared. starting with a
common batch of compoundsS latex: and the same dip
machine was used within an Shour petiod. The three
different test gloves were provessed diffcrently in order
to produce: (1) regular powdered gloves. (2) chlorinated
powder-free gloves, and (3) Zorinated polymer-coated
gloves (patent pending), The == sloves manufactured for
this study were used within 1 =vath of manufacture.

Protein analysis

Total protein levels. Prote \avels were determined
according to thc Amercan Society for Testing' and
Materials (ASTM) smandars test method DJ5712-95.
which jncorporaws a precirintion step to feduce the
interfering substances bex'or: analysis by the Lowry
assay. In bricf, the prc:xpmmn step was performed on
05 ml of each sample by dr= addmg SO wul of 0.15%
(wt/vol) sodium deoxycholarz 2 _nd incubating the sample
at room tempetrature for 10 ittutes. Next, 50 w} of 72%
(wtivol) trichloroacetic acid and S0 ul of 72% (wtivol)
phosphotungstic acld were added. and the samples werc
incubated at room temperaiure for an additional 20
minutes. The samples were czxtrifuged for 1S minutes at
6000 g, the supernatant was diicarded, and the pellet was
dissolved in 125 ul of 0.1 =moll NaOH (yiclding a
fourfold concentration of sach samplc). Protein was
determined by using the Deizrgent Compatible protein
assay (Bio-Rad Laboratoriex Hercules, Calif.). Each
sample was tested in duplicate by using four twofold
serial dilutions, The optical Semsity was read at 700 nm.
and the conccntration of rrotein was determined by
comparing thc optical den<y of unknowns with the
ovalbumin protcin stundard. The dctection limit was
defined as three times the andard deviation at zcero,

" and the reporting limit was defined as {0 tmes the

standard deviation at zero.~ The standard deviation at
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zero was. detemnned by extrapclahng the standnrd

viations of known ‘concentrations of avalbumln (6 reph- o

modified Lowry ; mv was found to be 2.5 uglml. atidthe

repotting Bimit for the method was calculsted as 9.3
pg/ml (46,5 pgipm with 2 1:5 weight-fo-volume extrae-
tion ratio).

Artigen levels. Antiges: [evels in the glove

described. 12202 L arex protein antigens from the stan-
dard palyvxlent ammoniated latex protein preparation
‘wﬁzaﬁnvammmadsmcwthewemafa
96-well ETISA piate (Easy Wash: Coming Glass Works,
Corning, N.Y.} br incubating cight duplicate twofold
scrial dilutions of the extracts (¢arbonate buffcr, pH 9.6)
in the wells for 4 hours at 37* C. Nonspecific binding
sites were blocked by using 2% bovine scrum albumin
(Fraction V; Signa Chemical Co.. St. Louis, Mo.). A
rabbit anti-latex antiserum (1:5000 dilution) was allowcd
to react with the plastic-bound Jatex proteins overnight.
The specifically bound rabbit anti-latcx antibodies were
then reacted for ! hour with a goat anti-rabbit IgG
(1:1000 dilution) conjugated with horseradish peroxi-
dase (Sigma). Finally, a colored reaction product was
produced by incvbation in 10 mg/iml o-phenylenedi-
amine (Sigma) conraining 0,001 H.O,.

The LEAP uscs a pooled rabbit anti-serum specific for
latex protein, whica has been shown to have an immu-
neblot profile similar to that of pooled IgE from 20
_patients allergic to latex.* The LEAP has a good linear
correlation. with rapge of sensitivity and specificity sim-
ilar to those of a human IgE inhibition assay.’ The
detection limit for the ELISA was dctermined as dec-
scribed above by exzrapolating the standard deviations of
known coficcntradops of larex protein to zerc.® The
assay has a detocrion limit of 0.03 ug/ml and a reporting
limit of 0.06 pg/ml (0.5 ug/g with a 1:5 extraction ratio),
Intra-lot variability for the test gloves was determined by

+ using four or more individual glove sampics for each test
condition, Samples below the detection limit were as-
signed a value of on¢ half the reporting limit (0.03

ug/ml).

Statistical analysis

The proportions of patients allcrgic to latex reacting
w0 glove extracts were compared by using the Mantel-
Haensze! chi squara test or Fisher’s exact test. as appro-
priate.

RESULTS
Protein analysis

Several gloves for each test condition were ana-
lvzed 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

si/v0d  021-L

extracts -
were quantitated by an indirect ‘ELISA with the Latex
ELISA for Anatigenic Protein’ (LEAP) as prevnuusly

Beazhold of al. 108¢

polymar-coated
on limit of the

of the mgufarpcwdcmdﬂmshdl&l +'82
pg/ml (mean = SD, n = 4), whereas the chlori-
nated gloves had 0,045 + 0.023 pg/ml (» = 6) and
the polymer-coated gloves bad 0.067 * 0082
pg/mi (n = 7). Three of six chlonnated gloves and
ere beow the
detection limit (0.06 u.g/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.
: .6

Skin testing resufite

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 obsetved. It was concluded
that the glove extracts did not contain substances that
would cause irritation teactions.

Faiients allergic 1o 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 pegular
powdered gloves, The proportion of SPT ré/actnvuy
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 polymercoated 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 getieral, 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 to SPT .
teactivity

The perccat of patients rcacting to the different
latex extructs was plotted against the protein con-
centration (log) in an attempr to corrclate these
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TABLE L Sensmvity of the Batex-alllmiﬁpowhﬂon e o
- e e e prre
Reagart dilution - feagent % protels 0
1,000,000 7/39 (18%) 18 YN (SR) - s
100,000 9/39 (23%) at 4739 (10%) 15
10,000 6739 (15%) 56 99 (B3%) 38
1,000 839 (21%) A 77 _ 83 (21%) 59
10 139 (2.6%) 85 6/39 (15%) 8
1 6/39 (15%) 100 3139 (8%) 2
No reaction 0739 (0%) sE%) T
AL, Ammonisscd latex. -

TABLE il. Comparigon of protein levef to
SPT reactivity in patients allergic to latex

Percert Lowry ELISA

Test solution®

reacting (pg/mb  (pp/mi)
Saline control 0 bd bd
N Test powder-free 5 bd 0.08
Test polymer-coated 8 bd 0.16
Powder-free glove 10 bd 0.08
Powdered glove 3 15 bd 0.94
Test powdered 61 29 28
. Powdered glove 2 74 36 15
Powdered glave 1 - 85 140 18
p AL reference protein s2 591 1844
- Bencard rcagent 100 1850 13000

bd, Below detection limit of 93 pgml 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 allergic 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 ug/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

206-4 si/s0'd  0Zi-L

. react at the Lownry limit, whereas only 11% would

react at the reporting limit of the ELISA. Thus the
ELISA allows omie 1o predict SPT rcactivity 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 envxmnment laden with
airborne NRL allergen.* ™= 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 polvmer coating
processes. We attempied to determine the rela-
tionship between residual protein levels and skin
test reactivity. Three brands of gloves were spe-
cially produced from a common bawch of com-
pounded latex to eliminate the variability caused
by differences in the starting materials. ™ Residual
protem in extracts was analyzed for total protem 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 testng.

It has been repoﬁed that powder-free gloves
have lower protein and allergen levels than regular
powdered gloves.!”!® 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 berween the pow-
dered and powder-free gloves in residual protein,
antigen, and SPT reactivity, We were unable to
detcrmine 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 rcduc: e

' portanz points need to be addres
How is the residual protein or : uea-
sured? and (2) What amount of protein is accept-

able? Previously, total proiein levels were not
found to correlate with clinfcal reactivity.i® 238
This was presumed to occur because not all pro-

teins are allergens, and measuring tots! protein

would obscure the measurement of only those

proteins that are allergens. However, numerous

investigations have demonstrated that multiple la-

tex proteins are allergens™ % thus, measuring * -

total protein would be expected to correlate with
allergen levels. A probable’aﬁla’hhﬁbn for lack of
correlation in previous studies is that accelerator

chemicals in latex extracts srongly 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 scrves to concentrare the protein and to
remove the chemical compounds that interfere in
the assay. Using this method. we now report a good
cotrclation between the Lowry total protein levels
and SPT reactivitv. The ELISA, which measures
antigenic protein, also demcustrated 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 cxcrpdon observed was the
test powdeted glove thar measured higher protein

Jevels 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 allcrgenic potential of the residual

latex proteins, or this gleve may have had in-
creased amounts of proteins that were less aller-
genic in this paticat populan'on. However, given
the hcterogeneuy of reactivity to specific latex
proteins,?3! our data support the conclusion that
protein levels can be useful in assessing the rejative
allergenicity of NRL gloves.

An equally importapt question relates to the
relevance of protein levels. The ASTM D5712-95
test bas 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 patdents allergic to latex
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RG. 1. Correlatnon of prowin levels to SPT reactivity in
patlents allergic to latax. Patients were skin tested by
end-point titration with aine NRL<ontsining samples.
Protein levels In extracts were determined by tha ASTM
D&712-95 method fsolid Jamonds) or the LEAP mathod
(open squares). Total percent of patients with skin test
reactivity (to any dilutien of axtract) was plotted against
protein levels, and curve {ning was perfared by loga-
rithmic regres:ion analvsis.

will still react to lower protein levels, The ASTM
D5712-95 may lack the sensitivity to provide clm-
ically relevant data. .
Immunologi¢ assavs are physmlogxcally’ more
relevant assays in vﬁnch antibodies are used to
specifically measure reactive protem, /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.2! The good correlation
of the ELISA method with the SPT' results and the
expanded range of detection allows for a methed

. that can more easily discriminate low protein lev-

els. Glove extracts testing below the minimum
level of detection of 0.06 pg/mi (0.2 ug/g) would

“have a sxgmﬁcantl» lower potential (11%) for

eliciting type I reactious in latex-sensitized individ-
uals. Howcever, caution must be exercised in at-
ternpting 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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Abstract Eight glove-wearing hospital personnel were
evaluated for suspected type I-like allergic manifesta-
tions due to corn-starch powder. All subjects were clin-
ically examined, the presence of atopy was assessed by
administration of a questionnaire, the on-off test was
verified (the clinical feature behavior was verified with
regard to the beginning and the cessation of the work
shift), levels of specific serum IgE for maize and latex
were measured, and prick tests for the same’ “aller-
gens were performed. The on-off test was positive for
everyone. The symptom associated with glove use was
urticaria, which was also associated in one case with
intermittent dyspnea and in another with oculorhinitis,
angioedema, and asthma. Five workers were atopic. The
serum IgE test found three positive responses to maize,
three positive responses to both latex and maize, and
two negative responses to both. However, in the two
patients testing negative to IgE, the prick tests were
positive: one for maize and the other for both maize and
latex. All workers evaded further relapses by avoiding
exposure to powdered gloves. There is general agree-
ment that corn-starch powder may cause irritant der-
matitis and that it may be a vehicle for other allergens.
This study seems to suggest that corn-starch powder
may act as a type I allergen itself. Further studies on a
larger number of subjects and further research on the
chemical properties of corn-starch powder, in particular
on its protein content, are needed to confirm this hy-
pothesis.
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introduction

Glove use by health-care workers has increased over the
last few years, principally due to universal precautions
recommending barrier protection against contact with
body fluids (Center for Disease Control 1987). Conse-
quently, the number of glove-related diseases has con-
siderably increased, particularly IgE-mediated, type I
allergic reactions such as urticaria, oculorhinitis, asthma,
angioedema, and anaphylactic shock that are frequently
caused by latex sensitization. The main component of
lubricant powder is corn-starch, a maize derivative ob-
tained after extraction of protein fractions, in addition
to magnesium oxide and calcium phosphate. In the lu-
bricant powder of some gloves, other additives are
present that may cause type IV allergic reactions, such as
sorbic acid, epichloridrin, and isothiazolin-3-one deriv-.
atives (Fosserau et al. 1984; Fisher 1986, van der Meeren
and van Erp 1986).

The role that lubricant powder may play in mducmg
glove-related diseases has not yet been fully ‘clarified.
Although there is general agreement that the crystals of
lubricant powder may cause irritant dermatitis and that
they may be a vehicle for other allergens such as latex
and rubber additives, there is no clear evidence that corn
starch may act as an allergen itself to induce type I al-
lergic manifestations. Herein we describe eight cases of
suspected type I-like allergic reactions to lubricant
powder observed at our institute in the last 6 years and
discuss the ethiopathogenetic role of corn-starch powder
in the determination of type I allergic reactions.

Subjects and methods

A total of 154 health-care workers from our hospital and from
several hospitals in the same province came to our occupational
allergy clinic to be checked for suspected skin or systemic reactions
to gloves from 1990 to 1995; therefore, this is a descriptive study.
All subjects were clinically examined, the on-off test was verified
(the clinical feature behavior with regard to the beginning and the
cessation of the work shift was verified), and the presence of atopy
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was assessed by administration of a detailed questionnaire. All
subjects gave their informed consent and underwent allergological
tests according to individual symptoms, with the sensitivity of and
possible risks for each patient being taken into consideration.

Diagnosis of delayed type IV allergic dermatitis

In the presence of eczema without other manifestations the fol-
lowing tests were performed:

1. Patch tests (Firma Diagent) according to the European Stan-

dard Series as for rubber additives (e.g., thiurams, carbamates)
and components of lubricant powder (e.g., sorbic acid, epic-
hloridrin) were used. The application period was 48 h, with
readings being taken at 43 and 96 h. '

2. Patch tests with a fragment of the glove in use were carried out
when the above-mentioned tests were negative.

3. Serum levels of specific IgE for both latex and maize were de-
termined using the Pharmacia CAP FEIA method.

4. Prick tests (Lofarma Industries) for both latex and maize were
performed with commercial extracts when specific IgE tests
were negative.

The latter two tests were performed to determine the possiblity
of a coexisting sensitization to latex or a case of protein contact
dermatitis.

Diagnosis of type I allergic reactions

The main allergological tests used were specific IgE measurement
and prick tests. The former in vitro tests are less risky for the
patient but also less sensitive as compared with prick tests; how-
ever, the latter are not advisable for patients with severe type I

symptoms.
In the presence of urticaria the following tests were performed:

1. Serum levels of specific IgE for both latex and maize, were
determined.

2. Prick tests for both latex and maize were performed with
commercial extracts.

3. Prick tests with extracts of the gloves in use (Lati and Turjan-
maa 1992) were carried out when both specific IgE tests and
prick tests with commercial allergens were negative.

4. A use test was conducted if the latter were negative (Lati and
Turjanmaa 1992).

5. Patch tests with readings at 20 min, 48 h, and 96 h were per-
formed using the above-mentioned allergens to determine the
possiblility of a coexisting sensitization to type IV allergens.

For patients with asthma and/or oculorhinitis and/or angio-
edema and/or other allergic symptoms with or without skin reac-
tions the following tests were performed: (a) allergological tests
following the sequence used for the diagnosis of type I allergic
urticaria, (b) monitoring of peak expiratory fiow for 2 weeks, and
(c) lung-function tests.

g

Diagnosis of irritant contact dermatitis

This diagnosis was formulated after the exclusion of allergic der-
matitis and was confirmed by negative in vivo and in vitro aller-

- gological tests. Moreover, confirmation that the irritant dermatitis

was due to lubricant powder was obtained after the workers had
been provided with powder-free gloves and no relapse had been
reported.

Results

Of the 154 subjects examined for suspected glove-related
disease during the last 6 years, 27 were diagnosed with
allergic type IV contact dermatitis: 31, with type I al-
lergic reactions (urticaria with or without other symp-
toms); and 23, with irritant contact dermatitis due to
gloves, whereas the other 73 patients showed no glove-
related symptom (Table 1). Approximately 75% of the
irritant contact dermatitis cases (17 patients) were prob-
ably due to the use of powdered gloves. This diagnosis
was verified after the patients had used powder-free
gloves, the symptoms had disappeared, and no relapse
had been reported.

Table 2 reports demographical and historical data on
eight cases of type I-like allergic reactions due to corn-
starch powder. All eight subjects had used poor-quality
gloves containing a large quantity of lubricant powder
for 2-4 years. Five patients were atopic and their clinical
history revealed allergic rhinitis, atopic eczema, and/or
asthma. The symptom associated with glove use was
urticaria, which was predominantly localized on the
hands but was also associated in one case with inter-
mittent dyspnea (case 2) and in another with oculorhi-
nitis, angioedema, and asthma (case 3).

In-all subjects, levels of specific serum IgE for maize
and latex were measured; three subjects tested positive
for maize only, three tested positive for both maize and
latex, and two tested negative for both. Prick tests for
the same allergens were performed on only six patients,
since one patient (case 3) showed severe symptoms that
contraindicated further testing and another (case 1) re-
fused to undergo further tests. In the two patients testing
negative for IgE the prick tests were positive: one for
maize (case 6) and the other for both maize and latex
(case 4). Thus, the allergological tests revealed four pa-

Table 1 Allergic and irritant

ACD ICD Urticaria ~ Urtic. + Atopy

reactions to gloves observed in  Job Subjects .

health-care workers during the (n) (n () (n other sympt. n

period 19901995 at the In- (n

stitute of Occupational Health, -

University of Brescia, Italy Operating- 29 7 11 6 5 5

(ACD Allergic contact dermati- _theater nurse

tis, ICD irritant contact derma- Nurse ) 25 7 8 10 9

titis) Surgeon/physician 12 6 3 2 1 3
Nurse assistant 11 6 1 3 1 2
Others 4 1 2 1 2
Totals 81 27 23 23 8 21

? Other symptoms: rhinitis, conjunctivitis, asthma, angioedema




Table 2 Allergy to corn-starch powder observed in health-care wor

401
kers during the period 1990-1995 (U Urticaria, OR oculorhinitis,

R rhinitis, AE atopic eczema, 4 asthma, An angxoedema D dyspnea, Op. th. operatmg theater, dtag dlagnos1s spec. specnﬁc, lat latex)

Cases 1 2 3 4 5 6 7 8

Age (years) 37 e A7 g 5 e
Job Surgeon  Op. th. nurse Surgeon ~ Nurse Op. th. nurse Nurse Surgeon Op. th. nurse
Atopy AE,R,A R OR ' AE, R OR . Neg. Neg. Neg ‘
Clin. picture U U+D U, An, OR,A U U 8] U

Date of diag. 1992 1990 1993 1994 1991 1995 1994 1990

Patch Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg.

Spec. IgE Maize Lat. +maize Lat. + maize Neg. Maize. Neg. Lat. + maize Maize

Prick - Lat. + maize - Maize = Lat +maxze Maize

Lat. + maize Maize

tients sensitized to maize and 4 sensitized to both maize
and latex.

Discussion

The possibility that corn-starch powder, a maize deriv-
ative used as a glove-lubricant powder, may cause type I
allergic reactions has been generally ascribed to its role
as a vehicle of other allergens, especially latex proteins.
However, only a few authors have hypothesized that
IgE-mediated effects may be caused by the powder act-
ing as an allergen itself (Fisher 1986; van der Meeren
and van Erp 1986; Assalye et al. 1988; Seggev et al. 1990;
Heese et al. 1991). Furthermore, it is relevant that maize
can cause food allergies and type I allergic reactions in
occupationally exposed subjects such as bakers and food
handlers (Monneret-Vautrin et al. 1988; De Zotti et al.
1994). Sensitization to maize can be reliably demon-
strated by specific IgE and/or prick tests.

All our subjects showed type I-like allergic reactions
after occupational contact or inhalation of corn-starch
powder. They were exposed to maize derivatives only in
the workplace when they used powdered gloves and had
no previous history of other possible occupational ex-
posure to maize. Although cultivation of maize is com-
mon in our region, the symptoms observed in our
patients appeared only at the workplace; neither sea-
sonal manifestations related to air-dispersed allcrgens
from maize cultivation nor food allergles due to maize
were reported.

Moreover, the etiopathogenetic role of corn-starch
powder was confirmed by a positive on-off test and by
the efficacy of the protective measures adopted by the
subjects, which prevented any relapses as confirmed by
periodic follow-ups carried out several years after the
diagnosis. For subjects sensitized to maize the use of
powder-free gloves was sufficient, whereas for subjects
sensitized to both maize and latex, various protective
measures were employed, depending on the type of job
performed: in subjects 3 and 7, both of whom are sur-
geons, the use of synthetic rubber gloves, washed to
remove the powder, proved efficacious; in subject 2, an
operating-room nurse, synthetic rubber gloves with
polyethylene gloves were prescribed; and in subject 4, a
nurse, the use of both powder-free vinyl gloves and of
polyethylene gloves underneath them was effective.

To formulate this diagnosis we carefully reviewed the
clinical and anamnestic data and the allergological test
results, These results must be examined carefully,
since methodological problems might exist. Indeed,
commercial extracts are available for maize but not for
corn starch, and maize and corn starch are not the same
thing. Moreover, commercial maize extracts, used for
both the prick tests and the specific IgE tests, contain
proteins, and according to the information provided by
the manufactures, glove corn-starch powder should un-
dergo treatments that remove the proteins. However, it
should be emphasized that van der Meeren et al. (1986)
and Heese et al. (1991) have demonstrated that before it
is put into the gloves, corn starch can contain not only
amylose and amylopectin but also protein fractions with
possible antigenic activity. It is probable that lubricant
powder purity (the absence of any protein) can vary
according to the glove brand, since there are many dif-
ferent types on the market, including those of poorer
quality (Yunginger et al. 1994). Furthermore, proteins in
trace amounts could be present in gloves even after the

latter have undergone treatment for removal of proteins X

and could therefore cause IgE-mediated reactions in
maize-sensitized subjects. £

On the basis of these observations we can propose
some hypotheses to explain how our subjects could have
been sensitized and could thereafter have developed type
I allergic reactlons

1. They could have been sensitized to maize due to their
job since the poor-quality gloves they used contained
corn-starch powder with hlgh levels of antigenic
protein.

2. They may have previously been sensitized to maize for
extraoccupational reasons and may have shown al-
lergic reactions to gloves because the corn-starch
powder contained trace amounts of proteins. How-
ever, it should be to noted that other substances apart
from proteins have been considered to be possible
antigens (Seggev et al. 1990).

We plan to perform prick tests during the next fol-
low-ups of the subjects previously examined and possi-
ble new subjects, using corn starch that has not yet been
put into gloves and corn starch of food grade. The
possible protein content of each powder will also be
determined. We could not carry out these tests during

|
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the present study because only glové: corn starch was
available.

In our opinion, periodic surveillance of " sensitized
subjects, especially operating-room workers, is necessary
since latex and starch-powder readlly disperse in the

workplace environment. Indeed, in the long run, for those

subjects who present with respiratory symptoms the
adoption of specific-modes of individual protection may
become insufficient since the dispersal of allergens from
other users may provoke the symptoms. In addition,
surveillance should be carried out to check the poss1b1e
onset of seasonal symptoms or food allergy to maize.
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The following commentary on the Food and Drug Administration (FDA) proposed rule
and notice Surgeon’s and Patient Examination Gloves; Rec/ass#" cation and Medical
Glove Guidance Manual Avallablllty [21 CFR Parts 801, 878, and 880] publlshed in the} ‘
Federal Register on July 30, 1999 [64 FR 41710], is intended to provide additional”
information for the development of the proposed rule.

COMMENTS ON SPECIFIC PROVISIONS OF THE PROPOSED RULE

801 440 User labeling for powdered and powder-free surgeon ’s and patlent
examination gloves.

(a) Natural rubber latex powdered surgeon’s gloves and powdered patient
examination gloves shall bear the following statement “Caution: This product
contains natural rubber latex which may cau'se allergic reactions. FDA
recommends that this product contain not more than 120 mg powder and 1200 ug
extractable protein per glove. This product contains no more than [insert level]
mg powder and no more than [insert level] ug extractable protein.” (page 41743)

FDA proposes to recommend a limit on glove powder of 120 mg per glove. On page
41710, the Preamble cites some of the evidence that glove powder is a key vector in
the dissemination of latex antigen and is a vector for endotoxin as well. However, one
of the cited studies [Tarlo et al. 1994] also indicates that the use of powder-free gloves
in a work environment may control symptoms in allergic workers. FDA states on page
41712 of the Preamble “. . . the scientific data to define the quantitative relationship
between respiratory allergic reactions and powder level on NL gloves are not available
at this time.” We note that, although the quantitative relationship between the risk of
allergic reactions and higher powder levels on natural latex gloves is unknown, several
studies have demonstrated that the use of powder-free gloves in health care facilities
markedly reduces latex antigen exposure and can control allergy symptoms [Allmers

et al.1998; Tarlo et al. 1994]. Powder-free surgical gloves also minimize the risks of
wound granulomas and adhesions [Haglund and Junghanns 1997]. With adoption of
the special controls proposed by FDA, all medical gloves, including powder-free gloves,
will meet standards for barrier protection. In light of the documentation of improved
safety of powder-free gloves, and the feasibility of assuring the safety and effectiveness
of these products, NIOSH suggests that FDA consider a recommended powder level of
not more than 2 mg, the proposed recommended powder-free glove total trace
(residual) powder level, and require labeling of all latex gloves with this
recommendation. Additionally, to improve protection of both health care workers and
patients, NIOSH suggests that FDA consider the glove powder level of not more than
120 mg powder per glove be required rather than recommended. NIOSH encourages
the FDA to evaluate the feasibility of requiring a limit on glove powder of 2 mg/glove for
powdered surgeon’s and patient examination gloves.
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If powdered surgeon’s latex gloves continue to be available, NIOSH suggests that the
caution label be modified for gloves with greater than 2 mg powder/glove. In addition to
the current caution on allergic reactions, we suggest that the label on powdered gloves
also inform the user that powder present on the glove, as a carrier of extractable latex
protein, increases the risk of latex sensitization to users and their co-workers, as well as
increasing the risk of wound granulomas and adhesions.

FDA also proposes to recommend that manufacturers limit the extractable protein in
gloves to 1200 ug protein per glove. FDA refers to studies by Palosuo et al. [1998T that
indicate glove extractable protein levels correlate with the proportion and size of
positive skin tests among allergic persons. NIOSH concurs that in the absence of more
sensitive glove antigen measures, a total protein limit is a practical and useful approach
to reducing the glove antigen content, and thus the risk of sensitization and allergy.
However, although limiting the total glove protein is the only practical approach at this
time, it is recognized that each individual with latex allergy may show variable antibody
titers to the different allergenic proteins in latex. Additionally, the ratio of antigen to
protein in different brands of gloves can vary by a factor of several thousandfold.

Thus, gloves which contain total protein near or below the 1200 ug extractable
protein/giove recommended limit may have a relatively high antigen content and could
potentially sensitize some non-allergic individuals. To assure protection of all health
care workers and patients, NIOSH suggests that until new information becomes
available regarding a total protein limit, FDA consider modifying the proposed rule such
that a maximum of 1200 ug extractable protein per glove be required rather than
recommended. A suggested rewording of the caution label is as follows:

Caution: This product contains natural rubber latex which may cause
allergic reactions. Glove powder is associated with adverse reactions in
some patients and health care workers. FDA requires that this product
contain not more than 120 mg powder and 1200 ug extractable protein
per glove. This product contains no more than [insert level] mg powder;
and no more than [insert level] pg extractable protein. Glove powder may
also increase the risk of wound granulomas and adhesions.

a
W

As a final comment regarding proposed 801.440(a), in order to assist consumers in
glove product selection, NIOSH suggests that an additional labeling category of
“‘Reduced Protein Content Latex Gloves” be considered based on a glove product
~demonstrating protein measurements below the quantitation threshold of the Lowry
method (< 50 ug/g) [ASTM 1995]. At the threshold of detection for glove protein
measurements, skin tests in 58% of latex allergic patients were found to still be positive
[Beezhold et al. 1996], indicating that the FDA consider adopting a more sensitive
measure of glove antigenic activity when such tests become generally available. The
current FDA proposed rule would allow protein levels, depending on glove weight, to be
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more than four times the modified Lowry test threshold level.

- 801.440(d)(3) The explratlon date must be supported by stab|l|ty studles | .
demonstrating acceptable physncal and mechamcal mtegrlty of the product over
the shelf-life of the product from its date of manufacture:

Section IV Barrier and Other Quality Issues of the Preamble presents FDA’s concern
- that improper control of a number of processes or conditions during powdered and
powder-free latex glove manufacturing, shipping, and storage may contribute to barrier
degradation. NIOSH supports this proposed requirement for stability studies in
paragraph (d)(3) in order to both assure barrier integrity and availability of powder-free
gloves.

ADDITIONAL COMMENTS ON THE PREAMBLE

I. Background (page 41710)
The last sentence in the first paragraph should be worded: “. . . , and skin irritation.”

The first sentence of the last paragraph on this page should be corrected as follows:
“In June 1997, the National Institute for Occupational Safety and Health (NIOSH) . . .”

VI. Specific Request for Comments (page 41716)

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

This additional labeling requirement would be useful since allergies have been
demonstrated to a broad range of both organic and inorganic materials. It is impossible
for individuals with allergies to avoid offending allergens in products if they do not know
the allergens are present. In addition, lubricating cornstarch powder on gloves may
itself be a trigger for allergies [Crippa 1997].

10. FDA considered allowing manufacturers to establish an initial tentative
shelf life . . . FDA has been unable, however, to determine whether any
validated stability study protocols exist ... The agency invites
comments or information on the availability of accelerated aging stability
study protocols which are predictive of glove shelf life.




Under NIOSH cooperative agreement Evaluation of Health Care Worker Protection
During Surgery and Effects of Storage, Chemicals, and Disinfectants on Glove Integrity,
~ three research studies on medical gloves are currently being conducted. One of the
awardees under this cooperatlve agreement, The Program for Appropriate Technology
in Health (PATH), will assess degradation characteristics of medical gloves. The study,
Effects of Storage, Materials, and Stress on Glove Integrity, will test latex, tactylon,
neoprene, and nitrile surgical gloves, and vinyl examination gloves. Baseline
characteristics to be measured include dimensions such as thickness and Iength
freedom from holes, tensile strength and ultimate elongation. The artificial aging”
protocol includes incubation in air at four temperatures for a variety of time penods
Based on results, a mathematical model will be constructed for each glove type to
predict shelf-life at specified temperatures. The gloves will also be tested to determine
the effects of exposure to various chemical or biological materials, and stretch and
release cycles for up to six hours. As part of this research, the FDA will be conducting
viral penetration studies after flexing and fatigue. NIOSH will forward all results of this
research to FDA when it is complete.

IX. Analysis of Impacts
B. Risks of NL Protein Allergic Reactions (pages 41717- 41718)

The heading terminology used in Tables 1 and 2 to distinguish the types of allergic
reactions (local topical, systemic topical, and systemic respiratory) is confusing and
could lead to misunderstanding. The following alternative wording is suggested:

local topical to be replaced with “local skin reaction (contact dermatitis or contact ‘
urticaria [hives])”; or “dermatitis or urticaria [hives] at point of contact”; or “loca)l‘ ‘
dermatologic manifestation™ :

| systemic topical to be replaced with “distant or generalized skin reactionf'(dermatitis
or urticaria [hives])”; or “distant dermatologic manifestation”; or “dermatitis or
urticaria [hives] beyond point of contact”;
systemic respiratory to be replaced with “respiratory.”

In addition, it is not clear exactly where the category of mucosal symptoms (e.g., itchy
eyes, nasal congestion) fits in these tables.

G. Sensitivity Analyses

3. Linear Relationship between Environmental Protein/Powder and Allergic
Reactions (page 41737)




In calculating benefits of the proposed changes, FDA assumed a relatively linear
relationship between health effects and exposure, for both protein antigen and for
powder. In support of the first assumptlon a recent workplace investigation observed
an exposure-related increase in occupational allergic sensitization with increasing
exposure to a variety of antigenic proteins [Baur et al. 1998]. Data from studies of
powder-free gloves (< 2 mg powder/glove) found that their use also results in
diminished latex antigen exposure, and can reduce or eliminate symptoms [Alimers

et al. 1998; Tarlo et al. 1994]. Thus itis hkely that adverse health outcomes will be
reduced if glove powder is reduced from current levels to the proposed recommended
powder levels (120 mg/giove). However, data are not currently available to predict the
degree of reduction at various reduced powder levels, including the recommended
powder level. Because of the uncertainty in the degree of benefit from reducing the
powder level to 120 mg/glove, NIOSH suggests that FDA consider recommending
powder-free gloves and modifying the proposed rule such that the glove powder level of
not more than 120 mg per glove be required rather than recommended.

COMMENTS ON THE DRAFT “MEDICAL GLOVE GUIDANCE MANUAL”

Adequate Directions for Use (21 CFR 801.5)

FDA recommends on page 6-3 that the following statement appear on each box of
powdered examination gloves:

“Caution: Users should consider the circumstances of use in deciding whether

to remove powder from gloves after donning. Powder can be removed by ,
wiping gloves thoroughly with a sterile wet sponge, sterile wet towel, or other

- effective method.”

The message in this warning label is unclear, and could be clarified by the follbwing
suggested rewording:

Caution: Glove powder is associated with adverse reactions. Powder can be
removed after donning by wiping gloves thoroughly with a sterile wet sponge,
sterile wet towel, or other effective method. Users should consider the
circumstances of use in deciding whether to remove powder from gloves.

- Powder and Protein Labeling (Proposed 21 CFR 801.440; page 6-3)

See NIOSH comments under 21 CFR 801.440(a) above.
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Natural Rubber Latex Powder-free Gloves.

-On page 6-4, the draft Medical Glove Guidance Manual states: “At present, FDA does
not allow a protein labeling statement or claim below the current 50 ug/gram of glove
sensitivity limit of the ASTM Lowry test method . . . For gloves to be labeled as
containing 50 pg/gram or less per glove of extractable protein, the labeling should also
state:

‘Caution: Safe use of these gloves by latex sensitized individuals has not
been established.™

For clarity, we suggest that the label be modified as follows:

Caution: Using these gloves may cause health problems for latex-sensitized
individuals.
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Baockground: Respitatery symptoms of natural rubber [atex
{NRL) aliergy in health care workers (HCWs) bave been
reported in rooms with a detectable allergen lond. Preventive
measdres have been proposed fo reduce the risk of NRYL sensl-
tizatlon.

Objectives: Elimiputing powdered NRL gloves from the work-
place and giving NRL~free material to sensitized workers has
been amang proposed preventive neasyres. ‘Io appraise the
success of such procedures smang HCWs. & prospeetive study
was carried out. ‘

Methods: Sensitlzation of HCWs to NRL was determined by
skin prick tests and measurements of specific ISE antibodies,
NRL allergen concentratins in room air were measured
before and after substitution of powdered NRL gloves with
powdersfree or synthetic gloves In differcat departments of a
bospltal and deterrained by a competitive Inhibltion

immuynonsssy.

Results: The prevalence of HCWs with positive skin prick test
responses and NRL-specific IgE-positive RCWs was 8% (n =
7) among the 90 examined stalf members before the interven-
tion started. All 7 reported glove-related allergic symptoms.
Six of 7 sensitized subjects had a significant decreasc of latex-
specific IgE antibody cuncentrations during follow-up exami-
aatlons in April and Septzmber 1997 (P < .003). Within 24

“hotirs after substitution took place, NRL aervallergen levels

(up to 49.9 ng/m) fell helow the detection limit in areas with
syathetic gloves or powder-free NRL gloves alike. Use of asthe
ma medication apd antiallergic drugs could be discontinued by
2 HCWs with NRL-related respiratory tract symptoms,
Conclusipns: Onr results demonstrate that elimination of pow-

dered NRL gloves is a useful device in reducing a¢rogen NRL

allergen fouds below the detection limit and permitting sensl-
tized or allergic personnel to remain on the job, (J Allergy Clin
Immunol 1998:102:841-6.)

Key words: Immediate-type allergy. latex, latex acroallergen.
oecupational asthma, natural rubber latex gloves, glove powder,
IgE antibodiex
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Abbreviations used

HCW: Health carc worker

NRL: Natural mubbet latex
SPT: Skin prick test

~ Up to 17% of health care workers (HCWs) exposed to
powdered natural rubber latex (NRL) gloves become
sensitized 1o NRL allergens.!? 1a a recent sudy we
found symptoms of the upper and lower respiratory tract
and NRL-specific IgE antibodies only in HCWs
employed in tooms with a detectable NRL aeroallergen
load 89 Several authors® 10 have issued récommendations
for preventive measures (cg. elimination of powdered
NRL gloves and use of nonpowdered NRL or synthetic
gloves as an altemative). To detettnine the efficiency and
success of such measures to protect HCW's and patients
from the effects of NRL sensitization. allergic reactions,
or both, we conducted an intervention study.

METHODS A g
Study setting

The :tudy penod tasted from September 1996 to September
1997,

o

Participants o

Ninety BCWs (26 men and 84 women: age range, 22 to 53 years .
[inedian. 32 years]) tepresenting 43% of the staff (n = 21 1) working
in 4 diffcrent wards (the pediattic and adult Intensive care units and
the departmonts of anesthesiology and sdrgery) participated in the
study. There were no ex¢lusion ctiteriu: anyotte who wanted to par-
ticipate could do so, Each subject answered 2 questionnaire to deter.
tninc 4 history of ulopic symptoms and NRL allcrgy. Follow.up
cruminations took place in April (history and dstermination of
NRL-specific {gE) and September 1997 (history. skin prick tests
(SPTs]. andt detecmination of NRL-specific IgE).

SPTs with controls und B common acroallergens (NaCl. hista-
mine, grass pollen, birch pollen, mugwort pollen. cat dander, Der
matophagoides pieronyssinus, Dermatophagoides farinae. Alter-
naria tenuis. and Cladosporium herbarum) and 7 NRL allcrgen
extracts (latex extract Universitit Minster {0.1 mg/mL protein].
latex extract BGFA [0.01 mg/mL protein]. Regent latex milk (Uni-
versitit Miinster undiluted]. Regent glove: extract [Universitt Miin-
ster undifuted], PeHa glove exeract [Universitit Milnster undiluted].
{atex Abcllo [cotumercially available), and latex Stallergen [com-
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detarmined by using the 2-sided Page test (P <.003},

mercially availablc]) were carried out. and the results were read
after 15 minutes, Total IgE and NRL-specific I[pE was measured by
the CAP system (Pharmacia. Uppsala, Sweden), The NRL-specific
1gE untibodies were measured after cach round of examination. and
all samples from participants who had a detectable level of antibod-
ies were reexamined concurrently at the end of the study.

Interventions

A floor on a surgical ward was used as the control area; pow-
dered NRL gloves wete used there throughout the study. The pedi-
atrics intensive care unit was switched to non-NRL gloves. The
pediatrics wand. general rurgery, and orthopedics operating room,
23 well as the surgical clinic and the adult intensive care unit. wers
changed to powder-fres NRL gloves, A changing reom used by per-

sonncl working with powdered NRL gloves was also studied, Per-

sonnel with i xensitization to NRL allergens were always given a
supply of non-NRL gloves after the initial examination in Septem-
ber 1996. To make surs that the intcrvention was immediate, all par.
ticipating wards and arcas were switched to the alternative gloves
on the same day. All gloves thut were not compatible with the study
design were removed, One exception occurred when powdered
gloves werr used because of supply problems within the first 2 days
after intervention took place. A physician in the surgical clinic used
powdered NRL gloves. In the pediatrics exsnination room we
assume that there was another unauthorized use of powdered NRL
gloves, bur the source coyld not de established,

Measurements

Area samplers (Probenahmepumpe MF 70. DEHA Haun &
Wittmer GmbH, flow ra: § to 70 L/min; Probenahmepumpe Teco-

ra Bravo H 2. flow rare $ to 70 L/min) with a flow rate of 10 L/min
were used for 24-hour measurement periods in 7 different arcass the
exirnination room in the pediatric ward (9 measurement periods),
the examination atd trearment room in the surgical clinic (13-mes-

surement periods), the floot of the surgical ward (§ ieasurement
periods), the changing room (5 measurement petiods). 2 air condi-
tioning intake ducts for the eperating rooms (9 measuremenl peri-
ods) and the adult inteasive care units (8 meusummem perieds), In
all rooms except the changing room 3 measurement periods were
carried out before the intervention took place. fu March and Sep-
tember 1997, measurements wete perforted during 3 subsequent
24-hovr periods at the chosen sites.

The placcment of the samplers was chosen to reduce intetference
with routine werk a8 much as possible whils trying to measure with-
in the area of greatest contamination (worst case scenatio), Usually
those aress were closc to the stotage arcas where gloves were
donned or the garbage bins in which the gloves were placed after
usc, Sampling took plitce over perinds of approximately 24 hours, A
flow ratc of 10 L/min was used to collect air samplcs on & cellulose
acetate filter with o pore diameter of 0.2 pin (Satterius. Getrany).

Determination of NRL aeroallergens

NRL allergen content in air samplcr was determined by an
immune inhibition ussoy as described previously.’? Briefly, filors
with airbome particles were removed from the agea air sampler and
cut into pieces of approximately 2 x | mm. NRL allergens were
extracted from dhe filter pieces in 20 mi. of 0.1 mol/L zcetate buffer.
pH 8.0, comining 0.1% 3«[3-cholamidopropyl)dimehylutnmonio)-
1-propane sulfonate (CHAPS). The cxtracts were then filtered
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eo-peutm: mkuouhamummywnhh Pharmacm CAP sys-

tem in which the commereist NRL immeroCAP allergen from Phar-

macia was used s solid-phase allergen, A stiandard inhibition curve
was constricted by competition between a rcfcmhbumry stah-
dard extract prepared (rom Nstmmeahymmmm‘w
tmg of protein per mitliliter (d
und the solid-phase NRL tmmutioC.,
binding by using a pooled serum of 12 NRL-scnsitized subjects (IgE

untibodies o lstex, 18,6 kU/L). ‘The IgE binding to the solid-phasc

TovmunoCAP alletyes could e comipletely inhibited by | ug refer-
ence latex allergen cxitact. indicating that our reference exitact used
in the study covered a¥f lytex allergens ont the solid-phase immuno-
CAP. Quantification of latex allergen in sample exiracts was
achicved by preincubating 20 UL cxtract solution with 40 pl. pooled
serum (overnight at 4°C) to compete with fmmunoCAP latex aller-
gen in the inhibition assay {in duplicate). The inhibition capacity of
the sample extract was thep compated with that of the reference
standird NRL allergen. The results were expressed us NRL aller-
genic protein muss per cubic meter of air.

Glove counts

To determine a cotreldtion betwecn the humber of gloves used
and the afrborne allcrgen foad, we attempicd to colloct all gloves
being used in the following areas during 3 24-ltour periods: the
exantindtion room in the pediatric wand. the cxamination and treat-
ment room in the surgical clinic, the floor of the surgical ward, and
the laminar flow room of the pedlatric intensive care unit

Statistics
Statistical evaluations were performed with the SPSS for Win-

dows roftware package (version 6.1.3. nonparametric testy) and with
StatXact 3 software package (Cytel SoRware. Cambridge. Mass).

RESULTS

Ninety of 211 eligible HCWs participated in the base-
~ line examinations. Ten (11%) had NRL-specific IgE anti-
bodies during the initial exam in September 1996, Seven
of those 10 had a positive SPT response to NRL allergens
and reported glove-related symptoms ranging from
urticaria to asthmatic symptormns. No substantial differ-
ences were seen in SPT responses when comparing the 7
different NRL extracts (with the dilutions indicated
above), and oo systemic reactions occurred during SPTs in
any of the participants. The other 3 subjects with NRL-
specific IgE antibodies had a negative’ SPT respouse and
did not report NRL.related allergic symptoms. During fol-
low up. we reexamined 49 subjects (54%) in April 1997
and 62 subjects (69%) in September 1997. The 7 NRL-
and JgE-positive subjects with positive SPT responses pat-
ticipated in all examinations: only 1 stopped working in
the hospitat because as & nurse in the neonatology ICU,
she needed to be present in the delivery room where pow-
dered gloves were still being used to take care of preterm
babies. Two werkers initizlly reported sytnptoms of the
tespitatory tract and had to use sntihistamines or metered-
dose inhalers during work. After switching of gloves, the

symptoms disappeared. and use of medication could be

P dilerpen for specific 1gE
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Ttehing 36 7 .032
Wheals 4 6 0004
Speezing 6 S _ -0093
Rhinitis 3 5
Stuffy nose 2 3
*As determined by the Kolmogorav-Sinimaov test,
TABLE 6. Mistory of atopy
Negative SPT  Positive SPT
responses responsas
{n=283) (nm?) P value®
Hay fever 20 4 A8
Asthmatic symptoms 6 { 1.0
Atopic dertnatitis 6 { 1.0
Atopic family history 2 5 36

*As determined by the Kolimogorov:Smirnav test.

terminated. Six subjects had latex-specific IgE antibody
concentrations farger than | kU/L in September 1996. In
five of those we found that concentrations were halved
within | year, The highest concentration was found to be
40KU/L. and it fell to 30 kU/L within the year (Fig 1). The
decrease of NRL-specific IgE antibodics in all 7 subjects
during 12 months without NRL exposure is highly sxgmf-
fcant (2-sided Page test, P < .003). No new cases of sensj-
tization could be detected in the other participants.
The 7 subjects with latex-specific IgE antibodjes and
positive SPT responses to latex extracts had significantly
higher levels of total IgE (Mann-Whitney U test, P =
.0047) than the other 83 participants in the study. Mean
total IgE was 145.9 kU/L (8D, 98.1) in thie latex-allergic
group and 61.8 KU/L (SD, 80.0) in the negative group. A
history of NRL glove-relatcd symptoms was significant
for wheals. sneezing, and thinitis (Table I). Symptoms of
atopy (hay fever, asthma, atopic dermatitis, and atopic.

~ family history) were not significantly assoclated with

latex allergy (Table W).

Atmospheric allergen Joads of NRL allergens between
0.826 ng/m? and 49.93 ng/m3 wete detectable when the
sampling was performed directly inside the rooms where
powdered NRL gloves were used.

NRL aeroalletgen was present (1.03 to 10.58 ng/m?) on
each measurement petiod on the surgical ward floor used
as a positive control area {where powdered NRL gloves
were ot skbstiuted). In a second measurernent campaign
in March 1997, we found NRL aeroallergens (0.61 ng/m?3)
only on 1 of 3 days in the control area. In September
1997, we were not able to detect any aeroallergens there.

‘Within 24 hours (1 measurement period) aftet use of
powdered gloves was terminated, allergen loads fell
below the detection limit. In the surgical clinic 1 senior
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Powderfres NAL gloven; gloves; NAL gloves: Pondertoe No changa N uow of

NRL glovex qnuung padiatrics, padistrics, NAL gloves: of gloves; . . gloves;
Date of adult ICU : lominar - examinstion surgical control changing
air ssmple {nde duet) hﬂhﬁ flow room room efinic ward room
Sep 11, 1996 BDL _BDL .. . BDL 4,13 R 423 ND
Sepl2.199%¢.  BDL BDL . BDL - i%e LT3 4.58 ND
Sepl3 1996 BDL  CUBBL U mpL CmeL 993 i0ss NO
Scp 14,1996 ND ' Np ND Error ‘BDL ND ND
Sep 15, 1996 BDL . BDL 198 Error BOL 1.03 ND

(intervention) . N

Sep 16, 1996 BDL BDL BDL BDL BDL 3.5t ND
Sep 17,1996 BDL BDL BDL 0.94 0.86 ND BDL
Sep 18. 1995 BDL BDL BDL BDL BDL ND BDL
Scp 19, 1996 BDL BDL BDL BDL BDL ND BOL
Sep 20, 1996 ND BDL BDL BDL BDL ND BDL
Sep 21, 1996 ND , ND ND ND BDL ND ND
Sep 22. 1996 ND ND ND ND BDL ND ND
Sep 23. 1996 ND ND ND ND BDL ND ND
Sep 24, 1996 ND ND ND ND BDL ND ND
Mar 11, 1597 ND ND BDL Error BDL 0.61 ND
Mar (2, 1997 ND ND BDL Error BDL BDL ND
Mar 13, 1997 ND ND BDL Error BDL BDL ND
Sep 22, 1997 ND ND BDL BDL BDL BDL BOL
Sep 23. 1997 ND ND BDL BODL BDL BDL BDL
Scp 24, 1997 ND ND BDL BDL BDL . BDL BDL

ICU, Intensive care unlte ADL. below detectable limit, ND. hot dotetrnined.

physician did not get a supply of powder-free gloves of
his size on the second day aftec the transition, forcing him
to use powdered NRL gloves. An allergen load of 0.86
ng/m? was measured that day. After this individual was
outfitted with powder-free gloves, the detection limit was

 not exceeded for the remaining 7 measuring intervals.

In the examiination toom of the children's ward, there
was a detectable load of NRL acroallergens 2 days after

* the intervention took place, without the cause being

known. Use of powdered gloves still in the possession of
an individual was discussed but not proven,

No allergen load could be detected in the changing
room where gloves wetc not used,

It was not possible to detect NRL aeroallergens on
samples taken within the air siream of the air condition-
ing system for the intensive care unit and operating
rooms. The results are sumtmarized in Table II1.

When measuremetts of aerogen latex allergens were
repeated in March and Scptember 1997, no detectable
allergen load could be detected in the rooms where only
powder-free latex gloves wete used. The results of the
glove counts in the different rooms/areas were so hetero-

~ geneous that it was not possible to determine a correla~

tion between the number of gloves used and the aeroal-
lergen concentration.

DISCUSSION

Several investigations demonstrate that powdered
NRL gloves are the source of atmospheric NRL aercal-

[ 12 dr JNH | indnn - 1 b 1N |

lergen. 451112 Heilman et aj'3 showed that switching to
low-allcrgen gloves resulted in a significant ceduction of
NRL geroallergen levels. In an investigation of the staff
in our health care facilities, we found that respirgtory
symptcms and NRL-s

ce with out ypothes:s that direct allergen con-
tact to the mucosa of the upper and lower respiratory
tract is an important causc for the development of sensi-
tization against NRL allergens. Corrently there are no
epidemiologic swdies linking sole skin contact and sEf=>
_sitization to N lergens. Brehler et al'4 found a sig-
nificantly Jower prevalence i operating room staff in the
UK, where only powder-free gloves have been used in
the last decades, in comparison with German HCWs
working in operating rooms with powdered NRL gloves.
Therefore we pursued the hypothest that once the major
source of NRL aeroallergens is removed by using pow-
der-free NRL or synthetic gloves, NRL aeroallergen lev-
cls will drop below the detection limit. and the risk of
NRL sensitization will decrease. Another advantage in
this approach is the reduction or elimination of airbotne
exposure to NRL allergens for HCWs and patients in
whom respiratory symptoms have already developed.
Except for 1 sample in the surgical clinic and 1 sample
in the children’s examination room, no NRL. aeroallergen
could be detected int any sampling petiod (24 hours) after
the replacement of powdered gloves, These results indi-

=20 d Henc:?1 RO
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care units thet need to be prepared for N
‘patients, a removal of demleL v

'Opemmg tooms and nt ”\_,;l'lg

- "]HVB

flow rate within the air ducts (10 m3/s) as opposed to that
inside the rooms (<0.5 m¥/s 8o 2 mds).
Anocther vety interesting aspect of the study was the

- Héwever, it was not possible to detect any NRL allergens
in oursmplcs. probably because of the much higher air

fact that‘y_R__L_‘_g_e_mﬂ_ggn was present (1.03 to 10.58

Apnl 1997 we only fuund L aeronllergcns (0 61
ng/m3) on 1 of 3 days, and in September 1997 we were
not able to detect any aeroallergens. Inquiries at the glove-

an o} revesled that they had decreased

the amount of corn starch powder used duning manufac-
turing after the summerlt’a;; pexiod of 1996 to remain

competitive in the market because awareness of the NRL
allergy problem hud become an issue in many hospitals at
the management Jevel (personal comimunication),
Swanson et al4 showed that surgical scrub suits in oper-
ating rooms with detectable NRL aeroallergen levels were
contaminated with NRL allergens. To determine whether
the NRL allergens adherent to clothing of personne! work-
ing in areas contaminated with NRL aeroallergens results
in detectable release of NRL allergens into the atmo-
sphere. we performed measurements in a changing room
where HCWs changed their clothing before and after work
shifts, No NRL aeroa]lergens could be detected, suggest-

| ‘ing that even though wotk clothing might be contaminat-

ed with NRL allergens, changing of these clothes will not
result in significant NRL acroallcrgen levels,

In our study gtoup sensitization to NRL allergens as
determined by NRL-specific IgE antibodies and positive
SPT responses was 8%. No new cases of sensitization
occurred in areas where only powder-free gloves were
used during the 1-year follow-up period. Because of the
high fluctuation of personnel. we could not determine
whether any tiew sensitization occurred in the control
ward where powdered NRL gloves were still being used.
No allergic symptoms caused by NRL were rcported dur.
ing the follow-up period. Use of astbma i d

antihistamines could be discontinued by 2 staff members |

asurement period on_sgs_ms\_c.ﬂ__a&.

w [Ietgic asthma and chigitis before the intervention
took piace. In a recently published study Sussman et all5

found very similar results for the measurement of acro-
gexn latex allergen conceutrations and a decline of afler-
gen content in powdered gloves during the length of the
investigation. Another very intcresting finding that seems
o support our hypothes:s that inhalaton of NRL js a

lntan- ) 20341
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main cause for sensitization was the phenomenon that
it Mmdvemmpomm toNRL,tn pos-

~using powdercd gloves and in the gru!p using
free gloves but that clinical symptoms were only repott--
ed by the participants in the powdered group.
O earlier investigation of 26 HCWs who had given
, epeci

Jccts were examined only onc posure
terminated. and no follow-up data was available.!s The
results of this study clearly show a  decrease of Jatex.spe-
cific IgE antibody concentrations within | year after con-
tinaous exposurc to NRL allergens was tcrminated.
Occasional contact by short exposure to NRL seroaller-
gens (eg, when walking through arcas that were not
included in the intervention and where powdered NRL
gloves are stil] being used) does not seem to cause anti-
bodies to be maintained at levels that continuous expo-
sure would induce. However. it should be noted that cven
if NRL-specific IgE levels fall below the detection limit,
severe allergic reactions might still occur on reexposure.
‘We conclude that substitution of powdered NRL gloves
with powder-free NRL gloves or gloves not containing
NRL is a uscful device in teducing NRL aeroallergen
loads below the assay detection limit within 24 hours,

NRL allergen load adhering to clothing does not scem to

cause a significant atmospheric contamination. To prevent
detectable atmospheric contamination with NRL aeroal-
lergens. the use of nonpowdered NRL gloves is a suffi-
cient measure, HCWs sensitized and even allergic to NRL
can remain on the job if exposure o NRL <an be avoided.
Banning of powdered NRL gloves in the workplace and a
supply of NRL-free material for sensitized mdwxduals
seems to be a sufficient prevention stategy. :

We thank the staff of the St Franziskus Hospital in Mtinseer for *
their paticnce and support while patticipating in this investigation.
Dr Renate Kolling (SL Franziskus Hospital). Jotg S¢hmengler. and
Paul Gurock (Berufsgenossenschaft fir Gesundhcitsdienst und
Wohlfahrtspflege) made this study possibic by giving administrative
and logistic support at cvery stage of planning and completion of
this study. We ire extremely gtateful for theit help,
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