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Public Health Service 

National Institute for Occupational 
Safety and Health 

Robert A. Taft Laboratories 

2 3 2 7 ‘$9 $fT 29 /cJ :f $3 
4676 Columbia Parkway 
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/Madam: 

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 Register on July 30, 1999 [64 FR 417101. 

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 etfects 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. 97-1351. We continue to support the 
recommendations in the Alert, including: 

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

l 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, 

Enclosures 

Paul A. Schulte, Ph.D. 
Director 
Education and Information Division 
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Qd2 o few t&&old limit v4ue~ exist at present t’oor allergen in the workplace ~AWA to 
came bronchiA ~schns. This convilst+ -9th the -groat numb& of occupotiond aHhfa~ cases 
obs+rvtd ia iadusu%izal counuies. Recearfy published studies provide cle;u cpidcncc for 
cxposurc intfmsity responrr relationships of acupdionai ohztgtns of pl;m. dcrobiofogi- 
cal. animal or m;m-mAde origin. if &qt?n exposure levet f& short of &errAiAed limit 
values. they ore rmt associated with an increased risk of occupational asthma. correspond- 
ing data are available for wheat flour ( I --- ’ 4 tns/m3). fun@ cx-amylase (0.25 no/m”I. nAtural 
rubber Ives 10.6 ngicn’). wesccm red cedar 10.4 tnglm”! and rat alLrgcns (0.7 rlE/m’). It IS 
sug&sced to stipulate legally binding threshold limit values t TLVrtwA) WI this b&is in 
o&r to induce more tffecrivc primq preventive sne;~surcs. If no relinbie data on the health 
risk of aA occupational airborne zloxa racist. the tovest reasonAbIy pmcticable exposure Level 
has to be achieved. Appropriate secoondq preventive me%lres have to be initiated in aU 
workplaces conrjminrrted with Airborne &rgens. Verided exposure-response rel~ionships 
provide the basis for risk assessment and for targeted intctvenrions to iduce the incidence 
of occupntion~I Asthma Qso iA consideration of cost benefit aspects. *OccupatioAaI asthma 
is a disease ch;rractcrired by vti~bble &BOW limitation an&or &tiAy hyperresponsiveness 
due to causes in a working ~AV~OWINAL ‘These causes crvl give rise to asthma through 
irrununotogical w non-immunologic4 mechanisms [ 11. Up to 15% of dl asthma cases ate of 
acupationsl origin ar have at least d significant causal occupation64 factor [l-lo). 
Acccdiig ro rhe New Zealand p;ur of &e European Respiratory He&h Survey. an 

d 

increased risk of astfu~~ prevalence w;1s found for several occupations such % laboratory 6 ( * 
techniciims. food producers. chemical ~orkexs. plastic md robber workers (1 I)- The Spain @ 

pan of this study comprising 2646 Sptinish subjects showed AA 4tmn risk zo be ztributed ,’ 
co acuptiond exposures between 5 Md 6.7% [ 121. ?uldn asthma-inducing agents in the, j’ 
workplace arc flour. grain Jnd feed dust. timal Jrurdcr/urin~ proteins.aAd isocyanarcs.’ 
Funrhcr. sever4 iAh&tive irritams such as chlorine. acid or &c&tie aerosols play a pivotal 
role. ,Many low molecular weight chcmic3ls have irri~A&~t as well as &rgenic effects on 
the ai~qs. e.g. isocyanntes ~4 acid nnhydridcs. [A addition to chronic or repelWe 
exposures. also singular Accidental exposure to high cvnccalocivns of irritative or toxic 
airborne rubsrzmccs CM cause occupation3i &ma. This condition is frequently cnlled 
reactive oiways dysfunction { l3]. 
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sensitization or diseases on the orhcr hand [lA.lSl. As Bakery olle?~ms 
shown by an incfcasinp number of in~esripciom. this is 

aIs0 true for occupational allergens. In the f0Uoti~g. rfdts Flour is oae of the main causes of OccuparionaJ 3sthma. In 
of sevd relevant studies on this issue tie summarized (see bakeries. Rour dust concentrations of I -LJm@m’ w&re 
also Table 1. However, in this context. it has to be differ- found to be associated with a signiticandy ekvated risk of 
entisted between dusr exposure and allergen cxpos~fi $ensitiza!ion to uuhear antigens [M-19]. Using logistic or 
Some of the studies mendoned below only esdmatcd the linear regression analyses. tMusk et uL (161 found symp- 
exposure intensity relaxed to the whole dust-concentration moms. lung tin&on. bronchial reactivity and immediare- 
measured. Since the dust s~~pies may conraid different ryp~ skhqrick test responses to bakery allergens to be 
levels of alter~enic and non-akrgenic substances. it is rclatted to ‘cmnt or ptit esposum to dust. .More important 
p;lrticu!arly imponznt tw cz&fish snd empio~ spwAfic than the total dust measurement is the specific scenainment 
assays for an xcumte and precise escimares oft& exposure of Ilow mdgcns [Id40]. The antigen proporribn in t0t3.1 
intensity. Seue&cless. in pneml an increwcd expo~u~ to dust. depends on size and rype of baketics. Wheat mtiyen 
dust is r&ted to an increwd exposure to ilirgcn. itmou.nt5 ranged from 2.1 to bn_s per mg b&cry dust. 

(3 1998 BkkWe4I ScienCc LM Clinrral & &pew Atiwgy. 1.5Z-5& 



~oul dust co=- in the air of a nd cedar sawnill 
bcrc derenttined by V&l et cd. [23f. In addition. 652 
rmpioyccs wet8 iare%igared us@ qUcSdoiMai@ and rpiro- 
may. The dust level was found LO be up PO 6mqlm3 in 
working envbmmenc. Workplace-rclarcd eye titation~ 
were more common ac conccnariow above 3mdm’. 
Workplace-re\ated as&ma was assaiarcd with an exposure 
of more than 10 years (found in 8% of worfrml. Lung 
function ~alucs (FEVI and FVC) were Iwer at higher wood 
dust conc&tltratIons. 

Noertjojo cc al. [/a] investigated 243 ~wmilt workers in 
an ILyear foIl~w,-up study on the relationship between 
exposure co ted cc&f dust utd luag funs&m changm. A 
tocal of 140 office wor%eb sewed as control group. Asch- 
matics were not included in rhc study. Tk intensity of 
exposure ~3s calculated for each employee on the basis of 
concenaation aad dumtioa of dust exposure. l%rcc expo- 
sure groups were diflereatiarcd: low (O.Zm#m’). medium 
(0.2-0.4 mg/t$) and high (> 0.4 mg/m’). In rhe follow-up, a 
significant decrease of FEV, and PC. invcsscly rrlabzd to 
the woai dust load, was found. 

NaturaL rubber hex 

Allergy .to natural rubber iatcx is koming J seiiouS 
cccupatiorwl problem espwritiy among heal& CSIZ work- 
em. Although cbe direct skia confact with latex gbves is the 
most common way of exposure. recent studies demonstrate 
hat latex 3Ilergeru c3n hecome airborne in hospitals and 
doctors’ surgeries with giovc powder as allergen CUT& 
12%281. To analyse the relationship beP&‘ecn latex allergen 
load in the air and risk of sensitization. Baur cc af. C29.301 
collcctcd dust samples in vtious hospiwl and surgical 
rwoms ;md quantilitd the &borne 13tcx aliergcn ccncentra- 
dons by B competitive immunoassay using pooled serum 
from latex-cdlergic patients. Specific IgE ylribodies Jnd 
hypersensitiviv rcvtions of &t 135 employees who 
worked in there rooms were me&Wed s well. 

Airborne latex allergens were detectable in all rooms in 
which powdered gloves were used ~mci no ventiltiion 
s?-srems were inscalled. T!x highest concenrmticn of 
3irbume Iace.t dlergens was 205 ng/m’. 

Latex air concentration 

AS shown in fig. 1. IgE-mediated sensitization was found 
fo be significandy associated with the latex aero&rgcn 
levels; ilz la&x drrgen conccnrraciow of SE 0.6 nghn’. 18% 
of exposed pcopte wcte found to be sensitized and 155% 
rtvtaled hypcrsc&isiry t~~tioas. Lower conccntmdons 
were neither associated with IgE-mediated sensitization nor 
with Iupirarory symptoms [30]. 

These findings demonstrate chat conrinuow inhalativc 
c~~ciw with tatcx alkrgtns seems co he an Imprxmttt risk 
facfor for hypcrsensidvity reactions. 

Non-occupatiodal situafions. e. g. latex allefgics in spina 
biEb patients, also show evidence of exposure-rcqonse 
relations: the frequency of latex sensitization ia spiaa bifida 
children VM found to be strongly associated with L@ 
awn&x of surgical pimceduns (31-341. ;.’ 

2: .- 
Cow dattdechait ,’ 
The relationship between the levels of &b&e cow dander/ 
hair allergens md IgE-mediaed sensirizadoa in fatmets was 
investigated by Hinzt et d &35$. They determimed IgE 
aaribadies to the major allergen Bos d 2 in 40 d&y farmers 
and analysed dust samples frvm living’tooms. A threshold of 
I-21 yg Bos d 3 per gmm dust (aropics) and of 24-SOpg 
Box d t pet _m dust (non-at&pies) was found IO be 
sigticantly ass&&d with nn IgE level of ~0.7 kUh. 

Rat dergens 

Several inwsdgatiuns c&ted to laboratop timal allergy 
were petiormed by HollPndtx rr al. [36]. Thq’ dcvtbpcd 
highll; specific and scnsirive sandwich immunc%siq’s for rat 
irnd mouse urinw allergens. A cros+s(rcrionti study cm %I 
IAonrory ttnirnd workers u-as performed to quwtify the 
exposure-rfqonse rcljtionship for 3llcrgy to TJts. In the 



Dog andctu dtvvuhkir 

Proteins from pelt and saliva of perr xe mainly environ- 
mental skrgens: however. sometimes they are tiso of 
occupational relevance. e.g. for veterinarians. pet shop 
owners md animal dealers- 

Can f I (dog) and Fel d 1 (-1 atr well-characterized 
idlqps. Evee in moms wkhour aaimals. l-10 rrg of these 
allergens per odnm dust c3~ be found. Obviousl_u. rhe 
allergens are mmsferred by clothes. etc. Reservoirs af CM 
f 1 am carpets. upbolstmd seats in public buitdings. 
currains, mauresses aJld soft toys [39]. The invesrigarion 
of dierent public places by Custovic I ol. rrve&d values 

of above 10~3 Can F 1 per -oram dusr in 40% of upholstered 
seats (391. Such concentrations are cap&k of provoking 
asthmtiic symptoms in most patients allergk to dogs. A 
threshold value of 8 pg Ri d l/g dust is suggested by Gclkr 
cr ‘al [40] for cat *get& The investigation of 114 
sensitized asthmatic patients and 114 controls revealed 
that nearly ~11 cw-allergic subjects showed symptoms at 
this coacentmion. In addition. it was 0% lowest value found 
inahousewithocat. 

Chimnomidac tAlergens 

Red mosquito larvae of the non-b&$ midge CChiturromi- 
dun are ofien used as fishfood. Their hacmog\obins tChi t 
l-9) arc potent tilerget (4 I]. .4n association between the 
degree of asposun rcalculatcd by frequenc)r and amount of 
material handled) and symptoms could be found in ISO 
subjects exposed to this idsect iillcrge!! [Cl. The group 
consisted of fishbreeders. workers in P fish food factory and 
employers of zoalogicJ shops. Based on dart3 obtained by a 
qu&rionnak exposure !etrls uerc diVi&d into !w, 
medium and high. Parallrl to, the cxpo~urc degree. the 
percentqc of subjects with complaints increticd In ad& 
tion. a reiationship bctwrrtn rxposurc and &E-mediated 

Eighteen workers exposed to UimeDBic anhydride mA) 
were investigated by Bernst4n er al. [Ml, 12 of them were 
obserwd over ‘t yeus. Five of the workers developed IgE 
antibodies co MA-HSA. ‘Three of rbem s&fed from lace 
respiratory systemic syndromes. one from rhinitis. After the 
ins&&ion of ~entilatioa rysrcms. TMAconcentf&on in the 
air were reduced from 0.82-2.1 mg/mf to 0.01403 m$m’. 
Subsquendy. the number of workers with ‘specific IgE 
andbodies ad sy-mptums decreased. At rbe latter concen- 
tions. the induction of EIfW h~nsitivity ructions 
solcms 10 be impmbable. 

PMcol,tie cnzlllymcs &lived tiPm B&&S S+S have 
been added 10 syhhedc detergents to en+& .cleuing 
effectiveness. They have been described p zisthmaciwing 
sensitizers [U]. Even after the intititioil of cncapsu- 
t3tcd cruymcS. exposur% at rhe wq+cplaces m still suffi- 
cient to cause IgE-mediated imr$noloSical sensititndon 
[&I. h epidnniotogi& sNdy coverifig 11 yedB of 
enzyme-detergent production & its effets on 2355 
worken revealed significant differences between. minimum 
and maximum exposure pups wirh regard to FEV, values 
t471. 

Istqtiales 

Toluene diisocyanate (TDD. diphenyimethane cliisocyana~e 
NDl). hextieth_vlene diisacyanart? @I’DI) ps well as corre- 
sponding poi,visgvanaces ;UTC well kiown as causes of 
occupational &~ay dke*es. Karol USI invwtiS;rted rhc 
rct~$ca~!Qp bcrwcrn exposure concenrracion and immunn- 
logical rcqonsc ueng rm ;InimPI model (guinea-pigs L Ti\< 
&rnalr.werc exposed for 3 h to TDI concertrrxionc from 
0.1 Z to 10 ppm on five consecutive days. Starting on do>* 12. 

mlE-4 Ql/ll’d II2 1-l 
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cause bronchial ku~s~~&+ wit&n Ld h of exposure in 
a tibbit model of occupational lung W IIn? tesponses 
were f’unhrr enhanced at 5Oppb. Ia gaWa&~. ldppb of 
KDI applied over’ 8 e a&i induced bronctid 
hypemactiviry (SOa. 

Baut (51 J reported ao inereesed frrsutncy of stnsitiza- 
tion and symptoms in a graup of iaocyanate workers 
exposed to S-10 ppb when compared with a group exposed 
to less than 5ppb. No intiuencc of smoking f&its =‘lu 
found. 

In most European countries. TLVs for isocyanates hove 
been stipulated at 5 or 1Oppb. 

How can rivrshold limb values be de$nrd? 

Avoidance of aUergen e*pasure in !be working place is the 
most effecti~ approach for the prevention of acupatioaai 
axtluaa With regard to appropriate meaautes to rectucx or 
evea eliminate occupad4mei asrhma-inducing aguW the 
publications of venat$es [S2j. Coa (S31 and Gordon er ul. 
1541 arc also tefetred to. Depending on the allergen s&oe 
md material. different pnve&ve procedures may he effec- 
rive. e. gb the substin~rian of hazvdous substances by harm- 
less ones, installation of exhaust systems. use of venci\ated 
warkstatioas. eacqsukion of machines. use of granu&ueA 
or liquid ptoducts instead of powdered ones. 

Tf no reliable d;ua on asthma prevalcnce/incidenee of a 
certain endangered occupationally exposed group exist the 
lowest reaoaably practicable exposure %level of airborne 
organic as wcil as hoqytnlc substances has to be a&wed. 
Fktkmwe. dpproptire rescue h work has to be i&&d 
to obtain this information as soon as possible. ,-f 

One major problem of ~defining threshold ~a&& is that 

&I cormst to many toxic and/or carcinogenic substances 
[55.%3. only few cxpasurc bit wakes for allergenic 
substances in the workpl~c exist. e.g. inhalabk wood 
dust with a TLWIWAi of 2tn$/mJ (due to cntcinogenic 
effects) in Svedcn and Gtxmany: flour dust with q ‘TLV/ 
WA of I mg/m3 in the Whetlands ru?d of Jnglm” in 
Germany and isocyarraces with TLVsPPAs mostly of 5 or 
10 ppb. 

To control the rapesure to asthma-inducing qgtnts in tht: 
workplace. threshold ~11ues or a maximum talented con- 
centration oi chest agents jhaulci be csmblishcd first. The 
question is how these Icgall~ bidding threshold limit values 
tTLV) should be dorincd. Should they be based on the 

!f exposure to 3a oitupational agent causes a signilbnc 
iecrcase in ahma cases ,ia tt worhing group when cornpanxi 
with the Mxmal jzopuluiaa or significant increase in at&ma 
iadeti b found among rbw workers. the ca~+tive agent 
should be indicated as a hazutious~ substance. yorrespnding 
preventive measures shouI4 be,in~ucrd and‘based or. ihe 
results of research w&s on the esposurwes~nre rebrion- 
ship, a TLWWA for this sent should become obligatory. 
If this TLVfTWA is excczded in workpplaca. rcsrricrions fot 
work should be introduced such as limited working dura- 
don and exposure. use of adequate pcrsond protective 
devices (especially respirators) and introduction of medical =* 
sutveillance programmes [30.!32.58-601. 

methodology for quantification of different allergenic 
material is far from being standardized,Yyet. This is. 
however. urgently needed for exact exploration of expc+ 
sum-intensity relationship and it aiso builds tJ~e basis to 
establish thresholds for allergenic substances ic. $e.~wotk- 
place. The recent progress on allergen anaiysiz haa bctrt 
summarized by Hamitcon er a!. [61] and Esch 167;). To 
quantify nirbqmc alkrgtn concentrations in the. work- 
place. some spptoprirte immunoassqs. main& based on 
monoclonal ~~~cibc&s. already exist e.g. for fungal a- 
amylase. nsrural rubber latex, several animal dlcrgens and 
flour [22.29.38.53.54.63-681. However. in mosr cases 
these spc&ic assays were employed anl: by repotter 
self. Some workin conditions. e.g. reference xnti8en or 
antibody Jte mostly not available for ocher investigators. 
In order co tkrlitlte the compnriw! of esporurc data 
obtained from different studies conoborarion ld 

srandardizatiun of these nssays are necessq, 

EOE-4 iL/El’d OZl-1 



ccf(cgt4 kjuty. empairawa~ - 
wak efIic+mCy. and pr&ded chat the drily TLV-TWA is 
noi’ exceeded. It is not a sepazate indepindurt exp>ture 
@&: ‘rpthcr, it SUephdtS thC time-Wd@Cd SW 
(IWAr limit where them are tc333gnizsd: tiil& - eF= 
from Q substance whose toxic cffeets Blre primuily of a 
chronic nv. STEls ytrecommended onlv whr?re toxic . 

Other imparrant aspcts which also have to be in+rsti- 
tat.4 nsc the dete~don of early disc= s-m ZIGSI t&ii 
prccess. a more detiled desdprion of the UIderlyiag 
exposure-response relationships of single or even mixed 
exposures and the interfcrencc of exposure with individual 
predisposing/p&e&e fgtors like genetic susceptibility. 
atopy. smoking hahits. cv. fhc possible booting effect of 
p&c exposttrcs on sensi&ation and symptomsldyshctiow 
is especially impo#ZW for tk smdy of initiation at oCCupa- 
donal asthma. Xn general. this effect can be ev&ared by 
red-time meYIUrrments and cliiicd examinations. So far. 
the information about the f&Uionships bet\oeen a single 
brief big&-level exposure to an irritant or xnsiri&g agent 
and the initiation of newonet asthma is only limited Most 
studies available ht~ deal wirh the present W-C expoc 
-sures. i. e. did not cake into consideration ra&tions/p&s of 
previous and current exposure. The data presented arc 
mostly fbom cross-sectional sweys of working populariofls 
vhcte causative factors are not Ways identified. 

effects have been reported from high shorr-tcnn exposures 
ia either ht&ns or anirrkds. 

In the t’SA. a Sm is defined as i 15 mia WA cxposun! 
wbich should not be exceeded at any time during a workday 
even if the 8 b TWA is within the lX.V-TWA. Exposures 
t&ewe the TLV-TWA up to the SW5L should not be loager 
haa 15 tin and should not occur more than four limes per 
day. There 5hould be at least 6Omin betwea successive 
exposutes in this nnge. An averagiag period other than 
15 ain may be tecomended when this is warranted by 
observed biological effects. 

‘Thresiwtd Limit Value-Ceiling (TLV-Cj 
0 the concentration tku should not be exceed d&q 3ay 
part of the working exposure. 

In cunventionai indusrril hygiene practice if instanta- 
neous monitoring is not feasible. then the ILY-C c;t~ be 
assessed by sampling over a 15 min period except for those 
substances that may ca\rse immediate irritation when 
exposures iirc &an. b 

IGvertheless. there is no doubt that dam are enough for 
assessment of exposure-response relationships for sevefnf 
imppmnt occupatioti asthma causes. More detailed studies 
have to be pdotmed in order to describe precisely chesC 
rel;lrionships. We BR just at the beginning of understanding 
such underlying complex intemctions and associations. 
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Natural rubber iatex (NRL) allergy presents as a 
clinical spectrum of mar&stations including local 
contact dermatitis, allergic rtiinoconjunct’vitis, 
asthma. and He-threatening anaphylaxis.J It is 
generally understood that latex scnsitkation oc- 
curs as a result of repeated contact with NRL.- 
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I 1 
Abbtwiations used 

1 ASTM: American Society for Tes&i and 
Materials 

LEAI? Latex EUSA for antigenie $&in 
NRL: Natural rubbkr latex - 
SET Ski prick test 

containing products ot by inhaiation of latex 
aeroallergcns. I-2 Individuals in the health care 
professions (5% co 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- 
sirivity. and anaphyiactic reactions have been re- 
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ported fa-omNRLi@&&%s~~~,' 
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Late% pitPaaa hslwcb=a !?!!@YC~!~“l?p,~. 
me&it d&b *@i&g pJRl,ltcU The prodkct 
most oft& implicated as causing allergic rti~tions 
is NkL gloves, especially pcwzhed ~SWGS P* 
ticnts allergic to Iatex have beM0 tepoxlttd to react 
lestot!xls~ctsofpQwdcY~latrx~sdrahm uLtracb of paurij,rd $&+ ~:.s‘f*fptitif~ 

and powder-free gbreS reduces ti6 tiriSii#~~c~ 

of W bxupatiooal astb?Sa~~‘~7 Pcwderca gbes 
have Isigher latex antigen ad allergen levels than 
pQu&Y-tree .*k*9 Recently. the Food dnd 
Drug Adbbistration approved manufacturcfs’ use 
of a mod&d Lowy assay to report latex piutcin 
levels on &vc p&cages. Howwcr, it is not lmow 
what qutititative level of MU protein is safe to 
prevent sensihtioa or alleQic reactions. 

Our objective in this srudy ws to quantitatively 
evakak the effect of praccssin~ changes on pro- 
tein and allergen kevels of XRL gloves. We mea- 
surcd proteirt,-antigen, and aUer& levels on rtg- 
uhr powdered, &lohnatecL and chlorinated 
polymer-coated gloves to correlate the modified 
towry assay and ELISA with skin test reactivity in 
p&cnts with known lates alIe=. 

. . 

e. 

.L 
‘7 

ZOE-d 

METHODS 
Patient population 

Thiit)‘-nine otherwise healthy patient ~Iuntecrs. di- 
agqoscd as having latex allergy. -Ah a positive bistoiy 
and positive NRL skin prick test (WI’) resultr were 
recruited for this study. NRL S~S were &OU& 

perfonne~ on these patients tyith a standard latex skin 
test reagent (Btxxard. MiGsaug;r Ontario, Canada),. 
and wheals 4 mm greater tbsn the aegative control were 
considered positive. The co11a01 group consisted of 31 
volunteers not aUetgic to latex who acre first seen 
consecutively in the allcw clinic (17 with aIlergic rhi- 
noconjunctivitis, 5 olith asthma. 4 with sinusitis. 3 with 
urticaria, 1 with migraine headache. and 1 with a w 
rcectiou). The protocol was approved by the Ethical 
Rcvicur Committee of the Ontario Allergy Society. 

Skin testing 
Spls wcrc done on the volar aspwt of the forcarm 

with a drop of test solurion. and the epidctmis beneclrh 
the drop was pricked with a lancet (WCS. Warvickshire. 
UK). SPT sites were \Gprlri clean a$&. 15 minute& and 
the wheal and flare rcacriens were curefully measured. 
Positive w&al and flare reactions (~4 mm of the 
negative wheal) WC* outlined., tisferred onto mans- 
parent tape. and recorded as a permanent record. Tcst- 
ing with the latex components was started at 2 
1:1,000,000 dilution and continued with lo-fold lower 

Tut solutions were prep& @f extracting gloves for 
2 hours at 37” C under steiik cwditi~s. To obtain a 
representative exrrast for skka rest& five glcws from , 
each lot were cut into sm;lIl $eces and extracted in a 
pciiypropyIenc container 63 ,C mI/gm sterile saline 
s&tion.~~ z1 Tbe saaaplcs pee: mtrffuged (2000 g) ro 
remove @We powder an8 pank-plares. To eliminate the 
lot-to-lot variabilip aad d&x& observe any differ- 
ences resulting from proodrg cbnngcs, the three test 
gbvcs were sjsetieily mamzkcwcd. starting with a 
common batch of wmpoun&2 tatexz and the same dip 
machine was used aiithin 3s~ -Gour period. The three 
different test glwes wcrc prhwd di&rently in order 
to produce: (1) regular pc&c& &nks. (2) chlorinated 
povdcr-free glavcs. and [Z\ &i&.tatcd polymer-coated 
gloves (patent pendin@. The -s gloves manufxtured for 
this study were used wirbia i zanb of manufacture. 

Protein analysis 
Total proh& lewls. Prorek !web were determined 

according to t&c &nerkn Qciety for Testing md 
Materials (ASTM) smdar;S lest method D$712-95. 
which incorporarcs a prec+ntion step to,&cduce tbe 
interferixIg substances b&2 3mlysis by tbc Lauriy 
assay. In brief. the prccipitit%= step yas petiormed 0x1 
0.5 ml of each sample t\\’ -5~ ad&g 50 ~1 of 0.15% 
(wt/voI) sodium deoqxhoiarr xtd in&bating the sample 
at room temperature for 10 idautes. bht. 50 pJ of 72% 
(wtol) trichloroacetic acid and 50 +I of 72% (wtA’o1) 
phosphohxn@ic acid were ~&d. and the samples were 
incubated at room tempesziie for an additional 20 
minutes. The samples were ~3trifugCd for 15 minutes at 
6OOOg, the supemntant was &arded, and the pellet was 
Wived in 125 ~1 of 0.1 noLL NaOH (yielding a 
fourfold concentration of e&z sample). Protein WIS 
determined by using the De%-qnt Compatible protein 
assay (Bia-Rad f-aboratoti- Hercules, Calif.). Each 
sample ws tested in du@%te by using four twofold 
serial,dilutions’. The o$ical &x&v was read at 700 nm. . 
luid the cmccntration of ptein was determined by 
comparing the ophcol d&y of unlatowos with the 
ovalbumin prorcin standti The dctcctlon -limit was 
defined as three tima the +xodnrd’drviution at zero. 
and the reporting limit ST+ defined as 10 times the 
standard deviation at zero? The standard dcvietion at 
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%-veN~A~~Wti~baujWarks. 
Cornitig, N-Y-) e incubating &i&t &p&ate ~w&M 
serial dilutions of tie extracts (carbom bar&x, pH9.6) 
in the weifs for 4 hours al 3TC. Nonspcciiic binding 
sites were bloc&cd by Using 2% bovine strum albumin 
(Fraction V; Sif?na Chemical Co.. St. Louis, MO.). A 
rabbit anti-latex aadstrum (1:SOOO diiution)was tiowcd 
to react with the plastic-bound latex proteins overnight 
The specifically bound rabbit antCLrcx antibodies %cre 
then reacted for 1 bout with a goat anti-rabbit IgG 
(l:lO?O dilution) coajugatcd with horseradish perox& 
chase (Sigma). FinaUy, a colored reaction product was 
produced by kc&~ i 10 mg/ml o-phenylenedi- 
amine! (Sigma) com3iGng O.OOI?G M-0,. 

The LJZAP uses zs pooled rabbit an&serum specific foe 
latex protein, W&I has been shown to have an immu- 
noblot profile simik to that of pooled IgE from 20 
patients allergic to latex.“’ The LEAP has a good linear 
correlation. with nagc of sensitivity and specificig sim- 
ilar to those of a human IgE inhbition assny.~l The 
date&on limit for rhe ELI!% was determined as dc- 
&bed above by <mapoiating the standard deviatioris of 
known conccutrarions of latex protein to zero.= The 
assay-has a d&c&n limit of 0.03 @mf and a reporting 
limit of 0.06 &ml fCi.3 ILg/g with a I:5 extraction ratio). 
k&a-lot variabiliy for the test gloves was determined by 
using four ot more individual glove samples for each test 
condition. Samples below the detection limit were as- 
signed a tiue of one half the reporting limit (0.03 
clghi). 

Statisticat analysis 
The proportions of patients allergic to latex reacting 

co glove extracts were compared by using the Mantcf- 
Haenszef chi square test or Fisher’s e-act test as appro- 
priate. 

RESUtTS 
Protein analysis 

Several gloves for each test condition were ana- 
lyzed u$h the modified Lowry assay (ASTM 5712- 
95) and the ELISA to dcterminc intro-lot variabiI- 
ity. The Lowry ’ assq detected 29 t 8.8 p&n1 
(mean 2 SD, n = 5) for the regular powdered 

duce the chlorinated &d polymer-c&ted g&es 
consistently lower latex prucein levels. 

Skin testing results 
.Li 

CtmtmL Thirty-one VoIwteer control patients, 
who were not allergic to Mex, were skin prick tested 
with aff test reagents; and fi&strengr.b testing solu- 
tions were used. AU contfol patients reacted posi- 
tidy to the histamine control; however, no reactions 
to the glove exteaets were observed. Ir was eoncluded 
that the glove extracts did not contain substances that 
would cause irritation reactions. 

Pa&au ullegic co htrr The population of 39 
pa&tits wirh positive responses to farex was found 
to be highly allergic to latex As shown in Table I, 
56% of these patients reacted to a l:lO,OOO or 
greater dilution of the Bencard standard skin test 
reagent. The extracts were ranked according to the 
percent of patients allergic to lalcs with positive 
skin test responses, and rhe data are summar+d. 
in Tabie II. Sixty-two percent (24 of 39) oQtbe 
patients reacted to the en-ract from the lzegular 
powdered gioves. The ptoportion of SPT &activity 
for the test powdered gloves is signific,+ly greater 
than that for test povrder-free gloves (2 of 39,~ = 
0.0000005) and that for test polymeicgatcd glove 
extract (3 of 39,p = O.OoQ6019). The proportion of 
SP’I’ reactivity was not different between the test 
powder-fret and the po!yrner-coated gloves (p - 
1.0, two-tailed Fisher’s exact test). This Ievel of 
reactivity was similar to that observed for another 
powder-free, polymer-coated glove (4 of 39, .10%) 
also tested in this study. In getreral: the rank order 
of reactivity of the extracts matched with the 
protein feveIs by both the Lowry assay and the 
ELBA. 

Correlation of protein assays to Sti . 
reactivity 

The percent of patients reacting to the different 
latex extracts was plotted against the protein con- 
centration (log) in an i4ttempt to correlate these 
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10 l/39 (2.6%) 85 6t39 
1 6/39 (l%) 1W 3l39 

No reaction or39 (WfJ) 3/39 

TABLE Il. Compariwn of protein level to 
SPT reactivity in patients aIIergit to Ia*x 

Pemmt Lowy EUSA 
Test SolutiofP maalq &y/mu Cpe/mQ 

salhe control 0 

*-7..- Test vdcr-fre 
ii 

: 
bd 

Test pOl$mer4oated bd it: 
Powder-free glove 10 bd Oh8 
Powdered glove 3 ,I5 bd 0.94 
Test Powdered 61 29 28 

. . Powdered glove 2 74 36 15 
Powdered .&we 1 85 140 18 

4 AL+ reference protein 92 991 1844 
Bcncard rcagcnt 100 1850 13oocl 

bd, B&w dctcction limit of 95 w for the Law-q assay and 
0.06 p&n1 for the LEAe; AL ammoniated latex. 

assays. Samples belo= the detect&t limit were not 
included in the a&y&. As shown in Fig. 1. there 
was a good correlation between Lowry protein 
levels and WI reactivity (r - 0.95). The equation 
for the regression liut comparing Lowry protein 
levels with SPT reactivify we (y = 18.8 lo&J + 
40), where x is mi~gratns per milliliter of latex 
protein determined by the protein assay. This 
equation allows one to predict the percent (y) of 
patients dlergic to latex chat will react to a glove 
extract. Likewise, there was a good linear correia- 
tion (r = 0.94) berween tbe ELISA and SVT 
reactivity (Fig. 1). The equation for the regression 
line was (y = 19.2 log[xJ t- 34). 

The major difference found beween the protein 
assays was a reduced sensidvity of the Lowry assay. 
Aithough the Lowry assay correlated wcU with skin 
test reactivity, it has a reporting limit of 9.3 &ml 
or 47 pg/grn (w&b a 5:l extraction ratio). If the 
regression line is used to predict reactivity at the 
reporting limits, 58% of this population would 

* 

react at the Lowry ii&, whereas only 11% would 
react at the reporting limit of the ELISA, Thus the 
ELBA ailovs o21e IO p&i& s1FlT &tivity over a 
broader protein range and at a io=er protein revel 
than does the Lowry assay. 

DISCUSSION 

Latex allergy is problematic for health care- 
workers wbo require barrier protection and who 
are working in a hospital environment laden with 
airborne NRL allergcnzXX 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 u&g chlorination an&or poiymer coating 

- processes. We attempted KO determtne the ,reia- 
tionsbip between r&dual protein levels ar$ skin 
test reactivity. Tluee brands of gioves cre spe- 
claliy pxoduccd fn>m a cormon bate I? of com- 
pounded latex to eliminate the yiabiiity ‘caused 
by di&ences in the star& ma@als.ra Residual 
protein in extracts was analyzed for total protein by 
using the ASTM 5712-95 method apd sp&$fically 
for latex antigens by u&g ELISA Relative slller- 
gen levels ii the extra-. were determined by 
end-point titration skin prick tescin& 

It has been reported that p&der-free gloves 
have lower protein and allergen leels than regular 
powdered gloves. ‘7-19 The chlorination step ap- 
pears to dramatically teduce latex allergen levels.% 
Coating latex with a polymer is another process 
used to eI@rinate the need for don&g powder. 

We found dramatic digerences hem-een the pow- 
dered and powder-free gloves in r&dual protein, 
antigen, and SPT reactivity. We were unable to 
determine a significant difference in protein or 
W’T reactivity between the chlorinated and the 
polymer-coated gloves. 

It is generally believed thar the use of low- 

20&-j Pl/!iO’d 021-l 4nOJj mli:20 1641~lxl 
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surcd? and (2) What aawram~ 
able? Rrcvi&ly, toti prote~~levels were 
found to correlate with d&W reac&&y..~~*~ 
Thiswaspresumcdtooccurbeclrts;c:nofi&~ 
teins arc allergens, and me tit& pr&iu 
would obscure the m -cut d dnly those 
proteins that are @erg& H&G&r, numerouS 
invcstigatiorrrs &W -ted that iiuliiple la- 
tex protens are i!aergeusx=bj~; thus, measuring 
total protein would be argected to correlate with 
allergen levels. A probahle isir;anatibn fez lack c$ 
correlation in previous studies is that accelerator 
chemicals in latex extracts szrougly interfere in the 
protein assay, resulting in elevated protein read- 
ing~.‘~ To overcome this problem the ASTM 
5712-95 protocol introduc5 a precipitarion step, 
which serves to concentrept the protein and to 
remo;e the chemical ads that interfere in 
the assay. Using &is method, we now report a good 
corrclatior~ betureen the m total protein levels 
and SPT reactiviry. The EffsA, which measures 
antigeuic protein, a40 demcnstrated a guod come- 
lition with SPT react+-. T3e rank order of SPT 
reactivity of the nine ?cAtcontaining extracts 
matched tbe protein levels measured by both pro- 
teii! assays. The major c~c+on obsetved was the 
test powdered glove rhar m-d higher protein 
levels than expected on the ??a& of SPT reactivity. 
This glove w& produced k using a calcium a~- 
bonate powder rather than the more common 
cornstarch powder. This ~ssing change may 

) have altered the &crgcnic potential of the residual 
latex proteins, or this glc~ may have had in- 
creased amounts of proteins that were less aller- 
genic in this paticnr population. However, given 
the heterogeneity of rea&ity to specific latex 
proteins,Wsl our data super the conclusion that 
protein levefs can be useful io assessing the relative 
allergenic@ of NRL &ove~ 

An equally important question relates to t&e 
relevance of protein le~ek The ASTM D5712-95 
test has timited sensititity. zesultiag in a high l.irnJt 
of detection. Recently, the Food and Drug Admin- 
istration has allowed mantiacnuers to malce “Iov 
protein” claims on glove pckages by usiug the 
ASTM D5712-95 protocoL Because of the limica- 
dons of the assay, dorzuzenting actuai protein 
levels below the 50 kg/g levei was not illowed. Our 
data demonstrate chat at the detection limit of the 
Lowry method. 58% of patients allergic to latex 

FIG. 1. Correlation of pmein levels to SK nactlvity in 
p&ems allergic to letat Pedents were skin tested by 
end-p&t titration wirh sine NRL~ontaining simples. 
Protein levels In exrrac8 -mere determined by the ASTM 
05712-95 method holid &amonasl or the LEAP method 
(0-n squares). Total pedant of patients with skin test 
rercrivity (to any dilution of extract) was plotted against 
protein levels, and CUNB 3rti1-19 was petformed by loge- 
rithmic regression onrl~& 

will still react to lo=ez protein levels, The ASTM 
D5712-95 may lack rhe sensitivity to provide ~$tit 
ically relevant data 

Immunofogie assa:~ are ph~iologicall~‘morc‘ 
relevant assays in =hich antibodies are-used to 
spcdkilly measure ‘itsHiv& piotein,;:ihe LEAP 
was found to be 150 limes more sen&ive than the 
ASTM 5712-95 met.&& and it correlates $ell with 
the RAST inhibition a~say?l The good correlation 
of rhe ELISA method&h thb WI’ GGl$and the 
expanded range of detection ‘allows f&i aXmethod 
chat can more easily d&&&ate loyr +oteia lev- 
els- GlOve extracts tesdng below the minimum 
level of dctcction of 0,06 ~g/ml (0,2 dg) would 
have a sign&a& her potential (11%) for 
eliciting trpe I rea&ous in latex-sensitized individ- 
ua4. However, caution m&t be exercised in at- 
tempting to extraplate these results to the actual 
cl&al situation. ThiApsults of SPT reactivity may ’ 
be dserent than the actual in-use ‘situation. It 
could be speculated &at hydrophobic proteins, 
which might not be extracted in saline solution, 
may bc released by the mat on a gloved hand or 
by direct skin con- with latex. Latcssemitive 
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glove-lubricant-powder 

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 drick tests for the same ‘&ler- 
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. 

Key words Hospital personnel * Gloves . Corn-starch 
powder . Maize . Allergy 
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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 

NBTSCE: This material may 
be protected by Copyrig@ Law 
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in health-care workers 

bltmduction 

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 MeeTen 
and van Erp 1986). / 

The role that lubricant powder may play in inducing 
glove-related diseases has not yet been fully ,%larified. 
Although there is general agreement that thecrystals 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. 
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was ass&d 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 tyg IV allergic~‘dkr&titis”’ .” 

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

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 48 and 96 h. 
Patch tests with a fragment of the glove in use were carried out 
when the above-mentioned tests were negative. 
Serum levels of specific IgE for both latex and maize were de- 
termined using the Pharmacia CAP FEIA method. 
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 coexistmg sensttization to latex or a case of protem 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. 

1. 

2. 

3. 

4. 

5. 

In the presence of urticaria the following tests were performed: 

Serum levels of specific IgE for both latex and maize, were 
determined. 
Prick tests for both latex and maize were performed with 
commercial extracts. 
Prick tests with extracts of the gloves in use (Lati and Tujan- 
maa 1992) were carried out when both specific IgE tests and 
prick teats with commercial allergens were negative. 
A use test was conducted if the latter were negative (Lati and 
Turjanmaa 1992). 
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) monitor& of neak expiratory flow for 2 weeks, and - _ 
(c) lung-function teats. 

*;.,.” 

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 vertied after the patients had used powder-free 
gloves, the symptoms had disappeared, and no relapse 
had been reported. 

Table 2 reports demographical and historical dam on 
eight cases of type I-like allergic reactions due to com- 
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 &ze and 
latex, and two tested negative for both. prick tests for 
the same allergens were performed on o&y six patients, 
since one patient (case 3) showed severe symptoms that 
contraindicated further testing and &other (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 
reactions to gloves observed in 
health-care workers during the 
period 1990-1995 at the In- 
stitute of Occupational Health, 
University of Brescia, Italy 
(A CD Allergic contact dermati- 
tis, ZCD irritant contact derma- 
titis) 

Job Subjects ACD 
(4 (4 

ICD 
(4 

Urticaria Urtic. + Atow 
(4 other sympta (n) 

(4 

Operating- 29 7 11 6 
theater nurse 

Nurse 25 7 8 10 

Surgeon/physician 12 6 3 2 Nurse assistant 11 6 1 3 

Others Totals 8: 1 2 27 23 23 

a Other symptoms: rhinitis, conjunctivitis, asthma, angioedema 

5 5 

9 

1 1 : 

i 2:. 



Table 2 Allergy to corn-starch powder observed in health-care workers during the period 1990-1995 (V U&aria, OR oculorhinitis, 
R rbinitis, AE atopic eczema, A asthma, An angioedema, D dyspnea, Op. th. operating theater, diag. diagnosis, spec. specific, lat. latex) 

cases 1 2 3 4 5 6 7 8 

Age (years) 37 
c&h. 

47 23 2h ., . . j7 37 ..“. _ 41 *i: __^.,, . . 
Job Surgeon nurse Surgeon Nurse 
Atow 

Op. th. nurse Nurse 
AE, R, A R OR 

Surgeon 
AE, R OR. 

Op. th. nurse 

Clin. picture U U+D U, An, OR, A 
Neg. 

U 
Neg. 

U 
Neg. 

U U U 
Date of diag. 1992 1990 1993 1994 1991 199.5 1994 1990 
Patch Neg. Neg. Neg. Neg. 
SF. Ii+ Maize 

Neg. 
Lat. + maize Lat. + maize 

Neg. 
Neg. 

Neg. 
Maize. 

Neg. 

Prick 
Neg. Lat. + maize Maize 

Lat.+maize - Lat. + maize Maize Maize Lat. + maize Maize ‘. / .~ I . . 

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 a1.1990; 
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 allergens 
from maize cultivation nor food allergies 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 allergolonical 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, commer&al 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 I 
latter have undergone treatment for removal of proteins + 
and could therefore cause IgE-mediated reactions in 
maize-sensitized subjects. 

On the basis of these observations we can pro&e 
some hypotheses to explain how our subjects could have 
been sensitized and could thereafter have developed type 
I allergic reactions: 

1. They could have been sensitized to maize due to their 
job since the poor-quality gloves they used contained 
corn-starch powder with high 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 glove corn starch was 
available. 

In our opinion, periodic surveillance of* sensitized 
subjects, especially operating-room workers, is necessary 
since latex and starch-powder readily 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 possible 
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 Examinations Gloves; l?eclassifkation and Me$cal 
Glove Guidance Manual Ati$(abilii’y [il CFR Parts 804, 878,’ and 8801, published in the 
Federal Register on July 30, 1999[64 F’R 4171O],‘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 patient 
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 ca&e allergic reactions. FDA 
recommends that this product contain not more than 120 mg powder and 1200 pg 
extractable protein per glove. This product contains no more than [insert level] 
mg powder and no more than [insert level] pg 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. 19941 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 IL. . . 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 [AtImers 
et al. 1998; Tarlo et al. 19941. Powderifree surgical gloves also minimize the rrsks of 
wound granulomas and adhesions [Haglund and Junghanns 19971. 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 width 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. [ 1998] 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 pg extractable 
protein/glove recommended limit may have a relatively high antigen ‘cbntent 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 ” I 
contain not more than 120 mg powder and 1200 ug extractable protein fl 
per glove. This product contains no more than [insert level] mg powder; 
and no more than [insert level] ug extractable protein. Glove powder may 
also increase the risk of wound granulomas and adhesions. 

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 us/g) [ASTM 19951. 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. 19961, 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 expiration date must be supported by stability studies 
demonstrating acceptable physical ‘and’ mecha‘nicai integrity “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 gjove 
powder in the product labeling. c 

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 19971. 

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. 
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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 cooperative 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 length, 
freedom from holes, tensile strength and ultimate elongation. The at-M&i aging’ 
protocol includes incubation in air at four temperatures for a variety of time periods. 
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 Reacfions (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 “local, Z 
dermatologic manifestation”; 

J 

::r 
systemic topical to be replaced with “distant or generalized skin reaction(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) 

4 



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 assumption, a recent workplace investigation observed 
an exposure-related increase in oc&pational allergic sensitization with increasing 
exposure to a variety of antigenic proteins [Baur et al. 19981. 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 [Allmers 
et al. 1998; Tarlo et al. 19941. Thus it is.Iike]y that‘ adver&health outcomes will be 
reduced if glove powder is reduced from current levels to the proposed recommended 
powder levels (120 mg/glove). 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 y( 
effective method.” 

::, 
The message in this warning label is unclear, and could be clarified by the following 
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 64, the draft Medical Glove Guidance Manual states: “At present, FDA does 
not allow a protein labeling statement or claim below the current 50 yg/gram of glove 
sensitivity limit of the ASiM Lowry test method . . ‘. For gloves to be labeled as 
containing 50 uglgram 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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Bnckgrou~& RetqdrWq symptaam dnatunl rubber iatu 
(NRL) atIe= in he&k care work tIiCWs> beve beem 
rrportcd in ww 4th a det=tablc ac%ee r(ys W 
measures how been pmposed to r&n tke risk d NBt .scasE 
ilxauos 
ObJccBvcs: Etimbdhg powdered NRt gbes ftom tkt work- 
place tu3d giving NRIAree matechl (0 +nsWXd w&em hrr 
been amang propd pwwGi*e qtcaNe%,Io rppteise tke 
success of such procedures ~cnong HCWs. L prosppctive study 
VP9 QkrrIed out. 
Methockt: Sensit&etion of l4CWr to NW WOJ detcn&bed by 
Sun p&k t&s and measuretnents aCspdk IgE mtibodks. 
NRL pllcrgett concenttnr(ndlr in mom air were tne9stUed 
betore md after shstltution of powdered NRL ltovg 4th 
powdtx-freu or synhtic ghs In differat depatiutrr OS a 
bospltol cod detexmiaed by a competitive InhibltM 

Reetdts: The prevnlence ot HC% with -tire skin prick test 
msponss end NFt&pecific Z&posttive HCWs ww 8% (a P 
7) armng the 90 euurrined stalI members before the interven= 
tion started. All 7 reported gluve-nlated niler&c symptom& 
Si ot 7 ~crtsltizad sribjac& hnd e significant dewease ot Irtex- 
specific @E aatii~ cuncetitmtbns during foil~ww-up exrmi. 
natIons in April nnd September 1997 [P c 403). Witbln 24 
hotus after substituUoa took plan, NRL oerorlllorgea Iwek 
(ap to 49.9 ag/u?) fen below the detection limit L ama vltb 
qnthetlr: doyes or powdcrfroe MRL gloves aIik& Use of ti- 
me medication nod ontiatlergk drwgs could be diwontimted by 
2 HCWs with NRL-relz&d rr~plrrtory tract symptom. 
Coackaions: Onr pesulu demoWrate that elimbtion of pow- 
dered NRL gbes k a useful Qvlce in Rdudw nerogcd NRL 
ahrgen loads betew the detectIon knit end permtttirt)? ti- 
timd or allergic pcrsvrrneI to remain o0 tbejdb (J AllergV Clla 
ImmunoI 1098:102:gald.) 

Up to 17% of health care workers (HCWs) exposed to 
powdered natwd rubber latex (NRL) gloves become 
sensitized to PJRL allergens.l-7 la s recent study we 
found symptoms of the upper and lo\yer respiratory tract 
and ~specific IgE antibodies only in HCWS 
cmptoy-ed in rooms with a detectable NRL aeroallergen 
1oad.s.‘J Several author&o have issued ntommendations 
for preventive measures (cg. elimination of powdered 
NRI. gloves and use of nonpowdemd NRL or synthetic ___’ 
gkvcs as an akcmtivc). To deter&e the efficiency and 
success of such measures to protect HCWs and patients 
front tbe effects of NRL sensitization. allergic reactions, 
or both, we conducted an iatctwntidn study. 

METliODS 
Study setting 

i 

The study period laatcd frum September 1996 t&cptember 
1997. 

Participants 
:; I_ 

Mmly I-$CWs (26 men end 64 ‘Vomch: age rag+. 22 \O 53 ye.af3 
[wcdii 32 yews]) representing 435b of the &tall (n h 211) waking 
in 4 different werdc (the pediattk snd adult intensive cem units aa4 
the dqtrtmcnts of ati&hcsiology afA rttrgery) participated in t&e 
study- l-hero were na exctusto~ crItedsc aiyom who wawcd to pm- 
ticipate couid do so. Each aubj4 anwcrcd a question&m to deter- 
mine a history of utopic symptems and NX PIIcrgy. i;dllow-up 
cxuminrtiens took place in April (history and determination of 
N&specific rgE) and September 1997 (history. skin prick tests 
(SPhj. and determination of Mrttpccifti XgF& 

SFh with controts and 8 common acrballergons CNaCl. biita- 
mim, gmst pollen. birch pollep. mugwort pollen. cat daador. Du+ 
matophagoidss pnmn~.&uu. Damaropha&da.~ fedwe. NW- 
nariu tennis. and Cladosporiuu herbawn) and 7 NRL allcwn 
cxtritcw (latex oxtract UnivmitiIt MUaster IO.1 @rat pmLetn1. 
late extmct BCFA to.01 m#mL pr&inl. R~ML lrltex milk [W- 
vfaQt#t MUastor undiluted]. Regent glow: eattact [Univanitlk Win- 
du wdiIuted]. PcHa @eve extract (vniversitut MUnstar undiluted]. 
latex Abollo [~~mmcrciplly ~&WC]. and Iaer Stdlcrgcn Ccom- 

4oJ.l f#t?R7:71 RR,OLl3n . 
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c E H A G B 
Subject6 

FIG 1. Conwntretiotr of NRL~pecific IgE antibodies in 7 subjects exposed to asrogeh NRL sllergehs before and 
12 montha otter chhe end of erwmure. IgE dlrcrense during 12 months shout 6xpaure1 ie highly eignificanc se 
determined bv wing the Z-sided Pepe test (PC .OOS. 

mercially available]) wete carried out. and the nsub were read 
after 15 mimes. Total IgE and NF.L-specikic IgE was measured by 
the CAP syslcm (Pharmacia. Ujqnala. Sweden). The ~tspecific 
IgE rtntibodies were mcssurcd s&r each round of enauGatien. and 
all sampIes fmm participants rvbo had u detectable lcvcl of antibod- 
io were reewmined concurrently at the end of the study. 

Interventions 
A~wronas~~rvardwa4usedssthewntml~paw- 

dered IQRL &ves wcte used then throughout rhe study. The pcdi- 
strlcs intensive care unit was switched to non-NRL gloves. The 
pediatrics WI& gcncral mrgcry. and orthopaiicr operating room, 
as wdl as the surgical clinic and the adult intensive care u&t were 
changed to paur&r-Frcz NRL plover. A changing mom urd by pcr- 
.sonncl w~tidng with powdemd NRL gloves was rlso stud+ Per- - 
sohnel with ;L m&izutiotl to NRt allcqens were always given a 
supply of non-NRL gloves after the initial ex,nmination in Septem- 
ber 1996. To make sure tha the intcrvcntion was immediate. all par- 
ticipating wards I.& areas wcrc switched to the altcmativc glovcr 
on the same day. All gloves that were no1 compatible with the rtudy 
design wcrc removed. One exception occurred when powdered 
gloves *eye uscd because of supply problems within tbc first 2 days 
after intervention took place. A physician in the surgical tlifiic used 
pc~dcrcd NRL gloves. In the pediatrks c~anritiation room we 
assume that there was another unnuthotized use of powdered NRL 
gloves. bur the r.ourcc could not ‘be established. 

Meesurements 
Area samplers (Probcnahmepumpe MF 70. DEHA Haiun k 

Wittmcr GmbH, flow mtc 5 to 70 Umin: kobenatuneputnpe tcco- 

ra Brwo H 2. floe NC 5 to 70 Umin) with a flow rate of 10 Umin 
wcrc us.4 for 2Ahour measurement periods itl7 diffcmt arc* the 
examination mom in the pediatric ward (9 measurement pt+ds). 
the examintttlon attd txcauncnt room in the surgical etinb (13 mea- 
surement pcrbd.9). the lloor of the surgical Wanl (S,rii&urement 
periods). tbc cha&q room (5 measurement periods). 2 air condi- 
tioning intake ducts far tbc apcnting rooms (9 .&asuroment M- 
ads). and the duk in&rive care units (8 mw.+kmcnt period& In 
till rooms crept tk chiinging room 3 measurement periods wcrc 
cwried out before the intervention took place. fn March and Sep- 
kmba 1m. mWUrerMntS Wel’~ prrcormed thing 3 i%btiqwnt 

24.hour periods at the chosen duz+. 
The pleccment of the .-lets ‘VU chosen to reduce intetfcrencc 

with routine work a~ much as possible while trying to mcwure with- 
In the nrea of gcatcst contamination (worst case scenario). Usually 
those areas were close to the storage tieas rvhcrc gtnvcr wele 
donned or the g&age bins in which the gloves were placed after 
USC, Sarqdiig took place over pcricds of appmximaeIy 24 hours. A 
flow mtc of 10 Umin was used to collect air samplcc on a cellulose 
ucetate filter 4th 3 pore diameter of 0.2 pm Cktorius. Germany% 

Determination of NR\ aemallergens 

NRJ. sllcgcn content in air sampler was determined by an 
immune inhibition U.XIY as described pfeviously.6v9 Briefly. fikrs 
with tdrtumc particles wm mmowzd from the w air sampler and 
cut into pieces of approximately 2 x 1 mm. NRL allergens wcm 
tiW&ttd &urn dte filter @Cc5 in 20 ml- of 6.1 mol/L acct3S buffer. 
pH 8.0. containing 0.1% Y[3-cholamidopropyllditnehylammonio)- 
I-propane ~~lfonatc (CHAP.%). The crttacyr were then filtered 
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Glove counts 

Tn deamtitzc a cexdaeion between the number 0r &wc5 used 

end the a&borne allucrgcn toad we attemptid o collect all glow 
being used in the follo*ing .arebo during 3 26hout periods! the 
cxatnidrllion room in the p&auk: cvarb the rumination atId tmat- 
mat room in t&c sqical clinic. the floor of the surgical ward and 
the hrr&f flow room of the pediatric itNcnsivc care unit, 

Statistics 

StatIstical ewhtlam cyre pefformcd with the SPSS for Wn- 
dews Mftwan pxkr@e (version 6.1.3. nonparametric tcs&) end with 
St&act 3 soltwarc packngc (Cytel SoNam. Cambridge. Ma&. 

RESULTS 

Ninety of 211 el@ble KcWs pa&ipa%ed in the base- 
, line examinations. Ten (11%) had NRL-speci& IgE anti- 

bodies during Qe initial exam in September 1996. Seven 
of tbse 10 had a positive SIT response to NRL allergens 
arid reported glove-related symptoms ranging from 
urticaria to asthmatic symptoms. No substantial diier- 
cnces were seen in SFi” responses when comparing the 7 
diffcent NRL extracts {with the dilutibns indicated 
above), md oo systemic rkacrions occurred during SPTs in 
any of the participants. l’hc other 3 subjects with m 
specific IgJZ yltibodies had a negativc’SPT mpase and 
did not repon NRL-related allergic symptoms. During foi- 
IOU, up. we raexamincd 49 subjects (54%) in April 1997 
and 62 subjects (69%) in September 1997. The 7 NRL- 
and IgE-positive subjects with positive SPT responses par- 
ticipated in all examinations: only 1 Stopped working in 
the hospitat bfxanse a.3 a nuune in the monatology KU, 
she nee,ded to be present in rhr delivery morn where pow- 
dered gloves were still being used to teke care of prerenn 
batites. Tkvo workers initially reported s~ptoms of the 
rqiratory tract and had to us+ antihistamines or metered- 
dose inhalers during work After sti~hing of gloves, the 
symptoms disappeared. and use of medication could be 

fti 36 7. ,032 
-- 4 6 .ooo4 

!itaEz 6 3 s 5 .W98 

sturpl nom 2 3 

mparws rsSPOruMl 
h=tP1 b=71 P rllw 

*yfeM 20 4 l 8 I 
Asfhmntic symptoms 6 I IA 
Atopic dcrmntitir 6 I I.0 
Atopic family history 29 5 -36 

*A5 &Umincdby!hC I(ofhtogorCw&tifmWtcst. . , 

terminated. Six subjects had lanzq%ific IgE antibody 
concentrations larger than I kUh in September 1996. In 
five of those we found that concentrations were halved 
within 1 year. The highest concentration vas found to be 
40 kU/L. and it fell to 30 kU/L tithin the year (Fig 1). The 
decrease of NRL-specific IgE antibodies in all 7 subjects 
during I2 months without NN, exposutr is highly sigoif- 
hat (2-sided Page rerr, P < ,003). No new cases of sensi- 
tization could be detected in the other partMpants. 

The 7 subjects with latex-specific IgE aotibod@.*and 
positive SPT responses to latex extracts had sig&?%antly 
higher levels of total IgE (Mann-Whitney: U test. P b?: 
.OO47) than the other 83 participants in th$ study. Mean 
total IgE was 145.9 kU/L (SD, 98.1) in thi latex-allergic 
group and 6 I .8 W/L (SD, 80.0) in the negative group. A 
history of NRL glove-related symptoms wa& significiat 
far wheals. sneqing. and rhinitis (Table x). Symptoms of 
atopy (hay fever, asthma, atopic dermatitis, and litopic 
family histoiy) tier& not sigkificantly associated with 
latex allergy (‘IBble II). 

Atmospheric alleqen loads of NRL allergens b&een 
0.86 nglmj and 49.93 ng/mJ vere detectable when the 
sampling was performed directly inside the rooms where 
powdered NRL gloves were used 

Mu aeroallergen was proscot (1.03 to 10.58 ng/m>) on 
each measurement period on the surgical ward floor used 
as a Positive control area (where powdered NRL gloves 
were not substitucod]. In a sceond measurement crimpaign 
in March 1997, we found NRt aeroallergens (0.61 ng/mj) 
only on 1 of 3 days in the control area. In September 
1997. ve were not able to detect any aeroallergens there. 

Within 24 how (1 measurement period) after use of 
powdered gloves WM terminated. allergen toads fell 
below the detection limit. In the suxgical clinic 1 senior 
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physician did not get a supply of powder-free gloves of 
his size ad the second day after the transition. forcing him 
to USC powdered NRL gloves. An aIlergen load of 0.86 
ng/snJ was measured that day, After thii individual was 
outfitted with powder&e gloves. the detection limit was 
not -eded for the remaining 7 measurinp intewals. 

In the examination room of the children’s ward. them 
w a demIe load of NRL eerodlergens 2 days after 

the intervention took place. without the cause being 
known. Use of powdcted gloves still in the possession of 
an individual was discussed but not proven. 

No allergen load could be detected ia che changing 
room where gloves *arc not used. 

It was not possible to detect NRL aeroallergcns on 
samples taken within the air Scream of the air condition- 

ing system for the intensive care unit and operating 
rooms. The results are summarized in Table IJI. 

When measurements of aerogen latex allergens ww 
repeated in March and Scptcmbet 1997, no detecmble 
allergen load could be detected in the rooms where only 
powder-free latex gloves were used. The result5 of the 
glove counts in the different rooms/areas were so herero- 
geneous that it was not possible to de-ne a co-la- 
don between the number of gloves used and the aeroal- 
Iergen concentration. 

DISCUSSION 
Several investigations demonstrate that powdered 

NRL gloves are the source of atmosphcfic NW aero;rt- 

lergen.‘JJtJ2 Heilman et alI3 showed that switching to 
low-ellcrgcn gloves resulted in a significant reduction of 
NRL aeroallergen levels. In an investigation of the s&f 
in our health care facilities. we found tb$t respirqtoly 
symptoms and NRL-specific IgE antibodies were only a 
@z.%tiat m cmployccs who had worked in rook with a 

7EliZbDle 
- mese rtnm a c ‘* 

accordance *lth our hypothesis that w a&qea con- 
tact to the mucosa of the upper and lower respiratory 
tract is an important cause for the dcvelopmcnt of scnsi- 
tization sgainst NRL alfcrgcns. Currently there .BIT no 

dies linking sole skin coaf8ct and a 
dlergcns. Brehlet et al’4 found a sig- 

‘nifiealltly lower p&alence in operating room staff in the 
UK. where only powder-free gloves have been used ia 
the tast decades, in comparison with German HCWs 
working in operating rooms with powdered PJRt gloves. 
Therefore we pursued the hypothesis thar once the major 
source of Mu, aeronllergens is removed by using pow- 
der-free NRL or synthetic gloves. NRL aeroallergen lev- 
els will drop below the detection limit. and the risk of 
NRt sensitization will decrease. Anothct advantage itl 
this approach is the reduction or elimination of airborne 
exposure to NRL allergens for HCWs and patients in 
whom respiratory symptoms have alrrndy developed. 

Except for 1 5arnple in the surgical clinic and 1 sample 
in the children’s examination room, no NRL aeroalleqen 
could be detected in any sampling period (24 hour,) after 
the replacement of powdered gloves. Thuc results indi- 



bodies to be maim&cd at levels that continuous expo- 
sure would induce, Hpurcver. it should be noted that even 
if NRL-specific IgE le*eS fall belorv the detection limit.’ 
ssvcre allergic re&ions might still occur on reexposurc. n&G) on 1 of 3 d&s, and in September 

not able to detect any ;rero&xxens. Inquiries at tk glove- 

of 1996 to remain 

&e&y problem had become an issue in many hospitals at 
the maniIgemult level (ptr5oaal communication). 

Swanson et al4 showed tbu surgical scrub suits in oper- 
ating rooms with detectable NRL aeroallyen levels were 
cont.aminatcd tith NF& allergens. To determine whether 
the NRL allergens adherent to clothing of personnel wwk- 
ing in areas contaminated with NRL aeroallqcns results 
in detectable release of NRL allergens into the &no- 
sphere. we perf&med mcasuremeuts in a changing room 
where XC?% changed tb& clothing before and after work 
shifts. NO NRL acroallerg~~s could be detected, s~ggcst- 
ing that even though work clothing might be contaminar- 
ed with NRL allergens. changing of &se clothes will not 
result in significant NR.L aecodlcrgen levels. 

In our study group sensitization to NRL allergens as 
determined by HRL-specif!c IgE antibodies and positive 
SPT responsev was 8%. No new cases of sen+ization 
oecurced in areas where otdy Powder-free gloves were 
used during the l-year follow-up period. BecauSe of the 
high fluctuation of personnel. WC could not determine 
whether any new sensitization occurred in the control 
wad where powdered NRL gloves were still being used. 
No allergic symptoms ad by NRL were reported dur= 
ing the follow-up period. U& asthma- 
antihistamines could be discontinued by 2 st& members . . . *fore the interveation wthae ICBS ma 
took place, In a recently published study Sussman et all5 
found very similar results for the measurement of acre- 
gen latex Jlergen concentrations and a d$ine of ailer- 
gen Fantent in powdered gloves during the length of the 
investigation. Another very interesting findi% that seems 
m support our hypothesis that inhalation of NRL is a 

We conclude that substitution of powdered NIU gloves 
with powder-f& NRL gloves or gloves not containing 
MU, is a uscfui device in reducing NIV., aeroallergtn 
loads below the assay detection limit within 2.4 hours, 
NRL allergen load adhering to clothing does not seem to 
cause a significant atmospheric contamination. Ib prevent 
detectable &mospheric contamination with lURL aeroul- 
lergens, the use of nonpowdered Mu, gloves is a suf& 
cient measure; HCWs sensitized and even allergic to NRL . 
can remln on the job if eqosure to NRLcan be avoided. 
Bdag of powdered NRL gloves in the workplace and a 
supply of NRL-free material for sensitized individuals 
seems to be a sufficient prevention stri&gy, 

their paticnc-e and suppor( while participating & this inwtigation. 
h Rzaate Kolling (St. Fmnaiskus Hospid). .IBtg ~hmcogler. and 
Paul Gurock (Btrufsgcnossenuchaft f& Gesuniihcitsdicadt und 
Wohllalutspflcgc) made thi.. study possible by giving dministr&t 
and logistic suppoti at every stage of planning and complttion of 
this study. WC at extrcmcly gfatcful for their help. 
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