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Abstract TOP

Background: Recent reports have noted an apparent increase in the prevalence of natural rubber
latex (NRL) allergy among workers with occupational latex exposure (OLE). The risk factors for and
the natural history of NRL allergy in this population are not well delineated, and the utility and
comparability of immunoassays as confirmatory testing are unclear.

Methods: Serum samples and medical histories were obtained from 47 symptomatic workers with
OLE, from nine other individuals with a history consistent with NRL allergy, and from 10 atopic
asymptomatic NRL-exposed control subjects. Sera were coded and analyzed in a blinded manner
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for latex-specific IgE, using a variety of antigen sources, including ammoniated and nonammoniated
raw latex preparations and three finished glove preparations.

Results: Risk factors for the latex allergy in workers with OLE appear to include a history of atopy
or preexisting dermatitis involving the hands. In this population, NRL allergy is commonly preceded
by latex glove—associated contact dermatitis. Serologic testing confirmed the suspected diagnosis
in 62% of workers (15 of 24) with systemic symptoms but was only positive in 27% of workers (4 of
15) with symptoms limited to contact urticaria.

Conclusions: The appearance of a latex glove—associated contact rash may precede the
development of NRL allergy, particularly in atopic persons. Workers at risk should be advised to use
alternate types and brands of latex gloves or to switch to nonlatex gloves entirely. (J ALLERGY CLIN
IMMUNOL 1994;94:12-8.)

CD Contact dermatitis

CR Contact reaction

CU Contact urticaria

NRL Natural rubber latex

OLE Occupation latex exposure

SR  Systematic reaction

Key words: Contact urticaria, latex, occupational asthma, allergic contact dermatitis

The superior characteristics of latex — its tactile qualities, comfort, barrier protection, and sterility —
have allowed latex gloves to play an important role in health care for most of this century. Since the
mid-1980s, when concern over the transmission of human immunodeficiency virus and other viral
contagions leds to the initiation of universal precautions, use of latex gloves has increased rapidly.
The Occupational Safety and Health Administration estimates that more than 5.6 million American

. : 1
health care and other workers use latex gloves regularly — over 7 billion pairs of gloves a year.

Recent reports have demonstrated that latex may serve as a potent allergic sensitizer to both

patients and health care providers.z'5 More than 1000 reactions to medical devices containing
natural rubber latex (NRL), including NRL gloves, characterized as at least “serious,” have been
reported to the U.S. Food and Drug Administration (FDA) as of April 1992. The FDA is also aware
of at least 15 deaths that have resulted from severe reactions to NRL. Both statistics almost
certainly radically understate the number of patients and workers involved because of an
underreporting of these reactions.

Workers with occupational latex exposure (OLE), particularly those wearing gloves, appear to be at
substantial risk for the development of NRL allergic hypersensitivity because of their exposure to

6
NRL. In a study published in 1987, Turjanmaa reported that of 512 hospital employees, 4.5% had
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suspected NRL sensitivity and in 2.9% the diagnosis could be confirmed with NRL prick and use
tests. Of operating room employees (presumably where exposure is greatest), 7.4% of physicians

6
and 5.6% of nursing personnel were allergic to NRL.  Later reports confirmed these findings and
demonstrated substantial prevalence rates of NRL sensitization. On a self-reporting survey among

;
active-duty dental officers in the U.S. Army, 8.8% reported symptoms of allergy to latex gloves. ™
Studies utilizing confirmatory immunoassays or skin tests have reported similar prevalence rates for

NRL sensitization: 9.9% among staff anesthesiologists in Toronto, 10.7% among operating room
10

8
nurses in public hospitals in Marseilles, and 14.7% among operating room personnel in Detroit. -

NRL may function as a significant occupational aeroallergen, particularly among health care

11 15
workers, for whom dry glove lubricants may provide antigen carriage. -~

Our study attempted to retrospectively delineate risk factors for, and the natural history of, NRL
hypersensitivity among symptomatic workers with OLE. We also investigated the utility and
comparability of immunoassay techniques by using a variety of antigens and methods in two
laboratories in confirming a clinical diagnosis of latex allergy.

Methods TOP

Subjects

Between August 1991 and October 1992, 47 symptomatic persons with OLE (three medical
assistants; 13 medical laboratory technicians; five dialysis, radiology, or surgical technicians; 22
nurses; one physician's assistant; two physicians; and one beautician) and nine others (two adult
patients and seven pediatric patients) with a history of possible latex reactions incurred either while
receiving medical attention or in nonmedical situations were seen at the Allergy Division of the
Milwaukee Medical Clinic. Ten asymptomatic atopic volunteers with OLE were later recruited to
serve as a control population for serologic and skin test studies. All participants (or their guardians)
signed an informed consent permitting serologic testing and reporting of significant findings.

Historical data were gathered by means of a questionnaire and an interview completed by one of us
(B.L.C.). Items included job title; length of OLE; date of first reaction to latex; the use of and
reactions induced by changing brands of latex gloves and the use of latex substitutes; the
occurrence and nature of reactions to nonglove latex products; the history of reactions while a
patient; and the frequency of other allergies and skin conditions.

Allergy tests

With the use of the Multitest system (Lincoln Diagnostics, Inc., Decatur, Ill.), skin prick tests were
applied to the volar forearm and included standardized mite and cat allergens, ragweed, grass and
tree pollens, banana, cantaloupe, and celery. Wheal reactions greater than 5 mm over albumen-
saline controls were considered positive. Because of the lack of an available FDA-licensed latex
extract, latex skin testing was not performed on these patients.

Serum IgE levels were measured, using the IMx (Abbott Laboratories, Abbott Park, IIl.), in
nanograms per milliliter. Results were reported in percentiles, on the basis of comparison to
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normative data for a nonatopic healthy population as reported by Barbee et al.lf6 For the purposes
of this study, subjects were considered to be atopic if either, or both, of the following was true: (1)

their serum IgE was Z80% percentile or (2) they had a positive prick skin test result to one of the

inhalant antigens.

Sera were sent coded and analyzed for specific IgE antibodies in a blinded manner at both of the
participating laboratories (DACI Reference Laboratory, Johns Hopkins University; Allergy Research

Laboratory, Mayo Clinic). Details of the immunoassay methods are presented elsewhere.g ETable
| lists the latex allergen sources used in these analyses. In DACI Reference Laboratory, Johns
Hopkins University, extracts from nonammoniated latex, ammoniated latex, and a latex glove
(Triflex; Baxter Healthcare), were each separately bound to Sepharose particles and incubated
overnight with serum, during which time specific IgE, if present, bound to the allergosorbent. After a
buffer wash, bound IgE was detected with radiolabeled anti-human IgE Fc. After a second buffer
wash, bound radioactivity was measured and counts per minute were interpolated from a reference
curve into nanogram per milliliter equivalents of IgE anti-latex. The minimum detectable
concentration of these assays is 0.6 ng/ml. Specificity of each positive antibody measurement was
confirmed by soluble antigen inhibition of IgE binding to the allergosorbent in a subsequent assay.
At the Allergy Research Laboratory of the Mayo Clinic, nonammoniated latex (E5), ammoniated
latex (J21), and two glove extracts (YM2, CUS47) were adsorbed on plastic microtiter plates at 10
png/ml in carbonate buffer.*=

. *For a listing of manufactures, see ®Table |

After a buffer wash and overnight incubation with serum, unbound serum proteins were removed
with a second buffer wash. Bound IgE was detected with radiolabeled anti-human IgE Fc. After a
third buffer wash, bound counts per minute obtained with test specimens were computed as a
percentage of counts per minute resulting from a negative control serum, and binding ratios > 250%
were considered positive.

TABLE I. Latex allergen extracts used in study

No. Source material Latex source Test assay site
1 Nonammoniated FDA-Devices* Johns Hopkins
2 Nonammoniated FDA-Biologicst Mayo
3 Ammoniated FDA-Devices Johns Hopkins
4 Ammoniated Johnson & Johnson Medical Mayo
5 Triflex Surgical glove Baxter Healthcare Johns Hopkins
6 Bodyguard glove TK Glove Products Mayo
7 Examination glove Burrows Glove Mayo

*FDA Center for Devices and Radiological Health.
TFDA Center for Biologics Evaluation and Research.
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Results TOP

Historical data

Initial review of the medical histories of the group with OLE yielded data suggesting that systemic
reactions (SRs) in workers with OLE was commonly preceded by contact reactions (CRs), either
contact dermatitis (CD) or contact urticaria (CU), or both. To elucidate the nature of this

transformation, we devised a clinical classification schema, based on previous efforts, which

. o . 518 19
included the criteria presented in ®Table Il.

TABLE Il. Classification of latex reactions

Classification  Reaction types Clinical manifestations
Contact dermatoses Irritant Within 1st day: dryness; pruritus; fissuring; cracking

At 24-48 hrs: redness; swelling; exudation; crusting Chronic:
Allergic contact lichenification; scaling; hyperpigmentation

Contact urticaria Hives
Erythema and pruritus within 30 minutes of contact
Dyshidrotic eczematous reactions
Systemic reaction  Cutaneous Generalized urticaria
Respiratory Asthma; allergic rhinitis or conjunctivitis
Anaphylactic Acute respiratory or cardiovascular failure

Only 3 of 24 volunteers with OLE had de novo SRs to latex with no history of contact reactions. The
clinical progression of reactions was uniform: CD to CU to SRs. In over half the subjects, latex
glove—associated CD preceded the onset of both CU and SRs. As shown in ®Table Ill, individuals
could skip any stage in the progression or, alternatively, could manifest even severe andlong-
standing CRs without evidence of systemic symptoms.

TABLE lll. Historical progression of latex reactions

Study group n Gender Age (mean + SEM)
OLE — Contact reaction 23 1M 22F 36.9+24
CD 8 1IM7F 344143
CD—CU 6 6F 38.8+5.6
CuU 9 oF 379134
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OLE —Systemic reaction 24 1M 23F 37.8+1.3

CD—SR 4 4F 39.0+2.7
CD—CU—SR 11 1M 9F 35.6 + 2.0
CU—4SR 6 6F 385+1.5
De novo SR 3 3F
Patients 9 4MS5F 151+ 3.8
Controls 10 5M 5F 41.8+ 3.2

In the study group, the number of persons with SRs and, to a lesser extent, the number of persons
with CU increased over the last 6 years, as noted in ®Fig. 1. In contrast, the number of persons
reporting new CD reactions has increased only slightly.

FIG. 1. Index date of latex reaction in 47
symptomatic OLE workers.
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Analysis of historical risk factors revealed a high prevalence of preexisting nonspecific dermatitis in
the CR group (15 of 23). In the SR group, 19 of 24 had a history of hand dermatitis before having
either CU or SRs. Of this group, four had a history of solely nonspecific dermatitis; nine had a
history of nonspecific dermatitis with subsequent evolution of latex glove—induced CD; and six had a
history of solely latex glove—induced CD. As seen in ®Table 1V, the prevalence of atopy in the SR
group was substantially higher than that observed in either of the CR groups. Banana skin prick
testing was positive in 6 of 24 in the SR group and negative in all others tested; but only two
persons had any history of symptoms after ingestion. In general, SR developed later during
occupational latex glove exposure; more than half of the SRs developed only after 100 months. In
contrast, more than half the CD reactions developed within the first 20 months, and half the CU
reactions developed within 40 months. A history of medication or food allergy did not appear to be
associated with any type of latex or latex-associated reactions.

TABLE IV. Possible risk factors for developing latex hypersensitivity in OLE
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workers

Patient group Preexisting dermatitis Atopic Medication allergy Food allergy

CR 15/23 10/23 6/23 5/23

SR 19/24 20/24 8/24 10/24
Seropositive 12/15 15/15 4/15 5/15
Seronegative 6/9 5/9 4/9 5/9

Patients 1/9 3/9 0/9 2/9

A history of latex reactions induced by latex-containing products other than gloves was elicited
commonly from subjects in each group, but surprisingly, this did not appear to occur with greater
frequency in SR than in CD or CU subjects.

In the patient group, five persons had recognizable risk factors, such as spina bifida, or other
conditions necessitating frequent operative intervention or instrumentation, such as Hirschsprung's
disease, endometriosis, bladder lymphangioma, spina bifida, and an omphalocele. One of these
patients had a history of latex-induced SR dating to 1967, occurring more than a decade before the

20
first report of latex allergy.  Of four pediatric patients with convincing histories of SR and no
recognizable risk factor, two had detectable levels of circulating anti-latex IgE.

Immunoassay

Serologic findings are summarized in ®Table V. No seropositive reactions were found among the
group with only CD reactions. Of 15 subjects describing a history of CU with OLE, only four (27%)
had detectable latex-specific IgE. In two of these four seropositive CU subjects, SR developed
during the course of the study, indicating that detectable latex-specific IgE may precede the onset of
SR in patients with CU. In contrast, of 24 patients with a history of SR, 15 (62%) had detectable
latex-specific IgE.

TABLE V. Summary of serologic
findings by group

Patient group n Latex seropositive (%)

CR 23 17
CR-CD 8 0
CR-CU 15 27

SR 24 62

Patients 9 77

Controls 10 10
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Of the 10 controls, one had significant levels of circulating anti-latex IgE. This subject remains
without symptoms 10 months later.

In our study a variety of antigen sources, including both ammoniated and nonammoniated latex, as
well as antigens eluted from finished glove products, yielded similar results in blinded parallel

17
testing, as shown in ®Table VI, findings more completely examined elsewhere.

TABLE VI. Immunoassay results

% Positive for each extract no.
Patientgroup n 1 2 3 4 5 6 7

CR 23 17 17 17 1 17 17 17
SR 24 58 62 58 29 62 62 42
Patients 9 67 78 67 67 67 67 67
Controls 10 10 10 O O 10 10 10
Discussion TOP

Latex-induced CD has been well recognized for more than 40 years. The recent increase in
incidence and prevalence of IgE-mediated sensitization to NRL is an unanticipated medical

problem. First described in well-defined patient populations, 22 NRL sensitization has become a

common iliness in workers with OLE. The observations made in this population of workers with OLE
highlights two aspects of this problem. First, in our study group, the number of patients reporting the
onset of latex-induced CD appears relatively constant, whereas the number of patients with CU and

SRs has markedly increased over the past few years, consistent with other observations.z_4 Second,
we are unaware of any other multicomponent contact sensitizing agent that has been associated
with a qualitative shift from a predominantly (and virtually exclusively) type IV antigenicity to a
potent type | sensitizer capable of eliciting IgE antibodies. That over half of the workers with OLE
and SR studied had a history of latex-associated CD suggests the need for prospective
epidemiologic studies involving health care workers to investigate the whether latex glove—induced
CD may predispose OLE workers to SRs.

The underlying cause for this development remains obscure despite intense investigation. As

opposed to a recent report by Kurup et aI.,Z_5 this study suggests that raw latex, in either the
ammoniated or the nonammoniated form, is virtually equivalent to extracts eluted from finished
glove products as a source of antigen for identification of persons allergic to latex by serologic
testing. These findings imply that the sensitizing latex antigens are likely not neo-antigens formed in
the manufacture of rubber products. One recent report demonstrated that changes in a variety of
production methods — especially leaching and washing conditions, chlorination procedures, and
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autoclaving — have measurable effects on the levels of extractable proteins and, thus, quite likely in

: : 26 : . :
the levels of allergenic proteins as well. ~ Some of the chemicals used in rubber processing,

including accelerators, antioxidants, and lubricants, may generate potent CU and SRs, including

5 27 34
anaphylaxis, on their own™ — —; thus they may act to disrupt the normal skin barrier and facilitate

the transport of sensitizing latex proteins or possibly serve as haptens or adjuvants in eliciting an
IgE response.

Despite the lack of confirmatory NRL skin testing, immunoassay results in our study demonstrate
similar rates of seropositivity for the study as a whole and for the defined clinical subgroups as

4 35
reported in previous studies. Turjanmaa et al.” and Jaeger et al. noted seropositivity rates of 53%
and 62%, respectively, in studies of health care workers with OLE with latex allergy — figures
comparable to the overall rate (49%) we observed, but less than the 73% skin test positivity rate

36
found by Kelly et al.” in 15 health care workers reporting symptoms of latex allergy. For health care

workers with a history limited to CU reactions, immunoassay results have ranged from 0% to 57%
10 18 37

35
positive in earlier studies, - again comparable to our results. Jaeger et al. reported finding
detectable anti-latex IgE in well over 70% of persons with a history of SRs and found a positive

35
correlation between symptoms and the antibody concentration. Our observations showed a lower
rate of seropositivity (62%), and we were unable to find any clear relationship between the severity
of symptoms and antibody levels.

SRs to latex appear to occur only uncommonly de novo. In the group studied, SRs occurred most
commonly in atopic persons with a history of hand dermatitis, including CRs to latex. The possibility
of developing a systemic reaction does not disappear with long-term uneventful exposure, and even
after decades of use, some workers with OLE have experienced the onset of CRs and later the
onset of systemic hypersensitivity. In this sense, CU may well be a less severe, earlier expression
of NRL allergy than SRs in some patients. In the group studied, more than 20% of the group with
CRs had new CU or SRs (or both) during a 24-month period of observation. On the other hand,
many workers with OLE appear to suffer significant CD that is unchanged in severity over years,
which they may self-treat without formal medical attention.

Once sensitized, many persons have remained clinically sensitive for prolonged periods. Of the
study subjects, six with SRs and 12 with CU have experienced reactivity for over 5 years. This
perceived persistence of latex sensitivity may reflect ascertainment bias in our observations;
alternatively, the ongoing stimulation engendered by chronic exposure to latex, a ubiquitous
substance both in and out of the workplace, may serve to reinforce the allergic response, in contrast

to the natural history of stinging insect—venom hypersensitivity, in which in slightly less than half the

. . 3839 : . . . : .
cases reactivity abates over time.” :~ Long-term prospective studies will be required to confirm this

observation about the natural history of latex allergy.

While immunoassay tests appear useful to confirm a clinical diagnosis of latex allergy, particularly in

atopic persons, outside of the United States commercial extracts have proved valuable and safe for

6 8 10
diagnostic skin testing, a procedure of greater sensitivity. - - Unfortunately, no commercial

reagent has been approved by the FDA, and attempts to use glove-extract antigens for immediate

36
hypersensitivity testing has been complicated by an unacceptable rate of systemic reactions.” Itis
hoped that this situation will be rectified in the near future, given the seriousness of this medical
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problem and the increased frequency with which latex-sensitive persons are appearing for
evaluation.
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