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Abstract: Background: Polyvinyl chloride (PVC) gloves are recommended as a safe alternative for patients with
rubber accelerator allergy. However, allergic contact dermatitis to other chemicals in PVC gloves has been reported.

Objective: To analyze single-use PVC medical examination gloves in the United States for the presence of potential
contact allergens.

Methods: Using liquid chromatography-mass spectrometry, 20 unique PVC gloves were analyzed in triplicate for 6
chemicals: benzisothiazolinone, bisphenol A, mono(2-ethylhexyl) maleate, tricresyl phosphate, triphenyl phosphate,
and triphenyl phosphite.

Results: All 20 PVC gloves contained detectable quantities of benzisothiazolinone (range, 0.001–1.48 parts per
million [ppm]), bisphenol A (0.01–0.11 ppm), triphenyl phosphate (0.01–2.11 ppm), and triphenyl phosphite (0.001–
0.22 ppm). Eighteen (90%) gloves contained mono(2-ethylhexyl) maleate (0.001–0.14 ppm) and 3 (15%) contained
tricresyl phosphate (0.001–0.002 ppm).

Conclusions: Known allergens were present in all 20 PVC gloves. However, the detected levels were mostly low and
their relationship with sensitization and elicitation thresholds requires further study.

Capsule Summary

� Using a highly sensitive liquid chromatography-mass spec-
trometry analysis, all of a sample of 20 powder-free single-use
polyvinyl chloride (PVC) medical examination gloves were
found to contain previously reported allergens.

� Although frequently detected, allergen concentrations in
tested gloves were generally low and of unclear clinical rel-
evance.

� Future patch test studies using PVC glove samples/extracts
could characterize their potential to elicit allergic contact
dermatitis in real-world settings.

INTRODUCTION

Gloves are an essential component of skin protection in many
occupational settings, but they can induce a variety of skin

reactions including immediate hypersensitivity, irritant contact
dermatitis, and allergic contact dermatitis (ACD).1,2 Gloves are
among the most common sources of occupational ACD, usually due
to rubber accelerator chemicals found in both latex and nitrile.1–7 In
patients with rubber accelerator allergy, plastic or polyvinyl chloride
(PVC) gloves are recommended as a safe accelerator-free alterna-
tive;8 fully cured plastics are not considered to be sensitizers.1

However, multiple cases of PVC glove-associated ACD have been
reported.9–28 Identified allergens include a number of chemicals that
serve various functions in PVC gloves (Table 1).9,12,14–21,23–26,28

To date, analyses of contact allergens in PVC gloves have often
focused on the identification of a single chemical and have generally
been limited to Europe and Asia.9–28 Thus, the potential allerge-
nicity of PVC gloves in the United States is currently unknown. We
analyzed PVC medical examination gloves in the United States for
the presence of several previously reported allergens.

MATERIALS AND METHODS

We purchased 20 unique powder-free single-use PVC medical
examination gloves from 19 brands commercially available in the
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United States. Gloves were selected based on convenience and
availability from the following suppliers: McKesson, Medline,
SmartPractice, and Amazon.com in early 2022. Average cost was
$0.19 per glove (range, $0.08–0.35).

Using liquid chromatography-mass spectrometry (LC-MS), each
glove was tested in triplicate for the presence of the following che-
micals: benzisothiazolinone (BIT) (1,2-benzisothiazol-3(2H)-one;
CAS 2634-33-5), bisphenol A (2,2-bis(4-hydroxyphenyl)propane;
CAS 80-05-7), mono(2-ethylhexyl) maleate (CAS 2370-71-0),
tricresyl phosphate (CAS 1330-78-5), triphenyl phosphate (CAS
115-86-6), and triphenyl phosphite (CAS 101-02-0). Weighed slices
taken from the palm or back of the glove (between 400 and 600 mg)
were extracted with 4.9 mL of 20% ethanol while mixing on a shaker
for 1 hour at room temperature.

Exactly 3.5 mL of the supernatant was diluted with equal parts
of water and the analytes were subsequently concentrated using
Strata-X C18 solid phase columns (Phenomenex, CA, USA). The
analytes were then eluted with 0.7 mL acetonitrile, dried under
dehumidified nitrogen gas, and reconstituted with 50 mL of 50%
ethanol for analysis on a reverse phase C18 liquid chromatogra-
phy column (Poroshell 120 EC-C18 column 2.7 mm,
4.6 · 100 mm; Agilent) with mass spectrometric detection. The
gradient mobile phase system comprised water with 0.1% formic
acid and acetonitrile, flowing at a rate of 0.55 mL/min. The gra-
dient was as follows: mobile phase B was kept at 20% for the first 3
minutes, after which it was ramped to 95% within 2 minutes, then
maintained at 95% for 3 minutes after which it was returned to
20% in 1 minute and re-equilibrated for the remaining 6 minutes.
Mass spectrometric detection involved multiple reaction monitor-
ing with Q1/Q3 in the positive mode. Compound-specific tuning
parameters for the analytes were optimized (Supplemental
Table S1). The instrument positive settings were collision gas
(CAD) = 12 psi, curtain gas (CUR) = 15 psi, ion source Gas 1
(GS1) = 20 psi, ion source Gas 2 (GS2) = 30 psi, ion spray voltage
(IS) = 5500 V, and heater temperature (TEM) = 350�C.

Bisphenol A showed a stronger signal when monitored in the
negative mode. The negative settings were CAD = 12 psi, CUR =
12 psi, GS1 = 20 psi, GS2 = 40, IS = -4500 V, and TEM = 500�C.
The limit of quantification for most of the analytes was 0.001 ppm
(1.0 ng/g).

We also repeated the above analysis using a convenience
sample of 3 unique powder-free single-use nitrile medical exam-
ination gloves from our clinic.

To assess for manufacturer transparency, we contacted the
manufacturer or supplier of each PVC glove in the Fall of 2022 to
obtain the safety data sheet (SDS). SDS ingredient lists were re-
viewed for any chemicals detected in our analyses.

RESULTS

All 20 PVC gloves contained detectable levels of BIT, bisphenol A,
triphenyl phosphate, and triphenyl phosphite; 18 (90%) contained
mono(2-ethylhexyl) maleate; and 3 (15%) contained tricresylTA
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phosphate (Table 2). The allergen with the highest mean (stan-
dard deviation) concentration was triphenyl phosphate at 0.55
(0.60) parts per million (ppm) followed by BIT at 0.15 (0.36) ppm.
Allergen concentrations varied considerably between PVC gloves
(Supplemental Table S2). For instance, BIT ranged from 0.001 to
1.48 ppm; only 1 glove contained BIT above 1 ppm.

All 3 nitrile gloves contained BIT, triphenyl phosphate, and
triphenyl phosphite; 1 (33%) contained mono(2-ethylhexyl)
maleate; and none contained bisphenol A or tricresyl phosphate
(Table 2). BIT and triphenyl phosphite concentrations (mean and
maximum) were higher in nitrile gloves than in PVC gloves.

Upon contacting the manufacturer and/or distributor of each
PVC glove brand, we were unable to obtain an SDS for 12 (60%)
gloves. In these instances, we reviewed the ingredient list on the
product specification sheet. None of the 6 tested chemicals were
listed on either form of documentation. One manufacturer pro-
vided an internal report stating that their gloves were bisphenol
A-free, but their limit of detection was 0.1 ppm, which was 10-fold
higher than that used in our analysis.

DISCUSSION

To the authors’ knowledge, we present the largest analysis to date
of contact allergens in PVC gloves in the United States and also
one of the only investigations to analyze these gloves for multiple
contact allergens. We discovered known contact allergens in all of
a sample of 20 PVC gloves, but the concentrations were consid-
erably lower than those reported in published cases of PVC glove-

associated ACD (Table 3).12,14,18,24,26 Although this may imply
that our findings have limited clinical relevance, the exact
threshold concentrations for sensitization and elicitation have not
been established.

Gloves are often used during activities that decrease epidermal
integrity (wet work, frequent hand washing, and/or coexposure to
irritants),32 and the occlusive properties of gloves themselves in-
crease the epidermal penetration of certain allergens.33 Therefore,
in a highly sensitized patient, low allergen concentrations could
potentially elicit ACD.

Compared with a small convenience sample of nitrile gloves, we
found that the tested allergens were more frequently detected and
usually present at higher concentrations in PVC gloves. This was
expected since most of these chemicals are thought to be specific
to the PVC manufacturing process. Conspicuous exceptions were
BIT and triphenyl phosphite, which were present in higher con-
centrations in nitrile gloves. Given the number of reported cases of
PVC glove-associated ACD secondary to BIT,18,19 we were sur-
prised that BIT concentrations were higher in nitrile gloves.
However, there is a reported case of ACD due to nitrile gloves
containing BIT detected at a concentration of 20 ppm.34 In ad-
dition, 2 nitrile gloves were analyzed in Finland revealing BIT in 1
at 1.3 ppm (limit of detection: 1 ppm), and 2 nitrile gloves were
analyzed in Switzerland revealing BIT in both at >5 ppm (limit of
detection: 4 ppm).18,19,35

BIT is an isothiazolinone preservative that is considered to be a
weaker sensitizer than methylchloroisothiazolinone (MCI) and
methylisothiazolinone (MI).36,37 BIT is widely used in industrial

TABLE 2. Liquid Chromatography-Mass Spectrometry Analysis of Allergens in Polyvinyl Chloride
and Nitrile Medical Examination Gloves

BIT Bisphenol A
Mono(2-ethylhexyl)

maleate
Tricresyl

Phosphate
Triphenyl

Phosphate
Triphenyl
Phosphite

Limit of quantification, ppm 0.001 0.01 0.001 0.001 0.001 0.0001
PVC gloves (n = 20)

No. (%) 20 (100) 20 (100) 18 (90) 3 (15) 20 (100) 20 (100)
Mean (SD) concentration, ppm 0.15 (0.36) 0.03 (0.03) 0.03 (0.04) 0.002 (0.001) 0.55 (0.60) 0.02 (0.05)
Concentration range, ppm 0.001–1.48 0.01–0.11 0.001–0.14 0.001–0.002 0.01–2.11 0.001–0.22

Nitrile gloves (n = 3)
No. (%) 3 (100) 0 (0) 1 (33) 0 (0) 3 (100) 3 (100)
Mean (SD) concentration, ppm 2.74 (2.05) — 0.002 — 0.01 (0.01) 0.23 (0.12)
Concentration range, ppm 0.29–4.30 — — — 0.01–0.03 0.10–0.36

BIT, benzisothiazolinone; ppm, parts per million; PVC, polyvinyl chloride; SD, standard deviation.

TABLE 3. Comparison of Present Study Results With Allergen Concentrations Reported in Cases
of Polyvinyl Chloride Glove-Associated Allergic Contact Dermatitis

BIT
Bisphenol

A
Mono(2-ethylhexyl)

maleate
Tricresyl

Phosphate
Triphenyl

Phosphate
Triphenyl
Phosphite

Highest concentration detected in PVC glove sample 1.48 0.11 0.14 0.002 2.11 0.22
Highest concentration detected in nitrile glove sample 4.30 ND 0.002 ND 0.03 0.36
Concentration range reported to elicit ACD12,14,18,24,26 9–31 400–5000 NR 21.4 NR 150–340

All numbers reported as parts per million.
ACD, allergic contact dermatitis; BIT, benzisothiazolinone; ppm, parts per million; PVC, polyvinyl chloride; ND, not detected; NR, not reported.
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and household products including paints, varnishes, metalwork-
ing fluids, detergents, and cleaners.29 The use of BIT in personal
care products is forbidden in Europe,38 but no such regulations
exist in the United States. Regardless, BIT has been reported
in hand soap from both regions.39,40 In recent years, there has
been an increasing prevalence of positive patch test reactions to
BIT in both North America and Europe, although these reactions
often have unclear clinical relevance.41–43 Some may represent
immunological cross-reactivity to other isothiazolinones, but
independent sensitization might be more likely. Retrospective
investigations report that patients with a positive patch test to BIT
frequently test negative to MCI/MI (70.0–86.8% of instances) and
MI (66.7–90.0% of instances).34,43–45 Furthermore, using the retest
method in patients sensitized to MI, Russo and Aerts46 demon-
strated that immunological cross-reactivity to BIT only occurred in
1 of 7 patients.

The maximum concentrations of BIT detected in our PVC and
nitrile gloves were 1.5 and 4.3 ppm, respectively. Compared with
the other 5 allergens tested, the detected levels of BIT were closer
to concentrations reported to elicit ACD.18,19,34 In a 2007 case
series of PVC glove-associated ACD to BIT, Aalto-Korte et al19

stated that ‘‘20 ppm seems to be sufficient for sensitization,’’
whereas ‘‘concentrations below 2 ppm are probably too low to
cause sensitization or elicitation of ACD.’’

Based on the concentrations detected in our analysis, we believe
that PVC gloves represent an unlikely source of sensitization to
BIT for most affected individuals. However, considering the in-
creasing prevalence of BIT contact allergy in patch-tested popu-
lations, a more precise investigation of the previously proposed
sensitization and elicitation thresholds is warranted.

It has been previously reported that BIT may be added to PVC
gloves for its antimicrobial properties.18,19 A representative from
the manufacturer of one of the gloves tested in this study con-
firmed that they do not add BIT to their PVC or nitrile gloves, but
it is known to be introduced from raw materials and/or the
manufacturing process (C. P. Hamann, personal communica-
tion). Whether BIT is an intentional ingredient (ie, as an anti-
microbial), contaminant, or both, its presence in gloves is likely
influenced by individual manufacturer practices and vicissitudes
of the supply chain. These factors could lead to varying BIT
concentrations in glove batches from the same brand and even
between gloves in the same box, making it challenging to predict
effects on users.

In 2007, Aalto-Korte et al19 analyzed PVC medical examination
gloves in Finland, organizing 31 unique gloves into categories
according to BIT concentration: high (‡20 ppm), 4 gloves (13%);
intermediate (6–19 ppm), 2 gloves (6%); low (2–5 ppm), 3 gloves
(10%); and none (<2 ppm), 22 gloves (71%). Two of the gloves
categorized as ‘‘high’’ had each undergone 2 prior analyses for BIT,
as they were implicated in specific cases of ACD.18 Although BIT
concentrations varied between the different batches of gloves
evaluated in these analyses, they remained within the ‘‘high’’ range
in 5 of the 6 analyses.18,19

Compared with the situation of BIT, the higher concentration
of triphenyl phosphite in nitrile versus PVC gloves is more difficult
to interpret. There have been no reported cases of ACD attributed
to triphenyl phosphite in nitrile gloves; nonetheless, this chemical is
used as an antioxidant and stabilizer in both the plastic and rubber
industries.31 In 2 cases of PVC glove-associated ACD from tri-
phenyl phosphite, it was determined that this chemical was intro-
duced from the raw material Lankromark� LE131, which
functions as an antioxidant, chelating agent, and light stabilizer in
PVC manufacturing.24 As such, it is theoretically possible that tri-
phenyl phosphite is present in raw materials and could be intro-
duced during both PVC and nitrile glove manufacturing.

A major strength of our study was the use of highly sensitive LC-
MS analysis, which allowed for detection of allergens at low con-
centrations. One limitation is that we did not assess all allergens
previously reported in PVC gloves, including adipic polyesters
(mainly reported in Japan),11,13,16,20 the coloring agents Irgalite
Orange F2G and VinamonR Blue BX FW,9,23 and formaldehyde.17,28

Formaldehyde was the offending agent in the only reported case of
contact allergy to PVC gloves in North America, although it in-
volved household rather than medical examination gloves.28 We
originally intended to test for formaldehyde, but it was difficult to
develop a stable assay for mass spectrometry due to its small mo-
lecular weight and high reactivity; we were also unable to obtain
semiquantitative chromotropic acid tests due to supplier issues.
Another limitation of our study is that in allergen extraction we did
not quantify until exhaustion. Since tested allergens had a high
solubility in 20% ethanol, extractions were likely representative of
glove concentrations but could be slightly lower.

Our results highlight the importance of considering PVC gloves
as a potential cause of ACD. Although PVC glove-associated ACD
is generally considered rare, at least 1 report has suggested that it
might be as common as ACD to rubber gloves but goes unrec-
ognized.22 Importantly, unaddressed occupational hand derma-
titis could lead to prolonged reduction in quality of life and risk of
workplace absenteeism.47,48 A factor contributing to potential
underdiagnosis is that most of the reported allergens in PVC
gloves are not produced as commercial patch tests. An additional
obstacle is the difficulty in identifying responsible aller-
gens,10,11,13,22,24,27 which may be compounded by lack of manu-
facturer transparency regarding product composition (including
potential contaminants).

Nonetheless, in several instances, material suppliers, manu-
facturers, or industry representatives have provided glove sam-
ples,19 specific glove ingredients,20,24 or valuable information
about manufacturing processes.15,18 Manufacturers have also
provided custom-made gloves with various additives to aid in
allergen discovery,20 and changed formulations when informed
that their gloves contained allergenic chemicals at clinically rele-
vant levels.8,21

Given the low allergen concentrations detected in our study, we
do not recommend empiric avoidance of PVC gloves in most
clinical contexts. Rubber accelerators, which are not found in
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PVC, remain the most common cause of glove-associated
ACD.3–7 However, clinicians should consider PVC glove-
associated ACD in glove-wearing patients with persistent hand
dermatitis, especially if they are sensitized to an allergen reported
in PVC gloves (although not exclusively, as other unreported al-
lergens may also be present) and alternative sources of exposure
have been excluded. For diagnosis, it is advisable to patch test
patients to samples of their own gloves and/or the glove’s ingre-
dients (determined through chemical analysis or contacting the
manufacturer).1,2

Glove patch testing can produce false negative reactions given
the potentially low allergen concentrations present. Re-
testing/use testing to confirm weak reactions, and patch testing
to ultrasonic bath extracts of the suspected gloves may be nec-
essary to increase the diagnostic yield.1,2,22,24,49 Recognizing that
allergens could be contaminants from raw materials, it might not
always be effective for sensitized patients to merely switch glove
brands. However, in multiple reports, patients with PVC glove-
associated ACD benefited from switching to alternative PVC
brands or (if not allergic to rubber accelerators) nitrile
gloves.12,15,16,18,19,23

CONCLUSION

Reported contact allergens were detected in all of a sample of 20
PVC gloves, but they were present at low concentrations of un-
clear clinical relevance. Regardless, in the setting of chronic hand
dermatitis, PVC gloves should be entertained as a potential source
of ACD due to chemicals intentionally or unintentionally intro-
duced during the manufacturing process. Future investigations
that involve patch testing to glove samples/extracts in combina-
tion with chemical analysis could better characterize the thresh-
olds for elicitation of PVC glove-associated ACD.

SUPPLEMENTARY MATERIAL

Supplementary Table S1
Supplementary Table S2
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