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Abstract
Introduction:
The escalated demand for protective rubber glove in the healthcare industries has resulted in increased
prevalence of glove related skin problem, irritant and allergic contact dermatitis and latex sensitivity.
The industry has recently introduced a new nitrile glove product using a novel patented non-sulphur
system to effect co-valent bond crosslinking to provide the desired elasticity of the gloves. This glove
also has ionic crosslinking provided by the zinc oxide used in the formulation and the carboxylic
group of the nitrile latex. The main objective of this study is to prove that residual chemical additives
at a level that may induce Type IV allergy in the unsensitized general user population are not present
in this rubber glove and to compare it with a powder free latex examination glove.
Methods:
In collaboration with the Islamic University of Gaza, we conduct modified test on a specially formulated
and powder free, accelerator free LOW DERMA™ enhanced nitrile rubber glove that has physical
properties and barrier integrity similar to that of NRL gloves. This glove does not contain sulphur or
sulphur related compound. Two sets of Powder free, accelerator free LOW DERMA™ Nitrile Patient
Examination Gloves*, white and blue colour were tested using the modified draize-95’ test. Filter
paper soaked in normal saline and powder free latex examination glove were used as control.
Results:
A total of 209 subjects, 149 subjects, Caucasian (71.29%), 30 subjects, Afro Caribbean (14.35%) and
30 subjects, Asiatic (14.35%) were recruited. All 209 subjects had a final patch testing scoring of not
more than 1.5 during both the induction phase and the challenge phase for both types of Powder Free
Nitrile Patient Examination Gloves (white and blue) and to the negative control, normal filter paper
and the powder free NRL control glove.
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Conclusion:
The skin sensitization test (‘Modified Draize-95’ Test) of Powder Free Nitrile Patient Examination
Gloves (white and blue) and the powder free NRL examination glove were negative. There was no
clinical evidence on the presence of residual chemical additives at the level that may induce Type
IV allergy in unsensitized general user population for both Powder Free Nitrile Patient Examination
Gloves, blue and white colored, non-sterile. Both gloves qualify for “Low dermatitis Claim”.
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Introduction

With the practice of universal precaution in response
to the AIDS epidemic and the worldwide emergence
of fatal influenza A(H1N1), A(H5N1), MERS-CoV,
the sporadic epidermic of the deadly ebola virus
and many other fatal transmissible diseases, the
use of protective glove has become an absolute
necessity not only among healthcare professionals
but also caregivers.
Consequent to this, there is an exponential increase
in the demand and usage of protective rubber
gloves, both natural and synthetic. This inevitably
resulted in the increased prevalence of rubber glove
related skin problem mostly contributed by three
constituents of rubber gloves, namely the latex
protein, chemical accelerators and the powder that
is used to ease donning of these gloves.
Three major cutaneous effect of rubber gloves are
irritant contact dermatitis, type I allergic reactions
and type IV allergic reactions namely allergic
contact dermatitis.1 Irritant contact dermatitis which
is non allergenic in nature is most common, affecting
any individual and can occur with gloves made from
any form of materials.
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Type I allergy is an IgE immune-mediated response
triggered by exposure to allergenic proteins or
polypeptides that occur in latex products. The
reaction is immediate and presents typically as direct
contact urticaria, less commonly rhinoconjunctivitis
and asthma or rarely, systemic in nature, most
severe of which is anaphylactic reaction.2 Chronic
occupational exposure to latex results in higher
incidence of latex allergy (type I hypersensitivity)3
affecting 4.32% to 12% of healthcare workers3-4
and even higher, among atopics with chronic
occupational exposure, 43% when compared a
prevalence is only 1.4% in the general population.5
Type IV reaction is a delayed type hypersensitivity
reaction that occurs in response to rubber
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chemicals, manifesting also as contact dermatitis
which is illicited following usage of rubber
glove (24 to 48 hours) in an already sensitised
individual. Common causes are residual
chemical additives, rubber as accelerators such as
dithiocarbamate, tetramethylthiuram disulphide or
mercaptobenzothiazoles and antioxidant that was
added during the manufacturing of NRL gloves
to facilitate cross linking, which is a fundamental
process that provide the excellent elastic nature of
NRL glove with effective barrier property which
can hardly be challenged by synthetic rubber.
Starch powder used to ease donning of rubber glove,
increases the allergenic nature of rubber glove as it
has the capacity to bind with protein antigens (NRL)
and released into the air when the gloves are donned
or removed which through inhalation or ingestion
can lead to the sensitisation and allergic reactions
to NRL.8-9 Most powdered gloves,
powdered
surgeon’s gloves, powdered patient examination
gloves in Germany (1990’s) and the United States.10
Latex sensitisation which heightened in the 1980s
and 1990s has declined dramatically with the
combination of safety regulation imposed on latex
products, improved education and awareness
and with the shift from the use of NRL powdered
examination and surgical gloves to the use of
powder-free NRL gloves with reduced protein
levels and synthetic gloves.11-17
Several types of latex-free gloves such as vinyl and
nitrile have since been invented to overcome the
situation as the demand for glove wearing increased
and to provide suitable alternative to individuals
with latex allergy. Compared to vinyl, nitrile glove
serves greater protective barrier, almost comparable
to that offered by latex gloves.19 However, these
synthetic gloves also use the similar cross-linking
agent and vulcanisation accelerator with that of
NRL glove. Hence, the shift from NRL to synthetic
rubber glove did not solve rubber glove related
problem. Reports of allergic contact dermatitis to
non-latex gloves like nitrile gloves, that used to be
far less prevalent than those to NRL gloves, have
become more common in recent years.18
In order to avoid type IV allergy, it is crucial that
synthetic gloves adopt a different formulation
or using a different cross-linking system that
eliminates the use of chemicals that may cause
allergic reactions. The industry has recently
introduced a new nitrile glove product using a novel
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patented non-sulphur system to effect co-valent
bond cross linking to provide the desired elasticity
of the gloves. This glove also has ionic cross linking
provided by the zinc oxide used in the formulation
and the carboxylic group of the nitrile latex.
The main objective of this study is to prove that
residual chemical additives at a level that may
induce Type IV allergy in the unsensitized general
user population are not present in this rubber
glove and to compare it with a powder free latex
examination glove. This study is also designed
to meet the requirements for claim, “where this
product must demonstrate reduced potential for
sensitizing users to chemical additives as described
in “Guidance for Industry and FDA Staff - Medical
Glove Guidance Manual. Supporting Test Data: A
negative skin sensitization test (Modified Draize-95
Test)” on a minimum of 200 non-sensitized human
subjects.

Materials and Methods

In collaboration with Islamic University of Gaza, we
conducted a modified test on a specially formulated
and powder free, accelerator free LOW DERMA™
enhanced nitrile rubber glove that has physical
properties and barrier integrity similar to that of
NRL gloves, made from acryclonitrile-butadiene.
This glove does not contain sulphur or sulphur
related compound.

Ethical Consideration

This study was conducted in compliance with the
Helsinki Declaration and a written informed consent
from the subject was obtained prior to recruitment
and filed with the subject’s records. The ethical
approval were obtained from Islamic University of
Gaza (Ethics approval number: PHRC/HC/46/14)
and Healthmedic Research Ethics Committee
(HMREC) (Ethics approval number: HMRECHMR-12-2016-B).

Materials

Two sets of Powder free, accelerator free LOW
DERMA™ Nitrile Patient Examination Gloves,
white and blue colored that have undergone primary
skin irritation test and guinea pig sensitisation
studies and have been tested negative for rubber
chemical accelerators using chemical analytical
technique were tested. Filter paper soaked in normal
saline were used as negative control and powder
free latex examination glove were used as control.
The nitrile gloves are produced from a patented
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manufacturing process No. US 2013/0198933 A1
and are provided provided by the sponsor (Kossan
International Sdn. Bhd.).

Selection and recruitment of study
subjects

A total of 209 non-sensitized healthy adult human
subjects with no skin problem or previous type 1 or
type IV allergy, aged between 18 to 65 years were
recruited into the study.
The study comprised of 3 weeks induction phase,
2 weeks rest period followed by challenge phase.
During the induction phase, a total of 10 test
patches that consists of 2cm by 2cm of tests and
control materials were patched onto the skin on
each working day. The test patches were removed
and replaced with a new one at the same site every
48 hours, for a total of 10 changes. Patches applied

before the weekend were removed the next working
day, ie 72 hours later.
During the challenge phase, two samples of the
same test material were applied consecutively to
a virgin site for 48 hours each. The test sites are
evaluated for cutaneous reaction at the time of each
patch removal and for the challenge patch, the test
sites are again evaluated 2 to 4 days after removal of
the second patch.

Scoring Criteria

Patch Testing Scoring criteria are based on standard
scoring of the North American Contact Dermatitis
Research Group (NACDRG).19 The intensity of
reactions were scored as basic and supplemental
score according to the criteria listed in table 1a and
1b.

Table 1a. Scoring Criteria (Basic Score)
Basic Score
0
0.5
1.0
2.0
3.0

Description
No visible reaction
Doubtful or negligible erythema reaction
Mild or just perceptible macular erythema reaction in a speckled/follicular, patchy or confluent pattern (slight pinking)
Moderate erythema reaction in a confluent pattern (definite redness)
Strong or brisk erythema reaction that may spread beyond the test site

Table 1b. Scoring Criteria (Supplemental Score)
Supplemental scores
0.5
0.5
0.5
0.5

Description
Edema
Papules
Vesicles
Bullae

Label
E
P
V
B

Skin reaction during the patch testing were observed
and labelled using the scoring criteria provided. For
skin reactions (basic score) that occur together with
the described signs (supplemental score), both of
the scores were added to produce the final score as
the final result.
In order to qualify for the claim of a reduced
sensitization potential, all the subjects completing
the study should exhibit score value of no more than
1.5 based on the scoring criteria describe above.
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Results

A total of 209 subjects, 149 Caucasian subjects
(71.29%), 30 Afro Caribbean subjects (14.35%)
and 30 Asiatic subjects (14.35%) were recruited and
completed the study. Age range of the study subjects
were between 18 – 58 years (25.29± 9.13). One
hundred and five subjects were females (50.24%)
and 104 subjects were males (49.76%).
All 209 subjects had a final score of not more than
1.5 during both the induction phase and the challenge
phase for both types of Powder Free Nitrile Patient
Examination Gloves (white and blue) and to the
negative control, normal filter paper and the powder
free NRL glove. The results of the final score are
summarized in the table 2 while table 3 summarizes
the percentage of positive reaction in the duration of
induction and challenge test.
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Table 2. Final Score of the skin reaction induced by the test patches during the challenge phase for non-sensitized subjects for inner
surface of both types of Powder Free Nitrile Patient Examination Gloves (white and blue).
Sample
Powder Free Nitrile Patient Examination Gloves, White Colored, Nonsterile, Low Dermatitis Potential Claim (inner surface).

Total Score
Score less than 1.5
Score more than 1.5

Number of Subject
209
0

Powder Free Nitrile Patient Examination Gloves, Blue Colored, Non-sterile, Score less than 1.5
Low Dermatitis Potential Claim (inner surface).
Score more than 1.5

209
0

Table 3. Summary of percentage of positive reaction during the induction phase and the challenge phase for the test material and the
control sample.
Description

Number of
subject

Percentage of positive reaction in non sensitized subjects
Induction
Challenge

Powder Free Nitrile Patient Examination Gloves, White Colored,
Non-sterile, Low Dermatitis Potential Claim (inner surface).

209

0%

0%

Powder Free Nitrile Patient Examination Gloves, Blue Colored,
Non-sterile, Low Dermatitis Potential Claim (inner surface).

209

0%

0%

209

0%

0%

209

0%

0%

Test material:

Negative control:
Filter paper
Control glove:
NRL glove

Discussion

These nitrile gloves are manufactured from a copolymer of acrylonitrile and butadiene synthetic
latex, (carboxilic nitrile rubber latex) instead of NRL,
using a patented method. It is the best alternative and
to a certain extent almost equal to latex glove, in terms
of performance.18 The patented method eliminates
the usage of sulfur as crosslinking agent and sulfur
containing compound as crosslinking accelerator,
specifically, dithiocarbamate, tetramethyltiuramdisulfide (TMTD) or mercaptobenzothiazole
(MBT)19 which are among the commonest sensitizers
detected in patients with contact dermatitis (Type
IV) and suspected glove allergy21-22. It serves as one
of the best option for synthetic rubber latex and does
not contain latex protein, which is a known cause of
Type 1 allergy.
Patch testing, chosen for this study to evaluate the
presence of and the potential effects of the sensitizers
is universally regarded as the best method to identify
these allergens. It is used to simulate and exaggerate
the everyday situations of product application on
the skin. None of the volunteers showed positive
reaction towards the gloves sample. The results
can be interpreted as the non-existence of allergen
causative agent or perhaps it exists in a very low
MJD 2017 June Vol 38

amount that has no clinical effects on the skin of
the study subjects, thus, provides more than 95%
confidence that the chemical sensitization potential
in the user population is expected to be less than
1.5%.
NRL glove which uses the chemical accelerators that
was used as control in this study also gave similar
result. In this case the chemical accelerators in this
NRL gloves maybe present in very small quantity
that is lower than the threshold for sensitisation
hence also qualify for claim of low dermatitis
potential.
Changes in glove technology and a dramatic
decrease in the prevalence of NRL allergies after
interventions, technological advances and education
justify the revisit of glove restriction policies of the
use of devices made of NRL in healthcare that has
been practised as precautionary measures against
the perceived risk of NRL allergy.
The introduction of powder-free gloves has been
associated with reductions in protein content and
associated allergies. The use of low-protein, lowallergenic, powder-free gloves is associated with
a significant decrease in the prevalence of type I
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allergic reactions to NRL among healthcare workers.
Given the excellent barrier properties and physical
characteristics, dramatically reduced incidences of
allergic reactions, competitive costs, biodegradable
in nature23-25 and naturally derived environmental
friendly material, the restriction of usage of NRL
gloves within the hospital environment warrants
reappraisal.
Nevertheless, low-protein, lowallergenic, powder-free gloves does totally eliminate
problem relating to NRL allergy, hence there is still
a need for non NRL glove especially among high
risk individuals.
Although most patients can be treated effectively
for type IV and type I reactions without clinical
sequelae, major allergy may prevent them from
pursuing certain careers, using many household
and workplace objects, and seeking timely medical
care. Moreover, those with underlying atopy and
sensitive skin may well be sensitised with prolonged
exposure. Type 1 allergy eg contact urticaria26 can
directly impair barrier function through swelling of
the skin surface or indirectly, through scratching,
predispose to type IV allergy even with very small
quantity rubber chemical.
This powder free, accelerator free LOW DERMA™
rubber glove provides reasonable alternative to NRL
rubber glove and further advantage over NRL rubber
glove among atopic individuals, high risk group
and latex sensitised individuals and elimination of
possible future latex sensitisation even though both
meets the criteria of low dermatitis potential.
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