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potential. The use of low-protein, low-allergenic, powder-
free gloves is associated with a significant decrease in the 
prevalence of type I allergic reactions to NRL among health-
care workers. Given the excellent barrier properties and op-
erating characteristics, dramatically reduced incidences of 
allergic reactions, availability of specific tests for selection of 
low-allergen gloves, competitive costs and low environmen-
tal impact, the use of NRL gloves within the hospital environ-
ment warrants reappraisal.  Copyright © 2011 S. Karger AG, Basel 
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 Abstract 

 Many hospitals have implemented policies to restrict or ban 
the use of devices made of natural rubber latex (NRL) in 
healthcare as precautionary measures against the perceived 
risk of NRL allergy. Changes in glove technology, progress in 
measuring the specific allergenic potential of gloves and a 
dramatic decrease in the prevalence of NRL allergies after 
interventions and education prompted us to revisit the basis 
for justifiable glove selection policies. The published Anglo-
phone literature from 1990 to 2010 was reviewed for original 
articles and reviews dealing with the barrier and perfor-
mance properties of NRL and synthetic gloves and the role 
of glove powder. The review shows that NRL medical gloves, 
when compared with synthetic gloves, tend to be stronger, 
more flexible and better accepted by clinicians. The intro-
duction of powder-free gloves has been associated with re-
ductions in protein content and associated allergies. Recent-
ly, new methods to quantify clinically relevant NRL allergens 
have enabled the identification of gloves with low allergenic 
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 Introduction 

 In recent years, many hospitals and health care set-
tings around the world have decided to restrict the use or 
totally ban all natural rubber latex (NRL) devices as pre-
cautionary measures to NRL allergy threats. As is widely 
acknowledged, type I or IgE-mediated NRL allergy has, 
for several years, been one of the most significant occu-
pational health problems [for reviews, see  1–3 ]. However, 
it is now also acknowledged that new cases of NRL al-
lergy have reduced significantly and sometimes virtually 
disappeared in countries and hospital regions where 
health authorities have required the use of low-allergen/
low-protein, non-powdered protective medical gloves. 
Thus, policies which ban the use of NRL devices may be 
an overreaction that can lead to unexpected compromis-
es in the primary purpose of using protective gloves, that 
is, providing a competent barrier to protect against infec-
tions for both healthcare professionals and the patients 
 [4, 5] . These controversies prompted us to revisit the basis 
for justifiable glove selection policies.

  As is well known, NRL has been used as a material for 
the production of gloves for almost a century. Through-
out the 1990s there were increasing concerns about trans-
mittable diseases, particularly HIV infection and hepati-
tis, which resulted in a dramatic increase in the use of 
NRL gloves. Escalating glove use in the 1990s was associ-
ated with the rise in reports of allergic reactions to NRL 
gloves among healthcare workers  [1, 6–10] . The increased 
demand for gloves led to an upsurge in glove production, 
especially in Malaysia. Between 1987 and 1989 the Ma-
laysian Rubber Development Board received over 400 ap-
plications to form glove companies where previously only 
25 existed  [11] . Early on in the history of NRL allergy, 
some authors  [12, 13]  suggested that the increased pro-
duction in response to the sudden upsurge for latex gloves 
often led to inadequate leaching to reduce protein levels.

  The healthcare community requires medical gloves, 
both for examination and surgery, in order to provide a 
barrier that prevents transmission of micro-organisms to 
and from patients  [4] . Many factors are involved in the 
choice of materials for the production of medical gloves, 
which relate to both the protective effect as well as ease 
and comfort of use  [14, 15] . For a large number of health-
care practitioners, NRL continues to be the glove mate-
rial of choice  [15, 16] .

  The negative aspect of NRL glove use, linked to the al-
lergy problems, has gained substantial media coverage, in 
addition to the publication of a significant number of sci-
entific papers. In reaction to the media and scientific cov-

erage, and to rising compensation claims, many hospitals 
around the world have implemented new latex allergy 
and glove policies, resulting in the substitution of NRL 
gloves with synthetic gloves in certain areas, on specific 
patients or by sensitized staff. More recently, a number of 
high profile hospitals, exemplified by Johns Hopkins 
Hospital in Baltimore, Md., USA, and the Cleveland 
Clinic’s network of nine hospitals in Cleveland, Ohio, 
USA, have gone ‘latex free’  [5] . As a result, a small but in-
creasing number of medical practitioners only have ac-
cess to gloves made from synthetic materials. Such poli-
cies require full consideration of all of the factors in-
volved, including also glove functionality as well as costs 
incurred, both directly and indirectly on the environ-
ment. 

  Following recognition of the problem of NRL sensitiv-
ity in the late 1980s and early 1990s, many changes were 
made in the production processes for NRL gloves and in 
the implementation of latex-sensitivity protocols in hos-
pitals. In recent years, these changes have resulted in a 
significant reduction in the prevalence rates of allergic 
reactions to NRL. Experience from the Mayo Clinic, 
Rochester, Minn., USA  [17]  and Finland  [18]  showed that 
the change by an institute or hospital district specifically 
to low-allergen gloves or to gloves with undetectable al-
lergen contents, led to a decrease in the incidence of new 
cases of occupational allergy. In Germany, Allmers et al. 
 [19]  showed that a combination of educating physicians 
and administrators, together with regulations requiring 
that healthcare facilities only purchase low-protein, pow-
der-free NRL gloves, can even lead to prevention of sen-
sitization. 

  This review compares the key properties of gloves 
made of NRL and synthetic source materials and exam-
ines glove barrier and functional characteristics, recent 
changes in glove technology, developments in NRL aller-
gen measurement methodology as well as priority given 
by clinicians and other health care workers. The Anglo-
phone literature limited largely to the period from 1990 
to 2010 was surveyed for original research reports and 
review articles addressing also specifically the evidence 
for the consequent reductions in risk of allergic reactions 
and changes in the epidemiology of NRL allergies.

  Glove Source Materials 

 Many plants produce liquid latex, but the natural ma-
terial, NRL, used in rubber manufacture is almost exclu-
sively obtained from the  Hevea brasiliensis  tree. It con-
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tains the rubber polymer,  cis- poly-isoprene, as well as 
varying amounts of a large number of different proteins 
 [20–22] . Various chemicals, such as accelerators, activa-
tors, anti-oxidants and vulcanizing agents, are used in 
the manufacture of medical gloves [ 23 ; for review, see  24 ] 
but a large proportion of these chemicals are then leached 
out in the further stages of production, through process-
es such as ‘wet-gel leaching’. These leaching processes 
also remove the majority of the water-soluble proteins 
found in NRL  [24] .

  The raw materials for synthetic glove manufacture in-
clude vinyl (polyvinyl chloride), nitrile (acetonitrile buta-
diene), neoprene, polyisoprene, polychloroprene, poly-
urethane and polyethylene, which are generally derived 
from oil chemistry. Nitrile is very similar in its polymer 
chemical structure to NRL and, in this respect, may be 
considered as synthetic latex.

  Deproteinised latex, being composed of enzyme-treat-
ed NRL, has also been used as the source material for 
gloves  [25] . We are not aware of published reports in 
which gloves made of deproteinised NRL have been com-
pared with conventional NRL gloves, especially with re-
spect to their allergenic properties, although there are re-
ports that NRL-allergic patients can tolerate condoms 
made from this material  [26] . 

  Recently, liquid latex from a North American and 
Mexican desert shrub,  Parthenium argentatum,  com-
monly known as Guayule, has been introduced as source 
material for gloves  [27] . The obvious advantage of Gua-
yule is that it is not botanically related to  H. brasiliensis  
and, for the time being, no reports about type I allergies 
to these gloves have been reported.

  Glove Properties 

 Barrier Properties 
 The primary function of gloves is to provide a compe-

tent barrier to protect against infections for both health-
care professionals and the patients. Gloves used by health-
care workers need to be single use for each patient contact 
and treatment, although it is recommended that pro-
longed and indiscriminate use should be avoided to min-
imize the risk of sensitization  [4] . They are required in 
various situations such as invasive procedures and con-
tact with non-intact skin, mucous membranes or sterile 
sites. As such, leakage must be minimal, even when ap-
parently undamaged, and various standards have been 
developed in order that all gloves perform adequately re-
gardless of material  [4] . They should be easy to put on, 

comfortable to wear and provide adequate, durable pro-
tection  [15] .

  The durability of barrier protection has been exam-
ined in a number of studies and it has been shown that 
NRL gloves provide lower rates of perforation and lower 
viral leakage rates than vinyl gloves  [24, 28, 29] . In a study 
that examined gloves after manipulation to simulate in-
use conditions, the failure rate was 0–4% for NRL, 1–3% 
for nitrile and 12–61% for vinyl gloves, indicating better 
barrier protection by NRL and nitrile gloves, compared 
to vinyl  [29] . In another study where gloves were stressed 
according to a designated protocol before examining for 
leakage properties, failure rates were 2.2% for NRL and 
1.3% for nitrile gloves, which were again better than for 
vinyl or copolymer (8.2% for each)  [30] . Barrier integrity 
following an abrasion test demonstrated that NRL gloves 
were better than vinyl, although not as good as either ni-
trile or neoprene  [31] .

  A study in the USA in 2004 performed post-usage ex-
amination and testing of surgeons’ gloves after routine 
surgical procedures. The results revealed higher after-use 
defects for non-latex compared with latex gloves  [32] . 
Compared with NRL gloves, the odds ratio for defects 
was 1.39 (95% confidence interval 1.12–1.73) for neoprene 
and 1.90 (95% confidence interval 1.15–3.13) for nitrile 
gloves. In addition, the surgeons reported significantly 
greater satisfaction with regard to factors such as quality, 
safety and durability for latex compared with non-latex 
gloves. These results should probably be treated with cau-
tion because the surgeons had never used non-latex gloves 
before for routine surgery (acknowledged by the authors 
as a possible bias) and only 215 nitrile gloves were used 
compared to 2,647 latex and 3,624 neoprene gloves. In 
addition, the main difference in the study was in visible 
leaks, with no significant difference in water leaks, which 
may be explained by the low tear propagation strength of 
nitrile/neoprene. Similar differences between neoprene 
and NRL have been demonstrated in another study  [33]  
where it was noted that punctures in neoprene gloves 
were detected more readily by surgeons than punctures 
in NRL gloves.

  A recent study  [34] , comparing synthetic polyisoprene 
and NRL gloves during heavy orthopaedic surgery with 
high risk of perforations, revealed a significantly higher 
perforation rate in latex-free gloves (80.0%) compared 
with NRL gloves (34.4%). Again, the study was poorly 
controlled and open to criticism because glove usage was 
not randomized, being based on two surgical teams in 
two different hospitals, one using NRL, the other using 
polyisoprene. It is, however, interesting that these three 



 Reappraisal of the Use of Latex Medical 
Gloves 

 Int Arch Allergy Immunol 2011;156:234–246 237

studies appear to detect highly significant differences in 
perforation rates between NRL and non-NRL  [32–34] .

  Fit and Comfort 
 According to the Scientific Committee on Medicinal 

Products and Medical Devices of the European Commis-
sion  [35] , nitrile gloves are usually of lower tensile strength 
than latex gloves, but their elastic modulus, or stiffness, 
is somewhat higher. In addition, nitrile has a higher per-
manent set than latex, meaning that once stretched it 
does not fully recover. Thus, nitrile gloves tend to be de-
signed to fit more loosely than latex, and the combination 
of these properties may affect the users’ tactile sensation 
and delicacy of touch. This has been confirmed by a study 
 [36]  where participants noted that nitrile gloves that fit-
ted their fingers were too narrow for their hands and 
gloves that fitted their hands were too large for their fin-
gers. During this research, it was confirmed that there are 
detectable differences between nitrile and latex, where a 
pegboard test demonstrated an 8.6% increase in fine fin-
ger dexterity for latex over nitrile, although no differenc-
es related to gross dexterity. Whilst it is not clear at pres-
ent what the practical effects of this research mean, it 
does appear that the stiffness of nitrile may affect user 
dexterity. The study also questioned users about their 
preferred material, with 67% preferring latex and 21% 
preferring nitrile.

  Thus, a variety of factors, including glove strength, 
abrasive resistivity, dexterity and comfort, should be tak-
en into account when selecting gloves for specific needs.

  Enhanced Barrier Performance by Means of
Double Gloving 
 When carrying out operations, perforations in gloves 

often go unnoticed and there is frequently a risk of con-
tamination and exposure to blood-borne pathogens  [37, 
38] .

  As a result, double gloving has been routinely used by 
a proportion of surgeons since the early 1990s. However, 
double gloving is reported to be less common in the UK, 
Europe and the USA than in other countries, except in 
the areas of orthopaedics and maxillofacial surgery  [38, 
39] . Double gloving is generally carried out with two lay-
ers of NRL gloves  [38] , although sometimes the inner 
glove can be synthetic, which may reduce the risk of al-
lergic reactions. 

  One study found that double gloving was able to pre-
vent contamination by needle-stick injuries from cutting 
suture needles, although single-layer gloves were just as 
good as double gloves for tapered suture needles  [40] . 

Caution should be exercised in extending these data to 
clinical practice because the test solution was water, 
which is dissimilar in viscosity to blood. Nevertheless, an 
analysis of a number of published trials showed that there 
were significantly more perforations to single gloves than 
to the inner glove of double gloves  [38] . The failure rate 
from blood contamination of the fingers in one study of 
surgeons was significantly decreased from 13 to 2% (p  !  
0.005)  [37] . Another similar study among surgeons re-
ported blood contamination to be 51% with single gloves 
and 7% with double gloves  [41] . This particular trial also 
reported that 88% of the surgeons who tested double 
gloving found the technique acceptable. Some studies 
have shown that loss of dexterity is often cited as a reason 
for not using double gloving  [38, 39]  and others have 
shown a general tendency for surgeons to dislike double 
gloving  [42] .

  A recent review of gloves used in surgical operations 
concluded that while a basic level of protection for low-
risk surgery can be achieved by single gloving, double 
gloving provided significantly higher levels of protection 
against perforations typically acquired in medium-risk 
surgery. The highest level of protection required during 
high-risk surgery, such as orthopaedic and maxillofacial 
operations as well as cardiac surgery, was provided by 
glove liners, knitted gloves and triple gloving  [43] . The 
author further recommended that when neither the pa-
tient nor the operating personnel are allergic to NRL, 
high-quality low-allergen NRL gloves should be used at 
all these levels to ensure the best available barrier perfor-
mance. 

  Adverse Reactions 

 Adverse reactions to medical gloves can be character-
ized into three main types: irritant contact dermatitis, 
type I allergic reactions and type IV allergic reactions 
 [14] . The distinction is, however, relevant from the glove 
users’ point of view because irritant contact dermatitis is 
the most common reaction but is not mediated by the im-
mune system and, therefore, can occur with gloves made 
from any material. It typically involves dry, crusted le-
sions, localized to the glove-exposed areas on hands and 
wrists. 

  A type I reaction is a true immune-mediated response 
involving prior IgE production following exposure to al-
lergenic proteins or polypeptides that occur in latex prod-
ucts [ 14, 21, 44 ; for review, see  45 ]. It most frequently pre-
sents as cutaneous reactions, typically as contact urticaria, 
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although it may involve other organs, such as the eyes and 
lungs, resulting in rhinoconjunctivitis and asthma, and 
can be life threatening if anaphylaxis occurs  [46] .

  Type IV reactions, known as delayed-type hypersensi-
tivity, are typically present as allergic contact dermatitis 
and occur in response to chemicals present in gloves, gen-
erally as a result of the manufacturing process. Such 
chemicals include, in particular, accelerators such as thi-
urams, carbamates, thiazoles, thioureas and guanidines. 
A type IV reaction can also be induced by other chemi-
cals, including those in perfumes, lotions and cleaning 
materials applied prior to glove use, and may be an in-
creasing problem with stricter hospital hand-cleaning 
policies due to resistant bacteria. For instance, the cur-
rent trend of using alcohol hand rubs may exacerbate 
type IV reactions, perhaps by unevaporated solvent on 
the hand acting as an efficient extracting agent for resid-
ual glove chemicals. A recent evaluation of pre-operative 
surgical hand rubs  [23, 47]  reported a case of mild to se-
vere irritant dermatitis related to donning gloves before 
all the alcohol had dried.

  Decreasing Incidence and Prevalence of

Type I Allergy 

  Healthcare Workers 
  At the end of the 1990s, NRL allergy was reported to 

have reached epidemic proportions and to be a significant 
medical concern  [48, 49] . Correct diagnosis of type I latex 
allergy requires a thorough clinical history of exposure to 
latex products, positive skin prick tests and/or positive 
specific IgE blood tests, such as the latex radioallergosor-
bent test. Studies of healthcare workers based on skin 
prick testing have generally reported the prevalence in 
the 1990s to be around 3–12% [for review, see  50 ]. 

  At the time of peak reporting, there were large varia-
tions in estimates of prevalence of NRL allergy among 
healthcare workers between different studies. High prev-
alence rates were often seen if the assessment was based 
primarily on serum IgE measurements and not on skin 
prick testing. Studies usually showed a relationship with 
exposure, although, interestingly, prevalence of type I al-
lergy was often only around 1.5% among workers produc-
ing the latex and the gloves  [51, 52] . A recent internation-
al meta-analysis comparing the prevalence of NRL aller-
gy in healthcare workers and in the general population, 
extending until 2003, found NRL allergy in 4.3% of 
healthcare workers and in 1.4% of the general population 
 [2] . The authors, however, pointed out that the results 

should be viewed with caution because the methods used 
in skin prick tests and serum IgE measurements vary and 
the results under such circumstances are not consistent. 
Moreover, because studies from the USA have consistent-
ly reported higher prevalence rates, this meta-analysis al-
most certainly over-estimates the actual prevalence rates 
within most of Europe.

  Experience from the Mayo Clinic  [17] , emphasizing 
the importance of quantitative latex allergen measure-
ment, showed that the change by the institute to low-al-
lergen or undetectable allergen gloves led to a reduced 
concentration of allergens in the work place and de-
creased the number of new cases of occupational allergy. 
In addition, over the last decade there have been strict 
policies of using low-protein or low-allergen, powder-free 
NRL gloves in many hospitals and in some countries, 
particularly Finland, Germany, Italy and the UK. Recent 
German and Italian studies show that education about 
NRL allergy, combined with the use of powder-free NRL 
gloves with reduced protein levels, has caused a steady 
decline in the numbers of sensitized healthcare workers 
 [19, 53, 54] . The use of glove powder was effectively regu-
lated by national laws in Germany and Switzerland (rati-
fied in 1998) where the use of powdered latex gloves by 
healthcare workers was explicitly banned; German law 
states that ‘latex gloves have to be powder-free and low in 
allergens’. This has apparently influenced the develop-
ment of new cases of sensitization and has enabled a large 
reduction in the reported incidence of type I allergic reac-
tions  [2, 17, 19, 53, 55] . At the same time the American 
Academy of Dermatology’s position paper on latex aller-
gy states in their recommendations that ‘all medical and 
dental facilities are encouraged to exclusively use powder-
free gloves with low NRL allergen levels’  [14] . 

  LaMontagne et al.  [56]  noted in their systematic re-
view of eight primary prevention intervention studies 
that substitution of powdered latex gloves with low-pro-
tein, powder-free NRL gloves or latex-free gloves greatly 
reduced NRL aeroallergens, NRL sensitization and NRL 
asthma in healthcare workers. Furthermore, the recent 
article by Vandenplas et al.  [57]  clearly shows how the de-
creasing use of powdered NRL gloves in healthcare in 
Belgium was associated with a sharply decreasing inci-
dence of latex-induced asthma, evidenced by national 
compensation-based data. Of interest is the replacement 
of powdered NRL in Belgium mainly by synthetic gloves 
for non-sterile procedures. The actual prevalence of type 
I latex allergy in healthcare workers has been reported to 
be less than 1% in hospitals with strict NRL policies  [18, 
54, 55, 57–59]  particularly in Europe.
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  Importantly, several studies show that healthcare 
workers or other patients with diagnosed NRL allergy 
have been able to continue their work in hospitals and 
healthcare settings where low-allergen, low-protein and 
usually powder-free gloves have been used  [17, 18, 55, 57, 
60–63] . As summarised by Hunt et al.  [17] , these stud-
ies generally demonstrate that NRL-allergic healthcare 
workers who, despite the need to use non-latex alterna-
tives for their personal use, can continue to work in their 
medical environment if they use either non-powdered la-
tex gloves, latex gloves of lowest protein content or latex 
gloves of very low allergen content. With these modifica-
tions, symptoms from aeroallergen exposure are prevent-
ed and new cases of latex allergy are reduced. In one of 
these studies  [18] , a large cohort, that is, the entire health-
care sector of a large Finnish university hospital compris-
ing of 160 latex-allergic healthcare workers, has changed 
to low-allergen gloves. On re-examination at a median of 
3 (0.5–11) years, none of the healthcare workers had 
changed work because of NRL allergy. Interestingly, the 
majority of latex-allergic healthcare workers continued to 
use low-allergen latex gloves.

  General Population 
 Relatively few studies have been carried out to exam-

ine the prevalence of NRL allergy in the general popula-
tion. The results from control groups examined by skin 
prick testing have indicated the prevalence of type I NRL 
allergy in Western Europe to be approximately 1% or less 
 [2, 18, 22, 49, 50] . These data would suggest that in Eu-
rope, although perhaps not in the USA, the reported 
prevalence among healthcare workers is now very similar 
to that for the general population.

  Atopic individuals generally have higher prevalence 
rates  [22, 48, 50, 64, 65]  and there are known cross-reac-
tive allergic reactions. Individuals who are allergic to cer-
tain fruits, such as kiwi fruit, bananas, chestnuts and av-
ocados, are frequently allergic to NRL as well  [7, 64, 66–
69] .

  The prevalence in certain groups of people can be 
much higher. In particular, prevalence rates in individu-
als who have received multiple operations involving ex-
posure to NRL-containing materials, at an early age, such 
as patients with spina bifida, short bowel syndrome or 
urogenital abnormalities  [18, 70, 71] , have been reported 
in the earlier studies to be up to 60%, although this also 
appears to be decreasing due to reduced exposure to NRL 
 [72] .

  Therefore, questioning patients with regard to specific 
allergies and medical history may identify those who are 

likely to have a (possibly undiagnosed) type I allergy to 
NRL  [73] . Screening of patients is often undertaken by 
anaesthetists and backed up by further questioning by 
theatre nursing staff. This can enable appropriate mea-
sures to be taken to avoid allergic reactions, and many 
hospitals now have latex-free operating theatres or access 
to latex-free equipment that can be deployed when neces-
sary.

  The Role of Glove Powder 
 The surface of NRL gloves, naturally, has a strong ad-

herent grip when untreated. Surgical gloves were origi-
nally boiled and donned when wet  [74] . When dry steril-
ization was introduced, various powders were used as a 
lubricant to aid donning of the glove. Originally, talc was 
used, but it was found to be associated with granulomas 
and adhesions  [75] . In the 1940s, modified cornstarch 
powder was introduced into general use because it was 
believed to be a safe alternative. Unfortunately, it also was 
demonstrated to be responsible for adhesions and granu-
lomas, probably due to a move from autoclaving to  � -ir-
radiation  [74] . In the 1990s, when allergic reactions be-
came recognized as a problem, it was shown that the 
modified cornstarch could act as a vector for the aller-
genic proteins, which bound to the cornstarch and were 
thereby transferred from the NRL gloves to staff and pa-
tients  [76, 77] . Not only can the powder carry the proteins 
into wounds, but it can become airborne and act as a car-
rier for antigens from the gloves  [78] ; powdered gloves 
have been shown to increase airborne NRL antigens com-
pared with non-powdered gloves  [79] .

  As a result of these concerns, powder-free gloves rap-
idly became available and have become accepted into gen-
eral use. Powdered gloves are still available for certain ap-
plications within the healthcare and hospital environ-
ment, for example where their superior grip properties are 
particularly useful, but their use is generally restricted to 
areas where the risk of powder contamination is low. The 
quantity and nature of the powder and the definition of 
powdered versus non-powdered gloves is carefully regu-
lated by materials testing agencies  [80] ; for the purpose of 
the European Standard (EN 455), a powder is defined as 
all water-insoluble material on the surface of a glove that 
is removed by washing under the conditions of the test, 
and any glove containing more than 2 mg of powder is 
classed as a powdered glove, whilst gloves with 2 mg or less 
powder are classed as powder-free. The American Society 
for Testing and Materials (ASTM) D3577-06 and D3578-
06 standards for surgical and examination gloves, respec-
tively, also have a maximum powder limit of 2 mg/glove. 
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  Changes in Glove Manufacture Processes 

 The processes used for NRL glove manufacture have 
changed greatly in recent years. One of the major chang-
es was the switch to chlorinated powder-free gloves: while 
removal of powder may have eliminated the possible 
transport of allergens, the concomitant lower allergenic 
potential may be coincidental. Chlorination usually in-
volves a number of different processes, including acid 
neutralization and a number of leaching steps. It has been 
shown  [81]  that the processes associated with chlori-
nation (neutralization, washing with water) are almost 
equally as effective on their own without free chlorine, 
resulting in effective leaching of the proteins  [25] . The ad-
dition of a chlorination process during manufacture has 
been associated with lower levels of extractable proteins 
(EP). However, the leaching processes and finishing treat-
ments necessary to remove residual chlorine and other 
chemicals appear to be responsible for the major reduc-
tion of allergenic protein levels. In line with this, Yip et 
al.  [13]  demonstrated that non-chlorinated gloves which 
underwent a 5-min wet-gel leaching followed by a 5-min 
dry-film leaching process did not produce skin prick test-
ing allergic responses in patients with known latex hyper-
sensitivity. Chlorinated gloves in the same study had a 
lower level of EP, but initiated a weak positive reaction in 
27% of these patients. Similarly, Dalrymple and Audley 
 [81] , when examining the effects of various treatments on 
EP levels in an exhaustive set of experiments, stated that 
whilst ‘chlorinated products are characteristically low in 
EP this appears to result from exposure to the water, salt, 
acid and ammonia associated with the process, and not 
from chlorination itself ’.

  Time and temperature of storage of NRL appear to be 
important; during transport, where high natural temper-
atures may be encountered, there was actually a drop in 
allergic potential due to degradation of some proteins 
 [82] , and ageing of the NRL product also appears to re-
duce the allergic potential. The modern NRL glove man-
ufacturing processes, with on-line leaching and high 
temperature, post-washing procedures, have resulted in 
gloves with much lower allergenic potential and have had 
a clear impact on the low incidence of type I allergy cur-
rently reported.

  Glove Purchasing Policies 
 It is also likely that the purchasing patterns for gloves 

in different countries explain the widely varying rates of 
type I allergy described in the literature. In Finland, the 
National Agency of Medicines has, since 1994, carried 

out bi-annual market surveillances on all medical gloves 
on the Finnish market. The studies have made use of a 
human IgE enzyme-linked immunosorbent assay (ELI-
SA) inhibition test  [83]  and also, since 2003, a commercial 
capture enzyme immunoassay for four principal latex al-
lergenic proteins  [84] . The results have been categorized 
according to the content of allergens to low, medium and 
high levels, and published on the website of the National 
Agency of Medicines (www.nam.fi/english/publications). 
Many Finnish hospitals have been using these reports as 
their basis for glove purchasing policies and, apparently, 
numerous institutions in other countries have been tak-
ing advantage of this information as well. No new occu-
pational type I latex allergies have been reported in the 
last 5 years in the Finnish Occupational Skin Disease 
Registry [Alanko, pers. commun., 2009]. 

  Given the low prevalence rates of NRL allergy among 
healthcare workers in the UK  [52, 58, 59] , it is interest-
ing to note that during the early 1990s, when it is be-
lieved that protein levels in gloves peaked globally, most 
UK hospitals were continuing to buy from a small num-
ber of experienced and reputable manufacturers. In ret-
rospect, it is difficult to know what levels of allergenic 
proteins were present in all brands of gloves over this 
period, but if the experienced manufacturers continued 
to use extended leaching to remove residual accelerators 
and other chemicals, low protein levels and thereby low 
allergen levels would have been a by-product of this pro-
cess. 

  Evidence from one of the author’s laboratories shows 
that in 1996, powdered NRL examination gloves from 
one of the main UK suppliers had low levels of EP (29 
 � g/g) compared to the other powdered gloves on the 
market (median 153  � g/g, range 88–512  � g/g). During 
the early 1990s, many UK hospitals continued to use pre-
dominantly a particular brand of examination glove of 
which there were test data showing that they had low lev-
els of pinholes when tested using the (at the time) pro-
posed EN 455 water test. Whilst regular protein testing 
was uncommon at this time, the 1996 data indicates that 
the act of purchasing gloves based on their pinhole levels 
may have serendipitously led to the use of gloves also low 
in EP. Thus, the purchasing patterns from more than a 
decade ago may account for the differing levels of sensi-
tization that have been reported. 

  Subsequently, the UK, in line with most European 
countries, started purchasing powder-free gloves in the 
1990s, and continued to use powder-free, low-protein 
gloves within the National Health Service. A recent 
guideline on managing latex allergy from the UK Royal 
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College of Physicians  [3]  stated that ‘no reports of new 
cases of latex allergy arising from non-powdered low pro-
tein latex glove use were found’. 

  Prevalence of Type IV Allergy 

 In addition to type I allergies to NRL proteins, there 
may be type IV allergies to chemicals used in the manu-
facturing process, such as various accelerators of vulca-
nization and antioxidants. Type IV reactions are gener-
ally considered more common than type I reactions and 
a high prevalence rate of type IV allergy among health-
care workers has been highlighted in several surveys  [3, 
23, 85, 86] . Skin patch testing using NRL glove extracts 
can demonstrate a response to both specific protein al-
lergens and the chemicals present and so will be a com-
bination of both type I and IV reactions. In a study car-
ried out in Italy, 1,294 healthcare workers who used NRL 
gloves were questioned and 316 reported skin symptoms 
associated with glove use  [23] . Among those with skin 
symptoms, 27 had a type I allergic reaction to NRL and 
31 had a type IV reaction, identified by skin patch tests to 
a series of rubber additives. In a prospective study of 
2,738 patients, the overall prevalence of type IV reaction 
to NRL was found to be 1%  [87] . Similar to type I allergy, 
the prevalence in these patients was higher for those re-
ported to be atopic and who had eczema on the hands.

  There do not appear to have been any studies that have 
reported the change in incidence of type IV reactions 
over time. However, similar to the effect that the en-
hanced leaching had on reducing type I allergies, it would 
seem reasonable to deduce that there has also been a re-
duction in residual chemical levels that can cause type IV 
reactions. Thus, it is likely that type IV prevalence associ-
ated with powder-free NRL has declined in recent years 
due to lower residual chemical levels  [88] .

  Most synthetic gloves also require the use of accelera-
tors during manufacture. It has been hypothesized that 
because there is no chlorination process, leaching times 
may be shorter than for NRL and, therefore, some syn-
thetic gloves may exhibit higher residual levels of chemi-
cals than NRL, which are sufficient to induce type IV 
reactions  [89] . Lauren et al.  [90]  report apparent increas-
es in skin allergies associated with a switch to synthetic 
gloves, probably associated with accelerators, as well as a 
reduction in choice of synthetic alternatives. Some manu-
facturers are now producing synthetic gloves (mainly ni-
trile) which no longer contain accelerators.

  It should also be noted that some NRL gloves use ca-
sein as a binding agent in the jellification of latex. Allergic 
reactions to gloves containing casein have been noted and 
so these gloves should be avoided to reduce the risk of al-
lergic reactions  [91, 92] .

  Allergenic Potential of NRL Gloves 

 The allergenic potential of gloves has, in some studies, 
been indirectly estimated according to the total protein 
content measured by the modified Lowry test  [93, 94] . 
The method is standardized by the US (ASTM) and Eu-
ropean (Committee for Standardization, CEN) standard-
ization authorities, but this is a non-specific determina-
tion that will detect, in principle, any protein, not just 
IgE-binding allergens. Moreover, it is susceptible to ac-
celerators and surfactants used in the NRL manufactur-
ing process, which can either enhance or suppress the 
reported protein levels. It has also been suggested that it 
is not sensitive enough in the low protein range  [95] . The 
ASTM method and the Lowry method modified by the 
CEN have, however, been widely accepted over the last 
decade since there was reasonable correlation between to-
tal EP and skin prick tests. The opinion of the Scientific 
Committee on Medical Products and Medical Devices in 
2000 was that a relationship between leachable protein 
levels and the risk of allergic reaction or sensitization has 
been demonstrated  [35] . ASTM standards for medical 
gloves (ASTM D3577 for surgical gloves and D3578 for 
examination gloves) contain recommended limits for 
aqueous EP to be less than 200  � g/dm 2  (corresponding 
approximately to 50  � g/g), but the US government has 
not defined the term ‘low protein’, the use of which is 
thereby not allowed. Protein claims on glove packaging 
is not mandatory.

  The European (CEN) standard EN 455-3 (medical 
gloves for single use – part 3: requirements and testing for 
biological evaluation) states that ‘the leachable protein 
level shall be as low as reasonably practicable (ALARP)’. 
Thus, no definite acceptable limit has been defined. 

  More recently, specific allergenic proteins present in 
NRL gloves have been identified using techniques such as 
two-dimensional electrophoresis, IgE immunoblotting 
and micro-sequencing  [20] . Many of these antigens be-
long to the group of 13  H.   brasiliensis  proteins currently 
recognized by the World Health Organization/Interna-
tional Union of Immunological Societies Allergen No-
menclature Committee  [45] , and sequence homologies 
for many of these proteins have been shown with proteins 



 Palosuo   /Antoniadou   /Gottrup   /Phillips   

 

 Int Arch Allergy Immunol 2011;156:234–246 242

from various fruits or vegetables, offering at least a partial 
explanation for the cross-reactivity  [96] .

  The major proteins detectable in NRL gloves that have 
been shown to cause type I allergy among healthcare 
workers include Hev b 1, Hev b 3, Hev b 5 and Hev b 6.02 
 [84, 97] . However, in latex-allergic patients, such as those 
with spina bifida, the major allergens are often slightly 
different, comprising predominantly Hev b 1, Hev b 3 
and Hev b 7, which has been suggested to be partly due to 
differences in the levels of each protein between the in-
side and the outside of NRL gloves  [98, 99] . This scenario, 
however, remains to be confirmed in other studies. There 
is some evidence that Hev b 2 and Hev b 13 may also be 
significant allergens that can be identified in NRL gloves, 
although differences in sensitization between geographi-
cal regions have been identified and require further in-
vestigation  [100] .

   Recent Developments in Measuring Allergenic 
Potential in Medical Gloves 
    Using a commercially available capture immunoassay 

(FITkit �  test, Quattromed AS, currently Icosagen AS, 
Tartu, Estonia), the major allergenic  Hevea  proteins Hev 
b 1, Hev b 3, Hev b 5 and Hev b 6.02 were recently quan-
tified in 208 NRL gloves marketed in Finland  [84]  and 
compared with an IgE-ELISA inhibition test previously 
validated by skin prick testing in latex-allergic patients 
 [83] . The sum of the concentrations of the four allergens 
provided a strong correlation with the IgE-ELISA ( fig. 1 ) 
 [84] . Various cut-off values for the sum of concentrations 
were examined for specificity and sensitivity. It was es-
tablished that gloves with a sum concentration below a 
cut-off of 0.15  � g/g could be considered as having low al-
lergenic potential  [84] . The initial results from testing had 
earlier indicated good correlation with human IgE-based 
methods for measuring allergenic potential  [97, 101] .

  This commercial capture immunoassay fulfils the re-
quirements of the immunoenzymetric assay for the mea-
surement of four allergens that were recently (August 
2008) adopted by the ASTM (standard D 7427-08). 
Whilst the test only evaluates the four  Hevea  proteins 
considered most clinically relevant and does not identify 
other potentially unknown antigens, the good correla-
tion with human IgE-based methods suggests that these 
proteins, especially Hev b 6.02, are significant in deter-
mining the allergenicity of NRL gloves. It has not yet 
been thoroughly assessed whether additional allergens 
would add significantly to the performance of the assay 
 [102] .

   Diagnostic Tests in Assaying Sensitization, Clinical 
Allergy and Prevalence  
    Reliable diagnostic procedures are required not only to 

correctly diagnose patient diseases but also to gain com-
parable prevalence rates in different parts of the world. A 
number of serological tests to identify latex-specific IgE 
antibodies have been developed and used to diagnose NRL 
allergy, and several have also been commercialized  [103–
105] . However, despite the common use of serum IgE tests, 
none have been widely accepted into general use and new 
IgE tests are still being developed to eliminate discordant 
results and the large number of both false positives and 
false negatives  [22, 69, 103–106] . The recent report of Ebo 
et al.  [107]  using component-resolved diagnosis by micro-
array may provide help in the discrimination of genuine 
NRL allergy from asymptomatic sensitization, a well-rec-
ognized problem in the diagnostics of NRL allergy.

  Although type I immune reactions are mediated 
through IgE antibodies, the presence of IgE reactive with 
NRL antigens cannot always be assumed to be due to 
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  Fig. 1.  Relationship between the results from the four-NRL aller-
gen sum test ( � g/g) and human IgE-ELISA inhibition test (AU/
ml) in 208 medical gloves. In the human IgE-based assay values 
below 1 AU/ml are considered as ‘very low’ allergenic, values from 
1.0 to 9.9 AU/ml as ‘low allergenic’, values from 10.0 to 99 AU/ml 
as ‘moderately allergenic’,  1 100 AU/ml as ‘highly allergenic’. The 
vertical dotted lines denote limits for the very low (1 AU/ml) and 
low (10 AU/ml) limits. The horizontal dotted line marks the 0.15 
 � g/g limit in the four-allergen sum test. AU = Allergen unit. Re-
produced from Palosuo et al.  [84] . Copyright 2007 by John Wiley 
and Sons. Reprinted by permission of John Wiley and Sons via the 
Copyright Clearance Center’s Rightslink service.   
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NRL sensitization because of cross-reactivity that may 
not have any clinical relevance. Therefore, the gold stan-
dard for defining type I NRL allergy and distinguishing 
it from, for example, irritant (non-specific) and allergic 
(type IV) contact dermatitis, is considered to be skin 
prick testing using either NRL extracts or preparations of 
 Hevea  proteins  [104, 106, 108–110] . Unfortunately, no 
specific procedure for skin prick testing has been univer-
sally accepted;  Hevea  protein preparations may not have 
the most appropriate mix and commercially produced 
extracts can differ markedly from in-house preparations 
 [55, 106] , for example, they may be ammoniated or non-
ammoniated giving quite different results  [111] . In doubt-
ful cases an adequately controlled use or challenge test 
(exposure) with a well-characterized high-allergen glove 
is required for confirming the diagnosis  [112] .

  Relative Economic and Environmental Costs 

 Natural rubber and rubber products are biodegrad-
able through a combination of chemical and biological 
attacks, and a number of micro-organisms are able to de-
grade NRL gloves  [24, 113, 114] . Furthermore, many of 
the alternatives to NRL can produce toxic emissions 
when incinerated  [115] .

  In contrast to NRL, the raw materials for synthetic 
gloves are mainly derived from oil chemistry and these 
materials are not a renewable source. In the production 
process for the raw materials, it has been estimated that 
it requires only 16 GJ/ton in the case of NRL, but energy 
consumption ranges from 108 to 174 GJ/ton for the syn-
thetic materials  [116] . The economic costs for the raw ma-
terials for synthetic gloves are generally considered to be 
much greater than for NRL  [4] . 

  Finally, conversion from powdered gloves to low-pro-
tein, non-powdered gloves was reported to have produced 
substantial savings when compensation claims were in-
cluded  [117] . 

  Conclusions 

 With the reduced incidence of allergic reactions, the 
availability of specific and sensitive testing for the selec-
tion of low-allergen gloves, competitive costs and lower 
environmental impact, NRL remains an excellent choice 
of material for medical gloves and should continue to be 
used.

  In recent years, a number of high profile institutions 
have moved to a totally NRL-free environment, including 
gloves. However, the evidence within Europe demon-
strates that the many benefits of NRL can be retained by 
purchasing low-allergen, low-protein and powder-free 
gloves, thereby reducing the risk of type I and type IV 
sensitization as well as allergic reactions. NRL gloves are 
characterized by a high level of barrier performance for 
staff and patients, good comfort allowing staff to perform 
safely and efficiently, and competitive pricing in a period 
of economic difficulty. NRL is an environmentally sus-
tainable material, which is also naturally biodegradable, 
enabling hospitals to meet their ‘green’ purchasing re-
quirements. Finally, compared with various synthetic 
materials, NRL is generally better accepted by the clini-
cians. There will, of course, be a continuing requirement 
for synthetic gloves for known latex-allergic patients and 
staff, and for these purposes several options are current-
ly available. In conclusion, we believe that a sensible bal-
ance requires a mix of latex and synthetic gloves.

  Acknowledgements 

 The authors would like to thank IMC Healthcare Communi-
cation, London, UK, for help in the preparation of the manuscript. 
Funding for IMC Healthcare Communication was provided by 
Ansell Healthcare, Brussels, Belgium.

   

 References 

  1 Charous BL, Tarlo SM, Charous MA, Kelly 
K: Natural rubber latex allergy in the occu-
pational setting. Methods 2002;27:   15–21. 

  2 Bousquet J, Flahault A, Vandenplas O, 
Ameille J, Duron JJ, Pecquet C, Chevrie K, 
Annesi-Maesano I: Natural rubber latex al-
lergy among health care workers: a system-
atic review of the evidence. J Allerg Clin Im-
munol 2006;   118:   447–454. 

  3 NHS Plus, Royal College of Physicians, Fac-
ulty of Occupational Medicine: Latex aller-
gy: occupational aspects of management.
A National Guideline. Royal College of Phy-
sicians, 2008. www.rcplondon.ac.uk/pubs/
c ontent s /f 0 ba 0178 -f 79 0 – 4 8 e 8 -a76 4 -
b319357f974a.pdf (accessed March 3, 2010). 

  4 Pratt RJ, Pellowe CM, Wilson JA, Loveday 
HP, Harper PJ, Jones SR, McDougall C, Wil-
cox MH: Epic2:National evidence-based 
guidelines for preventing healthcare-associ-
ated infections in NHS hospitals in England. 
J Hosp Infect 2007;   65(suppl 1):S1–S64. 

  5 Kelly KJ: Is converting to synthetic gloves 
necessary? OR Manager 2008;   24:   14–15. 



 Palosuo   /Antoniadou   /Gottrup   /Phillips   

 

 Int Arch Allergy Immunol 2011;156:234–246 244

  6 Turjanmaa K, Reunala T: Contact urticaria 
from rubber gloves. Dermatol Clin 1988;   6:  
 47–51. 

  7 Levy DA, Charpin D, Pecquet C, Leynadier 
F, Vervloet D: Allergy to latex. Allergy 1992;  
 47:   579–587. 

  8 Slater JE: Latex allergy. J Allergy Clin Immu-
nol 1994;   94:   139–149. 

  9 Hunt LW, Fransway AF, Reed CE, Miller LK, 
Jones RT, Swanson MC, Yunginger JW: An 
epidemic of occupational allergy to latex in-
volving health care workers. J Occup Envi-
ron Med 1995;   37:   1204–1209. 

 10 Sussman GL, Beezhold DH: Allergy to latex 
rubber. Ann Intern Med 1995;   122:   43–46. 

 11 Medical Devices Agency (UK): Latex Sensi-
tisation in the Health Care Setting, MDA 
Device Bulletin (DB) 9601. London, Medi-
cines and Healthcare Products Regulatory 
Agency, 1996. 

 12 White L: Allergy challenges latex markets. 
Eur Rubber J 1994;   176:   1–5. 

 13 Yip E, Turjanmaa K, Ng KP, Mok L: Allergic 
responses and levels of extractable proteins 
in NR latex gloves and dry rubber products. 
J Nat Rub Res 1994;   9:   79–86. 

 14 Cohen DE, Scheman A, Stewart L, Taylor J, 
Pratt M, Trotter K, Prawer S, Warshaw E,
Rietschel R, Watsky K, Schwarzenberger K, 
Zug K, Shama S, Godwin L, Kosann MK, 
Wilson BA: American Academy of Derma-
tology’s position paper on latex allergy. J Am 
Acad Dermatol 1998;   39:   98–106. 

 15 Gottrup F, Müller K, Bergmark S, Nør-
regaard S: Powder-free, non-sterile gloves as-
sessed in a wound healing centre. Eur J Surg 
2001;   167:   625–627. 

 16 Marcer G, Filon FL, Nardella R, Coco G: La-
tex allergy. Preventive measures in health 
care workers: a comparison of Italian experi-
ences. Med Lav 2008;   99:   131–135. 

 17 Hunt LW, Kelkar P, Reed CE, Yunginger JW: 
Management of occupational allergy to nat-
ural rubber latex in a medical center: the im-
portance of quantitative latex allergen mea-
surement and objective follow-up. J Allergy 
Clin Immunol 2002;   110(suppl 2):S96–S106. 

 18 Turjanmaa K, Kanto M, Kautiainen H, Re-
unala T, Palosuo T: Long-term outcome of 
160 adult patients with natural rubber latex 
allergy. J Allergy Clin Immunol 2002;  
 110(suppl 2):S70–S74. 

 19 Allmers H, Schmengler J, Skudlik C: Prima-
ry prevention of natural rubber latex allergy 
in the German health care system through 
education and intervention. J Allergy Clin 
Immunol 2002;   110:   318–323. 

 20 Kurup VP, Alenius H, Kelly KJ, Castillo L, 
Fink JN: A two-dimensional electrophoretic 
analysis of latex peptides reacting with IgE 
and IgG antibodies from patients with latex 
allergy. Int Arch Allergy Immunol 1996;   109:  
 58–67. 

 21 Posch A, Chen Z, Wheeler C, Dunn MJ, 
Raulf-Heimsoth M, Baur X: Characteriza-
tion and identification of latex allergens by 
two-dimensional electrophoresis and pro-
tein microsequencing. J Allergy Clin Immu-
nol 1997;   99:   385–395. 

 22 Sussman GL, Beezhold DH, Liss G: Latex al-
lergy: historical perspective. Methods 2002;  
 27:   3–9. 

 23 Nettis E, Assennato G, Ferrannini A, Tursi 
A: Type I allergy to natural rubber latex and 
type IV allergy to rubber chemicals in health 
care workers with glove-related skin symp-
toms. Clin Exp Allergy 2002;   32:   441–447. 

 24 Yip E, Cacioli P: The manufacture of gloves 
from natural rubber latex. J Allergy Clin Im-
munol 2002;   110(suppl):S3–S14. 

 25 Perella FW, Gaspari AA: Natural rubber la-
tex protein reduction with an emphasis on 
enzyme treatment. Methods 2002;   27:   77–86. 

 26 Levy DA, Moudiki P, Leynadier F: Depro-
teinised latex condoms are well tolerated by 
latex allergic patients. Sex Transm Infect 
2001;   77:   202–203. 

 27 Mooibroek H, Cornish K: Alternative sourc-
es of natural rubber. Appl Microbiol Biotech-
nol 2000;   53:   355–365. 

 28 Klein RC, Party E, Gershey EL: Virus pene-
tration of examination gloves. Biotechniques 
1990;   9:   196–199. 

 29 Rego A, Roley L: In-use barrier integrity of 
gloves: latex and nitrile superior to vinyl. Am 
J Infect Control 1999;   27:   405–410. 

 30 Korniewicz DM, El-Masri M, Broyles JM, 
Martin CD, O’Connell KP: Performance of 
latex and nonlatex medical examination 
gloves during simulated use. Am J Infect 
Control 2002;   30:   133–138. 

 31 Walsh DL, Schwerin MR, Kisielewski RW, 
Kotz RM, Chaput MP, Varney GW, To TM: 
Abrasion resistance of medical glove materi-
als. J Biomed Mater Res B Appl Biomater 
2004;   68:   81–87. 

 32 Korniewicz DM, Garzon L, Seltzer J, Feinleib 
M: Failure rates in nonlatex surgical gloves. 
Am J Infect Control 2004;   32:   268–273. 

 33 Newsom SW, Smith MO, Shaw P: A ran-
domised trial of the durability of non-aller-
genic latex-free surgical gloves versus latex 
gloves. Ann R Coll Surg Engl 1998;   80:   288–
292. 

 34 Aldlyami E, Kulkarni A, Reed MR, Muller 
SD, Partington PF: Latex-Free Gloves Safer 
for Whom? J Arthroplasty 2010;   25:   27–30. 

 35 Scientific Committee on Medicinal Products 
and Medical Devices: Opinion on Natural 
Rubber Latex Allergy. Adopted by The Scien-
tific Committee on Medicinal Products and 
Medical Devices on 27 June 2000. European 
Commission, 2000. http://ec.europa.eu/
health/ph_risk/committees/scmp/docu-
ments/out31_en.pdf (accessed March 3,  
2010). 

 36 Sawyer J, Bennett A: Comparing the level of 
dexterity offered by latex and nitrile Safe-
Skin gloves. Ann Occup Hyg 2006;   50:   289–
296. 

 37 Naver LP, Gottrup F: Incidence of glove per-
forations in gastrointestinal surgery and the 
protective effect of double gloves: a prospec-
tive, randomised controlled study. Eur J Surg 
2000;   166:   293–295. 

 38 Chan KY, Singh VA, Oun BH: The rate of 
glove perforations in orthopaedic proce-
dures: single versus double gloving. A pro-
spective study. Med J Malaysia 2006;   61(suppl 
B):3–7. 

 39 St Germaine RL, Hanson J, de Gara CJ: Dou-
ble gloving and practice attitudes among 
surgeons. Am J Surg 2003;   185:   141–145. 

 40 Lefebvre DR, Strande LF, Hewitt CW: An en-
zyme-mediated assay to quantify inocula-
tion volume delivered by suture needlestick 
injury: two gloves are better than one. J Am 
Coll Surg 2008;   206:   113–122. 

 41 Quebbeman EJ, Telford GL, Wadsworth K, 
Hubbard S, Goodman H, Gottlieb MS: Dou-
ble gloving. Protecting surgeons from blood 
contamination in the operating room. Arch 
Surg 1992;   127:   213–216. 

 42 Wilson SJ, Sellu D, Uy A, Jaffer MA: Subjec-
tive effects of double gloves on surgical per-
formance. Ann R Coll Surg Engl 1996;   78:  
 20–22. 

 43 Tanner J: Choosing the right surgical glove: 
an overview and update. Br J Nurs 2008;   17:  
 740–744. 

 44 Weissman DN, Lewis DM: Allergic and latex 
specific sensitization: route, frequency, and 
amount of exposure that are required to ini-
tiate IgE production. J Allergy Clin Immunol 
2002;   110(suppl 2):S57–S63. 

 45 Wagner S, Breiteneder H:  Hevea brasiliensis  
latex allergens: current panel and clinical rel-
evance. Int Arch Allergy Immunol 2005;   136:  
 90–97. 

 46 Ownby DR, Tomlanovich M, Sammons N, 
McCullough J: Anaphylaxis associated with 
latex allergy during barium enema examina-
tions. AJR Am J Roentgenol 1991;   156:   903–
908. 

 47 Marchand R, Theoret S, Dion D, Pellerin
M: Clinical implementation of a scrubless 
chlohexidene/ethanol pre-operative surgical 
hand rub. Can Oper Room Nurs J 2008;   26:  
 21–22, 26, 29–31. 

 48 Poley E Jr, Slater JE: Latex allergy. J Allergy 
Clin Immunol 2000;   105:   1054–1062. 

 49 Charous BL, Blanco C, Tarlo S, Hamilton 
RG, Baur X, Beezhold D, Sussman G, Yung-
inger JW: Natural rubber latex allergy after 
12 years: recommendations and perspec-
tives. J Allergy Clin Immunol 2002;109:   31–
34. 

 50 Turjanmaa K, Alenius H, Mäkinen-Kiljunen 
S, Reunala T, Palosuo T: Natural rubber latex 
allergy. Allergy 1996;   51:   593–602. 

 51 Chaiear N, Sadhra S, Jones M, Cullinan P, 
Foulds IS, Burge PS: Sensitisation to natural 
rubber latex: an epidemiological study of 
workers exposed during tapping and glove 
manufacture in Thailand. Occup Environ 
Med 2001;   58:   386–391. 



 Reappraisal of the Use of Latex Medical 
Gloves 

 Int Arch Allergy Immunol 2011;156:234–246 245

 52 Cullinan P, Brown R, Field A, Hourihane J, 
Jones M, Kekwick R, Rycroft R, Stenz R, Wil-
liams S, Woodhouse C: British Society of Al-
lergy and Clinical Immunology: Latex aller-
gy. A position paper of the British Society of 
Allergy and Clinical Immunology. Clin Exp 
Allergy 2003;   33:   1484–1499. 

 53 Allmers H, Schmengler J, John SM: Decreas-
ing incidence of occupational contact urti-
caria caused by natural rubber latex allergy 
in German health care workers. J Allergy 
Clin Immunol 2004;   114:   347–351. 

 54 Filon FL, Radman G: Latex allergy: a follow 
up study of 1,040 healthcare workers. Occup 
Environ Med 2006;   63:   121–125. 

 55 Ranta PM, Ownby DR: A review of natural 
rubber latex allergy in health care workers. 
Clin Infect Dis 2004;   38:   252–256. 

 56 LaMontagne AD, Radi S, Elder DS, 
Abramson MJ, Sim M: Primary prevention 
of latex related sensitisation and occupation-
al asthma: a systematic review. Occup Envi-
ron Med 2006;   63:   359–364. 

 57 Vandenplas O, Larbanois A, Vanassche F 
François S, Jamart J, Vandeweerdt M, Thim-
pont J: Latex-induced occupational asthma: 
time trend in incidence and relationship 
with hospital glove policies. Allergy 2009;   64:  
 415–420. 

 58 Poole CJ, Nagendran V: Low prevalence of 
clinical latex allergy in UK health care work-
ers: a cross-sectional study. Occup Med 
(Lond) 2001;   51:   510–512. 

 59 Chowdhury MM, Statham BN: Natural rub-
ber latex allergy in a health-care population 
in Wales. Br J Dermatol 2003;   148:   737–740. 

 60 Mahler V, Fischer S, Fuchs T, Ghannadan M, 
Valent P, Fartasch M, Kraft D, Schuler G, Va-
lenta R: Prevention of latex allergy by selec-
tion of low-allergen gloves. Clin Exp Allergy 
2000;   30:   509–520. 

 61 Liss GM, Tarlo SM: Natural rubber latex-re-
lated occupational asthma: association with 
interventions and glove changes over time. 
Am J Ind Med 2001;   40:   347–353. 

 62 Saary MJ, Kanani A, Alghadeer H, Holness 
DL, Tarlo SM: Changes in rates of natural 
rubber latex sensitivity among dental school 
students and staff members after changes in 
latex gloves. J Allergy Clin Immunol 2002;  
 109:   131–135. 

 63 Jones KP, Rolf S, Stingl C, Edmunds D, Da-
vies BH: Longitudinal study of sensitization 
to natural rubber latex among dental school 
students using powder-free gloves. Ann Oc-
cup Hyg 2004;   48:   455–457. 

 64 Turjanmaa K, Mäkinen-Kiljunen S: Latex al-
lergy: prevalence, risk factors, and cross-re-
activity. Methods 2002;   27:   10–14. 

 65 Nettis E, Micale G, Fanelli M, Serio G, Cola-
nardi MC, Ferrannini A, Tursi A: Atopy and 
risk factors for latex sensitization in a select-
ed population. Allergy Asthma Proc 2003;  
 24:   185–191. 

 66 Rodriguez M, Vega F, Garcia MT, Panizo C, 
Laffond E, Montalvo A, Cuevas M: Hyper-
sensitivity to latex, chestnut, and banana. 
Ann Allergy 1993;   70:   31–34. 

 67 Blanco C, Carrillo T, Castillo R, Quiralte J, 
Cuevas M: Latex allergy: clinical features 
and cross-reactivity with fruits. Ann Allergy 
1994;   73:   309–314. 

 68 Mäkinen-Kiljunen S: Banana allergy in pa-
tients with immediate-type hypersensitivity 
to natural rubber latex: characterization of 
cross-reacting antibodies and allergens. J Al-
lergy Clin Immunol 1994;   93:   990–996. 

 69 Ahlroth M, Alenius H, Turjanmaa K, Mäki-
nen-Kiljunen S, Reunala T, Palosuo T: Cross-
reacting allergens in natural rubber latex and 
avocado. J Allergy Clin Immunol 1995;   96:  
 167–173. 

 70 Ausili E, Tabacco F, Focarelli B, Nucera E, 
Patriarca G, Rendeli C: Prevalence of latex 
allergy in spina bifida: genetic and environ-
mental risk factors. Eur Rev Med Pharmacol 
Sci 2007;   11:   149–153. 

 71 Mazon A, Solera E, Alentado N, Oliver F, Pa-
mies R, Caballero L, Nieto A, Dalmau J: Fre-
quent IgE sensitization to latex, cow’s milk, 
and egg in children with short bowel syn-
drome. Pediatr Allergy Immunol 2008;   19:  
 180–183. 

 72 Cremer R, Kleine-Diepenbruck U, Hering F, 
Holschneider AM: Reduction of latex sensi-
tisation in spina bifida patients by a primary 
prophylaxis programme (five years experi-
ence). Eur J Pediatr Surg 2002;   12(suppl 
1):S19–S21. 

 73 Buss ZS, Kupek E, Frode TS: Screening for 
latex sensitization by questionnaire: diag-
nostic performance in health care workers. J 
Invest Allergol Clin Immunol 2008;   18:   12–
16. 

 74 Ellis H: Pathological changes produced by 
surgical dusting powders. Ann R Coll Surg 
Engl 1994;   76:   5–8. 

 75 Truscott W: Glove powder reduction and al-
ternative approaches. Methods 2002;   27:   69–
76. 

 76 Turjanmaa K, Reunala T, Alenius H, Brum-
mer-Korvenkontio H, Palosuo T: Allergens 
in latex surgical gloves and glove powder 
(letter). Lancet 1990;   336:   1588. 

 77 Tomazic VJ, Shampaine EL, Lamanna A, 
Withrow TJ, Adkinson NF Jr, Hamilton RG: 
Cornstarch powder on latex products is an 
allergen carrier. J Allergy Clin Immunol 
1994;   93:   751–758. 

 78 Mitakakis TZ, Tovey ER, Yates DH, Toelle 
BG, Johnson A, Sutherland MF, O’Hehir RE, 
Marks GB: Particulate masks and non-pow-
dered gloves reduce latex allergen inhaled by 
healthcare workers. Clin Exp Allergy 2002;  
 32:   1166–1169. 

 79 Brown RH, Taenkhum K, Buckley TJ, Ham-
ilton RG: Different latex aeroallergen size 
distributions between powdered surgical 
and examination gloves: significance for en-
vironmental avoidance. J Allergy Clin Im-
munol 2004;   114:   358–363. 

 80 European Committee for Standardisation: 
CEN/TC205/WG3:pr EN 455-3:   2006 Medi-
cal gloves for single use. Part 3. Require-
ments and testing for biological evaluation 
(approved by CEN 13 October 2006). Brus-
sels, European Committee for Standardisa-
tion, 2006. 

 81 Dalrymple SJ, Audley G: Allergenic products 
in dipped products: factors influencing ex-
tractable protein levels. Rubber Dev 1992;   45:  
 51–60. 

 82 Kekwick RG: The modification of polypep-
tides in  Hevea brasiliensis  latex resulting 
from storage and processing. Clin Rev Al-
lergy 1993;   11:   339–353. 

 83 Palosuo T, Mäkinen-Kiljunen S, Alenius H, 
Reunala T, Yip E, Turjanmaa K: Measure-
ment of natural rubber latex allergen levels 
in medical gloves by allergen-specific IgE-
ELISA inhibition, RAST inhibition, and skin 
prick test. Allergy 1998;   53:   59–67. 

 84 Palosuo T, Reinikka-Railo H, Kautiainen H, 
Alenius H, Kalkkinen N, Kulomaa M, Re-
unala T, Turjanmaa K: Latex allergy: the sum 
quantity of four major allergens shows the 
allergenic potential of medical gloves. Aller-
gy 2007;   62:   781–786. 

 85 Clayton TH, Wilkinson SM: Contact derma-
toses in healthcare workers: reduction in 
type I latex allergy in a UK centre. Clin Exp 
Dermatol 2005;   30:   221–225. 

 86 Miri S, Pourpak Z, Zarinara A, Heidarzade 
M, Kazemnejad A, Kardar G, Firooz A, Moin 
A: Prevalence of type I allergy to natural rub-
ber latex and type IV allergy to latex and rub-
ber additives in operating room staff with 
glove-related symptoms. Allergy Asthma 
Proc 2007;   28:   557–563. 

 87 Sommer S, Wilkinson SM, Beck MH, Eng-
lish JS, Gawkrodger DJ, Green C: Type IV hy-
persensitivity reactions to natural rubber la-
tex: results of a multicentre study. Br J Der-
matol 2002;   146:   114–117. 

 88 Knudsen B, Lerbaek A, Johansen JD, 
Mmenne T: Reduction in the frequency of 
sensitization to thiurams. A result of legisla-
tion? Contact Dermatitis 2006;   54:   170–171. 

 89 Aalto-Korte K, Ackermann L, Henriks-Eck-
erman ML, Välimaa J, Reinikka-Railo H, 
Leppänen E, Jolanki R: 1,2-benzisothiazo-
lin-3-one in disposable polyvinyl chloride 
gloves for medical use. Contact Dermatitis 
2007;   57:   365–370. 

 90 Lauren Y, Cao BS, Taylor JS, Sood C, Murray 
D, Siegel PD: Allergic contact dermatitis to 
synthetic rubber gloves. Changing trends in 
patch test reaction to accelerators. Arch Der-
matol 2010;   146:   1001–1007. 

 91 Ylitalo L, Mäkinen-Kiljunen S, Turjanmaa K, 
Palosuo T, Reunala T: Cow’s milk casein, a 
hidden allergen in natural rubber latex gloves. 
J Allergy Clin Immunol 1999;   104:   177–180. 

 92 Ishikawa T, Kohno M, Osuna H, Ikezawa Z: 
Father and child with milk allergy and posi-
tive reactions to latex gloves on prick and use 
testing. Contact Dermatitis 2002;   47:   110–
112. 



 Palosuo   /Antoniadou   /Gottrup   /Phillips   

 

 Int Arch Allergy Immunol 2011;156:234–246 246

  93 Heese A, Lacher U, Koch HU, Kubosch J, 
Ghane Y, Peters KP: Update on the latex al-
lergy topic. Hautarzt 1996;   47:   817–824. 

  94 Beezhold DH, Kostyal DA, Tomazic-Jezic 
VJ: Measurement of latex proteins and as-
sessment of latex protein exposure. Meth-
ods 2002;   27:   46–51. 

  95 Audo C, Barbara J, Chabane H, Armange 
M, Leynadier F: The EN 455–3 modified 
Lowry assay does not yield a reliable esti-
mate of the allergenicity level of latex gloves 
with low total protein content. Med Sci 
Monit 2004;   10:PI81–PI86. 

  96 Rolland JM, O’Hehir RE: Latex allergy: a 
model for therapy. Clin Exp Allergy 2008;  
 38:   898–912. 

  97 Palosuo T, Alenius H, Turjanmaa K: Quan-
titation of late allergens. Methods 2002;   27:  
 52–58. 

  98 Peixinho C, Tavares-Ratado P, Tomás MR, 
Taborda-Barata L, Tomaz CT: Latex aller-
gy: new insights to explain different sensi-
tization profiles in different risk groups. Br 
J Dermatol 2008;   159:   132–136. 

  99 Marchetti-Deschmann M, Allmaier G: Al-
lergenic compounds on the inner and outer 
surfaces of natural rubber latex gloves: 
MALDI mass spectrometry and imaging 
proteinous allergens. J Mass Spectrom 
2009;   44:   61–70. 

 100 Palosuo T, Lehto M, Kotovuori A, Kalkki-
nen N, Blanco C, Poza P, Carrillo T, Ham-
ilton RG, Alenius H, Reunala T, Turjanmaa 
K: Latex allergy: low prevalence of immu-
noglobulin E to highly purified proteins 
Hev b 2 and Hev b 13. Clin Exp Allergy 
2007;   37:   1502–1511. 

 101 Tomazic-Jezic VJ, Beezhold DH, Hashim 
H, Palosuo T, Raulf-Heimsoth M, Swanson 
M, Hamilton RG: Performance of methods 
for the measurement of natural rubber latex 
(NRL) proteins, antigens and allergens. J 
Allergy Clin Immunol 2004;   113(suppl 1):
S78. 

 102 Yeang HY, Hamilton RG, Bernstein DI, 
Arif SA, Chow KS, Loke YH, Raulf-Heim-
soth M, Wagner S, Breiteneder H, Biagini 
RE: Allergen concentrations in natural rub-
ber latex. Clin Exp Allergy 2006;   36:   1078–
1086. 

 103 Biagini RE, Krieg EF, Pinkerton LE, Ham-
ilton RG: Receiver operating characteristics 
analyses of Food and Drug Administra-
tion-cleared serological assays for natural 
rubber latex-specific immunoglobulin E 
antibody. Clin Diagn Lab Immunol 2001;   8:  
 1145–1149. 

 104 Hamilton RG: Diagnosis of natural rubber 
latex allergy. Methods 2002;   27:   22–31. 

 105 Biagini RE, MacKenzie BA, Sammons DL, 
Smith JP, Krieg EF, Robertson SA, Hamil-
ton RG: Latex specific IgE: performance 
characteristics of the IMMULITE 2000 
3gAllergy assay compared with skin test-
ing. Ann Allergy Asthma Immunol 2006;  
 97:   196–202. 

 106 Hamilton RG, Peterson EL, Ownby DR: 
Clinical and laboratory-based methods in 
the diagnosis of natural rubber latex aller-
gy. J Allergy Clin Immunol 2002;   110(suppl 
2):S47–S56. 

 107 Ebo DG, Hagendorens MM, De Knop KJ, 
Verweij MM, Bridts CH, De Clerck LS, 
Stewens WJ: Component-resolved diagno-
sis from latex allergy by microarray. Clin 
Exp Allergy 2010;   40:   348–358. 

 108 Turjanmaa K, Palosuo T, Alenius H, Leyna-
dier F, Autegarden JE, André C, Sicard H, 
Hrabina M, Tran TX: Latex allergy diagno-
sis: in vitro and in vivo standardization of a 
latex extract. Allergy 1997;   52:   41–50. 

 109 Yip L, Hickey V, Wagner B, Liss G, Slater J, 
Breiteneder H, Sussman G, Beezhold D: 
Skin prick test reactivity to recombinant la-
tex allergens. Int Arch Allergy Immunol 
2000;   121:   292–299. 

 110 Wagner S, Bublin M, Hafner C, Kopp T, 
Allwardt D, Seifert U, Arif SA, Scheiner O, 
Breiteneder H: Generation of allergen-en-
riched protein fractions of  Hevea brasilien-
sis  latex for in vitro and in vivo diagnosis. 
Int Arch Allergy Immunol 2007;   143:   246–
254. 

 111 Bernardini R, Pucci N, Azzari C, Novembre 
E, De Martino M, Milani M: Sensitivity and 
specificity of different skin prick tests with 
latex extracts in pediatric patients with sus-
pected natural rubber latex allergy–a co-
hort study. Pediatr Allergy Immunol 2008;  
 19:   315–318. 

 112 Turjanmaa K: Diagnosis of latex allergy. 
Allergy 2001;   56:   810–812. 

 113 Berekaa MM, Linos A, Reichelt R, Keller U, 
Steinbüchel A: Effect of pretreatment of 
rubber material on its biodegradability by 
various rubber degrading bacteria. FEMS 
Microbiol Lett 2000;   184:   199–206. 

 114 Yikmis M, Arenskotter M, Rose K, Lange 
N, Wernsmann H, Wiefel L, Steinbüchel A: 
Secretion and transcriptional regulation of 
the latex-clearing protein, lcp, by the rub-
ber-degrading bacterium Streptomyces sp. 
Strain K30. App Environ Microbiol 2008;  
 74:   5373–5382. 

 115 Morris M: Health considerations of syn-
thetic alternatives to natural rubber latex. J 
Nat Rubber Res 1994;   9:   121–126. 

 116 Rahaman WA: Natural rubber as a green 
commodity. Rubber Dev 1994;   47:   3–16. 

 117 Korniewicz DM, Chookaew N, El-Masri M, 
Mudd K, Bollinger ME: Conversion to low-
protein, powder-free surgical gloves: is it 
worth the cost? AAOHN J 2005;   53:   388–
393. 

  




