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Abstract

Objectives: Exposure to latex allergens in latex gloves can cause occupational health problems in nurses, yet latex gloves
are still widely used in Thai hospitals. Therefore, we conducted a study to determine the prevalence of latex sensitization in
nurses and identify risk factors associated with sensitization. Materials and Methods: A questionnaire, providing informa-
tion on personal characteristics, ill-health, working conditions and symptoms related to latex product use, was administered
to 363 female nurses working in two tertiary hospitals in southern Thailand. Latex sensitization was confirmed using a solid
phase immunoassay to detect anti-latex IgE antibodies. Total glove protein levels were determined by using a modified
Lowry method and latex aeroallergens by a competitive inhibition immunoassay. Results: The overall prevalence of latex
sensitization was 4.4%. Respiratory symptoms related to latex glove use were significantly associated with latex sensitization
(OR =5.5,95% CI: 1.57-19). Total glove protein levels ranged 87.8-250.8 ug protein/dm> The prevalence of latex sensiti-
zation was higher (6.6% vs. 2.2%) in the hospital where gloves with higher protein levels (82-438 ug/g vs. 86-170 ug/g) were
used. Furthermore, latex sensitization prevalence increased from 3% to 5% with increased average departmental aeroal-
lergen concentrations. Conclusions: Latex sensitization prevalence in Thai nurses was higher than previously reported.
Respiratory exposure seems to play an important role, in addition to dermal exposure. If latex gloves cannot be replaced by
non-latex alternatives, replacement with gloves with lower protein content should be considered.
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INTRODUCTION

Exposure to latex allergens can cause occupational health
problems in health care workers (HCWs) particularly,
but not limited to, those who use latex gloves [1]. Clini-
cal manifestations related to latex glove use can present
themselves as relatively minor symptoms such as skin ir-
ritation, contact dermatitis, eye irritation and rhinitis, but
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can also manifest as serious symptoms, including asthma
and anaphylaxis [2,3]. The prevalence of latex allergy in
HCWs has been reported to range from 2-17%, with
data from Thailand indicating a relatively low preva-
lence of about 2% in Thai nurses wearing latex gloves at
work [4]. Non-occupational factors such as atopic diseas-
es [5], allergy to certain foods [6] and having had multiple
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operations [7] have also been shown to be risk factors for
the development of latex allergy. The main occupational
risk factor however, especially in HCWs, is the frequent
use of powdered latex gloves (PLGs) [9], although other
latex products are also used in healthcare settings [8].
Over the previous decades, the prevalence of latex al-
lergy has decreased in many countries, particularly west-
ern societies, due to the use of alternative gloves [10-13].
In contrast, PLGs are still frequently used in developing
countries such as Thailand as the price of PLGs is lower
than for other types of gloves [14].

Relatively little research has been conducted on the preva-
lence and incidence of latex allergy in the healthcare sec-
tor in Thailand. The limited data that are available suggest
both a frequent use of PLGs but also a relatively low prev-
alence of latex sensitization. The absence of population-
specific data on adverse symptoms related to latex glove
use and on occupational risk factors do not enable further
speculation about the apparent deviation of these data
from that reported elsewhere. Therefore, the aims of this
study were to (i) determine the prevalence of latex sensi-
tization in the nursing population in government hospitals
in Thailand and compare these with western societies, and
(ii) characterize occupational risk factors and determine
health effects related to glove use by nurses. The latter was
specifically of interest since this may enable targeted inter-
ventions that would not necessarily require substitution to
alternative (more expensive) non-latex powdered gloves.

MATERIALS AND METHODS

This cross-sectional study was conducted among nurses
working in one of the two tertiary hospitals in the south
of Thailand. Study information sheets, consent forms and
a self-administered questionnaire were sent to the head of
the nursing groups who then distributed them to all nurses
who worked in the following locations (outpatient de-
partments, emergency room, operating theatres, medical
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and surgical wards, labour and delivery units, ophthalmic
wards, obstetric wards, paediatric wards, eye, nose and
throat wards). The questionnaire included questions on
demographics, working conditions, use of latex gloves and
other latex products in the workplace and about other
known or suspected risk factors for the development of
latex allergy. In addition the questionnaire included ques-
tions on the prevalence of illnesses and symptoms related
to the use of latex gloves.

All participating nurses were further invited to donate
a blood sample. Blood samples were collected, centri-
fuged, and serum was collected and frozen at —20°C until
analysed. Specific IgE latex-antibody levels were measured
in the serum samples using a solid-phase, enzyme-labelled
fluoroenzyme-immunoassay (latex UniCAP Specific IgE
Assay) on a UniCAP 100 automated analyzer (Pharmacia
Diagnostic AB, Uppsala, Sweden). The limit of detection
of the assay was 0.35 kU, /. The sensitivity and specific-
ity of this solid-phase assay has been reported to be 90%
and 98.3%, respectively [15].

Total water soluble protein content was quantified for the
three main types of latex gloves used in each of the hos-
pitals (i.e. powdered examination, powdered surgical and
re-usable sterile gloves) using a modified Lowry method
[16]. Briefly, water-soluble proteins were extracted us-
ing an aqueous phosphate buffer of pH = 7.4 and pro-
teins were precipitated using sodium hydroxide. Proteins
were re-dissolved in alkaline copper tartrate solution and
quantified colorimetrically at 750 nm. Concentrations of
protein in the PLGs are reported as microgram per gram
(ng/g) of latex glove. The sensitivity was 50 ug/g [17].
Latex aeroallergens were detected by using a Pharma-
cia CAP competitive inhibition immunoassay [18]. The
Pharmacia CAP system is a solid-phase enzyme immu-
noassay using non-ammoniated NRL allergens (k§2,
a crude protein extract from latex spiked with recombi-
nant Hev b 5). Briefly, inhalable dust was measured us-
ing stationary sampling at 2 l/min for eight hours in the
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departments where participating nurses worked. Natural
rubber latex (NRL) allergens in each PTFE filter mem-
brane were extracted in 2 ml of phosphate buffered sa-
line (PBS = 0.15 M, pH = 7.2) overnight at room tem-
perature (25°C). In the inhibition immunoassay, 0.2 ml
of latex allergen or glove protein (reference) extracts
were incubated with 0.2 ml pooled sera of 10 latex sen-
sitised nurses (i.e. positive for anti-latex IgE antibodies)
for 2 h at 25°C. Protein extracts from powdered latex
examination gloves available from each hospital (total
protein 0.49 mg/ml for hospital 1 and 0.17 mg/ml for hos-
pital 2) were used as the reference material for the analy-
sis of NRL allergen concentrations on PTFE filters. The
reading was transformed to ng per ml using a standard
curve. Results of NRL aeroallergen levels were trans-
formed into nanogram per cubic meter (ng/m?).

Ethics

The study was approved by the Ethical Committee
of the University of Manchester (ref 08117) and both
participating hospitals (ref. YL0027.102/17050 and
ref. ST0516.10/7174, respectively).

Statistics

Data were analysed using T-tests or Mann-Whitney U tests
for continuous data depending on the distributions, while
categorical data were assessed by Chi? tests or by Fisher’s
exact test for small numbers (N < 5). Associations between
potential risk factors and latex allergy were determined
using univariate and multiple logistic regression. Multiple
regression models were obtained by backwards selection
using a 5% statistical significance level as the cut-off. Odds
ratios (OR) and 95% confidence intervals (95% CI) are
presented to describe associations between risk factors
and NRL glove related symptoms and NRL sensitization.
All analyses were done using SPSS (IBM, UK) version 19.

RESULTS

Of a total of 665 nurses, 363 (55.9%) agreed to participate
in the study and returned the consent form, the self-report-
ed questionnaire and provided a blood sample. The age
of nurses ranged from 23 to 60 years (mean =SD = 36.8
years +8.4) with the nursing population in hospital 2 on
average 3 years older than those in hospital 1 (Table 1).

Table 1. Demographics of participating nurses in serological testing stratified by hospital

Nurses
Variables total in hospital 1 in hospital 2 p*
(N =363) (N =183) (N =180)
Age (years) <0.01°
M=SD 36.8+8.4 35379 384+8.7
Me 35.0 34.0 37.0
min.-max 23.0-60.0 23.0-57.0 23.0-60.0
Ethnicity, n (%) <0.01
Thai 287 (79.1) 163 (89.1) 130 (67.7)
Thai-Chinese 16 (4.4) 6(3.3) 10 (5.2)
Thai-Malaysian 60 (16.5) 14(7.7) 52(27.1)
Education, n (%) 0.19
diploma 20(5.3) 5(2.7) 15(7.8)
bachelor 321 (85.6) 158 (86.3) 163 (84.9)
master 34(9.1) 20 (10.9) 14(73)
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Table 1. Demographics of participating nurses in serological testing stratified by hospital - cont.

Nurses
Variables total in hospital 1 in hospital 2 p*
(N =363) (N =183) (N = 180)
Position, n (%) <0.01
registered nurses 346 (95.3) 180 (98.4) 166 (92.2)
technical/practical nurses 17 (4.7) 3(1.6) 14(7.8)
Work period, n (%) 0.02
< 10years 114 (1.4) 70 (38.3) 44 (24.4)
10-20 years 147 (40.5) 65 (35.5) 82 (45.6)
> 20 years 102 (28.1) 48 (26.2) 54 (30.0)
Work shift, n (%) <0.01
< 35 h/week 143 (39.5) 57(31.3) 86 (47.8
> 35 h/week 219 (60.5) 125 (68.7) 94 (52.2)

M - mean; Me — median; SD - standard deviation.
¢ P-value by Chi’ test.
® P-yalue by Mann-Whitney U test.

Approximately 79% of all participating nurses were Thai,
with 17% and 4% being Thai-Malaysian and Thai-Chinese
nurses, respectively. Hospital 2 had more Thai-Malaysian
nurses employed than hospital 1, and also had a higher
percentage (8% vs. 2%) of technical/practical nurses.
Participating nurses in hospital 2 had been employed for
slightly longer than those in hospital 1, while nurses in hos-
pital 1 more often worked longer than 35 hours per week
(69%) compared to those in hospital 2 (52%). Sixteen
nurses were positive for anti-NRL IgE antibodies, indicat-
ing an overall latex sensitization prevalence of 4.4%. How-
ever, the prevalence in hospital 1 was three times greater
(6.6%) than that in hospital 2 (2.2%) and reached border-
line statistical significance (p = 0.07; Table 2). Stratifica-
tion by ward indicated that the highest prevalence of sen-
sitized nurses (13%) was found in the labour wards (3 out
of 24 participants). None of the nurses in the outpatient
departments (N = 33) and emergency units (N = 21) were
positive for anti-NRL IgE antibodies.

Of the 16 sensitized nurses, 8 (50%) reported health
symptoms related to their use of latex gloves, which was
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significantly higher than that reported by the non-sensi-
tized nurses (18%). More specifically, statistically signif-
icant 4-fold and 6-fold increased risks for sensitization
were observed for nurses who reported experiencing
dermal effects and respiratory effects self-attributed to
the use of NRL, respectively (Table 3). Of the 8 nurses
who reported health effects, 4 reported dermal symp-
toms only, 2 reported respiratory symptoms only and 2
reported both. Dermal problems were eczema (N = 6)
and face and lip swelling (N = 1), respiratory symptoms
were rhinitis (N = 1) and sneezing (N = 3), while fur-
thermore one nurse also reported eye irritation (N = 1).
Other known risk factors, including allergy, atopy or
asthma, familial atopy, or multiple operations showed
no significantly increased risk for sensitization in this
population.

Risk of latex sensitization was not significantly associat-
ed with specific occupational determinants although, on
average, sensitized nurses seemed to have been less ex-
posed than non-sensitized nurses in that they had worked
about two years less than non-sensitized nurses, reported



Table 2. Prevalence of anti-latex IgE antibodies amongst female nurses

Anti-latex IgE antibodies

Nurses n (%)

Study area (n) normal positive P’
(< 0.35 Ku, /1) (= 0.35 Ku,/I)
Total 363 347 (95.6) 16 (4.4)
hospital 1 183 171 (93.4) 12 (6.6) 0.07
hospital 2 180 176 (97.8) 4(22)
Workplaces
outpatient departments 33 33 (100.0) - 0.12
emergency units 21 21 (100.0) -
intensive care units 63 62 (98.4) 1(L.6)
medical wards 54 52(96.3) 2(3.7)
surgical wards 81 77(95.1) 4(4.9)
labour units 24 21 (87.5) 3(125)
obstetrics wards 36 32(88.9) 4(11.1)
operating theatres 51 49 (96.1) 2(3.9)

4 P-value by Chi® test.

Table 3. Associations between non-occupational and occupational factors and natural rubber latex (NRL) sensitization

in female nurses

Variable Sensitized Non-sensitized OR?
n (%) n (%) (95% CI)

History of operation

no operations 8 (50.0) 161 (46.7) 1.00

single operation 3(18.8) 98 (28.4) 0.6 (0.2-2.4)

multiple operations 5(3L3) 86 (24.9) 1.2(0.4-3.7)
Familial atopy

no 10 (62.5) 222 (64.2) 1.00

yes 6(37.5) 124 (35.8) 1.1 (0.4-3.0)
Types of personal illness

no symptoms 11 (68.8) 209 (60.4) 1.00

dermal symptoms 3(18.8) 115 (33.1) 0.3(0.1-1.8)

eczema 1(6.3) 59(17.1) 0.3 (0.0-2.5)

urticaria 3(18.8) 94 (27.2) 0.6 (0.2-2.2)
Other symptoms

asthma 2(125) 15 (4.3) 3.2(0.7-15.1)

atopy 3(18.8) 89 (25.7) 0.7 (0.2-2.4)

grass allergy 2(125) 30 (8.7) 1.5 (0.3-6.9)

hay fever 2(12.5) 35 (10.1) 1.3 (0.3-5.8)
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Table 3. Associations between non-occupational and occupational factors and natural rubber latex (NRL) sensitization
in female nurses — cont.

Sensitized Non-sensitized OR?

Vatiahle n (%) n (%) (95% CI)

Food allergy

no 14 (87.5) 299 (87.4) 1.00

yes 2(125) 43 (12.6) 1.0 (0.2-4.5)
Dermal symptoms related to NRL gloves

no 10 (62.5) 299 (86.2) 1.00

yes 6(37.5) 48 (13.8) 3.7 (1.3-10.8)
Respiratory symptoms related to NRL gloves

no 12 (75.0) 327 (94.2) 1.00

yes 4(25.0) 20 (5.8) 5.5 (1.6-18.4)
Other symptoms* related to NRL glove use

no 15(93.8) 341(98.3) 1.00

yes 1(6.3) 6(1.7) 3.8 (0.4-33.5)
Work shift

< 35 hjweek 5(313) 138 (39.9) 1.00

> 35 h/week 11 (68.8) 208 (60.1) 1.5 (0.5-4.3)
Frequency of hand washing

1-10 times/day 3(18.8) 104 (30.3) 1.00

11-20 times/day 9(56.3) 126 (36.7) 2.5(0.7-94)

> 20 times/day 4(25.0) 113 (32.9) 1.2 (0.3-5.6)

p-trend 0.86
Types of hand detergent (vs. non-users)

alcohol hand rub 13(81.3) 252 (72.6) 1.6 (0.5-5.9)

chlorhexidine 9(56.3) 232(66.9) 0.6 (0.3-1.8)

povidone scrub 1(6.3) 50 (14.4) 0.4 (0.1-3.1)

soap 8 (50.0) 132 (38.0) 1.6 (0.6-4.4)
PLG use

< 5 pairs/day 5(313) 79 (24.1) 1.00

6-15 pairs/day 7(43.8) 135 (41.2) 0.8 (0.3-2.7)

> 15 pairs/day 4(25.0) 101 (30.8) 0.6 (0.2-2.4)

p-trend 0.79
Time spent wearing PLG

< 2 h/day 7(43.8) 126 (38.8) 1.00

3-5 h/day 4(25.0) 103 (31.7) 0.7 (0.2-2.5)

6-8 h/day 5(31.3) 83 (25.5) 1.1(0.3-3.5)

p-trend 0.95

OR - odds ratio; CI - confidence interval.

*Unadjusted.

® Only variable significant after adjustment for age, with OR = 5.47 (95% CI: 1.57-19).
¢Other symptoms included eye irritation and/or face and lip swelling.
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a shorter duration of latex glove-usage, used fewer pairs of
powdered latex gloves per day and wore them less during
the day as well (Table 3). None of the specific potential
occupational risk factors, including a high frequency of
hand washing, long work shifts, a high frequency of hand
washing, the use of specific hand detergents, the number
of powdered latex gloves used per day and the time spent
wearing gloves per day, were associated with increased
sensitization risk.

After adjustment for age, self-reported respiratory symp-
toms self-attributed to latex glove use was the most im-
portant predictor, indicating a 5-6 fold increased risk
(95% CI: 1.6-19.0) (Table 3).

The water-soluble total protein concentrations of the
three main types of gloves (examination, surgical and re-
usable sterile gloves) used in both hospitals are shown in
Table 4. Protein concentration in powdered examination
gloves used in hospital 1 was 2-3 times higher than in
those used in hospital 2 (438 ug/g vs. 170 ug/g), and for

surgical gloves nearly twice as high (198 ug/g vs. 109 ug/g).
The concentrations in the re-usable sterile gloves were
similar in both hospitals. Interestingly, the magnitude of
these observed differences in water-soluble total protein
concentrations on the main types of gloves used was of
the same order of magnitude as the differences in latex
sensitization rates between hospital 1 (6.6%) and hospi-
tal 2 (2.2%).

Furthermore, a trend of increased prevalence of NRL
sensitization with increased NRL aero-allergen concen-
trations in departments where the nurses worked could
be observed (Table 5). Measured aeroallergen concen-
trations were stratified into low (< 6.5 ng/m®), moder-
ate (6.6-7 ng/m*) and high (7-9.4 ng/m®) concentration
groups and the corresponding sensitization prevalences
were 3%, 3.3% and 4.8%, respectively. Three- to four-fold
and 6-8 fold increased ORs were observed for the moder-
ate and high exposed nurses, but these differences did not
reach statistical significance.

Table 4. Water-soluble protein levels in powdered latex glove (PLG) extracts

Total proteins*®
PLGA (ug proteln{\g/l ifsrll)lbber glove) p
hospital 1 hospital 2
Examination gloves 438.1+24.6 169.8+4.9 <0.01
Surgical gloves 197.9£9.8 109.4=7.9 <0.01
Reusable sterile gloves 82.0£5.0 86.4%4.0 0.30

* Each type of glove was from the same lot or box.
® Total NRL proteins was measured using modified Lowry method.
¢ P-value by independent T-test.

Table 5. Associations between average NRL aeroallergen and NRL sensitisation

Sensitised

Exposure n (%) Non-sensitised n (%) OR, OR
NRL aeroallergen
low® 3(3.0) 96 (97.0) 1.00 1.00
moderate* 4(3.3) 119 (96.7) 3.3(0.4-30.4) 3.5(0.4-32.3)

[JOMEH 2014;27(1)
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Table 5. Associations between average NRL aeroallergen and NRL sensitisation - cont.

Sensitised i .
Exposure n (%) Non-sensitised n (%) OR OR,,
high? 5(4.8) 99 (95.2) 7.9 (1.0-65.0) 6.8 (0.7-68.4)
p-trend 0.03 0.08
 Adjustment for age, hospital, ethnicity and atopy.
b < 6.5 ng/m’.
©6.6-7 ng/m’.
47.0-9.4 ng/m’.

Other abbreviations as in Table 3.

DISCUSSION

The prevalence of anti-latex IgE antibodies among fe-
male nurses in this study was 4.4%, and more specifically
was 2.2% and 6.6% in the individual hospitals. These rates
are higher than the largest and most recent published
study (2006) in Thai nurses which reported a prevalence
of 2% [4]. A higher prevalence has been reported in other
Asian countries: in Singapore (2005) 32 0f 381 HCWs (8.4%)
were positive for anti-latex IgE antibodies using skin prick
testing [19], in Indonesia a latex sensitization rate of 6.1%
amongst nurses was reported based on skin prick testing
and in Taiwan (2008) 152 of 1139 HCWs (12%) had posi-
tive latex skin prick tests [20].

In a second study in Taiwan however, which used Phar-
macia CAP radioallergosorbent testing, a lower preva-
lence (2.3%) was reported amongst 130 nurses [21]. The
relatively low latex sensitization prevalence in this study
when compared to levels observed in hospitals from
other Asian countries (but not to Thailand itself) may
be due to the differences in working conditions, types
of PLG use, duration of time wearing latex gloves and
personal characteristics. However, it is difficult, if not
impossible, to directly compare latex allergy prevalence
rates amongst different populations as different methods
have been used [9].

Stratification by ward indicated that the prevalence of
latex sensitization was highest (12.5%: 3 of 24 nurses) in
the labour units, followed by 11.1% (4/36) in the obstetric
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wards, 4.9% (4/81) in the surgical wards, 3.9% (2/51) in
the operating theatres, 3.7% (2/54) in the medical wards
and 1.6% (1/63) in the intensive care units. Occupational
situations with a similar high prevalence were also found
in a study of Bangkok dental students for which a preva-
lence of 14% was reported [22]. In other Asian countries,
a study in Korea (2002) reported, based on skin prick test-
ing, that 9 of 80 operating nurses (11.3%) were positive to
latex glove extract [23].

This current study found no specific occupational risk
factors that were associated with latex sensitization. This
is not consistent with previous findings in the region indi-
cating strong associations between latex sensitization and
especially the use of (powdered) latex gloves [9,20,24].
Most likely this can be explained by the small number
of latex sensitized nurses (N = 16), while also the (his-
torical) use of gloves was determined by self-reporting,
which is likely to have been associated with a large de-
gree of misclassification [4,25]. Additionally, this study
had a cross-sectional design that is susceptible to inter-
pretation problems because exposure and disease are
measured at the same point in time. It is also possible
that nurses suffering from allergic symptoms may have
left their jobs or have been transferred to other wards
or administrative functions (healthy worker effect) [13].
Indeed, on average, sensitized nurses had worked about
two years less than non-sensitized nurses, and reported
using less pairs of powdered latex gloves per day, wearing
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them for shorter periods during the day and overall hav-
ing used them less.

The participation rate in this study was 56% and because
participation was voluntary this may have resulted in se-
lection bias. Data were available that enabled comparison
between participating and non-participating nurses and
these indicated that whereas both groups had a similar age
distribution, there were minor differences between both
groups in that participating nurses had a higher percent-
age of native Thai nurses compared to non-participants
(79% vs. 73%, respectively) and more often reported
having a non-work related allergic disease (39% vs. 29%,
respectively). It is however unknown if these correlate to
latex-specific sensitization and if this biased the sample.
Although it has been shown that methods to determine
latex allergy, including the one used in this study based
on latex-specific IgE levels using Pharmacia UniCAP
(Uppsala, Sweden), do not necessary correlate well with
reported symptoms of type I allergy [26], our results in-
dicate that the best predictive factor of latex sensitization
was respiratory symptoms, and not dermal symptoms, that
were self-attributed to glove use. This may indicate, to-
gether with the absence of glove-use as a risk factor, that
inhalation may also be an important route of developing
latex sensitization in this study population. This suggests
that the nurses were likely to experience relatively high
aero-allergen exposure [27]. Indeed, the result of the cur-
rent study also indicated that latex sensitisation tended to
increase with increasing latex aeroallergen exposure.
Interestingly, the amount of glove proteins may have an
influence on the prevalence of latex sensitization, as re-
sults indicated that the hospital with the higher prevalence
of anti-latex IgE antibodies also used PLGs with higher
total protein levels. Although this is an association at an
ecological level, this may imply that if switching to non-
powdered alternatives is not financially feasible, then
switching to gloves with lower proteins may well reduce
the incidence of new allergy in these populations; an

intervention measure that has already been demonstrated
to be effective over a decade ago [28].

In conclusion, the prevalence of latex sensitization in
nurses in governmental hospitals in Thailand in this study
was 4.4% (range: 2.2-6.6%), which was 2-3 times higher
than previously reported. Latex sensitization was associat-
ed with the presence of respiratory symptoms self-attribut-
ed to latex glove use, and at an ecological level the protein
content of the gloves used in the hospitals was associated
with the prevalence of sensitization. No other specific risk
factors were identified in this study, but these data do in-
dicate that the inhalation route of exposure, in addition to
the dermal route, may also have an important role to play.
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