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An Assessment of the Endotoxin Contents of
Natural Rubber Latex Medical Gloves
A. 1KRAM* AND M.Y. AM1R-HASHIM*#

The endotoxin levels of Malaysian Natural Rubber (NR) latex medical gloves were determined
by a kinetic turbidimetric Limulus Amoebocyte Lysate (LAL) assay. The samples evaluated
were 39 pairs of sterilised surgical gloves from 10 commercially-available brands and 2~s
of non-sterilised examination gloves from 8 brands. The endotoxin concentrations rangedfrom
3.2 to 114.1 EU/glove pair for surgical gloves and from <8.4 to 9,632 EU/glove pair for the
examination gloves. In the case of surgical gloves, 72% had endotoxin activity below the
specified FDA standard of 20 EU/device, while in the case of the non-sterilised examination
gloves, only 38% had values below the specified level. There was no correlation between
endotoxin c(;ncentrations and the presence of glove powders in the present study.
Key words: NR latex gloves; surgical gloves; examination gloves; Limulus Amoebocyte Lysate
(LAL); lipopolysaccharides (LPS); Gram-negative bacteria; Control Standard Endotoxin
(CSE)

Endotoxin
is a lipopolysaccharide
(LPS)
component of the outer cell wall membrane
of the environment-ubiquitous
Gram-negative
bacteriathat
is known to produce a variety
of inflammatory responses
in human and
animal subjects when they find their way into
the mammalian blood system in clinicallyrelevant amountsl-9. The host symptoms range
from fever and septic shock to hypotension,
adult respiratory distress syndrome, airway
inflammation and disseminated intravascular
coagulation.
The potential to induce fever
has led endotoxins to be also referred to
as ~
LPS stimulates ("activates")
alveolar
macrophages
and
respiratory
epithelial tissue to release pro inflammatory
cytokines (chemoattractants
that initiate an
inflammatory
cascade) such as interleukin

(1L)-ll3, 1L-6, IL-IO and the tumour necrosis
factor Ci (TNF-Ci), some of which travels
through blood to the hypothalamus,
the
body's thermoregulatory
centre in the brainlO•
Endotoxins are fragmented remains of bacteria
that are bioactive and may adhere on implants/
medical devices even after sterilisation. Thus,
endotoxin contamination control is important
in manufacturing
human and animal drug
products, biologics and medical devices, and
in haemodialysis therapy.
Endotoxin was previously shown to be a
significant contaminant on natural rubber (NR)
latex glovesll-17•
The detection of endotoxin is
of significance since commercially-available
medical devices need to have low endotoxin
levels before they can be approved for sale
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The routine test protocol includes LRW blanks
as negative controls and a known amount of
endotoxin standard as positive controls. The
samples were then reacted with the LAL
reagent in each well. The assay plate was
placed in a ELx808i microplate reader (BioTek Instruments, Inc., Vermont, USA) and
the assay was allowed to proceed at 37±1°C
for 1h. Spectrophotometric measurements
at 340 nm were taken at every 20 s interval,
and the data analyzed using KC4™ Software
(Biotek Instruments, Inc.) where the sample
concentrations were computed at minimum
acceptable standard curve values of? = 0.998.
The kinetic software calculates the "onset
time" for the sample in each well to reach a
specified optical density value ("onset OD"),
generates the standard curve parameters
(slope, intercept, correlation coefficient) and
calculates the endotoxin concentrations in the
unknown samples. The results are reported as
endotoxin potency (EU/per mL) and tabulated
as EU/pair gloves.

DISCUSSION
Standards proposed by the US Food and Drug
Administration (FDA) for medical devices
limit the endotoxin level to less than 20
EU/deviceI9, and thus surgical gloves have
to be made sufficiently clean to meet the
specifications. This is the level required of
medical devices that come in contact with blood
or lymph circulating in a patient, although the
device limit for cerebrospinal fluid is more
stringent (2.15 EU). In our previous work
with non-sterile examination gloves prepared
under sufficiently clean conditionsl6, we have
shown that bacterial endotoxin activity may
range from <50-183 EU/glove. In the present
study however, the levels for examination
gloves were much wider and ranged to a high
of 4,816 EU/glove (Table 1). This was not
unexpected, since examination gloves were
not sterile when packed. In fact, Thorne et
al. 17 tested eight types of medical examination
gloves and found endotoxin contents ranging
from below detection « 1.5 EU) to 5 810
ED. Although glove powders can act as a
vehicle for latex allergens and endotoxins,
and was the basis of selection for some of
the earlier experimentsI3,14, there appeared
to be no correlation between the endotoxin
concentrations determined and the presence
of glove powders in the current study.

RESULTS

1

The endotoxin levels varied over a wide
range for the non-sterile examination gloves
(from <8.4 to 9,632 EU/glove pair) but were
narrower for the surgical gloves (3.2 to 114.1
EU/glove pair) (Table 1). Of the 39 sterile
surgical glove pairs sampled, 3 (Brand J,
Biogel-coated) did not yield results but 26 of
the remaining 36 pairs (72%) had detectable
levels of <20 EU/pair. As a comparison, 8
out qf the 2,1 pairs (38%) of the examination
gloves eXqmined showed levels of <20 EU/
pair. The determination for Brand J gloves
was not possible since the extracts inhibited
the LAL assay.

It can be seen that most of the sterile
surgical gloves used in the present study
was generally clean, with values that can be
categorised to be in the minor to moderate
contamination range. Asplund Peiro et al. 12 had
previously tested 16 batches of sterile surgical
gloves and categorised glove contamination
as minor (0.2-9.0 EU/glove), moderate
(15-31 EU/glove) and heavy (138-1 071
EU/glove). Grotsch et al.20 also determined
the levels of endotoxin on sterile surgical
gloves from five manufacturers and showed
that for all gloves, the outer surface had very
low or undetectable endotoxin contamination.

For both the surgical and examination
gloves, there appeared to be no correlation
between powdered or powder-free gloves and
their endotoxin contents.
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TABLE 1. GLOVE ENDOTOXIN CONTENT OF NR LATEX SURGICAL AND EXAMINATION
GLOVES AS DETERMINED
BY THE LAL ASSAY*
Glove #

Surgical gloves

1

7.6

2

8.0
10.8
1l.8
22.8
9.0
10.5
3.2

3
4
5
6
7
8

Endotoxin
Brand

content, EU/pair glove
Examination

A (P)lot 1
A (P)lot 1

20.8
13.9

A
A
A
A

16.5
13.5
8.6
11.1
2,692

(P)lot
(P)lot
(P)lot
(P)lot

1
1
2
2

A (P)lot 1
A (P)lot 1
A (P)lot 1

3,578
1,103

9
10
11
12
13
14
15

9.5
6.9
4.3

16
17
18

10.9
4.3
24.7

19

23.3
23.6

D (P)
D (P)

11l.0

9.7
2l.3
4.8
43.0
114.1
41.4
7.0
10.7
26.4
14.4
26.8
13.4
<16.8
<16.8

E (LP)
E (LP)
E (LP)
F (PF)
F (PF)
F (PF)
G (P)
G (P)
G (P)
H (P)
H (P)
H (P)
I (PF)
I (PF)
I (PF)
I (PF)
J (PF-B)
J (PF-B)
J (PF-B)

98.2

20
21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

5.4
6.0
1l.2
1l.9

9.3
18.4

*Assayed in duplicate.
coated.

P=powdered;

A
B
B
B
C
C
C
D
D

(P)lot 1
(PF)
(PF)
(PF)
(P)
(P)
(P)
(P)
(P)

9,632
<8.4
1l.4
18.1
130.8
2l.2
515.7
743.7
292.6
152.3

LP=lightly-powdered;
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gloves

Brand
K (P)
K (P)
K (P)
L( P)
L (P)
L (P)
M(PF)
M(PF)
M(PF)
N (PF)
N (PF)
N (PF)
(P)
(P)
(P)
P (P)
P (P)

o
o
o

Q (P)
Q (P)
Q (P)
Q (P)

r

PF=powder-free;

PF-B=Powder-free,

Biogel
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However, the inside surface of the gloves
varied, three showed contamination
ranging
from 160 EU/glove to greater than 2 560 EU/
glove. During manufacture, the inside surfaces
of gloves were previously the outside prior to
sh'ipping and were therefore most exposed to
environmental contamination.
Holmdahl and
Chegini!4 tested 14 different brands of sterile
surgical gloves (nine powdered, five powderfree) and found that the amount of endotoxin
on the outer surface of a single surgical glove
from four of the powder-free brands was
low, and one brand had levels high enough
to cause potentially
adverse events postoperatively.
Of the nine powdered gloves,
two carried four to eight times the normal
quantity. Brock Williams and Halsey!3 tested
19 NR surgical and examination gloves and
two (vinyl and neoprene) surgical gloves and
found that the examination gloves averaged
4040 EU/g glove (=30 704 EU/glove for a 7.6
g glove) and surgical gloves averaged 30 EU/g
glove (=228 EU/glove).
Such large amounts
of bacterial LPS were much higher than any
reported in the literature.
In another study
using the LAL kinetic chromogenic assay on
five surgical gloves and two Foley catheters,
water extracts from one glove and one catheter
showed strong LAL activities equal to 3.2 and
13.6 ng/mL, respectively15. Assuming 1 ng/
mL is equivalent to 5 EU (depending on the
reference endotoxin)9, this works out to 16
and 68 EU/mL respectively, for the glove and
catheter type examined.
The level of endotoxins present on the device
could influence the outcome of inserting a
medical device into the body and complications
that could arise from contaminated surgery.
This possibility is the reason for the concern
with endotoxin contamination
control and
why pyrogenicity testing has been performed
on medical devices ever since guidelines were
drawn up for their biological testing9. The
host response
to endotoxin
is a highly
complex field, and humans develop a reaction
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to endotoxin
weight9.

when injected

at 4 ng/kg body

Reducing
the likelihood
of bacterial
contamination reduces both microorganisms
and pyrogens. In the present study, the better
results obtained for the new generation of
sterile surgical gloves compared to values
reported
in the literature
were due to
improved manufacturing
technologies
and
better environmental
control of particulate
and biological contamination.
Clean zones
help prevent product contamination,
and
surgical gloves are packed in cleanrooms with
regularly
cleaned
and sanitised
working
surfaces,
equipment
as well as gowned
personnel. The variation in endotoxin activity
between brands probably reflects this aspect of
environmental control.
Gram-negative bacteria are found as normal
microflora of soils, water and living organisms,
and endotoxins are thus ubiquitous in both
outdoor and indoor environments.
High.
occupational
airborne-endotoxin
exposure
is already known in agricultural and related
industries (crop harvesting, cotton and vegetable
processing, livestock barns, grain handling,
slaughter houses), textiles, pulp and paper
processing,
sawmills, composting,
sewage
and domestic waste handling, wastewater
treatment, fibreglass manufacturing and metal
machining environments2!.
Indeed, a number
of epidemiologic
studies have revealed the
association between endotoxin exposure and
respiratory symptoms or pulmonary function
decline !7,22. However, the sampling of airborne
bacteria and endotoxins in highly contaminated environments can be problematic.
In
the rubber industry, there have been no studies
for endotoxin exposure assessment, to identify
specific locations and tasks associated with
high exposure to endotoxins or of endotoxin
contamination related to product manufacture,
as is common in the food, beverage and
pharmaceutical industries.
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Machining Fluid Aerosols in Guinea Pigs.
Fundam.Appl. Toxieol., 19,117-123.

CONCLUSION
We observed that the endotoxin contamination
of commercially-available
sterile NR latex
surgical gloves from the same lots were
quite variable between brands in having low
to intermediate concentrations
of endotoxin
activity.
With some exceptions, most of
these surgical gloves had levels below the
FDA specified standards of <20 EU/device.
In contrast, most of the non-sterile NR latex
examination gloves were highly contaminated,
with a higher percentage
exceeding
the
specified detectable level.

5. BURRELL, R. AND YE, S.H. (1990) Toxic
Risks from Inhalation of Bacterial
Endotoxin. Br. J Ind. Med., 47, 688-691.
6. THORNE, P.S.AND DeKOSTER, J.A. (1996)
Pulmonary Effects of Machining Fluids
in Guinea Pigs and Mice. Am. Ind. H.\g.
Assoc.J.,57,1168-1172.
7. RYLANDER, R. (1997) Evaluation of the
Risks of Endotoxin Exposures. Int. J
Occup. Environ. Health, 3 (suppl.l), 532536.
8. THORNE, P.S. (2000) Inhalation Toxicology
Models of Endotoxin- and Bioaerosolinduced Inflammation. Toxicology, 152,
13-23.

ACKNOWLEDGEMENTS
We thank Hanipiah Basri for capable technical
assistance, and Pn Nor Aisah Abd Aziz, Dr
Ma'zam Md Said and Dr Hasma Hashim for
the provision of gloves.

9. GORBET, M.B. AND SEFTON, M ...
(2005) Endotoxin: The Uninvited Guest.
B iomaterials, 26, 6811-6817.

Date of receipt: July 2007
Date of acceptance: October 2007

10. WILLIAMS, K.L. (2001)
Endotoxins.
Pyrogens, LAL Testing and Depyrogenation.
Jew York: Marcel Dekker, Inc.

REFERENCES

11. SHMUNES, E. AND DARBY, T. (1987)
Contact Dermatitis due to Endotoxin
Contact
in Irradiated Latex Gloves.
Dermatitis, 10,240-244.

1. MORRISSON, D.C. AND RYAN, IL. (1979)
Bacterial Endotoxins and Host Immune
Responses. Adv. Immunol., 28, 293--434.

12. ASPLUND PElRO, S.A., KULANDER, L.
AND ERIKSSON, O. (1990) Quantitatiye
Determination of Endotoxins on Surgical
Gloves. J of Hospital Infection, 16. 161172.

2. RIETSCHEL, E.T., BRADE, H., BRADE, L.,
KACA, w., KAWAHARA, K., LINDER, B.,
LUDERITZ, T., TOMITA, T., SCHADE, U.
AND SEYDEL, U. (1985) Newer Aspects
of the Chemical Structure and Biological
Activity of Bacterial Endotoxins. Prog.
Clin. BioI. Res., 189,31-50.

13. BROCK WILLIAMS, P. AND R.-\LSEY, H.
(1997) Endotoxin as a Factor in Adverse
Reactions to Latex Gloves. Ann. Allergy,
Asthma and Immunol., 79, 303-310.

3. CASTELLAN, R.M., OLENCHOCK, S.A.
AND KINSLEY, K.B. (1987) Inhaled
Endotoxin and Decreased Spirometric
Values. N Engl. J Med., 317,605-610.

14. HOLMDAHL, L. AND CHEGINI, N. (1997)
Endotoxin and Particulate Matter on
Surgical Gloves. J of Long- Term Effects of
Medical Implants, 7, 225-234.

4. GORDON, T. (1992)
Acute Respiratory
Effects
of
Endotoxin-contaminated

34

A. Ikram et at.: An Assessment of the Endotoxin Contents of Natural Rubber Latex Medical Gloves

FOOD AND DRUG ADMINISTRATION
(1987)
Guideline on Validation of the
Limulus Ameboyte Lysate Test As an
End-Product Endotoxin Test for Human
and Animal Parenteral Drugs, Biological
Products, and Medical Devices.

15. HAl SHIMA, Y., MURAl, T., NAKAGAWA,
Y., HIRATA, M., YAGAMI, T. AND
NAKAMURA, A. (2001)
Chemical
and Biological Evaluation of Endotoxin
Contamination on Natural Rubber Latex
Products. J Biomed. Mate}: Res., 55, 424432.
16. IKRAM, A. AND AMIR-HASHIM, M.Y.
(2003) Microbial Contamination in Corn
and Oat Starch Slurries. Malaysian Rubber
Technology Developments, 3, 16-20.

20. GROTSCH, w., LEIMBECK, R. AND
SONNENSCHEIN, B. (1992)
On the
Safety of Medical Products. The Detection
of Endotoxins on Sterile Surgical Gloves.
Hyg. Med., 17,200-206.

17. THORI~. P.S., METWALI, N., AVOL, E.
Al\m :vfcCONNELL, R.S. (2005) Surface
Sampling for Endotoxin Assessment using
Electrostatic Wiping Cloths. Annals of
Occupational Hygiene, 49, 401--406.

2l. DOUWES, 1., THORNE, P., PEARCE, N.
AND HEED ERIK, D. (2003) Bioaerosol
Health Effects and Exposure Assessment:
Progress and Prospects. Ann. Occup. Hyg.,
47,187-200.

18. BRITISH
STANDARDS INSTITUTION
(2000) BS EN 455-3: 2000. Medical Gloves
for Single Use - Part 3: Requirements and
Testing for Biological Evaluation.

22. DUCHAINE, C., THORNE, P.S., MERLAUX,
A., GRIMARD, Y., WHITTEN, P. AND
CORMIER, Y. (2001)
Comparison of
Endotoxin Exposure Assessment
by
Bioaerosol Impinger and Filter-sampling
Methods. Appl. Environ. Microbial., 67,
2775-2780.

19. DEPARTMENT OF HEALTH AND HUMAN
SERVICES, PUBLIC HEALTH SERVICE,

35

