
 http://ini.sagepub.com/
Journal of Endotoxin Research

 http://ini.sagepub.com/content/12/4/241
The online version of this article can be found at:

 
DOI: 10.1177/09680519060120040501

 2006 12: 241Journal of Endotoxin Research
Malcolm A. Finkelman, Steven J. Lempitski and Jay E. Slater

-Glucans in standardized allergen extractsβ
 
 

Published by:

 http://www.sagepublications.com

On behalf of:
 

 International Endotoxin & Innate Immunity Society

 can be found at:Journal of Endotoxin ResearchAdditional services and information for 
 
 
 
 

 
 http://ini.sagepub.com/cgi/alertsEmail Alerts: 

 

 http://ini.sagepub.com/subscriptionsSubscriptions:  

 http://www.sagepub.com/journalsReprints.navReprints: 
 

 http://www.sagepub.com/journalsPermissions.navPermissions: 
 

 http://ini.sagepub.com/content/12/4/241.refs.htmlCitations: 
 

 What is This?
 

- Aug 1, 2006Version of Record >> 

 at Ist Dermopatico dellÀ TImmaco on January 13, 2012ini.sagepub.comDownloaded from 

http://ini.sagepub.com/
http://ini.sagepub.com/content/12/4/241
http://www.sagepublications.com
http://www.ieiis.org
http://ini.sagepub.com/cgi/alerts
http://ini.sagepub.com/subscriptions
http://www.sagepub.com/journalsReprints.nav
http://www.sagepub.com/journalsPermissions.nav
http://ini.sagepub.com/content/12/4/241.refs.html
http://ini.sagepub.com/content/12/4/241.full.pdf
http://online.sagepub.com/site/sphelp/vorhelp.xhtml
http://ini.sagepub.com/


INTRODUCTION

Allergic sensitization is typically influenced by several
factors other than the allergen(s) to which the individual
is exposed. Host factors such as major histocompatabil-
ity phenotype are critical, as are incidental features like
concurrent viral infection, age at exposure, and fre-
quency of exposure. Experimental and epidemiological
data have suggested that concurrent exposure to micro-
bial adjuvants such as endotoxins and (1→3)-β-D-glu-
cans (β-glucans) may modulate the immune response to
allergens as well. The possible effects of endotoxin expo-
sure on allergic responses have been reviewed exten-

sively.1,2 Like endotoxin, β-glucan is a common contami-
nant of the indoor environment and has been implicated as
a modulator of allergic responses in murine3–5 and human
studies.6–10 Like endotoxin, β-glucan has been associated
with both Th19,11–13and Th24,5,14responses.

Allergen extracts are produced by a relatively unselec-
tive aqueous extraction of complex biological plant and
animal source materials, and are used widely for the
diagnosis and treatment of allergic disease. In 2003, we
examined the presence of endotoxin in 14 standardized
allergen extracts by Limulus amebocyte lysate (LAL)
assay, and found a broad range of endotoxin content that
was of uncertain clinical significance.15 Among the
extracts tested, cat pelt had significantly more endotoxin
activity than cat hair, and Dermatophagoides farinae
extracts had more activity than Dermatophagoides
pteronyssinus. Grass and ragweed pollen extracts con-
tained less endotoxin than all of the extracts other than D.
pteronyssinus. β-Glucan content was estimated indirectly,
and appeared to be significant (> 10% of LAL reactivity) in
only three – ragweed pollen and two grass pollen extracts.
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Background: Allergen extracts contain variable quantities of bacterial endotoxin. Recent studies
have suggested that (1→3)-β-D-glucans (β-glucans), also microbial cell wall components, may have
adjuvant properties that could affect allergen immunotherapy.
Objective: To determine the quantities of β-glucans in standardized allergen extracts.
Materials and Methods: Ninety-four lots of 13 standardized allergen extracts were tested for β-glucan
content by Glucatell assay, and for endotoxin content by a specific, chromogenic formulation of the
Limulus amebocyte lysate test.
Results: Standardized allergen extracts contain variable quantities of endotoxins and β-glucans. As
in our previous work, endotoxin activity was greatest in cat pelt and Dermatophagoides farinae, and least
in the pollens. There was no correlation between endotoxin and β-glucan levels (r = 0.1887; P= 0.07). β-
Glucan content was highest for grass pollen (median content, 10.6 ng/ml; range, 0.4–41.8 ng/ml), ragweed
pollen (32.9 ng/ml; range, 6.5–41.2 ng/ml), and cat pelt (25.5 ng/ml; range, 16.7–41.1 ng/ml), and lowest
for cat hair (4.9 ng/ml; range, 1.2–10.3 ng/ml), D. farinae (1.2 ng/ml; range, 0.4–5.2 ng/ml) and
Dermatophagoides pteronyssinus (1.8 ng/ml; range, 0.4–6.7 ng/ml).
Conclusions: β-Glucans are present in standardized allergen extracts. The effects of these quantities
of β-glucans on allergen immunotherapy and allergen skin testing require further study.
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The injection of graded doses of allergen extracts has
been used successfully to modulate immune responses to
allergens for nearly a century, but allergen immunother-
apy is neither uniformly effective nor free of risk.16

Before the effects of potent immunomodulatory adju-
vants such as endotoxin and β-glucan in allergen extracts
can be understood, the presence of these compounds
must be ascertained and quantified. In this study, we
examined the β-glucan content of standardized allergen
extracts using a direct and validated test, re-examined
the endotoxin content by an endotoxin-specific LAL
assay, and analyzed the relationship between these two
immunomodulatory compounds.

MATERIALS AND METHODS

Allergen extracts

Ninety-four lots of 13 standardized allergen extracts rep-
resentative of US licensed products were tested. The lots
included extracts derived from 7 grass pollen species, D.
farinae, D. pteronyssinus, short ragweed, ragweed mix,
cat hair, and cat pelt. Thirty-seven lots were prepared in
glycerin (50%, v/v) alone, one in aqueous solution with
phenol (0.4%, w/v), and 52 in both glycerin and phenol.
One extract was alum-precipitated in aqueous buffer
containing 0.4% phenol, and three were acetone-precipi-
tated in buffer containing 50% glycerin.

Bacterial endotoxin analysis

The analysis was performed using a bacterial endotoxin-
specific, chromogenic formulation of LAL (ES-50M,
Seikagaku Corporation, Tokyo, Japan). The analysis was
performed according to the manufacturer’s instructions,
with a slight modification. Briefly, a standard curve was
constructed using Control Standard Endotoxin
(Associates of Cape Cod, Inc., East Falmouth, MA,
USA), calibrated against USP endotoxin standard lot
G1, using a log–log analysis of time of onset (number of
seconds required to reach a pre-determined absorbance
at 405 nm) versus endotoxin concentration. A standard
curve was performed with each analysis and all correla-
tion coefficients exceeded 0.999. Allergen samples were
diluted 100-fold in LAL Reagent Water prior to mea-
surement, 50 µl each of sample and LAL were added to
each well. All measurements were performed in dupli-
cate. Samples with endotoxin values exceeding the
upper limit of the standard curve were diluted to bring
them within the standard curve limits. All incubations
were at 37°C. Analysis was performed using SoftMax®

Pro software (Molecular Devices Corporation, Sunnyvale,
CA, USA).

(1→3)-β-D-glucan analysis

β-Glucan content was measured using Glucatell®, a β-glu-
can-specific modification of the LAL, according to manu-
facturer’s instructions (Associates of Cape Cod, Inc.) using
the time of onset mode described above. In this assay, 25 µl
of sample plus 100 µl of Glucatell reagent were added to
each well and the reactions were monitored kinetically.
Each sample was run in duplicate. A linear standard curve
was constructed using a β-glucan standard (Pachyman,
Associates of Cape Cod, Inc.). Samples with β-glucan val-
ues exceeding the upper limit of the standard curve were
diluted (1:100 or 1:200) with glucan-free water (supplied
with the kits) to bring them within the standard curve limits.

In order to determine whether allergen extracts inter-
fere with the measurement of β-glucans, spike recovery
was evaluated with 20% of the samples and found to be
within the acceptable range for an LAL-based reagent
(50–200%). Similarly, no inhibitory effects of glycerin
and phenol were noted (data not shown). Prior evaluations
of the Glucatell® assay confirm that it is non-reactive with
other carbohydrates and with endotoxin.17–19

Statistical analyses

The statistical significance of the differences between
the corrected endotoxin or β-glucan  activities of the dif-
ferent classes of products was determined using the
Kruskal-Wallis rank-sum statistic. This non-parametric
method was used because the activity data are not nor-
mally distributed. Dunn’s test was used to assess the dif-
ferences in rank-sums between each pair of extract type
(for six extract types, there are n(n–1)/2 = 15 pairs). The
correlation between the β-glucan and endotoxin data
was assessed using the Spearman rank-order correlation.
Analyses were performed using the Prism software pro-
gram (v. 3.03, GraphPad Software, Inc.). For graphical
presentation, data were log transformed and presented
with 95% confidence intervals of the log values.

RESULTS

As we observed in 2003,15 the mean endotoxin content of
the 94 extracts tested in this study varied greatly, from
undetectable to over 10,000 EU/ml (Fig. 1). As in the previ-
ous study, grass pollen, ragweed pollen and D. pteronyssi-
nus allergen extracts had the lowest endotoxin contents
(median content, 4 EU/ml, range, 0–453 EU/ml; median
content, 27 EU/ml, range, 6–284 EU/ml; and median con-
tent, 3 EU/ml, range, 0–1556 EU/ml, respectively). Cat
pelt, cat hair, and D. farinae allergen extracts had the high-
est endotoxin contents (median content, 150 EU/ml, range,
66–4171 EU/ml; median content, 128 EU/ml, range,
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45–559 EU/ml; and median content, 233 EU/ml, range,
23–10 304 EU/ml, respectively). Once again, the difference
between the endotoxin content of the two mite extracts was
notable and statistically significant (P < 0.001).

β-Glucan content was also variable but with a different
pattern (Fig. 2). Grass pollen, ragweed pollen, and cat pelt
allergen extracts had the highest β-glucan content (median
content, 10.6 ng/ml, range, 0.4–41.8 ng/ml; median con-
tent, 32.9 ng/ml, range, 6.5–41.2 ng/ml; median content,
25.5 ng/ml, range, 16.7–41.1 ng/ml, respectively), while cat
hair, D. farinae and D. pteronyssinus allergen extracts had
the least (median content, 4.9 ng/ml, range, 1.2–10.3 ng/ml;
median content, 1.2 ng/ml; range, 0.4–5.2 ng/ml; median
content, 1.8 ng/ml, range, 0.4–6.7 ng/ml, respectively).

There was no correlation between the endotoxin and
β-glucan values (Spearman r= 0.1887; P= 0.07).

DISCUSSION

Endotoxins are normal components of Gram-negative
bacterial cell walls, and their intense pro-inflammatory
effects are part of the complex interplay between the
outer envelope of highly dangerous pathogens and an
innate immune system designed to mitigate the danger
as quickly as possible. The dramatic clinical conse-
quences of parenteral endotoxin exposure – chills, fever,
hypotension, organ failure, death20,21 – simulate the symp-
toms of Gram-negative sepsis, and most parenteral drugs
and biologicals are required to undergo rigorous testing to
assure that they contain no more than a specified quantity of
endotoxin, based on dosing instructions.22 For practical

reasons, certain biologicals, among them allergen
extracts, are not required to undergo evaluation for the
presence of endotoxin (21CFR 610.13(b)). Our report in
200315 that some standardized allergen extracts con-
tained endotoxin was not surprising; this had been noted
previously in non-standardized products.23,24 However,
our observation that D. farinae allergen extracts con-
tained significantly greater quantities of endotoxin than
D. pteronyssinus extracts was novel. This observation has
now been confirmed in the current study, using different
extracts and a more specific technique. The biological basis
for this observation may be the presence of an endosym-
biotic Gram-negative organism in D. farinae.25

The amounts of β-glucan present in the pollen extracts
(10.6 ng/ml and 32.9 ng/ml) suggest that only a small
portion of β-glucans are extracted intact from the pollen
grain surface. In one study,8 pollens were found to con-
tain between 79–1800 ng β-glucan/106 grains. Based on
an estimated dry pollen mass of 10–1–10–2 g/106 grains
(R. Esch, personal communication), a typical 1:20 (w/v)
extraction of ragweed pollen would contain 0.5 g/ml, or
5 x 106 to 5 x 107 pollen grains/ml. Thus, the calculated
β-glucan content available for extraction would be
approximately 5 x 102–105 ng/ml. Our data further indi-
cate that the endotoxin and β-glucan levels in allergen
extracts are independent. Since they derive from different
sources – endotoxins from the cell walls of Gram-negative
bacteria, β-glucans from the cell walls of plants and some
fungi – their independence is to be expected. Likewise, the
presence of elevated levels of β-glucan in the pollen
extracts would be anticipated as well, and is consistent
with our previous findings.15 However, the elevated levels
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Fig. 1. Endotoxin content of standardized allergenic extracts, mean (log value) ±
95% confidence interval. Number of independent samples evaluated: grasses,
41; ragweed, 8; cat pelt, 3; cat hair, 8; D. farinae, 9; D. pteronyssinus, 25. Results
were significantly different by Kruskal-Wallis test (P < 0.0001). Paired com-
parisons using the Dunn’s test were significantly different for the following four
pairs: grasses or D. pteronyssinus compared to D. farinae (each at P < 0.001);
cat hair to D. pteronyssinus or grasses (P < 0.01). The other eleven paired
comparisons were not significantly different.

Fig. 2. β-Glucan content of standardized allergenic extracts, mean (log
value) ± 95% confidence interval. Number of independent samples eval-
uated were as indicated in Figure 1. Results were significantly different by
Kruskal-Wallis test (P < 0.0001). Paired comparisons using Dunn’s test
were significantly different for the following six pairs: ragweed compared
to D. farinae or D. pteronyssinus; grasses to D. pteronyssinus(all at P< 0.001);
D. farinae to grasses; and cat pelt to D. farinae or D. pteronyssinus (P < 0.01).
The other nine paired comparisons were not significantly different.
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in the cat pelt extracts were unexpected. It is possible
that manufacturer’s process equipment, such as cellulosic
depth filters, may contribute to the presence of β-glucan
in these products.26

In our previous work,15 we measured endotoxin con-
tent by the standard gel-clot LAL, and inferred the β-
glucan content by depletion analysis. The methods
which we applied to the current study are more specific
and direct: in the β-glucan assay, only the factor G path-
way is active in the LAL preparation to minimize inter-
ference from endotoxin. The endotoxin assay is likewise
highly specific. Thus, the improved techniques used in
this study confirm and expand our previous analyses.

As with our previous findings of elevated levels of
endotoxin in some allergenic extracts, the clinical impli-
cations of these data are uncertain. Oral administration
of substances rich in β-glucan appears to be devoid of
adverse consequence, and may be beneficial.27,28 Inhaled
β-glucan has been reported to be associated with wheez-
ing,7,10 and experimental inhalation of β-glucans induces
peripheral lymphocytosis29 and eosinopenia.30 The pres-
ence of elevated levels of β-glucans in broncho-alveolar
lavage fluid from patients with acute eosinophilic pneumonia
suggests that the inhalation of molds or their β-glucan com-
ponents may be pathogenic.31 In contrast, experimental nasal
application of β-glucans appears to have no inflammatory
effects.32

Parenteral administration of β-glucans may be a rela-
tively common event: blood products processed through
cellulose depth filters appear to contain elevated levels
of (1→3)-β-D-glucans.26,33,34 As serum levels of β-glu-
can have been used as a diagnostic test for certain sys-
temic mycoses, this contamination appears to have been
associated with false-positive diagnostic testing using
this technique. Pure cellulose consists exclusively of
(1→4)-β-D-glucan linkages, which are not detected by
the Glucatell® assay,19 so the appearance of (1→3)-β-D-
glucan in these products is presumably due to residual
(1→3)-β-D-glucan from the plant material used to pro-
duce these filtration products. It is not clear that these
doses of β-glucan cause any physiological effects.
However, highly variable doses of (1→3)-β-D-glucan,
administered by intravenous, intraperitoneal, and oral
routes, can up-regulate cell-mediated cytotoxicity, par-
ticularly against tumors.28,35,36

Nonetheless, the effect of β-glucans on the efficacy of
allergen immunotherapy should be considered in future
studies. The use of allergenic extracts as treatment for
allergy is based upon a subtle, but durable, effect of
gradually increased parenteral doses of allergen on T-
cell responses to inhaled allergens. Clinically successful
allergen immunotherapy is associated with the induction
of circulating IL10+CD4+CD25+ T cells, an increase in
mucosal interferon-γ-secreting T-cells, a decrease in mucosal
IL-5-secreting T-cells, increased allergen-specific IgG, and a

decreased seasonal rise in allergen-specific IgE.37–40 When
performed with well-characterized allergens, the clinical
effects of allergen immunotherapy on diseases such as aller-
gic rhinitis, allergic asthma, and hymenoptera-induced ana-
phylaxis are dramatic and sometimes curative.41–45 Among
the standardized allergen extracts examined in this study, the
pollen extracts – which contain the greatest amounts of β-
glucan – are associated with highly successful immunother-
apy treatment regimens. A typical immunotherapy dose (1.0
ml of a mix consisting of timothy (10,000 BAU/ml), short
ragweed (1:100), mites (2500 AU/ml), and cat pelt (5000
BAU/ml); see Nelson46) might contain as much as 30 ng of
β-glucan. This amount is comparable to the amount deliv-
ered by only 7 ml of one of the albumin solutions described
by Usami et al.34 While this dose is unlikely to produce
adverse events, its effect on the efficacy of immunotherapy is
uncertain and needs to be addressed. In addition, allergen
extracts are used increasingly in mucosal challenge studies to
determine the efficacy of interventions and establish the
mechanisms of airway pathology. Under such circumstances
– at a minimum – investigators should be aware of the β-glu-
can content of their reagents, consider possible confounding
effects, and incorporate adequate experimental controls in
their study designs.
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