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ABSTRACT

(1—3)-B-D-glucans are glucose polymers with variable molecular weight and degree of
branching. They are present in the cell walls of most fungi and yeast, some bacteria and many
plants, and considered as a potent airway proinflammatory agent inducing the release of
cytokines, such as IL-8, IL-6 and TNF-a. Studies in the area of environmental health have
directed attention to the adverse effects of (1—3)-p-D-glucan as it is considered a marker of
fungal exposure in the indoor environments of schools, office buildings, homes, day-care
centres and others. Yet, only limited studies have been able to demonstrate a dose—response
relationship between (1—3)-B-D-glucan exposure and corresponding health outcomes. In
addition, no conclusion has been established regarding the most suitable methodology for
assessing indoor (1—3)-B-D-glucan exposures. This review article is organized to summarize
the updated understanding on the health effects and exposure assessment of environmental

(1—3)-B-D-glucan exposures to propose the research priorities in future study.
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INTRODUCTON

Many environment-related health symptoms, including dry cough; irritation in nose, throat;
headache and tiredness, have been demonstrated in studies from different countries
(Kilpelainen et al. 2001; Savilahti et al. 2001), and exposure to indoor microorganisms and
their metabolic products is often considered to be one important factor involved in the
reporting of these symptoms. A recent epidemiological study has further suggested that
(1—3)-B-D-glucan may play a role in airway inflammation (Rylander and Megevand, 2000),
and may induce respiratory symptoms in indoor environment (Rylander et al., 1998; Wan and
Li, 1999). The studies cited have adopted various methods to assess the concentration
distributions of environmental (1—3)-p-D-glucan. Consequently, little consensus has been
reached as to the environmental guidelines in this regard. Meanwhile, many animal studies
were performed to demonstrate the inflammatory effect on the airway by (1—3)-p-D-glucan
(Rylander and Holt, 1998; Ormstad et al., 2000). This article will review the current
knowledge on the topics of structure, health effects and exposure assessment regarding

(1—3)-B-D-glucan in indoor environment to highlight the need of future research.
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STRUCTURE

(1—3)-B-D-glucans are glucose polymers with variable molecular weight and degree of
branching (Rylander, 1997; Gehring et al., 2001). They may have triple helix, single helix or
random coil structures, and the triple helix appears to be the predominant form (Rylander and
Lin, 2000) (1—3)-B-D-glucan is present in the cell walls of most fungi and yeast, some
bacteria and many plants, and can be dissolved in an alkaline solution or in hot water
(Douwes et al., 2000; Gehring et al., 2001). It is of importance to note that (1—3)-p-D-glucan
retains its toxicity even after the death of the organism (Rylander and Lin, 2000).

HEALTH EFFECT

Biological Effects

(1—3)-B-D-glucan is known as an immunomodulator that stimulates the innate immune
system, anti-infection and anti-tumour effects in rodent models (Ljungman et al., 1998).
Considered a potent airway proinflammatory agent, (1—3)-B-D-glucan induces the release of
cytokines, and exerts their activity through phagocytosis by macrophages when attached to
specific receptors on the macrophage’s surface (Rylander and Lin, 2000). In addition,
(1—3)-B-D-glucan is also closely associated with the presence of many other cells, including
neutrophils, eosinophils and lymphocytes (Thorn et al., 1998). Thorn et al. reported that the
blood lymphocyte counts had dose-related increase in waste collectors with elevated exposure
to airborne (1—3)-B-D-glucan (Thorn et al., 1998). A dose-dependent increase in the
expression of inducible nitric oxide synthase mRNA was also found with exposure to
(1—3)-B-D-glucan. Similar effects were observed with the release of nitric oxide into the
culture medium in both rats alveolar macrophages and RAW 264.7 cells (Ljungman et al.,
1998). Expression of other inflammatory mediators, such IL-1p, IL-6, TNFa and IL-8, were
also found to increase with stimulation of (1—3)-B-D-glucan (Sigsgaard et al., 2000).

In addition to the airway inflammatory effect caused by (1—3)-B-D-glucan, there is also
evidence of complex interactive effects between (1—3)-p-D-glucan and other constituents,
such as endotoxin, ovalbumin and cigarette smoke. Fogelmark et al., among many others,
have carried out a series of experimental studies to discuss the biological effects by endotoxin
and (1—3)-B-D-glucan, and they demonstrated a prolonged depression of inflammatory cells
of (1—3)-B-D-glucan, contradictory to the observation with endotoxin (Rylander and Holt,
1998; Fogelmark et al., 2001). One study has found increasing number of neutrophils in the
airways after a 5-week exposure to endotoxins, but no effect was observed with
(1—3)-B-D-glucan exposure (Fogelmark et al., 1994). In contrast, (1—3)-p-D-glucan induced
more eosinophils and lymphocytes, which were not found after endotoxin exposure
(Fogelmark et al., 2001). (1—3)-B-D-glucan seemed to result in an effect on inflammation

different from that of an endotoxin.
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Related studies have also been conducted with ovalbumin (OVA). Mice, when pre-exposed
to (1—3)-pB-D-glucan, had significantly higher amounts of IgE and IgG1 with inhalation to
OVA antigen than mice sensitized with OVA alone (Wan et al., 1999; Ormstad et al., 2000). In
addition, the amounts of eosinophils increase after OVA exposure would be reduced with
co-exposure to (1—3)-B-D-glucan (Rylander and Holt, 1998). When mice were exposed to
(1—3)-B-D-glucan and cigarette smoke together, significantly increased numbers of
macrophages, lymphocytes, neutrophils and eosinophils were observed (Sjostrand and
Rylander, 1997). These experimental studies have partially illustrated the interactive effects

resulting from concurrent exposure to multiple types of environmental microbes.

Field Studies

Epidemiological studies have reported relationships between (1—3)-p-D-glucan and
symptoms in the indoor environments of schools, office buildings, homes, day-care centres
and others. Research in Sweden showed a dose-depended relationship between
(1—3)-B-D-glucan exposure and nasal irritation, throat irritation, headache and tiredness by
dividing exposure into high, medium and low levels (Rylander 1997). Another study
investigated the subjective symptoms before and after building renovation. They found the
airborne (1—3)-B-D-glucan levels decreased from 11.4 to 1.4 ng/m3 and the number of
persons reporting airway responsiveness also decreased (Rylander, 1997). Higher
(1—3)-B-D-glucan exposures may contribute to greater prevalence of symptoms such as dry
cough, cough with phlegm and hoarseness in schools (Rylander ef al., 1998). Similar results
were found in rowhouse, day-care centres and homes (Thorn and Rylander 1998; Wan and Li
1999). Douwes et al. demonstrated a significant association between dust (1—3)-B-D-glucan
exposure and peak flow variability in asthmatic children (Douwes et al., 2000). The indoor
concentrations of (1—3)-p-D-glucan ranged from 0 to 27.4 ng/m’ and from 182 to 6540 ng/g
dust (Douwes et al., 1996; Rylander et al., 1998; Thorn and Rylander, 1998; Gehring et al.,
2001).

Most field studies have shown only a difference of symptom prevalence between subjects
with high and low (1—3)-B-D-glucan exposure. The dose-response relationship between
(1—3)-B-D-glucan and related symptoms is, therefore, inconclusive. Besides, even fewer
studies were set to examine the relationship between (1—3)-p-D-glucan exposure and
definitive health effects. Future endeavours remain essential to establish the causal effects of
(1—3)-B-D-glucan on either the suspected symptoms or illnesses, and to better characterize

the corresponding dose—response relationships.

EXPOSURE ASSESSMENT
Sampling and Analysis Methods
Sampling and analytical methodologies for assessing environmental (1—3)-pB-D-glucan have

varied to a great extent. Airborne and dust samples, each with different advantages, have been



676 Proceedings: Healthy Buildings 2003

the most frequent measurements to characterize the environmental exposure of
(1—3)-B-D-glucan. Because most proven hazards related to (1—3)-B-D-glucan exposure are
respiratory effects, airborne concentrations appeared to be a more suitable measurement to
represent the direct exposure through inhalation. However, the current practice often results in
several significant drawbacks. For instance, most air samples are unstable, and the
concentrations measured are lower than the detection limit. In contrast, most dust samples are
stable through the process and storage, and the amount of (1—3)-p-D-glucan is usually
adequate for presenting significant measurements after laboratory analysis. Meanwhile, they
serve as reasonable surrogates for long-term exposure of environmental (1—3)-p-D-glucan.
Thus, finding a preferred exposure assessment method to best estimate (1—3)-p-D-glucan
exposure indoors remains a top priority of future research.

Analytical methods for (1—3)-pB-D-glucan include the Limulus Amebocyte Lysate test
(LAL test) (Tamura et al., 1994), specific inhibition enzyme immunoassay (EIA) (Douwes et
al., 1996), and enzyme-linked immunosorbent assay (ELISA) (Milton et al., 2001). The LAL
test was usually used to measure the airborne samples of (1—3)-B-D-glucan, and EIA analysis
to measure the dust samples (Rylander, 1999). ELISA assay has not yet been used in practical
analysis of environmental (1—3)-B-D-glucan. Among these three methods, the LAL test has
the lowest detection limit and highest sensitivity, while EIA and ELISA assay have higher
specificity and lower analytical cost (Dillon ef al., 1999). For analysing individual groups of
microbes, the ELISA assay has the highest specificity for fungi-related (1—3)-p-D-glucan. At
present, only review papers have compared the LAL test and EIA methods in measuring
(1—3)-B-D-glucan. No studies have comprehensively and concurrently compared the above

three methods, and the issue is critical and imperative.

The Distribution of (1—3)--D-glucan

The (1—3)-B-D-glucan concentrations in indoor environments are found to vary with mould
growth conditions inside, as well as with the types of samples collected (Rylander, 1997;
Rylander et al., 1998; Douwes et al., 2000; Gehring et al., 2001). In general, dust samples
have higher levels of (1—3)-p-D-glucan than airborne samples. The concentration ranged
from 182 to 6540 ng/g dust, and from 0 to 27.4 ng/m3 (Rylander et al., 1998; Douwes et al.,
2000; Gehring et al., 2001). Research in Sweden investigated the concentration of
(1—-3)-B-D-glucan in different condition of mould growth in schools. The averaged
concentration was 15.3 ng/m3 in schools with serious contamination, and 2.9 ng/m3 in control
schools (Rylander et al., 1998). (1—3)-B-D-glucan concentrations in dust samples were also
associated with building types and cleaning habits. Higher levels of (1—3)-B-D-glucan were
found in concrete slab houses than in two family houses and lower levels in homes of high

cleaning frequency (Gehring et al. 2001).
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SUMMARY

A vast amount of knowledge has already been built in understanding the structure, health
effects, sampling methodology and environmental exposures of (1—3)-B-D-glucan. However,
no final conclusion has been adequately established in any of the topics, except better
comprehension of the overall biological structure. More background data should be colleted,
hopefully with relatively standardized methodology, from other parts of the world to generate
a more complete picture for their environmental reservoirs. The underlying mechanism for
each variation associated with either the concentration distribution or health effects of
(1—3)-B-D-glucan should be given greater attention and should be a top research priority in
future studies. Confronting the issues above is merely a fundamental effort required to
construct an effective strategy for reduction or elimination of such a recognized

environmental hazard.
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