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Abstract Ceramic workers are exposed to high
levels of respirable dust that contains high microbial
levels such as Aspergillus. It is recommended to
consider fungal exposure in ceramic industry as a
hazardous problem. This work aimed to study the
impact of occupational exposure to high environmen-
tal concentrations of Aspergillus on the immune
parameters related to the respiratory system in ceramic
workers. Serum levels of total IgE, intercellular
adhesion molecule-1 (ICAM-1), alpha l-antitrypsin
(01;AT), and tumor necrosis factor alpha (TNF-a)) were
assessed in 40 ceramic workers and 56 matched
controls. Statistical analysis revealed that the levels of
total IgE and ICAM-1 were higher in both non-smoker
and smoker ceramic workers compared to their
controls. While TNF-a was significantly lower in
non-smoker ceramic workers compared to non-
smoker controls. In addition, ceramic workers with
sputum negative PCR for Aspergillus had lower TNF-
o than those with positive PCR. a;AT levels did not
differ significantly among the examined groups. These
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changes were not correlated to the duration of
exposure. In conclusion, occupational exposure to
Aspergillus may cause different effects on immuno-
logical parameters related to respiratory problems in
ceramic workers.
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1 Introduction

Aspergillus (A.) is a saprophytic filamentous fungus
that is distributed environmentally worldwide, and its
spores are regularly inhaled, but fungal diseases are
uncommon (Park and Mehrad 2009). Over two-
hundred species of Aspergillus are present; however,
approximately ten percent are pathogenic to humans
(Kauffman 2003). Although Aspergillus can affect
many organs, respiratory tract is involved in more than
90% of the affected patients (Segal 2009; Saad-
Hussein et al. 2016). It was proved that pulmonary
manifestations due to environmental exposure to
Aspergillus have extended from hypersensitivity
response to invasive cavitations secondary to spore
germination and hyphal infiltration (Cramer et al.
2011; Varga et al. 2011; Nath et al. 2017). Depending
on the underlying state of the human immune system,
the most severe infections occur in those who are
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immunocompromised, where invasive pulmonary
aspergillosis results in high mortality rates (Chotirmall
et al. 2013).

Atmospheric conditions have a great impact on
mold growth, and the most important variable is the
humidity (Gibson et al. 1994). Previously, Saad-
Hussein et al. (2006) found that the average airborne
fungi in different departments of a ceramic factory
were 7 x 104 CFU/g with high concentrations of
Aspergillus due to the higher environmental humidity
and the reasonable temperature of the workplace. They
also found the prevalence of the manifestations of
chronic respiratory disease, the decline of the respi-
ratory functions, and the positive prick skin test to
Aspergillus were significantly higher among the
ceramic workers compared to their controls. There-
fore, they concluded that ceramic workers were at risk
of developing respiratory problems not only due to the
dusty environment, but also due to their occupational
exposure to airborne fungi. Moreover, in a recent
study among the same ceramic workers, Saad-Hussein
et al. (2012) revealed that the positive sputum to
Aspergillus by PCR was about 32.5% of the workers,
and the prevalence was significantly dependent on the
duration of exposure. For Aspergillus positive sam-
ples, it was found that 69.2% were positive for A.
flavus, 15.4% for A. niger, 7.7% for A. fumigatus, and
7.7% for combined A. flavus and A. fumigatus.
Additionally, many reports from Japan have shown
that exposure to high concentrations of Aspergillus
spores during the production of soybean products can
lead to allergic bronchopulmonary aspergillosis
(ABPA) (Akiyama et al. 1987; Kurosawa et al.
1990; Ashok and Chandramani 2016). Therefore,
ABPA can be considered as an occupational disease.

Pulmonary disease associated with Aspergillus
involves a complex interplay between the respiratory
epithelium and the host response in the presence of
inhaled spores, which triggers a cascade of conse-
quences determined by the immunological status of
those affected. Accordingly, the role of inflammatory
and immune responses is both critical to the progress
of the disease and in eliminating sequelae (Chotirmall
et al. 2013; Sales-Campos et al. 2013). The major
components of the innate immune system involved in
the recognition and removal of the fungi include
phagocytosis, antimicrobial peptide production, and
recognition by pattern recognition receptors. The
cytokine response is also critical for facilitating cell-
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to-cell communication and promoting the initiation,
maintenance, and resolution of the host response by a
mechanism that remains poorly understood (Vijver-
berg et al. 2013).

A key concept in studying the immune responses to
Aspergillus is that, fungal spores in the working
environment may be responsible for allergic symp-
toms and respiratory impairments; as well as high total
IgE levels among the exposed workers (Chattopad-
hyay et al. 2007). Alteration in the total IgE response
was reported in several respiratory diseases, including
extrinsic and intrinsic asthma, as well as allergic
ABPA (Denning et al. 2006; Jat et al. 2018). Although
the importance of the innate response has been well
described both in vitro and in vivo, Cenci et al. (1998)
and (1999) mentioned that the murine model of
invasive aspergillosis showed resistance to infection
that was associated with the production of gamma
interferon (IFN-7y), tumor necrosis factor-o. (TNF-o)
and interleukins. The phagocytosis of Aspergillus
resulted in a strong and rapid release of TNF-a,
besides its key contribution to the anti-Aspergillus
innate response (Roilides et al. 1998). But, in other
studies, patients infected with Aspergillus appeared to
be lower producers of TNF-a (Sambatakou et al. 2006;
Chiang et al. 2008).

The objective of this study was an estimation of the
effect of occupational exposure to Aspergillus among
ceramic workers on the immune parameters related to
respiratory problems such as intercellular adhesion
molecule-1 (ICAM-1), tumor necrosis factor alpha
(TNF-or) and alpha 1-antitrypsin activity (o;AT). The
role of smoking habit was also studied as a confound-
ing factor.

2 Subjects and methods
2.1 Study design and study setting

This study was cross-sectional comparative study as a
part of the project “General Environmental Manage-
ment in the New Industrial District in Sadat City-
Egypt”. The current work is a continuation of the
study of Saad-Hussein et al. (2012). The study
included two comparative male workers’ groups.
Forty of ceramic workers were chosen from a factory
in the industrial Sadat city after exclusion of workers
with silicosis and workers employed for less than



Aerobiologia

5 years, and matched with 56 control workers from the
National Research Centre of the same socioeconomic
status.

Prior to the interview, explanation of the purpose of
the study was done and verbal consents were obtained
from all participants. Contribution was on a voluntary
basis.

2.2 Questionnaire

The questionnaire was completed by the ceramic
workers and their controls during the personal inter-
view about: personal characteristics, smoking habits,
detailed current and previous occupational history,
and medical history to exclude confounding factors
such as silicosis or other immune disturbing health
problems.

2.3 Laboratory investigations

About 5-ml blood samples were collected in sterile
tubes and were left to clot for 30 min at 37 °C and then
centrifuged at 3000 rpm for 10 min. The separated
sera were divided into several aliquots and kept frozen
at — 80 °C, to be thawed once on demand.

Commercial kits were used throughout the study.
Total IgE by EIAgen total IgE ELISA kit (ADALTIS
Kit) according to the method used by Geha (1984).
Intercellular adhesion molecule-1(ICAM-1) by an
ICAM-1 ELISA kit (DIACLONE Kit) by the method
described by Rothlein et al. (1991), Alpha 1-antit-
rypsin (o; AT) by diffusion plate kit (Bioscientific Kit)
according to Berne (1974), and Tumor necrosis factor
alpha (TNF-o) by human TNF-o ELISA kit (DIA-
CLONE Kit) according to the method described by
Aderka et al. (1992). From the previous, the sputum of
ceramic workers and the controls was done for
Aspergillus by PCR techniques (Saad-Hussein et al.
2012).

2.4 Statistical analysis

Statistical analysis was performed using the Statistical
Package of Social Science (SPSS) version 18. The
qualitative results were expressed as number and
percent, and then compared using Chi-square test. Due
to the wide range of the variances, the quantitative
results were expressed in the form of median with the
minimum and maximum values and compared by

Mann—Whitney U and Kruskal-Wallis H tests. The
comparisons of normal distributed results were done
using an independent ¢ test and ANOVA test. The level
of statistical significance was set at P < 0.05.

3 Results

There were no significant differences between the
workers and their controls in their ages (35.8 £ 5.4
and 37.3 £ 9.8, respectively), and their smoking
habits (40% smoking workers and 35.7% smoking
controls). Total IgE and ICAM-1 were significantly
increased in the ceramic workers compared to their
controls (Table 1).

Table 2 shows that total IgE levels were signifi-
cantly higher in smokers and non-smoker ceramic
workers compared to their corresponding controls.
While TNF-o was significantly lower in the smoker
ceramic workers compared to their controls. There
was no significant difference between the two groups
in the ICAM-1 levels and o AT activity.

There was no significant difference in the levels of
total IgE, ICAM-1, and o, AT between the ceramic
workers with negative and positive results for
Aspergillus, while TNF-o0 was significantly higher in
workers with positive results for Aspergillus compared
to those with negative results (Table 3).

Table 4 shows no significant relationship between
the duration of occupational exposure and the levels of
total IgE, ICAM-1, o AT, and TNF-o.

4 Discussion

Many studies mentioned that fungal spores in working
atmosphere may be responsible for allergic symptoms
and respiratory impairments among exposed workers
(Chattopadhyay et al. 2007; Saad-Hussein et al.
2012, 2016). Alteration in the immune response was
proved to be associated with the progress of fungal
infections. According to Pelegrino et al. (2013), the
markers that characterize local and systemic inflam-
mation in pulmonary disease remain unclear, as do
their correlation with smoking status and presence of
disease. The present study estimates the impact of
occupational exposure to Aspergillus among ceramic
workers on these their immune parameters: total IgE,
ICAM-1, TNF-a, and o, AT.
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Table 1 Comparison of
some bio-parameters

Controls (56)

Workers (40)

Nonparametric test

Range Range -
between the control and the (Median) (Median) Mann—Whitney U test P value
worker groups
Total IgE (KIU/L)  15-1200 25-1250 490 P < 0.001
(100) (525)
ICAM-1 (ng/ml) 4-350 4-950 540 P =0.01
(180) (247.5)
o AT (mg/dl) (163.1 £47.2)* (160.1 £ 45.7* 0.293° NS
“Mean + SD
b TNF-o (pg/ml) 5-19 3.75-90 365 NS
Independent ¢ test
Table 2 Comparison of some bio-parameters between the control and worker groups (smokers and non-smokers)
Controls Workers Nonparametric
(56) (40)
Non-smokers Smokers Non-smokers Smokers Kruskal-Wallis test P value
(36) (20) (24) (16)
Range Range Range Range
(Median) (Median) (Median) (Median)
Total IgE (KIU/L)  15-1200 15-1200 25-1160 80-1250 17.381 P < 0.001
Mann—Whitney (190) (75) (525) (700)
(wnsm,wsm) (wnsm,wsm) (cnsm,csm) (cnsm,csm)
ICAM-1 (ng/ml) 4-350 100-350 95-950 4-300 11.245 P <0.01
Mann-Whitney (120) (200) (262.5) (200)
(wnsm) =) (cnsm) =)
o] AT (mg/dl) 156.7 £ 44.8* 178.2 £ 51.2* 169.9 + 47.8* 1454 £+ 39.1*  1.566° NS
TNF-o (pg/ml) 5-19 5-19 3.75-15 5-90 10.223 P <0.05
Mann—Whitney ) (8) (5.6) (8.4)
(wnsm) (wnsm) (wsm, cnsm, csm)  (wnsm)

“Mean £+ SD
PANOVA: Analysis of variance

N.B.: wnsm: non-smoker workers, wsm: smoker workers, cnsm: non-smoker controls, csm: smoker controls

According to Vijverberg et al. (2013), re-exposure
of allergen-sensitized patients to an aeroallergen will
lead to an IgE-mediated inflammatory cascade in the
airways. In allergic inflammation, there seems to be a
disturbed balance in T helper (Th) 1-type and Th2-
type cytokines with dominance toward Th2 cytokines,
which induces a class switch in B cells to the
production of IgE. This disturbed balance could
explain the significant elevation in total IgE among
the ceramic workers compared to the controls in the
present study as they are continuously exposed to the
aeroallergens in their working environment, although
the increased IgE levels in the ceramic workers did not
significantly differ among workers with positive PCR
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results for Aspergillus compared to those with nega-
tive PCR results for Aspergillus.

Previous studies have explained that total IgE
responses were increased among cigarette smoker
asthmatic patients (Mlinaric et al. 2011; Golpe et al.
2017). Although the mechanism is unknown, some
believe that smoking promoted the development of
airway inflammation in association with Th-type
immune responses (Nakamura et al. 2008). But, the
present study revealed that the increase in IgE levels in
the workers was not related to smoking habits, as there
was no significant difference in total IgE according to
their smoking habits. Likewise, Janson et al. (2001)
found that there was no significant association
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Table 3 Comparison of bio-parameters between the workers with negative and positive PCR for Aspergillus

Workers with negative PCR (27)

Workers with positive PCR (13)

Nonparametric test

Range Range B

(Median) (Median) Mann-Whitney U test P value
Total IgE 25-1200 80-1160 122.5 NS
(KIU/L) (400) (1000)
ICAM-1(ng/ml) 4-950 110-800 121 NS

(212) (270)
o AT (mg/dl) (163.1 £ 49.4)* (153.9 + 37.9)* 0.59° NS
TNF-o (pg/ml) 3.75-75 4.75-90 63.5 P < 0.05

(5.8) (10.5)

“Mean + SD
bIndependent t test

Table 4 Relationships between the duration of occupational
exposure and the levels of immunological parameters

Duration of exposure

(Years)

r P value
Total IgE (KIU/L) - 0.2 NS
ICAM-1(ng/ml) 0.4 NS
al AT 0.01 NS
TNF-a (pg/ml) 0.3 NS

between smoking exposure and the levels of total
serum IgE.

Epithelial cells in the respiratory system are not
passive bystanders during the assault of the epithelial
barrier, but participate actively in the inflammatory
response to defend the airway. Because epithelial cells
are located at sites of contact with the external
environment, they are often the first cells to interact
with potential microbial pathogens. Through this
interaction, epithelial cells may have the opportunity
to detect and respond to pathogens by increased cell
surface expression of intercellular adhesion molecule-
1 (ICAM-1) in response to the inflammatory stimuli
(Frick et al. 2000).

In the present study, ICAM-1 was significantly
elevated among the ceramic workers compared to their
controls, and smoking plays a significant role in that
elevation, as ICAM-1 was significantly higher in the
ceramic non-smoker workers compared to the non-

smoker controls, while this significance was disap-
peared between the smokers of the two groups.

Similarly, Backé et al. (2002) reported elevated
ICAM-1 levels in persons exposed to ceramic dust.
Furthermore, Lain et al. (2006), Ueno et al. (2006) and
Halvorsen et al. (2007) reported consistent elevated
ICAM-1 levels in smokers, suggesting inflammatory
processes following strong irritants of tobacco smoke.
Conversely, the present results revealed that there was
no significant difference in ICAM-1 between the
workers with positive and negative PCR for Aspergil-
lus. This is consistent with Chiang et al. (2008) who
found that A. fumigatus infection caused suppression
in the expression of ICAM-1.

Alpha 1-antitrypsin (o;AT) is an important anti-
protease in the lung, known to decrease the destructive
effects of major proteases such as neutrophil elastase
(Hunt and Tuder 2012). Recent studies suggested that
a1 AT plays an important role in modulating immunity,
inflammation, proteostasis, apoptosis, and possibly
cellular senescence programs. These processes con-
tribute to the lung maintenance program that preserves
it despite constant bombardment by damage initiated
by cigarette smoke, pollutants, or infections (Lee et al.
2013).

The results of the present study found that there was
no significant difference in the levels of o,; AT between
the studied groups. Foreman et al. (2012) explicated
the conflicting results concerning the effect of smok-
ing on o;AT; by pointing to that the development of
chronic airflow obstruction in response to cigarette
smoking is highly variable in the general population,
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suggesting that individuals vary in their genetic
susceptibility to the detrimental effects of smoking
on lung functions.

In the current study, an important marker, tumor
necrosis factor-o. (TNF-a)) has been analyzed. TNF-o
was originally described as a circulating factor that can
cause necrosis of tumors, but has been identified as a
key regulator of the inflammatory response (Bradley
2008). Vascular endothelial cells respond to TNF-o by
undergoing a number of pro-inflammatory changes,
which increase leukocyte adhesion, transendothelial
migration, and vascular leak and promote thrombosis.
The increased incidence of infection in patients
receiving anti-TNF treatment has highlighted the
physiological role of TNF-o in infectious diseases
(Bradley 2008; Fei et al. 2011). In the present study,
TNF-o varied largely among the studied groups, it was
decreased in ceramic non-smoker workers compared
to the smoker workers and the controls (smokers and
non-smokers). While TNF-a was significantly ele-
vated in ceramics workers with positive PCR results
for Aspergillus than those with negative results.

Attik et al. (2008) found that dust in the ceramics
industry induced a significant expression of TNF-a.
Churg et al. (2007) found that smoke-conditioned
medium caused alveolar macrophages to increase
secretion of TNF-a, while, Halvorsen et al. (2007)
found that the concentration of TNF-o was unchanged
in the smokers compared to the non-smokers. Some
studies reported an increase in TNF-o in patients
infected with Aspergillus (Sambatakou et al. 2006);
others reported a decrease (Warris et al. 2003). Fei
et al. (2011) studied the mechanisms of fungus-
induced airway neutrophilia by persistent exposure of
mice to A. fumigatus. They found that specific
immunoregulatory mechanisms came into play only
during the repeated challenges.

According to Serapinas et al. (2012), the possible
explanation for this elevation in TNF-a could be
attributed to that primary pro-inflammatory cytokines
mainly act in peripheral lung tissues and differences in
their levels could be detected in induced sputum but
not always in systemic circulation.

5 Conclusion

Occupational exposure to Aspergillus in the ceramic
industry proved to be significantly associated with the
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elevation of the levels of total IgE. Levels of TNF-a
varied according to type of work, smoking habits, and
presence of Aspergillus. It is recommended to consider
fungal exposure in ceramic industry as a chest problem
risk and study its immunological sequel.
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