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ABSTRACT

Purpose: To investigate if blood biomarkers could indicate early signs of lung damage or cardiovascu-
lar risk due to exposure to grain dust.

Materials and methods: Pneumoproteins and markers of inflammation and platelet activation were
analysed in blood samples of 102 grain elevator and compound feed mill workers. Differences between
exposed (n=67) and controls (n=35), and associations with exposure measurements and respiratory
health were investigated by multiple linear regression analyses.

Results: Concentrations of CC-16 and IL-6 were higher in exposed workers compared with controls
(p < 0.001 for both), whereas fibrinogen was lower (p =0.005). Concentrations of CRP, TNF-o, sCD40L
and sP-selectin were similar in both groups. Serum CC-16 was significantly higher in workers with farm
childhood, regardless of exposure. The impact of farm childhood on CC-16 interacted with smoking.
None of the biomarkers were associated with exposure measurements or any of the tested respiratory
health parameters.

Conclusion: Dust exposure induced inflammatory and anti-inflammatory reactions, but did not induce
systemic inflammation and had no effect on platelet activation. No cause-effect relationship could be
established in spite of relatively high exposure levels, particularly to endotoxin. Whether increased
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serum CC-16 is an early sign of lung damage or a reversible defense reaction remains unclear.

Introduction

Grain dust is generated during threshing and other handling
of grain. It is a heterogeneous mixture of inorganic soil par-
ticles, plant fragments, insect-and mite body parts and fae-
ces, viable and non-viable microorganisms, and components
such as endotoxins, B-1,3-glucans and mycotoxins (Smith
1989, Straumfors et al. 2015). Grain dust and its components
may induce inflammation, and impair lung function of
employees that are exposed to grain dust during work at
grain elevators and compound feed mills (Huy et al. 1991,
Chan-Yeung et al. 1992, Smid et al. 1994, Spurzem et al.
2002, Pahwa et al. 2008,). An inconsistency in exposure-res-
ponse relationships has been observed between studies that
may be due to differential effects of individual grain dust
components and differences between studies in grain dust
composition (Straumfors et al. 2015, 2016, Halstensen et al.
2013). Although endotoxin has been proposed as a target for
measurements of occupational health hazard related to grain
dust exposure (Health Council of the Netherlands 2011), fun-
gal spore exposure has been shown to be stronger associ-
ated with respiratory effects and fatigue than endotoxin
(Straumfors et al. 2016). A possible reason for the diverging
relationships in epidemiological studies is the healthy worker
selection. As grain elevators and compound feed mills are

often located on the countryside, the healthy worker selec-
tion could possibly be related to the apparently protective
effect of having grown up on a farm, that is, the 'hygiene
hypothesis’ (von Mutius 2007).

The pathological response to grain dust exposure suggests
activation of inflammatory and allergic pathways, although
exact mechanisms are not completely elucidated. The non-cili-
ated bronchial epithelial club cells play an important role in
protecting the lung from inhaled toxicants. One of the major
proteins secreted by the club cells is the anti-inflammatory
club cell-16 protein (CC-16) (Dierynck et al. 1995, Lakind et al.
2007). Serum levels of CC-16 are mainly affected by its pro-
duction rate by club cells into the alveolar lavage fluid, the
rate of diffusion from alveolar fluid into the serum, which is
affected by permeability of the pulmonary epithelial barrier,
and renal clearance (Lakind et al. 2007). Inhalation of particles
may affect this basic control, reducing the serum CC-16 by
inhibiting, injuring or killing the club cells or increasing the
concentration by inducing increased secretion and/or perme-
ability. The CC-16 protein has been suggested to be a sensi-
tive marker for detecting early permeability changes in the
lung epithelial barrier and/or to evaluate the integrity of the
club cells (Broeckaert and Bernard 2000). Reduced levels of
serum CC-16 have been associated with cigarette smoking
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(Bernard et al. 1994, Robin et al. 2002). In contrast, acute or
repeated exposures to bioaerosols in wastewater workers
(Heldal et al. 2013) (Steiner et al. 2005) have been associated
with increased serum CC-16 levels.

Detection of specific proteins in peripheral blood of
exposed workers may give valuable information of inflamma-
tion and early processes in disease development. Changes in
serum levels of pneumoproteins, such as CC-16 or surfactant
protein A and D (SP-A and SP-D) may indicate lung injury fol-
lowing inhaled exposure to dust (Lakind et al. 2007, Broeckaert
and Bernard, 2000), whereas interleukin 6 (IL-6), tumour necro-
sis factor-o (TNF-a), fibrinogen and C-reactive protein (CRP) are
parts of the acute phase response to systemic inflammation.

By direct action or through oxidative stress and activation
of inflammatory pathways, dust exposure may furthermore
increase the risk of cardiovascular disease (Du et al. 2016).
Exposure to particulate matter from various sources has
indeed been associated with cardiovascular effects, such as
increased blood coagulation, atherosclerosis and heart dis-
ease (Fang et al. 2010, Du et al. 2016). Soluble CD40 ligand
(sCDA40L) is contained in platelet granules, and thus, its pres-
ence in the blood is a marker of platelet activation. By inter-
acting with CD40, which is found on endothelial and smooth
muscle cells, sCD40L may trigger the release of inflammatory
mediators, leading to increased activity of matrix metallopro-
teinases and activating of the coagulation cascade. CD40
Ligand dysregulation contributes to immune pathology in
atherosclerosis, atherothrombosis, and restenosis (Aukrust
et al. 1999, Schonbeck et al. 2001, Heeschen et al. 2003).
Soluble P-Selectin (sP-Selectin) is released from platelets and
the endothelial cell surface and has pro-thrombotic and pro-
inflammatory properties (Fijnheer et al. 1997, Ridker et al.
2001, Ferroni et al. 2008,). Grain dust exposure may have the
potential to induce markers of platelet activation, but has to
our knowledge not been studied.

The primary objectives of this study were to investigate
whether workers exposed to grain dust and its components
had (1) increased serum pneumoprotein levels compared to
controls, as a sign of exposure-induced increase in secretion
from club cells, or increased permeability of the lung epithe-
lium barrier and (2) increased levels of acute phase reaction
markers of inflammation or markers of activated platelets, as
indicators of increased risk of cardiovascular disease. Secondary
objectives were to investigate how the serum biomarkers were
associated to (3) respiratory health effects measured by lung
function tests and self-reported symptoms, and (4) exposure to
dust from grain elevators and compound feed mills, including
bacteria, endotoxin, fungal spore and 1,3-B-glucans (bioaerosol
exposure), published previously from the same study
(Halstensen et al. 2013, Straumfors et al. 2016,).

Clinical significance

e Increased levels of biomarkers in blood can potentially
predict increased risk for future pulmonary and cardiovas-
cular diseases, but this was not confirmed in this study.

e Associations between grain dust exposure and proteins
involved in inflammation and activation of platelets may
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provide the basis for the establishment of early bio-
markers for disease progression or increased risks in
exposed workers.

e Early life exposures to farm dust during farm childhood
may influence later responses of exposure to organic dust
and microbial components.

Methods
Study population

Details of recruitment and description of the study popula-
tion, participating companies and work tasks carried out by
the workers have been published previously (Straumfors
et al. 2015, 2016). Twenty companies of grain elevators and
compound feed mills in the Norwegian grain industry geo-
graphically distributed throughout 20 municipalities in nine
counties in central and south-eastern Norway were included
in this study. The study population consisted of all employ-
ees working on relevant shifts; 67 grain dust exposed work-
ers and 36 assumedly unexposed administrative workers as
controls (Figure 1). The exposed workers included 28 workers
employed in the grain elevator department, 17 workers in
the compound feed mill department, 6 working both in grain
elevator and compound feed mill departments, and five
transport workers. Characteristics of the study population are
presented in Table 1.

The Regional Ethical Committee of South-East Norway and
the Norwegian Data Inspectorate approved the study. All par-
ticipants gave their written informed consent upon participa-
tion in the study. All but one of the workers that received
the written information agreed to participate. The one that
refused medical examinations participated in the exposure
measurements only.

Study design

The field team rigged the equipment at the work site and
informed the participating workers on a Monday, and per-
formed the exposure measurements and health examinations
on a Tuesday. For two companies, Wednesday was the day
of exposure measurements and health examinations. The
employees were examined before work, defined as baseline,
and after work in a cross-shift design. The examinations
included spirometry, gas diffusion tests and acoustic rhinom-
etry, and the results have been published previously
(Straumfors et al. 2016). The employees were asked to
abstain from smoking at least one hour before the health
examinations. Blood samples were collected after shift for
atopy testing, biomarkers and haemoglobin measurements.
After work the employees filled in a questionnaire reporting
smoking and work history, as well as possible work related
health complaints on that day or in the past week.

Bioaerosol exposure measurements and analyses

Full shift (6-8 hrs) personal inhalable samples (n=130) were
collected two consecutive days with PAS-6 samplers (van der
Wal, 1983) and portable pumps (PS101; National Institute of
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n=106

Grain elevator and animal feed mill workers

!

v

Dust exposed workers Controls
n=68 n=38
Excluded
Excluded
n=2 previously exposed workers,
n=1 refuse'd th.e ’ relocated due to work-related
health examinations health problems
v v
Dust exposed workers Controls
n=67 n=36

Figure 1. Flow chart of the number and selection of individuals in the study population.

Table 1. Characteristics of the study population of grain and animal feed
industry workers in Norway.

Exposed workers Controls
(n=267) (n=36)

Age (year)? 42 (16-59) 50 (21-60)
Height (cm)? 179 (162-196) 177 (156-191)
Weight (kg)® 89 (63-123) 86 (55-109)
Body mass index (kg/m?)? 28 (21-38) 27 (21-38)
% body fat® 26 (12-43) 27 (14-43)
Never-smoker (in %) 43 44
Current smoker (in %) 27 17
Ex-smoker (in %) 30 39
Male/Female (in %) 94/6 83/17
Atopyb (in %) 22 22
Physician-diagnosed asthma (in %)° 5 6
Having a cold (in %) 19 9
Farm childhood (in %) 36 42
Living at a farm (in %) 16 28
RPE use (in %) 16 0
FVC % of predicted at baseline® 95 (66-133) 99 (80-122)
FEV,% of predicted at baseline® 92 (68-127) 93 (51-120)

2Median (min-max).

BPositive serum reaction towards inhalation panel.

Self-reported.

YIncluded one exposed worker that moved to a farm in his youth.

RPE: respiratory protective equipment; FVC: forced vital capacity; FEV;: Forced
expired volume in the first second.

Occupational Health, Oslo, Norway) using a flow rate of
2L min~". Samples were analyzed for grain dust, endotoxins,
bacteria, fungal spores and f-1,3-glucans as previously
described (Halstensen et al. 2013). In brief, dust was weighed,
bacteria were stained with acridine orange and counted by
epifluorescence microscopy, fungal spores were counted by
scanning electron microscopy, endotoxins were analyzed by
Limulus amebocyte lysate assay, and fB-1,3-glucans were ana-
lyzed by enzyme-immuno-assay. The job groups and expos-
ure variability have been described previously (Halstensen
et al. 2013, Straumfors et al. 2015).

Questionnaire
After work-shift, the participants filled out a questionnaire
based on the ATS recommended respiratory disease

questionnaire for epidemiological research (Medical Research
Council, 1960) that included questions on respiratory protect-
ive equipment (RPE) use, smoking habits, work history, symp-
toms of the airways, eyes, skin, and general illness
experienced during or after work on the day of the examina-
tions. Questions about farm childhood or living at a farm
(having farm/lifestock at home) were also included as part of
the relevant exposure history.

Skinfold test

To determine the subcutaneous fat layer thickness, a pinch
of skin was measured to the nearest mm at the biceps, tri-
ceps, subcapsular and supra-iliac areas on the right side of all
workers standing in a relaxed position using a skinfold cali-
per (GPM Instruments, Zurich, Switzerland). The log of the
sum of skin fold measurements was used to calculate body
density with age-dependent prediction equations (Durnin
and Womersley 1974). The predicted density values were
then converted to percent body fat using the Siri Equation
(Siri 1961): % body fat = (495/body density) — 450.

Blood sampling and analyses of biomarkers

Blood samples were collected after work between 1 and
3PM. Blood for fibrinogen analyses was collected in vacu-
tainers containing citrate (BD Vacutainer, Franklin Lakes, NJ,
US), and the tubes were immediately inverted 8-10 times.
Vacutainers without additives (BD Vacutainer) were used to
separate serum from blood for analysis of inflammatory
markers and atopy. The blood samples were left at room
temperature for 30 to 90 min. Serum was separated in tubes
without additives by 10 min centrifugation at 3500 rpm fol-
lowed by careful pipetting of serum into new tubes. Plasma
from citrates tubes was centrifuged as above followed by
careful pipetting of plasma into new tubes. Samples for
C-reactive protein (CRP) and atopy testing were sent directly
to a commercial routine laboratory for analysis, whereas the



rest of the plasma and serum samples were immediately fro-
zen to —20°C, replaced to —80°C upon arrival at the labora-
tory, where they were kept until analysis.

Atopy was defined by the presence of specific serum
immunoglobulin E antibodies towards one or more allergens
in a panel of typical outdoor airway allergens (birch, timothy,
mugwort, Alternaria tenious, Cladosporium herbarum) deter-
mined by Phadiatop screening (Furst laboratories, Oslo,
Norway). CC-16 (Human club Cell Protein ELISA kit,
BioVendor Laboratory Medicine, Inc., Brno, Czech Republic),
SP-D (SP-D ELISA kit, BioVendor), IL-6 (Quantikine HS-Human
IL-6 immunoassay kit, R&D Systems Inc. Minneapolis, MN), sP-
selectin  (Human sP-selectin/CD62P, R&D) and TNF-a
(Quantikine HS-Human TNF- o/TNFSF1A, R&D), fibrinogen (ICL
Inc., Portland, OR, US) and sCD40L (Human CD40 Ligand/
TNFSF5 Quantikine ELISA Kit, R&D) were analysed by ELISA
according to the manufacturer’s instructions. SP-A was ana-
lysed by sandwich ELISA as described in detail previously
(Ellingsen et al. 2017). In short, the primary antibody was
AB3422 (Millipore, Billerica, MA); the secondary antibody was
HYB 238-04 (Antibody Shop, Gentofte, Denmark). Optical
density were read at 450 nm adjusted for background signal
read at 540 for kits with HRP and 490 nm adjusted for back-
ground signal read at 650nm for kits with AP in a
Spectramax i3 spectrophotometer (Molecular Devices LLC,
Sunnyvale, CA, US) or a BioTek microtiter spectrophotometer
(BioTek Instruments, Inc. Winooski, USA).

Statistical analyses

The concentrations of bioaerosols and biomarkers were In-
transformed to achieve normal distribution and homoscedas-
ticity, and are presented as geometric mean (GM) and
geometric standard deviation (GSD). Differences in the GM

Table 2. Geometric mean (GM) exposure in the Norwegian grain and com-
pound feed industry.

Exposure parameter n GM GSD?
Grain dust (mg/m?) 130 1.1 3.32
Endotoxin (EU/m®) 130 777 5.53
B-1—3-glucan (ug/m?) 130 9.4 5.21
Bacteria (counts/m>) 130 35 x 10* 490
Fungal spores counts/m?) 130 4% 10* 3.51

2GSD = geometric standard deviation.

BIOMARKERS 751

between exposed workers and controls were tested by inde-
pendent sample t-test, and a p value <0.05 was regarded
statistically significant. Multiple linear regression models were
used to investigate associations between blood biomarkers
and exposure. Categorical exposure variables (exposure ver-
sus controls) were tested with all workers, whereas linear
exposure variables (In-transformed values of the personal
exposure of dust, endotoxin, bacteria, fungal spores and
B-1,3-glucans) were tested with exposed workers only.
Confounding effects of age, gender, % body fat, smoking,
atopy, farm childhood, living at a farm and having a cold
were tested by stepwise backward procedure and adjusted
for at a p-value <0.1 and when the regression coefficient
changed by >20%. General linear models (GLM) were built
to calculate estimates of adjusted biomarker concentrations
and to explain the variance of the serum biomarker concen-
tration. The IBM software package SPSS version 25.0 was
used for the statistical analyses (IBM Corp, Armunk, NY).

Results

The distribution of age, body size parameters, atopy, asthma
in the exposed workers and controls was similar (Table 1).
The study population included mainly men, with only 6%
and 17% females, respectively, in the two groups. The preva-
lence of current smokers and current cold were somewhat
higher in the exposed group, whereas the prevalence of farm
childhood and currently living at a farm were somewhat
higher among controls. Only 16% of the exposed workers
reported to use RPE.

Bioaerosol exposure

The high endotoxin exposure of GM 662 EU/m* exceeded
the health-based recommended occupational exposure limit
of 90 EU/m? by more than 7-fold (Table 2). The mean expo-
sures of the other components were moderate, but high
GSDs reflected large variances between workers.

Blood biomarkers in exposed workers and controls
The concentrations of pneumoproteins and markers of
inflammation and platelet activation in blood of exposed

Table 3. Concentrations of pneumoproteins and markers of inflammation and platelet activation in blood of grain dust exposed work-

ers as observed and adjusted for confounders.

Exposed workers (n = 67)

Controls (n=35) Group differences

GM (GSD) GM,q; (GSE) GM (GSD) GM,q;j (GSE) p value p value,g;

CC-16 (ng/mL) 49 (1.5) 4.9 (1.05) 3.6 (1.4) 3.6 (1.07) <0.001 <0.001
SP-D (ng/mL) 102 (1.7) 106 (1.07) 93 (1.9) 100 (1.09) 0.4 0.8
SP-A (ug/mL) 22 (12.2) - 30 (7.5) - 0.5

IL-6 (pg/mL) 1.9 (1.9) 2.5 (1.11) 1.3(1.7) 1.5 (1.11) 0.04 <0.001
TNF-o (pg/mL) 1.1 (1.3) - 1.1 (1.5 - 0.6

Fibrinogen (mg/mL) 33 (1.3) 6 (1.05) 39 (1.3) 4.2 (1.06) 0.001 0.005
CRP (mg/L) 1.7 (29) 4 (1.22) 1.3 (2.7) 1.7 (1.22) 0.3 0.1
sCD40L (ng/mL) 1.7 (2.7) 6 (1.11) 1.6 (3.0) 1.4 (1.22) 0.5 0.5
sP-selectin (ng/mL) 50 (1.6) 0 (1.11) 54 (1.6) 43 (1.11) 0.5 0.6

GM: geometric mean; GSD: geometric standard dewatlon; GM,q;: geometric mean adjusted for confounders; GSE: standard error of
GM,q; adjustments: CC-16: smoking and farm childhood; SP-D: % body fat and farm childhood; IL-6: % body fat, age, smoking, living
at a farm and having a cold; fibrinogen: age, gender and smoking; CRP: % body fat, smoking and having a cold; sCD40L: atopy;

p-selectin: atopy, age, gender and % body fat.
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Table 4. Influence of confounders and covariates on In-transformed biomarker concentrations (f and p-value in multiple

linear regression models).

Test variable CC-16 SP-D SP-A IL-6 TNF-oo  Fibrinogen CRP sCD40L  sP-selectin
Constant 1.96 5.51 3.18 145 0.07 0.80 1.16 -0.19 3.66
Exposed/referent 0.32%** 0.05 0.57%** —0.17%*

Farm childhood yes/no 0.14* 0.24%*

Living at a farm yes/no 0.26*

Smoker yes/no —0.10 0.23* 0.10% 0.44*
Atopy yes/no 0.41* 0.17*
Gender female/male —0.16* —0.40**
Age (year) 0.01* 0.005%* —0.01**
% body fat —0.02%* 0.03%* 0.03%* 0.03**
Having a cold yes/no 0.18** 0.71%*

*p < 0.1; **p < 0.05; ***p < 0.001.

Table 5. General linear model of CC-16.

Model B SE p-value LCl uci
Ln CC16 (r*,4=0.20)

Intercept 1.28 0.07 1.14 143
Exposed 0.34 0.08 <0.001 0.18 0.49
Controls 0

Current smoker Yes —0.28 0.11 0.01 —0.49 —0.07
No 0

Farm childhood Yes 0.03 0.09 0.76 —0.14 0.20
No 0

Farm childhood Yes*Current smoker Yes 0.51 0.18 0.006 0.15 0.87
Farm childhood No*Current smoker Yes 0

LCI: lower limit of the 95% confidence interval; UCI: upper limit of the 95% confidence interval.

workers versus controls are shown in Table 3. The concentra-
tion of CC-16 was significantly higher in exposed workers
than in controls, whereas the concentration of the other
pneumoproteins, SP-D and SP-A, were similar in the two
groups. The pro-inflammatory cytokine IL-6 level was signifi-
cantly higher in exposed workers than in controls. However,
simultaneous increases in TNF-o, CRP and fibrinogen in
exposed workers were not observed. On the contrary, fibrino-
gen was significantly lower in exposed workers compared to

controls. The concentrations of the platelet activation
markers sCD40L and sP-selectin were similar in the
two groups.

The strength and significance of influential confounders
and covariates for the biomarkers are shown in Table 4.
Biomarker concentrations were adjusted for significant con-
founders by multiple regression (Table 3), whereas the effects
of significant covariates were explored further. This showed
that exposed workers with farm childhood had higher serum
concentrations of CC-16 (p=0.07, adjusted for smoking) and
SP-D (p=0.03, adjusted for % body fat). Furthermore,
although smoking was no influential covariate in the basic
CC-16 model, the effect of farm childhood interacted strongly
with smoking (p=0.006) (Table 5). Serum CC-16 was signifi-
cantly higher in current smokers with farm childhood com-
pared with other current smokers. There were no effect of
farm childhood on CC-16 in never- and former smokers. The
same pattern was observed in both exposed workers and
controls, although CC-16 was significantly higher in exposed
workers compared with controls in all groups (Figure 2). The
effect of current smoking in reducing CC-16 became signifi-
cant in the model when this interaction term was included
(p=0.01) (Table 5).

Exposed workers

i I (]
i ' 3

Yes No Yes No
Farm childhood

Controls

EMM (95% C) of In CC16 (ng/mL)

Figure 2. Estimated marginal mean (95% confidence interval) of transformed
values of serum CC-16 in exposed workers and controls by farm childhood and
smoking status. Solid symbols represents current smokers, whereas hollow sym-
bols represent never and ex-smokers. The EMMs are adjusted for interaction
between smoking and farm childhood.

Farm childhood and living at a farm had otherwise no
significant impact on any of the other biomarker
concentrations.

Biomarker associations with exposure measurements and
respiratory health effects. None of the biomarkers in blood
were significantly correlated with the personal exposure
measurements of dust or any of the other bioaerosol compo-
nents. None of the biomarkers were associated with differen-
ces in respiratory health effects measured by spirometry and
gas diffusion test or by self-reported questionnaire.

Discussion

The present study describes the concentrations of pneumo-
proteins, markers of systemic inflammation and platelet



activation in the blood of healthy workers in the grain indus-
try. Workers exposed to grain dust had significantly higher
levels of CC-16 and IL-6 compared with controls, and signifi-
cantly lower fibrinogen concentrations. A strong influence
from farm childhood on CC-16 and SP-D was observed. Farm
childhood interacted with current smoking by counteracting
the smoking-associated reduction of CC-16, whereas this
effect was not present in workers without such childhood
exposure. This interaction was stronger than the effect of
dust exposure or any other exposure measurement. Although
both CC-16, IL-6 and fibrinogen were significantly different
between exposed and controls, none of the markers were
associated with dust exposure or any other exposure compo-
nent of the dust measured among exposed workers. This was
in spite of exposures to potentially health-impairing bioaero-
sol concentrations. There were also no association with
respiratory health outcomes observed.

Increased levels of inflammatory cytokines, such as TNF-o,
IL-1-B, IL-6 and IL-8, in bronchoalveolar lavage fluid have
been associated with reduced lung function after grain dust
exposure (Jagielo et al. 1996, Blaski et al. 1996). TNF-a and IL-
6 regulate the hepatic production of CRP and fibrinogen dur-
ing the acute phase response of inflammation (Moshage
1997) and are considered relatively stable markers of inflam-
mation. There were, however, no signs of systemic inflamma-
tion in the present study, as none of these additional
markers were increased, although a significantly higher
serum IL-6 concentration was observed in exposed workers
compared with controls. The observed IL-6 increase could be
a snapshot of the start of a pro-inflammatory change that
did not progress to systemic inflammation, or it could also
be due to chance. Another possible explanation is that dust
exposure has induced tolerance, as seen in pig farmers
(Palmberg et al. 2002). The significantly lower fibrinogen con-
centration in exposed workers is difficult to relate to dust-
exposure, but as physical activity is associated with reduced
plasma fibrinogen (Gomez-Marcos et al. 2014), a possible
explanation could be that exposed workers have higher
physical activity than controls Both study groups were within
the reference area for fibrinogen of 1.5-4 mg/mL.

According to what is known about CC-16 control, the
increased serum levels observed in exposed workers may
reflect an increase in CC-16 secretion from the club cells
and/or increased permeability of the lung epithelium barrier
(Lakind et al. 2007) as a response to an inflammatory reaction
elicited by exposure. However, in spite of relatively high
exposures during work, no dose-response with grain dust or
microbial components were observed. It is possible that
other components than the measured aerosol components
among the exposed workers induced this difference, but this
could not be identified in the present study. Regardless of
the toxic mechanism for increased serum CC-16, the results
indicate ongoing anti-inflammatory reaction in exposed
workers. However, since we could not relate the CC-16
increase to impaired lung function or any respiratory symp-
toms, it is possible that homeostasis is restored and the
inflammatory response do not lead further to disease. The
heterogeneous exposure, with all the different biological
components, may induce inflammatory as well as anti-
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inflammatory reactions in a pattern that collectively contrib-
ute to prevent further disease progression. It has been shown
that inhalation of LPS results in a dose-dependent increase in
blood CC-16 that peaks at 6 hours and normalizes at 24 hours
(Michel et al. 2005). A parallel decrease in the bronchoalveo-
lar lavage fluid has been observed in animals, in the absence
of a cytotoxic effect of LPS on club cells (Arsalane et al.
2000). Heldal and coworkers also showed a dose dependent
association between increased serum CC-16 and bacterial
exposure (GM 22 x 10% bacteria/m®) among wastewater work-
ers (Heldal et al. 2013). The arithmetic mean serum CC-16
concentration was, however, lower in exposed workers than
in controls. The bacterial exposure was almost 10-fold lower
than in the present study, but most likely not similar species
with similar inflammatory potential.

The hygiene hypothesis proposes that the rising preva-
lence of allergic diseases is causally related to a reduced
exposure to environmental microbes and harmless infections
(von Mutius 2007). One of the most important observations
that supports the hygiene hypothesis is that children grown
up on traditional farms are less prone to allergic diseases
than children living in the countryside, but not on a farm
(Jatzlauk et al. 2017). The protection seems to be associated
with the exposure to a wide range of microbes provided by
the farm environment (Ege, Mayer, Normand, Genuneit,
Cookson, Braun-Fahrlander, Heederik, Piarroux, von Mutius
and Grp, 2011, Haahtela et al. 2015, Stein et al 2016). Early
life contact to complex microbial communities is a main
driver for the development of a balanced immune system
(Torow et al. 2017) and human microbiota (Hanski et al.
2012). The hygiene hypothesis has consequently been refined
and replaced by the biodiversity hypothesis (von Hertzen
et al. 2011). Although the mechanisms behind the association
between microbial diversity and allergy protection are still
unknown, the impact of farm childhood on SP-D and CC-16
could be due to an improved tuning of several parts of the
immune system, including the cell responses to inhaled
pneumotoxicants. However, exposed workers are physically
more active during the day, and we cannot exclude that this
may be the reason for the increased CC-16 in exposed work-
ers compared with controls that were office workers. CC-16
has indeed been shown to be higher after exercise and
heavy work (Nanson et al. 2001), but lower in elite athletes
(Kurowski et al. 2014). Helleday and colleagues showed that
serum CC-16 concentrations in healthy nonsmoking subjects
drops from 7 am to 1pm, stabilizes somewhat, and then
starts to increase again at 7 pm, following a U-shaped curve
(Helleday et al. 2006). The time window for blood sampling
in our study corresponded to the time when the smallest
changes in the concentrations were observed in the study by
Helleday and coworkers, and the relatively short time win-
dow makes the influence of diurnal variation unlikely.

High plasma sP-selectin (83.2 ng/mL) and sCD40L (2.89 ng/
mL) concentration have been associated with increased car-
diovascular risk in apparently healthy women (Schonbeck
et al. 2001, Ridker et al. 2001). The sP-selectin and sCD40L
concentrations in the present study were, however, lower
than those levels. No significant difference in serum levels of
sCD40L or sP-selectin were observed between exposed



754 A. STRAUMFORS ET AL.

workers and controls indicating that neither grain dust nor
any other exposure in the study population had any signifi-
cant role in platelet activation as indicators of increased risks
of cardiovascular effects. The lack of increased CRP or fibrino-
gen that also is found in atherosclerosis supports this conclu-
sion. Of note, the platelet function was not assessed, as no
platelet function tests were performed. However, both
exposed workers and controls in the grain elevator and com-
pound industry had GM serum levels of sCD40L and sP-selec-
tin 10 and 2-fold higher than plasma levels of tunnel
construction workers that had slightly reduced platelet acti-
vation after high exposure to particulate matter (Ellingsen
et al. 2017). The sP-selectin level was also higher than
observed in plasma of healthy volunteers, who 24 hrs after
diesel exhaust inhalation had a significantly higher sP-selectin
level (36.5ng/mL) compared with persons that inhaled clean
air (33.7ng/mlL) (Tornqvist et al. 2007). Serum values of sP-
selectin and sCD40L for healthy individuals are known to be
higher than plasma values (mean 82ng/mL, range 51-113
versus mean 29ng/mL, range 18-40 for sP-selectin and
5.4ng/mL, range 0-11 versus 0.09ng/mL, range 0-0.14 for
sCD40L, R&D), probably explaining the concentration differ-
ences observed between the present and other studies.
Despite the differences, serum and plasma sP-selectin levels
have been shown to be significantly correlated, whereas this
is not the case for sCD40L (Thom et al. 2004). According to
the reference values, the levels in the present study were in
the lower range.

The effect of farm childhood on CC-16 was robust in the
present study, and the interaction with smoking seemed
plausible. However, as the number of current smokers were
only 5 of 18 in the exposed worker group with farm child-
hood and 3 of 6 in the corresponding referent group these
results should be interpreted with caution.

Although the clotting time in this study was kept within
30-90 minutes for all blood samples, it is possible that this
time variation has resulted in variable extent of ex vivo
release of sP-selectin and sCD40L from platelets. Such a vari-
able influence on the in vivo circulating levels of soluble
platelet activation markers may have obscured possible
group differences.

Conclusions

Work in grain elevators and compound feed mills induced
inflammatory and anti-inflammatory reactions, as shown by
the significantly higher serum concentration of IL-6 and CC-
16 in exposed workers compared with controls. These reac-
tions were not associated with bioaerosol exposure or to the
respiratory health effects previously measured. We could
therefore not establish any cause-effect relationship with the
investigated parameters. As no significant increase in the
serum levels of other pneumoproteins than CC-16 were
observed, the difference was most likely not due to increased
permeability of the epithelial lung barrier, but could rather
be due to increased secretion from club cells. Whether this is
an early sign of lung disease or a reversible immunological
response is still not clear. The serum CC-16 levels were

higher in workers with farm childhood, regardless of expos-
ure, and this effect counteracted the smoking-induced reduc-
tion of serum CC-16. Grain dust exposure did not induce
systemic inflammation, as no increases in CRP or fibrinogen
were observed, although IL-6 was increased in exposed work-
ers. Neither were any exposure-induced platelet activation
observed, as exposed workers had similar levels of sCD40L
and sP-selectin as controls, providing no support for
increased risk of cardiovascular disease in this industry.
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