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1. Highlights 15 

 The indoor microbe exposure elevated the building user’s serum spore-specific 16 

IgG 17 

 A new ELISA system with microbe spore antigens was utilized for the analysis 18 

 S. albus- and A. versicolor spores were selected for the test antigens 19 

 The individuals from the damaged buildings had increased serum IgG1 and 20 

IgG3 levels 21 

 22 

 23 



 2 

2. Abstract 24 

Moisture-indicative microbes in buildings are associated with a variety of symptoms, 25 

ranging from mild irritation to severe clinical illnesses. These symptoms are caused 26 

principally by dried, dormant and dead microbe material like spores, mycelium and 27 

microbe metabolites, leading to the activation of the immune system and formation of the 28 

antigen-specific immunoglobulins. This activation presumably takes place through the 29 

respiratory track and is a normal immune reaction against pathogenic invaders. During 30 

continuous exposure, a prolonged state of inflammation will follow, and this forms a 31 

considerable health risk for a building’s occupant. A new ELISA system utilizing spores 32 

from two species Streptomyces albus and Aspergillus versicolor as an antigen was 33 

developed to reveal the related immunological processes. In 159 persons, microbial 34 

exposure was observed to increase the levels of spore-specific IgG, IgG1 and IgG3 serum 35 

antibody levels of individuals residing in microbe-dense buildings compared with the 36 

control reference buildings. No differences were detected in the levels of S. albus- and A. 37 

versicolor-specific serum IgA or IgM levels. 38 

 39 
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4. Abbreviations 46 

ELISA: enzyme linked immunosorbent assay 47 

APC: antigen-presenting cell 48 

Ig: immunoglobulin 49 

Th: T helper lymphocyte 50 

HRP: horseradish peroxidase  51 

OD: optical density 52 
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9. Introduction 84 

Moisture-indicative indoor microbes, moulds and bacteria are known to be harmful to 85 

building users1, 2. One of the main routes of exposure is via the indoor air, where the dry 86 
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dormant and dead material, like the spores and fragments of mycelium can be found2, 3 . 87 

Exposure is most likely to occur through the respiratory track caused by these dried 88 

microbial particles and fragments. Exposure via indoor air is relevant, because 90% of a 89 

building user’s time is spent indoors4. Moisture damage related indoor microbes have an 90 

adverse health effects, such as the irritation of airways, skin and eyes, general symptoms, 91 

and sometimes they cause fungal sinusitis and invasive infections. People with long-term 92 

exposure to moisture damage and indicator microbes have a higher risk for asthma, 93 

allergic alveolitis and organic dust toxic syndrome5-13 . Infections caused by the yeast and 94 

filamentous fungi are more prevalent among susceptible population groups. 95 

Immunocompromised patients and those under the corticosteroid treatment are at a higher 96 

risk for developing deep fungal infections14 . Nevertheless, exposure to fungi and bacteria 97 

may sensitize individuals, cause mucosal irritation and inhibit cilia function in airways15  98 

and altogether may allow for a greater susceptibility to common respiratory infections, 99 

such as common colds, otitis and sinusitis16-20 . 100 

 101 

Relatively little is known about the activation of immune defence by exposure to  102 

microbe-damaged buildings, as the damage is usually well-advanced when detected, and 103 

the original causative factor may thus remain undetected. It is also common that the 104 

primary exposure may have occurred much earlier or even in a different building and 105 

sometimes outdoors. Moreover, there are great interindividual differences in responses, 106 

and there are no distinguishing patterns about how the exposure causes the immunological 107 

activation to proceed. 108 

 109 
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Our immune system continuously encounters invading microbes and other antigens, 110 

which are first recognized and swiftly destroyed by the innate immunity, and only a very 111 

small fraction of these encountering actually activate the adaptive arm of the immune 112 

system21-23 . The antigen-specific immunoglobulins (Ig) secreting B cells (plasma cells) 113 

are formed in the secondary lymphatic tissue in a course of 1-2 weeks after the primary 114 

antigen encountering21 .  115 

 116 

Igs or antibodies are bi-functional molecules, binding to antigens with high specificity 117 

and initiating other biologic functions21, 22 . Ig binding directly neutralizes toxins and they 118 

are (IgG) the activators of the serum classical complement system pathway. One of the  119 

main functions of Igs is the opsonisation, which is the promotion of the target (e.g., 120 

particle, spore, microbe cell) to the phagocyte, a necessary preliminary step of ingestion, 121 

internalization and the destruction of the target24 . 122 

 123 

The outcome of the Ig responses is regulated by the ambiguous interactions between the 124 

innate and acquired immune systems including the antigen presenting cells (APC) and 125 

consequently the cytokines secreted by Type 1 T helper (Th1) or the Type 2 T helper 126 

(Th2) populations. The selection between the Th1 or Th2 response is based on the 127 

characteristics of the antigen, APC and the interindividual differences25, 26 . 128 

 129 

The development of Th2-triggered and IgE-derived allergic hypersensitivity reactions 130 

and asthma27  linked to the indoor microbes is relatively rare, and the exposure to a 131 

microbe-damaged environment increases the risk of non-allergic (i.e., intrinsic) asthma 132 

instead of systemic IgE-positive hypersensitivity28 . In Finnish materials, approximately 133 
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20-24 % of the exposed individuals develop IgE-antibodies and also equal share of 134 

asthmatics are IgE-mediated 6. The immunopathology of these two types are similar but 135 

the intrinsic reactions are localized in the secondary immune tissues of the lungs and are 136 

not visible systemically in normal allergy tests 29-31.    137 

 138 

The Th1-regulated proinflammatory action is a key factor in the adaptive humoral and 139 

cellular response against the invading microbes. This response is formed by the 140 

production of firstly IgM-secreting cells at the initial stage and after the class switch, a 141 

more specific IgA or IgG production targeting the intruder for quick removal from the 142 

tissue via phagocytosis by polymorphonuclear leukocytes21 . IgG is the main effector in 143 

serum and the IgA response is directed toward the mucosa. A variety of Ig subclasses 144 

(i.e., IgA1, IgA2, IgG1, IgG2, IgG3, IgG4) focuses the response in a more accurate and 145 

specific direction. 146 

 147 

In this study, we assessed the Ig production caused by the dry dormant and dead microbial 148 

material in microbe-damaged buildings by using our original, spore-specific enzyme 149 

linked immunosorbent assay (ELISA). Our aim was to show that this activation of the 150 

immune system can be assessed by using spores as an antigen and moreover, using spores 151 

simultaneously from two different species as a combined antigen. Two species were 152 

selected based on their prevalence in microbe damages in Finland, one bacteria 153 

Streptomyces albus 32 and mold Aspergillus versicolor 33-35 .  Both are so-called indicator 154 

species indicating a severity of the damage36 .  The detection and the proof of the exposure 155 

is an important step from preventing building users from further exposure, since the 156 
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elevated Ig levels are a significant signal for the necessity of the environmental 157 

improvement.  158 

 159 

10. Materials and Methods 160 

10.1 Buildings 161 

Damages in the building were evaluated by microbe cultivations, and S. albus 32 and A. 162 

versicolor 33-35 were found in all three damaged buildings. More inclusive data from target 163 

buildings is shown in Table 1.  No microbe damage were observed in four non-damaged 164 

buildings (Table 1). Main research material consisted of 159 individual serum samples 165 

both from damaged and reference buildings. These are presented in tables 1 and 2. 166 

 167 

10.2 Reference samples for test system evaluation  168 

Reference samples were four serum samples from healthy volunteers, who were not 169 

included in the study material. Two adult females (aged 28 and 52 years old) and 2 adult 170 

males (aged 34 and 48 years old) volunteered. 171 

      172 

10.3 Serum sampling and storage 173 

Blood samples were collected from the volunteers in 8-ml Vacuette serum tubes (with 174 

gel) (Greiner Bio-one, Kremsmünster, Austria). Serum was prepared by centrifuging at 175 

1800 rpm for 10 min and then distributed into 2-ml Eppendorf tubes and stored at -80°C. 176 

Samples were collected while the volunteers were working or living in the buildings.177 

   178 

https://www.google.com/search?client=firefox-b-d&q=kremsm%C3%BCnster&stick=H4sIAAAAAAAAAOPgE-LSz9U3SEvONjGuUgKzjUxLCouMtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1h5s4tSc4tzD-_JKwYKAAB2w0cOVgAAAA&sa=X&ved=2ahUKEwjPnpr25bPhAhXiy6YKHZzsDXgQmxMoATAOegQIChAE&biw=1280&bih=607
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10.4 Spore-antigen preparation 179 

S. albus spores were cultured and harvested from the mannitol salt agar (MS-agar)37 , and 180 

A. versicolor SL/3 spores were cultured and harvested from malt agar38   and both 181 

suspensions were diluted with distilled water37 . These suspensions were then sonicated 182 

in order to dismantle the aggregates according to the standard protocol by Kieser et al.37. 183 

Spores were isolated from the other possible microbe derived material by filtration 184 

through autoclaved cotton wool and re-suspended in 20% glycerol37  for the freezer stock. 185 

The filtration was operated with the cotton wool inside the 20 ml syringe (syringe and 186 

wool autoclaveted) by pressing the sonicated suspension trough the wool. Spores passes 187 

the cotton wool to the collection tube while other material and debris is immobilized in 188 

the wool. The spore suspension was microscoped and the purity, concerning the unwanted 189 

debris, was observed. The counting of the spore suspension was not feasible because of 190 

their small size and huge number and dry weight determination was used to quantify the 191 

spore “mass” instead. This weight was determined by pipetting 1 ml of the spore freezer-192 

stock suspension on the weighted petri dish, which was re-weighted after the evaporation. 193 

The spore viability was established by plating the spores before and after the drying and 194 

the freezing. No significant loss of viability was observed during these processes (data 195 

not shown).  196 

The freezer stock concentration of S. albus was 55 g/l and A. versicolor 120 g/l (dry 197 

weight of the spore suspension) and 100µl of 1/100 dilution in phosphate-buffered saline 198 

(PBS; pH 7.4) was used in microtiter well coating. The combination antigen solution was 199 

prepared by mixing 50/50 of 1/100 diluted S. albus and A. versicolor spores.  200 

The S. albus wild type strain was kindly donated by the 201 

Antibiotic Biosynthetic Engineering Group in the Department of Biochemistry of the 202 
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University of Turku, Finland and the A. versicolor SL/3 strain by the Department of 203 

Aerobiology of the University of Turku, Finland. 204 

 205 

10.5 Determination of the spore-specific antibodies by ELISA 206 

Serum antibody levels against spores from species S. albus, A. versicolor and the 207 

combination antigen were determined. Microtitre ELISA plates (Nunc-Immuno plate 208 

with Maxisorp surface, Nunc, Denmark) were coated with 100 l of 0.5 g/l of Str. albus 209 

and 1.2 g/l of A. versicolor or a combination antigen dilution in PBS and by incubating 210 

at 4°C overnight. Plates were washed three times with PBS-Tween20 (Sigma Aldrich, 211 

Missouri, USA); 2.5% dilution of Tween20 in PBS) and once with the PBS. All plates 212 

were blocked with 200 μl of 1% bovine serum albumin (BSA; Sigma Aldrich, Missouri, 213 

USA) for 2 h at 37°C. The BSA was made in PBS. Plates were washed three times with 214 

PBS-Tween20) and once with the PBS. Microtiter plates were dried in hood cabin at 215 

ambient temperature and were then stored at -20°C covered with parafilm.  216 

The serum sample was diluted in PBS, and 100 μl/well was pipetted to the coated plates. 217 

The used patient serum dilutions (in PBS) were discovered in the preliminary 218 

measurements and were used as follows: 219 

 220 

IgA: 2.5% serum  221 

IgG: 0.01% serum 222 

IgG1: 12.5% serum 223 

IgG3: 50% serum 224 

IgM: 1% serum 225 

 226 
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The samples of four reference serums were measured in triplicate wells and the actual 227 

sample serum as duplicate wells. Serum samples were incubated at 37°C for one hour and 228 

washed three times with PBS-Tween 20. 229 

The used secondary antibodies with a horseradish peroxidase (HRP) conjugate dilutions 230 

(in PBS) were discovered in the preliminary measurements and were used as follows: 231 

 232 

Goat-anti-Human IgA-HRP (Thermo Fisher, Massachusetts, USA): 1/5,000 stock 233 

solution 234 

Goat-anti-Human IgG-HRP (Thermo Fisher): 1/4,000 stock solution 235 

Mouse-anti-human IgG1-HRP (Molecular Probes, Oregon, USA): 1/200 stock solution 236 

(200 μg powder + 500 μl H2O [20% glycerol]) 237 

Mouse-anti-human IgG3-HRP (Thermo Fisher): 1/1,000 stock solution 238 

Chicken-anti-human IgM-HRP (Thermo Fisher):1/10,000 stock solution 239 

and 100 μl/well of a secondary antibody listed above was pipetted on the plates. 240 

 241 

Secondary antibodies were incubated one hour at room temperature and washed three 242 

times with PBS-Tween 20 and once with PBS. 243 

 244 

ABTS (Thermo Fisher, Novex) (1%; 2,2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic 245 

acid]-diammonium salt; this water-soluble HRP substrate yields a green end-product 246 

upon reaction with peroxidase) was added to citrate buffer (pH 4.2), the reaction was 247 

started by adding 0.1% H2O2 (Sigma) and then incubated 45 min at ambient temperature. 248 

The enzyme activity from the solid phase was related to the bound antibody, and the 249 

absorbance was measured at 415 nm using a Hidex Sense plate reader (Hidex, Turku, 250 

https://www.google.com/search?client=firefox-b-d&q=waltham&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWNnLE3NKMhJzAbaCX2ROAAAA&sa=X&ved=2ahUKEwjds7LUw7PhAhXCwqYKHbc7DFsQmxMoATARegQIDRAE&biw=1280&bih=607
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Finland). The means of absorbance values for sample duplicates, reference triplicates and 251 

standard deviation (SD) for reference triplicates were calculated. 252 

 253 

10.6 Data Handling 254 

Raw data was handled and analysed by using Excel, Version 2016 (Microsoft, 255 

Redmond, Washington, USA).  256 

Statistical analysis was made with SPSS version 25 (IBM, New York, USA). 257 

The data normality was tested using Shapiro–Wilk test and due to the nonparametric 258 

distribution of the data, the significance of the data was valued by using the Mann-259 

Whitney U test for calculating the p–values.  260 

Graphs were prepared with Origin, Version 2016 (Microcal, OriginLab, Massachusetts, 261 

USA).  262 

 263 

11. Results 264 

The development of the spore-specific ELISA system was started by selecting four test 265 

serums from individuals outside the actual study material and by cultivating the spores of 266 

the chosen antigen species S. albus and A. versicolor. The repeatability and the deviation 267 

of the results were tested by multiple repeats and by comparing the results between 268 

different variations, different coating patches and reagent concentrations. The 269 

background signal measured from the 10 wells had an average OD reading of 0.0029  270 

0.00057, and the lowest reliable detection limit was computed by multiplying the gained 271 

standard deviation by 10 times being OD = 0.006, after the background signal was 272 

subtracted39 . The upper range of the reliable detection limit was determined first by 273 
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calculating the average standard deviation (7.7%) from the four-person reference samples 274 

(Figure 1). This average was then subtracted from the OD = 3.999 (the maximum limit 275 

of the plate reader was OD = 4.000), and the highest reliable upper limit of the reliable 276 

detection was OD = 3.690. The reliable measurement range was from OD = 0.006 to OD 277 

= 3.690. The repeatability of the results was best within the same batch of coated plates, 278 

and 90 plates were prepared simultaneously in order to be able use the same patch of 279 

plates in actual sample measurements. Four selected reference serums, collected from the 280 

healthy volunteers from outside the actual study material (Table 1 and 2), were used to 281 

measure triplicate samples of every antigen and immunoglobulin class, and this was 282 

repeated three times (Figure 1). The repeatability was consistent, and the deviations 283 

acceptable (average = 7.7%). Because we were not able to use the existing reference 284 

measurements in order to gain reference data of the absolute Ig levels in our samples and 285 

since we did not have the Ig protein standards, we decided to compare the damaged and 286 

non-damaged buildings inside every Ig/antigen combination as shown in Figures 2 and 3. 287 

The aim was to detect possible differences between the Ig levels of individuals from 288 

damaged and non-damaged buildings. 289 

 290 

Our first study material (Table 1) contained 70 serum samples from the workers in three 291 

microbe-damaged buildings (3 buildings, n = 70) and 89 serum samples from the workers 292 

from four non-damaged buildings. 4 buildings (n = 89) were tested by using S. albus, A. 293 

versicolor and combination of these spores as a solid phase combined antigen. IgA, IgG 294 

and IgM main class specific serum immunoglobulins were assayed. As shown in Figure 295 

2, the serum samples from the microbe-damaged buildings had elevated IgG values 296 

against all used antigens compared with the serum samples from the reference buildings. 297 
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The differences when compared with the samples from the reference buildings, were 298 

significant (p < 0.05). No differences were observed when IgA and IgM were assayed. 299 

 300 

The second material (Table 2) contained 43 serum samples from one damaged building 301 

(1 damaged building, n = 43) and 59 serum samples from the workers from one non-302 

damaged building (1 non-damaged building, n = 59). Combined antigen was used to 303 

evaluate the levels of IgA, IgG, IgG1 and IgG3. 304 

 305 

The values of IgG (p < 0.05), IgG1 (p < 0.05) and IgG3 (p < 0.05) from the workers from 306 

the microbe-damaged buildings were significantly higher than the samples from the non-307 

damaged buildings.  308 

The data had a non-parametric distribution, and the significance was valued by using the 309 

Mann-Whitney U test for calculating the p–values. 310 

 311 

12. Discussion 312 

Our results demonstrate that IgG values against the selected antigens were higher in group 313 

level in damaged buildings compared with those in the non-damaged buildings, and the 314 

differences were significant. Also, the combination antigen seemed to work, and in future 315 

research, this aspect will be more thoroughly studied, and more than two species will be 316 

tested to assess the responses. When using the combination antigen, the amount of 317 

individual antigen was halved, and the results were not directly comparable between one 318 

antigen and the combined antigen. Nevertheless, if the levels were high with an individual 319 

antigen18 , then the same trend was observed with combined antigen (data not presented). 320 
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The antigens were chosen according to the microbes found from the damaged sites, and 321 

S. albus and A. versicolor are both considered as the indicator species of the severe 322 

microbe damage frequently found in the moisture-damaged buildings in Finland40 . 323 

The spore cultivation and harvesting was operated according to the standard protocol 324 

presented by the Kieser et al.37. After the filtration, in microscope, suspensions were very 325 

clearly consisting of spores, but it is not impossible that small fragments of mycelium 326 

was also present, especially when cultivating A. versicolor on the rich MA-agar.  The MS 327 

agar is commonly used for the spore cultivation and harvesting in Streptomyces species.    328 

Activation of the immune system is a normal defence reaction against the threats caused 329 

by invading microbes, and the raised Ig levels are not necessarily the markers of an 330 

anomaly or disease. According to the health status and symptom questionnaire, the levels 331 

of individuals with high Ig levels and the severe symptoms caused by the microbe-332 

damaged building did not significantly correlate. Still, a raised serum IgG level seems to 333 

be a marker of the microbe damage to a certain degree in the building. IgG correlates with 334 

exposure and not with symptoms, which has been shown previously among workers with 335 

similar occupations20 . 336 

 337 

There are existing serological microbe ELISA methods41 , but these do not specifically 338 

assess spore-specific responses. There is a difference in the antigen structure between the 339 

a viable microbe cell and dry, dormant and dead microbe material like spores and 340 

mycelium. Because the exposure is most probably caused by the latter material42 , there 341 

is a greater possibility of bias in the antibody assessment using antigens prepared from 342 

the cultivated and viable microbes. 343 

 344 



 16 

One starting point of the study was to evaluate whether the exposure could be found using 345 

only one “common” antigen. The spore surface molecular structure is reported to be 346 

conserved43, suggesting that there could be enough cross-reactivity. However, there was 347 

not a strong enough correlation, when we compared the results made with the S. albus 348 

and A. versicolor (data not shown), and this hypothesis was not pursued. 349 

 350 

How do the Ig levels assessed from the serum sample reflect the hypothesis that the 351 

exposure is originating in the respiratory track? The mucosal surfaces of lungs and other 352 

respiratory tracks are in direct continuity with the external environment and are therefore 353 

a major site of microbe exposure. The huge external surface that bathe the whole 354 

respiratory track form a unique immunologic system involved in host defence designated 355 

as bronchus-associated lymphoid tissue (BALT)21, 44, 45 . Dysfunctions and unbalances 356 

can result in chronic pulmonary infections, allergic disease or immunopathology in lung 357 

tissue44 . The lung is an important immunological organ containing lymphoid tissue and 358 

thus houses a remarkable arsenal of Igs. These Igs have a major task to defend against 359 

antigens by performing the neutralization and removal of the target as part of the cellular 360 

arm of the immune system44-47 . Plasma cells have been detected in bronchial mucosa and 361 

in the lamina propria in airways indicating a local production of the Igs from lung-362 

associated lymph nodes (LALNs)47, 48 . The diffusion from the vascular compartment is 363 

another considerable source of the lung Igs and vice versa. All Ig classes and most of their 364 

subclasses are known to be produced in the lung tissue44 . 365 

 366 

IgM is the primary Ig secreted after the activation of B lymphocytes to the formation of 367 

plasma cells, and IgM antibodies have a lower specificity when compared to the 368 



 17 

specificity of IgG and IgA. The soluble form of IgM is mostly pentameric, having ten 369 

antibody binding sites and is thought to be an effective complement system activator and 370 

opsonin21 . Our results showed no significant differences between the spore-specific IgM 371 

from damaged and non-damaged building users. There probably was no primary state 372 

activation in progress or if activation occurred, it was located in the lung tissue causing 373 

restriction of the diffusion of a large pentameric protein to the plasma. 374 

 375 

Dimeric IgA is mainly produced by the mucous membranes, and no significant 376 

differences were observed in the serum samples between the damaged and reference 377 

building users. In blood and in the lungs, the main subclass is IgA1, but in lung tissue, 378 

the proportion of secretory IgA2 is higher compared to the blood44, 47, 49 . This different 379 

composition of IgA indicates that the local production occurs in lung tissue in addition to 380 

the diffusion of the IgA from blood. Apparently, the assessment of the IgA levels related 381 

to the respiratory track exposure is not plausible from the serum sample. 382 

 383 

The predominant Ig class in plasma, IgG, has four described subclasses designated as 384 

IgG1, IgG2, IgG3 and IgG4, all of which have also been detected in the bronchoalveolar 385 

lavage fluid samples from healthy individuals20, 50, 51 . In this assay, only IgG1 and IgG3 386 

subclasses were studied, and both of these were elevated in serum samples from the 387 

damaged buildings. These subclasses were chosen to be analysed first because of their 388 

role in phagocytosis, but in the future, especially the IgG2 subclass will also be 389 

investigated. 390 

 391 
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It has been reported that IgG3- and IgG4-secreting plasma cells are relatively more 392 

frequent in the bronchial mucosa than those of IgG1 and IgG2 indicating that isotypes of 393 

IgG3 and IgG4 are mostly produced locally in lung tissue at least to a much greater degree 394 

than IgG1 and IgG2, which are supposed to be mostly plasma-related52-54 . 395 

 396 

13. Conclusions 397 

The antigens derived from the microbe-damaged buildings have an impact on the human 398 

immune system by elevating the total IgG and IgG1 and IgG3 levels in building users. 399 

This effect can be measured with ELISA by using the dormant material, like spores and 400 

the spore mixtures as an antigen. In our future studies, we will focus on the spore-antigen 401 

structure and the cross-reactivity of these antigens. From an immunological research 402 

perspective, we are interested in the absolute levels of the serum Igs and all IgG 403 

subclasses including IgG2 and IgG4. 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

14. Appendices 414 



 19 

 415 

1. HIGHLIGHTS ............................................................................................................ 1 416 

2. ABSTRACT ................................................................................................................ 2 417 

3. KEYWORDS .............................................................................................................. 2 418 

4. ABBREVIATIONS ..................................................................................................... 3 419 

5. ACKNOWLEDGEMENTS ....................................................................................... 3 420 

5.1 AUTHOR CONRIBUTION: .......................................................................................... 3 421 

6. FUNDING ................................................................................................................... 4 422 

7. CONFLICT OF INTEREST ..................................................................................... 4 423 

8. ETHICS ....................................................................................................................... 4 424 

9. INTRODUCTION ...................................................................................................... 4 425 

10. MATERIALS AND METHODS ............................................................................. 8 426 

10.1 BUILDINGS ............................................................................................................. 8 427 
10.2 REFERENCE SAMPLES FOR TEST SYSTEM EVALUATION ........................................... 8 428 
10.3 SERUM SAMPLING AND STORAGE ........................................................................... 8 429 
10.4 SPORE-ANTIGEN PREPARATION .............................................................................. 9 430 
10.5 DETERMINATION OF THE SPORE-SPECIFIC ANTIBODIES BY ELISA ....................... 10 431 
10.6 DATA HANDLING ................................................................................................. 12 432 

11. RESULTS ................................................................................................................ 12 433 

12. DISCUSSION .......................................................................................................... 14 434 

13. CONCLUSIONS ..................................................................................................... 18 435 

14. APPENDICES ......................................................................................................... 18 436 

15. REFERENCES ....................................................................................................... 19 437 

 438 

15. References 439 

1 WHO. WHO Housing and health guidelines. Geneva: World Health Organization, 440 
2018. 441 

2 Wiesmüller G, Heinzow B, Aurbach U, Bergmann K, Buzina W, Cornely OA, et al. 442 
Abridged version of the AWMF guideline for the medical clinical diagnostics of indoor 443 
mould exposure. Allergo Journal International 2017; 26: 168-193. 444 

3 Hurraß J, Heinzow B, Aurbach U, Bergmann K, Bufe A, Buzina W, et al. Medical 445 
diagnostics for indoor mold exposure. Int J Hyg Environ Health 2017; 220: 305-328. 446 

4 Seguel JM, Merrill R, Seguel D,Campagna AC. Indoor Air Quality. American Journal 447 
of Lifestyle Medicine 2017. DOI: 10.1177/1559827616653343. 448 



 20 

5 Karvala K and Toskala E. Work underlying respiratory symptoms?. Duodecim 2009; 449 
125: 771-779. 450 

6 Karvala K, Uitti J, Luukkonen R,Nordman H. Quality of life of patients with asthma 451 
related to damp and moldy work environments. Scand J Work Environ Health 2013; : 452 
96-105. 453 

7 Vuokko A, Selinheimo S, Sainio M, Suojalehto H, Järnefelt H, Virtanen M, et al. 454 
Decreased work ability associated to indoor air problems--An intervention (RCT) to 455 
promote health behavior. Neurotoxicology 2015; 49: 59-67. 456 

8 Karvala K, Nordman H, Luukkonen R, Nykyri E, Lappalainen S, Hannu T, et al. 457 
Occupational rhinitis in damp and moldy workplaces. Am J Rhinol 2008. DOI: 458 
10.2500/ajr.2008.22.3209. 459 

9 Park JH, Kreiss K,Cox-Ganser JM. Rhinosinusitis and mold as risk factors for asthma 460 
symptoms in occupants of a water-damaged building. Indoor Air 2012; 22: 396-404. 461 

10 Ahlroth Pind C, Gunnbjornsdottír M, Bjerg A, Järvholm B, Lundbäck B, 462 
Malinovschi A, et al. Patient-reported signs of dampness at home may be a risk factor 463 
for chronic rhinosinusitis: A cross-sectional study. Clinical and experimental allergy 464 
2017. DOI: 10.1111/cea.12976. 465 

11 Koskinen OM, Husman TM, Meclin TM,Nevalainen AI. The relationship between 466 
moisture or mould observations in houses and the state of health of their occupants. The 467 
European respiratory journal 1999; 14: 1363-1367. 468 

12 Baxi SN, Portnoy JM, Larenas-Linnemann D, Phipatanakul W, Barnes C, Baxi Set 469 
al. Exposure and Health Effects of Fungi on Humans. The Journal of Allergy and 470 
Clinical Immunology: In Practice 2016; 4: 396-404. 471 

13 Hope J. A Review of the Mechanism of Injury and Treatment Approaches for Illness 472 
Resulting from Exposure to Water-Damaged Buildings, Mold, and Mycotoxins. 473 
TheScientificWorldJournal 2013. DOI: 10.1155/2013/767482. 474 

14 Köhler JR, Hube B, Puccia R, Casadevall A,Perfect JR. Fungi that Infect Humans. 475 
Microbiology spectrum 2017. DOI: 10.1128/microbiolspec.FUNK-0014-2016. 476 

15 Ruoppi P. Mold problem in the work environment--an otorhinolaryngologist's view. 477 
Duodecim; laaketieteellinen aikakauskirja 2009. DOI: . 478 

16 Denning D and Chakrabarti A. Pulmonary and sinus fungal diseases in non-479 
immunocompromised patients. The Lancet infectious diseases 2017; 30: 1-11. 480 

17 Patovirta RL. Teachers‘ health in moisture-damaged schools – a follow-up study, 481 
National Public Health Institute, 2005. 482 



 21 

18 Patovirta RL, Husman T, Haverinen U, Vahteristo M, Uitti JA, Tukiainen H, et al. 483 
The remediation of mold damaged school--a three-year follow-up study on teachers' 484 
health. Cent Eur J Public Health 2004; 12: 36-42. 485 

19 Patovirta R, Meklin T, Nevalainen A,Husman T. Effects of mould remediation on 486 
school teachers' health. Int J Environ Health Res 2004. DOI: 487 
10.1080/09603120400012876. 488 

20 Patovirta RL, Reiman M, Husman T, Haverinen U, Toivola M,Nevalainen A. Mould 489 
specific IgG antibodies connected with sinusitis in teachers of mould damaged school: a 490 
two-year follow-up study. Int J Occup Med Environ Health 2003; 16: 221-230. 491 

21 Owen JA, Punt J, Strandford SA and Jones PP. Cuby Immunology,  7. edition. 492 
Basingstoke, England: Macmillan, 2013. 493 

22 Delves PJ, Martin SJ, Burton DR and Roitt IM. Roitt's Essential Immunology. 12. 494 
Edition 495 
. Hoboken, USA: Willey-Blackwell, 2012. 496 

23 Janeway CA Jr, Medzhitov R. Innate immune recognition. Annu Rev Immunol 2002; 497 
20: 197-216. 498 

24 Nauseef WM and Borregaard N. Neutrophils at work. Nat Immunol 2014; 15: 602-499 
611. 500 

25 Bretscher PA. On the Mechanism Determining the Th1/Th2 Phenotype of an 501 
Immune Response, and its Pertinence to Strategies for the Prevention, and Treatment, of 502 
Certain Infectious Diseases. Scand J Immunol 2014. DOI: 10.1111/sji.12175. 503 

26 Magombedze G, Eda S,Ganusov VV. Competition for Antigen between Th1 and 504 
Th2 Responses Determines the Timing of the Immune Response Switch during 505 
Mycobaterium avium Subspecies paratuberulosis Infection in Ruminants. PLoS 506 
Computational Biology 2014. DOI: 10.1371/journal.pcbi.1003414. 507 

27 Platts Mills TA. The role of immunoglobulin E in allergy and asthma. American 508 
Journal of Respiratory & Critical Care Medicine 2001. DOI: DOI: 509 
10.1164/rccm2103024. 510 

28 Thacher JD, Gruzieva O, Pershagen G, Melén E, Lorentzen JC, Kull I, et al. Mold 511 
and dampness exposure and allergic outcomes from birth to adolescence: data from the 512 
BAMSE cohort. Allergy 2017. DOI: 10.1111/all.13102. 513 

29 Vosough M. Allergic and non-allergic asthma : – Secondary analysis of the Swedish 514 
data from the GA2LEN Survey, Uppsala Universitet, 2013. 515 

30 Vennera MDC and Picado C. Novel diagnostic approaches and biological 516 
therapeutics for intrinsic asthma. International journal of general medicine 2014. DOI: 517 
10.2147/IJGM.S45259. 518 



 22 

31 Zhang Z, Reponen T,Hershey G. Fungal Exposure and Asthma: IgE and Non-IgE-519 
Mediated Mechanisms. Curr Allergy Asthma Rep 2016. DOI: 10.1007/s11882-016-520 
0667-9. 521 

32 Chater KF and Wilde LC. Streptomyces albus G Mutants Defective in the SalGI 522 
Restriction-Modification System. Journal of General Microbiology 1980. DOI: 523 
10.1099/00221287-116-2-323. 524 

33 Steffen Engelhart, Annette Loock, Dirk Skutlarek, Helmut Sagunski, Annette 525 
Lommel, Harald Färber, et al. Occurrence of Toxigenic Aspergillus versicolor Isolates 526 
and Sterigmatocystin in Carpet Dust from Damp Indoor Environments. Applied and 527 
Environmental Microbiology 2002. DOI: 10.1128/AEM.68.8.3886-3890.2002. 528 

34 Mousavi B, Hedayati MT, Hedayati N, Ilkit M,Syedmousavi S. Aspergillus species 529 
in indoor environments and their possible occupational and public health hazards. 530 
Current medical mycology 2016. DOI: 10.18869/acadpub.cmm.2.1.36. 531 

35 Benndorf D, Muller A, Bock K, Manuwald O, Herbarth O,von Bergen M. 532 
Identification of spore allergens from the indoor mould Aspergillus versicolor. Allergy 533 
2008. DOI: 10.1111/j.1398-9995.2007.01603.x. 534 

36 Institute of Medicine. Damp indoor spaces and health. Washington, DC: National 535 
Academies Press, 2004. 536 

37 Aínsa J. Practical Streptomyces Genetics. T. Kieser, M. J. Bibb, M. J. Buttner, K. F. 537 
Chater, D. A. Hopwood. International microbiology 2000. DOI: . 538 

38 Salkinoja-Salonen M and Aalto J. Mikrobiologian Perusteita. Jyväskylä, Finland: 539 
Gummerus Kirjapaino Oy, 2002. 540 

39 Currie L. Nomenclature in evaluation of analytical methods including detection and 541 
quantification capabilities (IUPAC Recommendations 1995). Pure and Applied 542 
Chemistry 1995. DOI: 10.1351/pac199567101699. 543 

40 Adan O. On the fungal defacement of interior finishes, Technische Universiteit 544 
Eindhoven, 1994. 545 

41 Richardson M and Page I. Role of Serological Tests in the Diagnosis of Mold 546 
Infections. Current Fungal Infection Reports 2018. DOI: 10.1007/s12281-018-0321-1. 547 

42 Setlow P and Johnson EA. Spores and Their Significance. In: Anonymous Food 548 
Microbiology. ed. : American Society of Microbiology, 2013, 36. 549 

43 Kildeso J, Wurtz H, Nielsen KF, Kruse P, Wilkins K, Thrane U, et al. Determination 550 
of fungal spore release from wet building materials. Indoor Air 2003; 13: 148-155. 551 

44 Burnett D. Immunoglobulins in the lung. Thorax 1986. DOI: 10.1136/thx.41.5.337. 552 



 23 

45 Li W, Gauthier JM, Higashikubo R, Hsiao H, Tanaka S, Vuong L, et al. Bronchus-553 
associated lymphoid tissue–resident Foxp3+ T lymphocytes prevent antibody-mediated 554 
lung rejection. J Clin Invest 2019. DOI: 10.1172/JCI122083. 555 

46 Soutar CA. Distribution of plasma cells and other cells containing immunoglobulin 556 
in the respiratory tract of normal man and class of immunoglobulin contained therein. 557 
Thorax 1976. DOI: 10.1136/thx.31.2.158. 558 

47 Salvi S and Holgate ST. Could the airway epithelium play an important role in 559 
mucosal immunoglobulin A production?. Clin Exp Allergy 1999; 29: 1597-1605. 560 

48 Gorin AB and Gould J. Immunoglobulin synthesis in the lungs and caudal 561 
mediastinal lymph node of sheep. J Immunol 1979; 123: 1339-1342. 562 

49 Aazami H, Seif F, Ghalehbaghi B, Mohebbi A, Ahmadi A, Babaheidarian P, et al. 563 
Levels of total IgA and IgA subclasses in the serum of chronic rhinosinusitis patients. 564 
Med J Islam Repub Iran 2018. DOI: 10.14196/mjiri.32.94. 565 

50 Vidarsson G, Dekkers G,Rispens T. IgG subclasses and allotypes: from structure to 566 
effector functions. Front Immunol 2014. DOI: 10.3389/fimmu.2014.00520. 567 

51 Wang L, Wang F,Gershwin ME. Human autoimmune diseases: a comprehensive 568 
update. J Intern Med 2015; 278: 369-395. 569 

52 Stead A, Douglas JG, Broadfoot CJ, Kaminski ER,Herriot R. Humoral immunity and 570 
bronchiectasis. Clinical & Experimental Immunology 2002; 130: 325-330. 571 

53 Hui GK, Gardener AD, Begum H, Gor J,Perkins SJ. The solution structure of the 572 
human IgG2 subclass is distinct from those for human IgG1 and IgG4 providing an 573 
explanation for their discrete functions. J Biol Chem 2019. DOI: jbc.RA118.007134 574 
[pii]. 575 

54 Damelang T, Rogerson SJ, Kent SJ,Chung AW. Role of IgG3 in Infectious Diseases. 576 
Trends Immunol 2019; 40: 197-211. 577 
 578 



  

Ig
A
 S

. a

Ig
A
 A

.v
er

si
c

Ig
A
 c
om

b

Ig
G
 S

. a

Ig
G
 A

.v
er

si
c

Ig
G
 c
om

b

Ig
M

 S
. a

Ig
M

 A
.v
er

si
c

Ig
M

 c
om

b

Ig
G
1 

co
m

b

Ig
G
3 

co
m

b

0,001

0,01

0,1

1

3.690

O
D

4
2
0
n
m

4

D
e

te
c
ti
o
n
 r

a
n

g
e

0.006

Person 1

Ig
A
 S

. a

Ig
A
 A

.v
er

si
c

Ig
A
 c
om

b

Ig
G
 S

. a

Ig
G
 A

.v
er

si
c

Ig
G
 c
om

b

Ig
M

 S
. a

Ig
M

 A
.v
er

si
c

Ig
M

 c
om

b

Ig
G
1 

co
m

b

Ig
G
3 

co
m

b

0,001

0,01

0,1

1

3.690

O
D

4
2
0
n
m

4

D
e

te
c
ti
o
n
 r

a
n

g
e

0.006

Person 2

Ig
A
 S

. a

Ig
A
 A

.v
er

si
c

Ig
A
 c
om

b

Ig
G
 S

. a

Ig
G
 A

.v
er

si
c

Ig
G
 c
om

b

Ig
M

 S
. a

Ig
M

 A
.v
er

si
c

Ig
M

 c
om

b

Ig
G
1 

co
m

b

Ig
G
3 

co
m

b

0,001

0,01

0,1

1

Person 3

3.690

O
D

4
2
0
n
m

4

D
e

te
c
ti
o

n
 r

a
n
g
e

0.006

Ig
A
 S

. a

Ig
A
 A

.v
er

si
c

Ig
A
 c
om

b

Ig
G
 S

. a

Ig
G
 A

.v
er

si
c

Ig
G
 c
om

b

Ig
M

 S
. a

Ig
M

 A
.v
er

si
c

Ig
M

 c
om

b

Ig
G
1 

co
m

b

Ig
G
3 

co
m

b

0,001

0,01

0,1

1

Person 4

3.690

O
D

4
2
0
n
m

4

D
e

te
c
ti
o

n
 r

a
n
g
e

0.006



1 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

B E

0,1

1

Non-damaged n=89

O
D

 

Damaged n=70

p=0,608

IgA Streptomyces albus

B E

0,1

1

Reference n=89

O
D

Damaged n=70

p=0,009

IgG Streptomyces albus

H K

0,1

1
O

D

Damaged n=70 Non-damaged n=89

p=0,01

IgG Aspergillus versicolor

H K

0,1

1

O
D

Damaged n=70 Non-damaged n=89

p=0,816

IgM Aspergillus versicolor 

B E

0,1

1

Reference n=89

O
D

Damaged n=70

p=0,331

IgM Streptomyces albus

B D

0,1

1

Non-damaged n=89

O
D

P=0,551

Damaged n=70

IgA Combined

B C

0,1

1

Non-damaged n=89

O
D

Damaged n=70

p=0,004

IgG Combined

B D

1

Non-damaged n=89

O
D

Damaged n= 70

p=0,106

IgM Combined

H K

0,1

1

O
D

Damaged n=70 Non-damaged n=89

p = 0,838

IgA Aspergilus versicolor



 

 

 

 

 

 

E3 C1

0,1

1

Non-damaged n=59

O
D

p= 0,8

Damaged n=43

IgA Combineda

E3 C1

0,1

1

Reference n=59

O
D

p= 0,002

Damaged n=43

IgG Combinedb

E2 E

0,01

0,1

1

Reference n=59

O
D

IgG1 Combined

p = 0,022

Damaged n=43

c

F1 C

0,01

0,1

Non-damaged n=59

O
D

p = 0,000167

Damaged n=43

IgG3 Combinedd



1

Figure Captions1

Figure 1: Four reference samples: The results of the four reference samples2

outside the actual test material. Results are shown as an average and STDV from3

the triplicate measurements. The reliable measure range (OD = 0.006 – OD =4

3.690) is presented with black lines.5

6

Figure 2: IgA, IgG and IgM: Spore-specific IgA (upper row), IgG (middle row) and7

IgM (lower row) against S. albus, A. versicolor and combined antigen. Statistic is8

form 25%, 75%, the line is median, whiskers are outliers, and circles represent9

the average and crosses min and max. P-value was calculated by using the10

Mann-Whitney U test.11

12

Figure 3: IgA, IgG, IgG1 and IgG3 and combined antigen: Spore-specific a) IgA,13

b) IgG, c) IgG1 and c) IgG3 against and combined (S. albus, A. versicolor)14

antigen. Statistic is form 25%, 75%, the line is median, whiskers are outliers, and15

circles represent the average and crosses min and max. P-value was calculated16

by using the Mann-Whitney U test17

18

19

20

21

22

23

24



2

Tables and captions25

26

Table 1: The first study material. Microbe damages were estimated from the27

material samples collected from the target buildings and analysed by the28

Aerobiology Unit of the University of Turku using the plate-counting colony29

forming unit method.30

Damage classification: 0/*** (no damage), */*** (mild), **/*** (damaged) and31

***/*** (severely damaged)32

33
Study material 1

Microbe-damaged buildings Serum samples
Health care centre 1, Eastern Finland
S. albus ***/*** A. versicolor **/***

26

Apartment Building (block of flats), Southern Finland
S. albus ***/*** A. versicolor ***/***

18

Bedroom and Kitchen, Fire station 1, Southern Finland
S. albus **/*** A. versicolor **/***

26

n=70
Non-damaged buildings Serum samples
Bedroom and Kitchen, Fire station 2, Southern Finland
S. albus 0/*** A. versicolor 0/***

11

Bedroom and Kitchen, Fire station 3, Southern Finland
S. albus 0/*** A. versicolor 0/***

12

Bedroom and Kitchen, Fire station 4, Southern Finland
S. albus 0/*** A. versicolor 0/***

7

School 1, Southern Finland
S. albus 0/*** A. versicolor 0/***

59

n=89
34

35
36
37
38
39
40
41



3

Table 2: The second study material. Microbe damages were estimated from the42
material samples collected from the target buildings and analysed by the43
Aerobiology Unit of the University of Turku using the plate-counting colony44
forming unit method.45
Damage classification: 0/*** (no damage), */*** (mild), **/*** (damaged) and46
***/*** (severely damaged)47

48

Study material 2

Microbe-damaged buildings Serum samples
Health care centre 1, Eastern Finland
S. albus ***/*** A. versicolor **/***

n=43
(26 like in 1. Study material + additional 17 serums
samples)

Non-damaged buildings Serum samples
School 1, Southern Finland
S. albus 0/*** A. versicolor 0/***

n=59

49

50

51

52

53

54

55

56

57
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60
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