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Climate changes have promoted an increased fungal infection of maple trees with Cryptostroma corticale, the causative agent of sooty bark disease. The hosts of C. corticale are maples, and since the early 2000s the fungus has been appearing more frequently in European forests, due to the droughts and hot summers of recent years. Infestation by C. corticale discolors the wood and makes it unusable for further processing, which leads to considerable economic damage in the timber industry. Therefore, the occurrence and spread of sooty bark disease raise serious problems. In addition to forestry and economic problems, the conidiospores of C. corticale can also cause health problems in exposed wood workers and they can trigger hypersensitivity pneumonitis (HP). Since the spores, which are deposited over the entire area under the bark of infected trees, can spread during processing, exposed workers must take special precautions to protect themselves against exposure. If an occupational disease is nevertheless suspected following exposure to C. corticale, valid diagnostics are required to confirm possible HP and derive appropriate therapies and exposure reduction or avoidance. Diagnosis of HP is based on several criteria, one of them is the detection of specific IgG in patient's serum against the potentially triggering antigens, in this case C. corticale antigens. To produce a diagnostic tool to measure C. corticale specific IgG, which is not commercially available so far, spores and mycelial material from ITS-sequenced strains of C. corticale was prepared and analyzed. These biochemically characterized extracts of spore and mycelial antigens were biotinylated and coupled to Streptavidin-ImmunoCAPs. To validate these diagnostic test tools the first step is to measure the concentration of C. corticale specific IgG in sera of healthy non-exposed and healthy exposed subjects to establish cut-off values. Suitable participants were recruited and the individual exposure to C. corticale and symptoms experienced during or after working with infected maple trees were recorded using questionnaires. Finally, diagnostic tools for serological testing in suspected cases of HP by C. corticale were created and evaluated. The following article provides recommendations for the treatment and disposal of infected damaged wood and for occupational health protection procedures. Secondly, the diagnosis of HP induced by exposure to C. corticale as an occupational disease is described including the verification of newly developed serological test tools for antigens of C. corticale.
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Introduction


Cryptostroma corticale

The causal agent of the sooty bark disease, Cryptostroma corticale (Ellis & Everh.) P. H. Greg. & S. Waller, is an ascomycetous fungus out of the family Graphostromataceae (Xylariales) (1). First discovered in 1889 in North America (2), it was probably introduced in 1945 via the port of London to Europe (3). Cryptostroma corticale can occur as endophyte in its living host substrate. If the host tree is weakened by environmental factors, i.e., water stress, C. corticale can change its lifestyle into a parasitic stage which leads in most cases to the death of the tree. Afterwards, the fungus lives saprotrophically on the wood. This is especially the case on Acer pseudoplatanus L. in Europe. On other woody substrates, C. corticale is mainly known as saprotrophic species or causing minor damage (3, 4). The identification of C. corticale can be done by morphology or DNA barcoding. Morphological features are described in detail by Gregory and Waller (3). The anamorphic fruiting body can be detected after the bark of a host tree bursts open (Figures 1A,B) and releasing large numbers (30–170 million per cm2) of conidiospores (5). The microscopic analysis of the characteristic conidiospores (Figure 1C) in combination with the morphology of the fruiting body and the host tree species generally leads to a reliable identification (4). Another or combining method is the identification via DNA sequences with a focus on standard fungal barcodes, such as ribosomal internal transcribed spacer (ITS). A subsequent comparison (using BLAST algorithm) of the generated sequence with NCBI GenBank (6, 7) reveals if the specimen belongs to C. corticale. The distribution of C. corticale in North America and Europe is summarized in Table 1. In North America, the species is supposed to be indigenous. In Europe, there has been a continuous distribution since 1945 (3). The EPPO Global Database provides a distribution map with the latest changes in 2019 (https://gd.eppo.int/taxon/CRPSCO/distribution; accessed 10 Jun 2022). The typical host tree is Acer pseudoplatanus, but C. corticale is also known from other trees as hosts or dead wood, albeit much less common: Acer campestre L., A. macrophyllum Pursh, A. negundo L., A. palmatum Thunb., A. platanoides L., A. rubrum L., A. saccharinum L. and A. saccharum Marshall. Besides its typical host genus Acer L., C. corticale is also known from Aesculus hippocastaneum L. and Cornus nuttallii Audubon (8–13). It was further possible to infect some other host species by infection experiments under laboratory conditions (14).


[image: Figure 1]
FIGURE 1
 Appearance of C. corticale (A) on maple tree, (B) under the bark of maple trunk, (C) light microscopy of conidiospores (JKI-GFF-2019-006).



TABLE 1 Geographical distribution of C. corticale.
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The sooty bark disease

The sycamore maple (Acer pseudoplatanus) which is known to be rejuvenating, precocious, with pioneer tree species character and good natural scattering of branches, is rather inconspicuous from the point of view to forest protection. Damage by insects to maple hardly plays a role in forest protection. For optimal growth of Acer pseudoplatanus a very good nutrient and water supply with high base saturation is required, while other maple species such as Norway maple (Acer platanoides) or field maple (Acer campestre) are more modest. Especially strong alternation of moisture, temporarily flooded sites and dry sites are critical for sycamore maple regarding sooty bark disease (15). Maple is one of the most valuable deciduous trees in Central Europe and large parts of Northern American, and as a typical mixed tree species, it is mostly found singly or in groups in the forests. In Germany, for example maple stands together with ash and lime tree (mixed tree species with long life span) account for about 6 % of the forest area in Germany (https://bwi.info/). Furthermore, many maple species are commonly planted in gardens as ornamental trees. The slow-growing field maple is also often cultivated as a hedge plant. In the last 20 years, due to ash dieback in Central Europe, forest areas have often been replanted with maple trees, even though the growing conditions for maples were not optimal. This makes them more susceptible to sooty bark disease, as shown by the recent waves of outbreaks since 2017, which were exacerbated by drought and extreme heat during the growing seasons (16), also see Table 1. Especially the combination of hot temperatures and lack of water is crucial for the outbreak of sooty bark disease and has been documented for Great Britain (17). Maple wood is offered as round and sawn timber as well as veneer and is mainly used in furniture construction and interior finishing and among many other uses (18). In addition, the xylem sap of sugar maple, red maple, or black maple trees is used to make maple syrup, which is widely used in Canada and the USA (19). The obvious symptoms of sooty bark disease can be divided into three degrees of damage (Figure 2). Initially, isolated dark spots occur on the trunk from which spores of the fungus break their way through the outer periderm (damage degree 1). As the damage progresses, larger parts of these fungal stromata grow together under the bark and cause a strangulation of the sap flow in the plant tissues. Together with hyphal growth in the sapwood causing white rot, the transport of assimilates and water transport is disrupted (damage degree 2). This finally leads to a decline of infested tree individuals (damage degree 3). Immediate felling of already infected trees can lead to heavy spore exposure of forest workers. Surveys (20) showed that new infection with sooty bark disease can be reduced if the infested wood is removed. It might be necessary to distinguish between debarked and barked wood, log dimensions and seasonal weather conditions in order to study the effect of removal measures and to gain more precise insights into the course of the disease. The potentially enormous quantities of spores from infected maple trees also pose a potential health risk to humans. Here, the risk increases with the frequency and intensity of spore exposure. Furthermore, the health status plays an important role, immunosuppressed people or those with pre-existing diseases are more at risk than healthy individuals. An overview of all aspects is shown in Figure 3.


[image: Figure 2]
FIGURE 2
 Different degrees of damage by sooty bark disease (C. corticale) on sycamore maple.
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FIGURE 3
 Diagram of association between factors increasing the risk for sooty bark disease in maple and respiratory health problems in humans.




Impact on humans

Frequent and prolonged exposure to compounds triggering the immune system can cause hypersensitivity pneumonitis (HP). The disease affects the lung tissue and alveoli based on a complex type III/type IV immune response. Antigens are often presented as small particles (< 5 μm) and can be divided into five categories: animal (avian) proteins, plant proteins, drugs, low molecular weight chemicals, bacteria/molds/yeasts (microbial components) (33). Exposure to these potential antigens can occur at home or during leisure time as well as during work. HP is a rare disease with incidences about 0,9 cases per 100,000 persons (general population) per year (34); among occupationally exposed workers in United Kingdom incidence of occupational HP was shown to be 1–2 cases per million workers per year (35) and in Finland with up to 12.2 registered cases per million workers per year (36). In two current literature reviews all published cases of occupational HP by C. corticale were described (37, 38). Starting with the initial case report of an exposed paper mill worker (39), where subsequently all 37 workers of this paper mill were examined in a survey (40). In five workers active HP was diagnosed, nine paper miller had subclinical symptoms and in four workers serological tests (antibody precipitation, by Ochterlony test) were positive. At the same time a case report of a gardener in Berlin was described (26) and later on a case report of occupational HP in an orchid grower (41). Depending on the progress of the HP disease, three stages can be distinguished (42, 43): acute, subacute and chronic HP. During acute HP, flu-like symptoms such as chills, fever, dry cough and malaise do appear for hours to days after massive exposure to the triggering substances. After further exposure, the cough usually worsens, there is shortness of breath under physical exertion (exertional dyspnoea) and the symptoms last for days to weeks. The chronic stage usually occurs after regular, repeated exposure to often lower concentrations. Over months, the lung tissue is remodeled (so-called fibrosis), there is progressive shortness of breath, even at rest, and weight loss. In order to avoid this course of disease in the case of exposure to C. corticale and thus to prevent HP, a physician should be consulted if it is suspected that an occupational disease caused by C. corticale could arise. Because early detected HP can be treated quite successful. But diagnosis is difficult and requires various medical disciplines and examinations. Ultimately, at least six out of 10 diagnostic criteria must be fulfilled in order to diagnose HP (36). It is particularly important to establish the link between exposure and symptoms and thus means identifying the trigger. In addition, the occurrence of symptoms must be temporally related to the exposure. As an indicator of an immune response induced by a relevant exposure, the concentration of specific antibodies of the immunoglobulin G type (IgG) directed against the trigger can be determined in the patient's blood. An evaluation of the concentration of these specific antibodies can only be made in comparison to the antibody concentrations in the blood of non-exposed and exposed healthy individuals (so-called reference collectives) (44). Although C. corticale is known as a potential trigger of HP in exposed workers, no validated testing options are available so far. Thus, the detection of specific antibodies (IgG) against C. corticale is missing as an important component in the diagnosis of HP. In order to close this diagnostic gap, tools for the detection of these specific IgG antibodies in cases of suspected HP caused by C. corticale were developed and established at the Institute for Prevention and Occupational Medicine of the DGUV; Institute of the Ruhr University Bochum (IPA) together with the German accident insurances (UVTs) where enterprises with potentially exposed employees are insured. Reference values (so-called cut-off values) are necessary for an evaluation of the specific IgG antibody concentrations. Only in this way it can be estimated what corresponds to the “normal range” in healthy subjects and at what concentration of specific IgG antibodies represent a further indication of HP. The diagnostic tools developed by the IPA for specific antibody measurement to C. corticale antigens make it possible to quantitatively analyse and evaluate suspected HP cases of workers with clinical symptoms suspected of exposure to C. corticale. Elevated specific IgG antibody concentrations in patients' sera represent an important component in the diagnosis of HP and thus contribute to clarify the complex relationship between occupational symptoms and the suspected trigger.




Materials and methods


Cultivation and characterization of C. corticale specimens and isolates

Fifteen different strains of C. corticale used in this study, were collected between March 2018 and March 2020 (Table 2), and subsequently cultivated on malt extract agar (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) for growth of mycelia in petri dishes. The cultivation of the strains on sterile blocks of maple wood (25 x 50 x 15 mm) on water agar in quadrangular thread bottles (1,000 ml) at 20–23°C was useful to get a sufficient amount of conidiospores within 6–10 weeks from each specimen for protein extraction. The species identification was based on fruiting body and conidiospore morphology using a confocal microscope (Axioscope, ZEISS). Genetical identification was analysed with support of ITS sequences. DNA extraction was done according to Izumitsu et al. (45). ITS1F [5'-CTTGGTCATTTAGAGGAAGTAA-3' (46)] and ITS4 [5'-TCCTCCGCTTATTGATATGC-3' (47)] were used as primers for amplifying the ribosomal DNA marker ITS (including ITS 1, 2 and 5.8S gene). The following PCR program was used: (1) initial denaturation: 94°C for 240 s, (2) denaturation: 94°C for 40 s, (3) annealing: 55°C for 40 s, (4) extension: 72°C for 50 s (number of cycles for steps 2–4: 35), (5) final extension: 72°C for 240 s. PCR products were purified with DNA Clean & ConcentratorTM−5 (Zymo Research, Irvine, California, United States) and the DNA sequencing was implemented by LGC Genomics GmbH (Berlin, Germany). Subsequently, DNA sequences were used to identify cultivated fungal material via basic local alignment search tool for nucleotides (BLASTn, NCBI) by comparison with DNA sequences from NCBI database via measurements of local similarity with results of a maximal segment pair (MSP) score. When DNA sequence matches were >98%, the cultured fungal material was identified as C. corticale. In addition, newly identified sequences of C. corticale strains were uploaded to the NCBI gene bank when the quality of the DNA sequences met the five guideline quality check (48). Newly generated DNA sequences were edited with MEGA X (49) (https://www.megasoftware.net). The editing includes a trimming of both ends of the raw sequence data, a comparison of the signals in the ab1-files with the selected bases, the alignment of the forward and reverse sequences, and the construction of a consensus sequence. Subsequently, the DNA sequences were deposited in NCBI GenBank (6).


TABLE 2 Specimens and strains of Cryptostroma corticale used in this study.
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Protein extraction from C. corticale spores

From all 15 strains of C. corticale, spores as well as mycelia material were prepared separately as aqueous protein extracts. Protein extraction from spores were conducted with slight modifications according to Kespohl, et al. (50): freeze-dried spore material from C. corticale was suspended in phosphate buffered saline (PBS) pH 7 with additional 10 mM Pefabloc (Serva, Germany) (10 mg spores per ml buffer). Suspensions were extracted by homogenization in SK38 tubes containing glass/ceramic beads in Precellys24 (PeqLab, Erlangen, Germany) for 3 cycles of 20 sec with 30 sec breaks between each cycle at 6,000 agitation per min at 4°C. The extracts were then incubated for 10 min at 4°C in an ultrasonic bath (Sonorex Super RK 255, Bandelin, Germany). Beads and cell debris were sedimented by centrifugation 5 min, at 2,820 g, 4°C. Clear supernatant was transferred into a new tube and centrifuged again at 20,000 g for 45 min at 4°C.



Protein extraction from C. corticale mycelia

Protein extraction from mycelial material was prepared from fungal cultures which were grown for 10–14 days until plates were completely covered at room temperature (20–23°C) on cellulose nitrate filters covered malt extract agar plates. Mycelia material was harvested carefully and mixed with PBS, 10 mM Pefabloc in relation 1:10 (w/v). Suspensions were extracted by tissue homogenizer according to Potter-Elvehjem (VWR, Austria) for 5 min with homogenizer speed of 2,500 in ice-water according to Sander et al. (51) with modifications. The extracts were then incubated for 10 min at 4°C in an ultrasonic bath and insoluble particles were sedimented by centrifugation at 20,000 g for 45 min at 4°C. Protein concentration was measured in both, spore and mycelia extracts, using the Bradford assay (Bio-Rad, Munich, Germany) with bovine serum albumin as the standard, according to manufactures' instruction.



SDS-Silver-PAGE

Extracts of spore and mycelia from C. corticale were separated according to molecular weights of the proteins by SDS-PAGE using pre-casted 12% NuPAGE gels (Invitrogen, San Diego, CA, United States) and the Xcell II mini-cell unit of Novex for 42 min at 200 V, according to the manufacturers' instructions. For calculation of molecular weights an unstained SDS PAGE protein marker from 6.5–97 kDa (Serva, Germany) was used. For each spore or mycelia extract, the same volume (30 μl) was mixed with 10 μl SDS sample buffer (Laemmli), boiled (5 min at 95°C) and applied for SDS-PAGE. In each gel pocket 25 μl of boiled protein sample was loaded, which corresponded to total protein amount of average 2.3 μg/lane (minimum 1 μg—maximum 4 μg). Silver staining of proteins was performed with small modification according to Blum et al. (52). The modifications concerned the following solutions: fixation solution (40% EtOH, 10% AcOH instead of 50% MeOH, 12%AcOH), wash solution (30% EtOH instead of 50% EtOH) and stop solution (0,5% glycine in A. bidest instead of 50% MeOH, 12%AcOH).



Biotinylation and coupling of C. corticale proteins to streptavidin-ImmunoCAPs

For biotinylation, all 15 extracts of spore and mycelia material were pooled with same amounts, respectively. Protein concentration of pooled spore and pooled mycelia extract was calculated. The average molecular weight of spore and mycelia proteins were determined from SDS-Silver-PAGEs as 38 kDa for pooled spore proteins and 40 kDa for pooled mycelia proteins. Subsequently, spore and mycelia proteins were biotinylated with a 5-fold molar excess of D-biotinoyl-e-aminocaproic acid N-hydroxysuccinimide ester (NHS-Biotin) in 10 mM carbonate buffer for 2 h as described by Sander et al. (53). The final protein concentration for biotinylation was calculated for spores as 0.05 mg protein/ml and for mycelia as 0.17 mg protein/ml. Biotinylated extracts (50 μl) were loaded on Streptavidin-ImmunoCAPs (o221, Phadia, Uppsala, Sweden), as described (53) with final antigen amount of 1.9 μg spore protein and 6.1 μg mycelia protein per ImmunoCAP.



Serum samples

In contrast to specific IgE, the reference values or cut-off values for IgG antigens are not uniform, but vary depending on the antigen. In order to be able to determine this reference value for C. corticale antigens, altogether 37 sera from two different groups of subjects were investigated. First, 20 sera from healthy, non-exposed subjects which were randomly selected from a non-exposed collective to determine IgG-cut off values (44). Secondly, sera from 17 healthy subjects with occupational exposure to C. corticale were examined.



Ethics regulation

In order to be able to obtain sera from exposed subjects, a positive vote of the Ethics Committee of the Medical Faculty of the Ruhr University was requested and obtained (registration no.: 20–7129). With the support of the Social Insurance for Agriculture, Forestry and Horticulture (SVLFG) and other accident insurance institutions, healthy, exposed employees were recruited, and in addition to the serum, data on exposure and possible complaints caused by C. corticale were collected by means of questionnaires.



Questionnaire-based exposure and respiratory symptoms induced by C. corticale

All participants of the exposed healthy group had reported contact to C. corticale in different ways. To establish C. corticale exposure intensity, visible infestation of maple trees both at the workplace and in private living areas were ask for. Recurrent work with wood infected with C. corticale was considered as regular exposure; accidental or infrequent work with wood infected with C. corticale was assessed as rare exposure. Potential symptoms induced by exposure to C. corticale were documented by asking for the following symptoms after exposure to C. corticale: flu-like symptoms; melalgia (joint pain), chesty cough, cough (productive with sputum), repeated fever attacks, wheezing, whistling, buzzing, chills, shortness of breath (after strenuous activities and/or at rest) and fatigue.




Statistical analysis

Serological values were analysed and median values were given. Comparison of sIgG-values in three different exposure groups, as well as among groups with or without health complaints were analysed using GraphPad Prism 9.4.1. Calculation of significant differences among sIgG-values was done with Kruskal-Wallis-Test (multiple group comparison) for the three different exposure groups. For the two groups with or without health complaints Mann Whitney test (two group comparison) was applied.



Results


Quality of antigen extracts of C. corticale mycelia and spores

Currently no serological tests for specific IgG are available, therefore diagnostic tools for the detection of C. corticale spore and mycelial antigens were developed and validated. Starting with the preparation of protein extracts from genetically characterized spore and mycelium material of C. corticale samples (n = 15, Table 2). Resulting protein-antigen extracts of spore (A) and mycelium (B) were analysed by SDS-Silver-PAGE as shown in Figures 4A,B. Protein bands were detected in the molecular weight range of 5–100 kDa. In spore extracts major protein bands were detected at molecular weights of 5–6, 12, 21, 28, 35–55 and 75–100 kDa, compared to mycelia extracts with major protein bands at 5–6, 11, 18, 30–40, 57–60, and 95 kDa. The qualitative protein patterns among spores and mycelia extracts were comparable in the different strains. Accordingly, all 15 spore (Figure 4A) and mycelial (Figure 4B) extracts were pooled in same amounts, respectively. The proteins / antigens contained were subsequently biotinylated and coupled to streptavidin ImmunoCAPs.


[image: Figure 4]
FIGURE 4
 SDS-Silver-PAGE of spore extracts (A) and mycelia extracts (B) of 15 individual C. corticale specimens and strains which were prepared. The order of the applied extracts from left to right correspond to Table 2.




Characteristics of study groups

In order to determine the specific IgG antibody concentration in a non-exposed group, 20 sera from a well-characterized reference group (44) were randomly selected and tested. Likewise, 17 sera from exposed but not by HP affected employees were recruited and tested as well. The characteristics of both study groups and sIgG-values to antigens from C. corticale are shown in Table 3. Both study groups, without and with exposure to C. corticale, were comparable in terms of age, gender and smoking status. Exposure as well as symptoms associated to C. corticale were documented by questionnaires for exposed subjects. Participants were sub-grouped according to questionnaire-based exposure frequency in non-exposed, rarely (29%) and regularly (71%) exposed. An association between health complaints and exposure to C. corticale has also been investigated among exposed subjects. Among rarely exposed subjects 60% mentioned health problems associated with C. corticale exposure versus 50% of regularly exposure. The following health complaints associated with C. corticale exposure were reported: flu-like symptoms (24%), chills (12%), fatigue (41%), melalgia (joint pain) (18%), dry cough (24%), wheezing, whistling, humming (6%), shortness of breath on exertion (24%). Fatigue plus at least one respiratory symptom (of dry cough, wheezing, shortness of breath) were reported in 41% of exposed healthy participants and in one participant (6%) melalgia (joint pain) has been reported as solitaire symptom. Serological IgG values to antigens from C. corticale spores were measured in median with 7.44 mgA/L in the non-exposed group compared to 8.17 mgA/L in exposed group. The 90% quantiles of specific IgG against spore antigens were higher in the non-exposed group (17.31 mgA/L) compared to the exposed group (13.04 mgA/L). For mycelium antigens non-exposed group has a median sIgG-value of 6.65 mgA/L and exposed group of 5.79 mgA/L. The 90% quantile for mycelia antigens was again higher in the non-exposed group (17.37 mgA/L) compared to the exposed group (11.65 mgA/L). Exposure as well as symptoms associated to C. corticale were considered in term of serological sIgG concentration (Figure 5). First, serological sIgG-concentration has been analysed in non-exposed, rarely and regularly exposed subject (Figures 5A,B). There was a small increase in median value of sIgG to spore antigens in those regularly exposed (8.3 mgA/L vs. 5.8 mgA/L in rarely exposed and 6.9 mgA/L in non-exposed). For sIgG the median value against mycelium antigens was comparable between regularly exposed and non-exposed with 6.5 mgA/L and a bit lower with 4.3 mgA/L (median value) in the sera of rarely exposed. Secondly, association of reported health complaints in exposed subjects and sIgG-values was investigated (Figures 5C,D). Here, the reported symptoms were not reflected in the serological sIgG-concentration. Rather, the opposite was observed, namely a slight increase in the median value in exposed subjects without symptoms (for spore antigens: 10.4 mgA/L vs. 6.9 mgA/L; for mycelia antigens: 5.7 mgA/L vs. 7.1 mgA/L).


TABLE 3 Characteristics of study groups.
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FIGURE 5
 Serological sIgG-concentrations to spore (A,C) and mycelia (B,D) antigens in subjects with different exposure intensities (A,B) or with or without health complaints after occupational exposure (C,D). Medium values of sIgG-concentrations are shown in the diagrams. Significance was calculated by Kruskal-Wallis test (A,B) or Mann Whitney test (C,D).





Discussion

We established antigen-specific IgG reference values of non-exposed healthy participants without any clinical symptoms of HP as well as of exposed healthy participants with and without suspected health complaints but without diagnosed HP from C. corticale spores and mycelia. The advantage of applied quantitative technique of ImmunoCAP FEIA in contrast to antibody precipitation test systems is to provide a quantitative assessment of serological IgG concentrations compared to healthy exposed and non-exposed volunteers. Quantitative test systems such as ImmunoCAP, Immulite or Sandwich ELISA-systems are usually more sensitive compared to exclusively qualitative test systems such as Ouchterlony (42). Measurement of serological IgG can therefore be a helpful instrument in the multi-faceted diagnosis of HP and allows the association between antigen exposure and immunological responses to be confirmed. Both, median sIgG values to spores (6.94 mgA/L and 8.17 mgA/L) and mycelia (6.45 mgA/L and 5.79 mgA/L) antigens of C. corticale were comparable in non-exposed and exposed healthy groups. Overall, the measured IgG concentrations were in the average concentration range compared to other fungal antigens measured in the cut-off study (44). There, the median sIgG value for Rhizopus nigricans antigens was the lowest at 1.8 mgA/L and the highest median value was 25.8 mgA/L for Botrytis cinerea. The comparatively high values of the 90% quantiles in the healthy unexposed group compared to the healthy exposed group is due to a very high “outliner value” in the unexposed group. This subject did not show strikingly high sIgG concentrations to any other fungal antigens, only to C. corticale spores and mycelium. The selection of the unexposed group was randomized and was intended to be as valid as possible, so we did not replace this 'outliner value' with another sample antigen value. Overall, the 90% quantile value in the unexposed healthy group is also in a normal range, for example, a median value of 8.3 mgA/L and a 90% quantile of 21.5 mgA/L was measured for sIgG against the mold mix Gmx6. In order to make the reference values even more representative, the number of test persons in both groups would have to be increased, which could not be realized so far.

However, what could be clearly shown in the context of the study presented here is that the sIgG concentrations for both spore and mycelial antigens do not function as exposure markers. Both groups, definitely exposed and non-exposed healthy individuals, showed comparable serological IgG concentrations to C. corticale antigens. The assumption that sIgG concentrations only increase when immunological response/sensitisation/disease occurs still needs to be verified by a clinical patient case. Patients with suspected HP due to C. corticale may have been tested for other mold antigens first due to the unavailability of C. corticale antigen tests, in the hope that cross-reactive structures exist in all fungi antigens. However, this assumption was already disproven in the study by Raulf et al. (44) investigating Spearman correlations between the antigen-specific IgG titers, total IgG and (unspecific) HSA-sIgG. For fungal antigens possible IgG-relevant cross-reactions (r(Spearman)> 0.75) were only seen for a couple of fungal species (e.g., Penicillium chrysogenum-Cladosporium herbarum-Aspergillus fumigatus) but not in general.

In addition to a valid diagnosis, prevention is important when working with C. corticale- infested material. First of all, the spread of the spores via the air must be avoided or minimized as far as possible. If this cannot be effectively avoided after the situational risk assessment, protective measures must be defined and implemented according to the TOP principle (T = technical; O = organizational; P = personal protective measures). This includes stopping work or increasing protective measures when symptoms of HP occurred, mechanized felling and processing and humid/damp conditions are preferable for all tree/woodwork. To minimize exposure, wood workers should rotate as often as possible and the transfer of spores through clothing into the vehicle cabins or break rooms must be avoided. For storing infested trees or wood chips, closed container/storage should be used. For personal protection FFP2/FFP3 masks with exhalation valve during motor-manual work are recommended. Work clothes should preferably be wet cleaned (washed) and shaking out should be done outdoors with respiratory protection without endangering others. A comprehensive operating instruction for the work with C. corticale infested woods is available by German Social Insurance for Agriculture, Forestry and Horticulture (54). Preventive strategies for working with C. corticale infested trees/woods are also described by other European and American institutes. The following recommendations for handling infected wood can be derived from the current knowledge in forestry practice: Firewood storage of symptom-free, barked wood from infested stands can be considered problematic, as layers of fungal stromata originate in the slowly drying stacked wood. As a result, spore contamination can also be transferred to the domestic environment. Spore production occurs exclusively within bark tissue and debarking infested logs could be a method of eliminating fungal infestation from logs. Wood without bark can be used for material or energy purposes, as it no longer poses a health risk. In daily forestry practice, however, this is hardly feasible. Therefore, it might be also possible to leave barked wood in the stand for rapid rotting processes. Another expensive and therefore rarely used method is the steaming of timber with temperatures above 70°C. Further aspects to be considered when handling infected wood are summarized in Table 4.


TABLE 4 General recommendations from operative worksite.

[image: Table 4]

In conclusion, the sooty bark disease of maple trees is a very impressive demonstration of how tree and human health can be interrelated. Since occupational work with infected maple wood can potentially lead to a health hazard in the form of HP in wood workers, it is important to have tailored and validated diagnostic tests to detect HP as early as possible. If HP caused by sooty bark disease of infected maple trees is suspected, specific IgG tests against C. corticale spore and mycelium antigens were established and IgG cut-off values were determined to classify and evaluate the antigen-specific IgG results. Validation of these instruments with confirmed cases of HP should be the next step, but is certainly difficult to realize. Therefore, we offer the possibility to quantify the specific IgG concentrations in sera from suspected cases of HP due to exposure C. corticale with the available instruments. Request form is available at https://www.dguv.de/ipa/forschung/baproj/index.jsp.
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