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Growth of human pathogenic isolates of Spovothvix schenckii on indigenous and exotic wood species in South Africa



HESTER F. VISMERY' A N D A. EICKERZ 'South African Medical Research Council, PROMEC, P.O. Box 19070, Tygerberg 7505, Soufh Africa Department of Bofany, University of Pretoria, Preforia 0001, Soufh Africa



Sporotrichosis in South Africa is associated with soil and plant material contaminated with Sporothrix schenckii. In gold mines, workers contract the disease from contaminated eucalyptus and wattle wood props underground. The natural occurrence of the fungus on plants or decaying vegetation is not well understood and the factors determining its occurrence in soil are still obscure. In an attempt to determine the ability of S. schenckii to grow on wood, sapwood samples of 3 7 exotic and indigenous species were inoculated with pathogenic isolates of the fungus and its growth documented for 90 d. Fungal growth on the wood was also examined microscopically. S. schenckii grew best on some exotic wood species, particularly Eucalyptus grandis, E. sideroxylon, Cinnamomum camphors, Acacia melanoxylon and Ginkgo biloba. It grew on relatively few of the other wood species. No obvious correlation was found between its abundance of growth and the wood species on which it grew. Its microscopic features remained characteristic.



Sporotrichosis is a subcutaneous fungal disease of humans and animals caused by the dimorphic hyphomycete, Sporofhrix schenckii Hektoen & C. F. Perkins (Hektoen & Perkins, 1900). Sporotrichosis was discovered in South Africa in 1914, in mine workers from the Witwatersrand gold mines in the Transvaal (Pijper & Pullinger, 1927). Because of the scale of the epidemics of the 1940s and 1960s, epidemiological studies were conducted. It was known that untreated wooden props used in the mines underground were contaminated with the fungus which proliferated in mines where conditions of 25-27 OC and 95-100% relative humidity were ideal. This posed a high risk of infection to miners (Brown, Weintroub & Simson, 1947; James, 1965). S. schenckii occurs naturally in rich humus soil, in potting soil, on sphagnum and peat mosses and on a variety of plants, for example, barberry, roses and certain grasses (Adam, Dion & Reilly, 1982; D'AIessio ef al., 1965; Grotte & Younger, 1981; Kenyon, Russell & McMurray, 1984; Morgan, 1972; Powell ef al., 1978). There is little understanding of the ecology of this fungus, no indication of why it is found on some plants and not others, or what governs its distribution in soil. The widespread occurrence of S. schenckii on wattle and eucalyptus logs underground and the confirmation by light microscopy and S.E.M. that S. schenckii grew well on the surface of wattle (Acacia mearnsii) and eucalyptus (Eucalyptus grandis) wood (Findlay, Vismer & Dreyer, 1984; Findlay &
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Vismer, 1986), prompted the present examination of the ability of the fungus to grow on exotic and indigenous wood species in South Africa.



MATERIALS A N D M E T H O D S Wood samples, as varied as possible, included 20 indigenous and 17 exotic species. Their botanical names, authorities and common names, supplied by the National Institute for Timber Research (NITR, CSIR), Pretoria, are listed in Tables I and 2. Blocks, 5 x 5 x 10 mm, were cut from sapwood specimens obtained from NITR. These were sterilized in plastic petri dishes placed in surgical theatre paper bags. The bags were closed, taped and exposed to ethylene oxide without heat for 5.5 h. The ethylene oxide was dissipated by opening the bags and exposing them to uv light for 24 h in an extraction fume cupboard. The bags were closed aseptically and sampIes stored until needed. All samples were used within 2-3 wk of preparation. For each wood species three sterilized blocks were placed in each of six replicate 100 ml Schott bottles, containing 50 ml unsloped 2% water agar (Difco, Detroit Michigan, U.S.A.). Standardized conidial suspensions of five isolates of S. schenckii from humans were used to inoculate the replicate sets of wood blocks. These pathogenic strains of S. schenckii were grown for 21 d at 25' on 4% Sabouraud dextrose agar (Difco, Detroit Michigan, U.S.A.) plates, containing 0.05 g ml-' chloramphenical (Park Davis, Wemer Lambert, S. A. Pty Ltd) and 0.4 g rnl-l actidione (Cycloheximide BDH Chemicals). The suspensions were made by rinsing the
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Growth of Sporothrix schenckii on wood Table I. Growth of 5. schenckii on blocks of wood of species indigenous to South Africa



Brachylaena discolor DC. subsp. discolor (Coast Silver Oak) Schotia brachypetala Sond. (Weeping Boer-Bean) Calodendrum capense (L.f.) Thunb. (Cape Chestnut) Erythrina lysistemon Hutch. (Common Coral Tree) Acacia xanthophloeu Benth. (Fever Tree) Syzygium cordatum Hochst. (Water Berry) Faurea saligna Harv. (Transvaal Beech) Ficw capensis Thunb. (Broom Cluster Fig) Breonadia salicina (Vahl) Hepper & J. R. Wood (Matumi) Ekebergia capensis Sparrm. (Cape Ash) Albizia adianfhifotia (Schumach.) W. F. Wright (Flat-Crown) Parinari curatellifoliu Planch. ex Benth. (Mobola Plum) Anthocleista grandiflora Gilg (Big-Leaf Tree) P O ~ O C U latifolius ~US (Thunb.) R. Br. ex Mirb. (Real Yellowwood) Ocotea bullata (G. Meyer) (Stinkwood) Olea capensis L. subsp. marocarpa (C. H . Wr.) Verdoom (Ironwood) Trichilia emetica Vahl (Natal Mahogany) Widdringfonia nodiflora (L.) Powrie (Mountain Cypress) Gonioma kamassi E. Meyer (Kamassi) Rapanea melanophloeos (L.) Mez (Cape Beech)
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and the suspension was adjusted to I x lo6 conidia ml-' by means of a Fuchs Rosenthal counting chamber. The bottles with wood blocks (five sets) were inoculated separately with 0.5 ml per wood block of the respective standardized conidial suspensions. The sixth replicate bottle with uninoculated wood blocks was kept as a control to monitor the colour of the pigment diffusing from the wood blocks. The main purpose of the water agar was to create a moisture chamber and to observe the colour of the pigment leaching from the wood. To monitor fungal growth on 2 % water agar, five 100 ml Schott bottles, each containing 50 ml unsloped agar, were inoculated separately with 1ml of the five standardized conidial suspensions. All the wood cultures and their controls were incubated at 25O for 90 d in the dark. Conventional mycological methods using either lactophenol colourless or lactophenol cotton blue as mounting and staining media, were applied to examine the growth on the wood microscopically.
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All five isolates of S. schenckii grew fairly well on the water agar, the growth spreading evenly over the surface within the first 6 d. After 14 d submerged growth was evident to a depth of 0.5 cm and mildly pigmented areas of growth were observed. By 30 d, the growth submerged to a maximal depth of 2 cm and remained so for the rest of the 90 d. The control agar, without wood blocks and fungus, remained a dull white colour during incubation throughout the 90 d. There were broadly four to five responses of growth on the wood blocks, ranging from no growth at all, though limited, moderate and good growth, to abundant growth. The five isolates of S. schenckii gave similar results and the means are given in Tables 1 and 2. S. schenckii failed to grow on 55%, i.e. 11 of the 20 indigenous woods (Table 1).Limited growth was present on 6 of these woods, appearing after 3 0 d on Faurea saligna and only after 90 d on Ficus capensis and Breonadia salicina. The fungus ~roducedmoderate to good growth on Calodendrurn capense, Brachylaena discolor and Schotia brachypefala (Table I). Growth on the exotic wood species was much more prolific (Table 2). O n Cinnamomum camphora, a woolly layer of grey growth covered the wood after 6 d, while on Eucalypfus grandis and Acacia rnelanoxylon growth appeared grey and spiky at first, developing into a flat black growth between 30 d and 90 d. Similar responses were seen on E. sideroxylon and Ginkgo biloba, except that the growth turned brown to black after 30 d. Limited growth occurred on eight other exotic wood species from d 6 which did not increase over the 90 d period, except on Sequoia sempervirens (Table 2). S. schenckii failed to grow at all on 4 of the 17 exotic woods, i.e. Pinus mdiafa, Pinus roxburghii, Platanus acerifolia and Populus alba (Table 2). Thus it grew on 76 % of exotic woods but only 45% of the indigenous species, i.e. 9 out of 20 (Table I). Growth on the agar, i.e. growth spreading from the inoculated wood blocks, varied from superficial, slightly pigmented and mainly restricted to around the wood blocks, to pigmented submerged growth (to a maximum depth of 1
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No growth; ( k ) ,limited growth; moderate growth; good growth; 'growth at base of wood block; 'white woolly growth on wood; grey to black growth on wood; black growth from agar to base of wood.



cultures with 10 ml sterilized distilled water containing 2 to 3 drops per 500 ml Nonidet P40 (BDH Chemicals) as a wetting agent. This procedure was repeated three times. Hyphae and agar fragments were removed by filtering the suspension through several layers of sterilized gauze and cotton wool,



Hester F. Vismer and A. Eicker



123



Table 2. Growth of S. schenckii on blocks of wood of species exotic to South Afnca



pigment at 90 d Cinnamonum camphora (L.) J . Presl. (Camphor Tree) Eucalypfus grandis Hill. ex Maid. (Rose Gum) Eucalyptus sideroxylon Cunn. ex Woolls (Black Ironbark) Ginkgo biloba L. (Maidenhair Tree) Acacia melanoxylon R.Br. (Australian Blackwood) Sequoia sempemirens (D. Don) Endl. (Californian Redwood) Grevillea robusfa A. Cunn. (Australian Silky Oak) ]acaranda mimosifolia D. Don. (Jacaranda) Khaya nyasica Stapf ex Bakh. f. (East African Mahogany) Melia azedarach L. (Seringa) Pinus elliottii Engelm. (Slash Pine) Pinw pinasfer Ait. (Cluster Pine) Populus deltoides Bart. ex Marsh. (Match Poplar) Pinus radiafa D. Don. (Radiata Pine) Pinus roxburghii Sarg. (Chir Pine) Platanus acerifolia (Ait.) Willd. (London Plane) Populw alba L. (White Poplar)
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to 2 cm), mostly directly below the wood blocks. Although the wood blocks of Ekebergia capensis, Albizia adianfhifalia (Table 1)and Poptllus alba (Table 2) showed no growth over the 9 d period, prolific black growth became apparent on the agar at the base of the blocks after 30 d. At 90 d it was more abundant in the case of Albizia adianthifolia and proceeded from the agar onto the bottom of the wood blocks. Similar but less prolific growth was present on the agar in the case of Parinari curatellifolia (Table I). The pigment that leached out from the respective wood blocks varied from light yellow to light brown, and in some species the colour was red-brown to dark red-brown (see Tables 1 and 2 for details). No correlation could be found between the ability of the fungus to grow on the wood and the pigment diffusing from the wood when comparing inocu-



+ + +, abundant growth; 'grey



to black growth on wood blocks;



lated cultures with their respective controls. There was also no difference in the intensity of the pigment diffusing from the wood blocks in the inoculated and uninoculated cultures. Microscopically, the growth of all five strains of S. schenckii on the wood blocks consisted of thin, septate branching hyphae, 1-2 ym in diameter. Undifferentiated hyphae tended to run parallel to one another, forming synnemata-like mycelial strands. Anastomoses were regularly formed between mycelia. Conidiophores arose at right angles on any of the undifferentiated hyphae and were tapered towards the tip. Some were recumbent. They varied greatly in length, averaging 15-20 m. Abundant simple, thin-walled, ovate, hyaline conidia, measuring 2-3 ym broad and 3-6 ym long, were produced syrnpodially in a rosette at the tip of the conidiophores or laterally on vegetative hyphae from d 6
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Growth of Sporothrix schenckii on wood onwards. They were characteristically attached by thin, short denticles. A detachment septum left the conidia with a straight detachment base. As conidiation progressed, sleeves of conidia were formed along the hyphae and conidiophores. All conidia were of fairly uniform or constant shape, Where pigmentation became evident in the growth, the size of the conidia increased to 6-8 pm long and 4-6 broad and they appeared pigmented. Triangular conidia, characteristic of S. schenckii (Findlay & Vismer, 1986; Vismer, 1992), were produced in abundance from 21 d onwards on species of wood showing heavily pigmented growth. The major source of sporotrichotic infection caused by S. schenckii in the general population in the Transvaal appears to be garden soil, in which compost, mosses and potting soil are regularly used (Vismer, 1992). Although several epidemics have been documented worldwide (Carrada-Bravo, 1975 ; Crevasse & Ellner, 1960; Dahl ef al., 1971; D'Alessio et al., 1965; Laur, Posey & Waller, 1979), the South African gold mine epidemics remain unparalleled. Contaminated wooden props seem to be the only external source of S. schenckii in the mine environment. The proliferation of S. schenckii on untreated wooden props poses a high risk of infection to miners. In areas where sporotrichosis is a common occupational disease in forest workers, for example in the Mississippi valley, warnings have been pubIished in the Tree Planter's Notes (No. 41, April 1960), explaining the hazards of sporotrichosis (Taylor, 1977). Contaminated sphagnum moss, and not the wood of the trees in the forests, has been implicated as a source of sporotrichosis among these workers. In the present study, S. schenckii grew better on some wood species exotic to South Africa, including Eucalyptus grandis, E. sideroxylon, Cinnamomum camphora, Ginkgo biloba and Acacia melanoxylon, than on indigenous species. It remains unclear why S. schenckii has a predilection to grow on these wood species. There is no indication from the literature that S. schenckii has the ability to digest lignin, cellulose or hemicellulose in plant material. It was previously shown that it can grow in the presence of wattle and eucalyptus extracts which do not, however, enhance or restrict the growth in any way (Findlay et al., 1984). Growth on wood was superficial and the structure of the wood was not affected by the fungus (Findlay & Vismer, 1986). However, no conclusion could be reached in the present study about the influence of the pigment diffusing from the wood on fungal growth. It is possible that pigmented and unpigmented compounds that initially leach from the wood restrict fungal growth, as for example on Albizia adianthifolia where heavily pigmented growth appeared on the agar after 30 d and proceeded from the agar onto the bottom of the wood blocks. Also, growth occurred only after 30 d on some other wood species, such as Calodendrum capense, Faurea saligna, Ficus capensis and Breonadia salicina. Where growth on the wood was apparent, the classical morphological features of S. schenckii were detected by microscopy and triangular conidia were produced in abundance. In an extensive study of growth of S. schenckii on various plants in Taiwan, Volz & Pan (1976) also found that the fungus seemed to be associated with specific plants. The present results confirm their observations that abundant (Accepted 28 June 1993)



growth could occur on some plant species, but not others of the same genus. Similarly they were unable to find a common factor among an extensive collection of plant species to explain their observations. It is clear that growth of S. schenckii is strongly favoured by certain plants, but not others. Plant and soil types may influence the proliferation of S. schenckii but much research is needed to elucidate its ecology and epidemiology. We are indebted to the Medical Research Council of South Africa for financial support. REFERENCES Adam, J. E., Dion, W. M. & Reilly, S. (1982).Sporotrichosis due to contact with contaminated sphagnum moss. Canadian Medical Association ]ournal 126,1071-1073.
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