Prevalence of cryptococcal antigenaemia and nasal colonisation in a free-ranging koala population
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ABSTRACT:
Cryptococcosis, caused by environmental fungi in the Cryptococcus neoformans and C. gattii species complexes, affects a variety of hosts, including koalas (Phascolarctos cinereus). Cryptococcal antigenaemia and nasal colonisation are well-characterised in captive koalas, but free-ranging populations have not been studied systematically. Free-ranging koalas (181) from the Liverpool Plains region of New South Wales, Australia, were tested for cryptococcal antigenaemia (lateral flow immunoassay) and nasal colonisation (bird seed agar culture). Results were related to environmental and individual koala characteristics. Eucalypt trees (14) were also randomly tested for the presence of Cryptococcus spp. by bird seed agar culture. 5.5% (10/181) and 6.6% (12/181) of koalas were positive for antigenaemia and nasal colonisation, respectively, on at least one occasion. 64.3% (9/14) of eucalypts were culture-positive for Cryptococcus spp. URA5 restriction fragment length polymorphism analysis identified most isolates as C. gattii VGI, while C. neoformans VNI was only found in one koala and one tree. Colonised koalas were significantly more likely to test positive for antigenaemia. No associations between antigenaemia or colonisation, and external environmental characteristics (the relative abundance of Eucalyptus camaldulensis and season), or individual koala characteristics (body condition, sex and age), could be established, suggesting that antigenaemia and colonisation are random outcomes of host-pathogen-environment interactions. The relationship between positive antigenaemia status and a relatively high abundance of E. camaldulensis requires further investigation. This study characterises cryptococcosis in a free-ranging koala population, expands the ecological niche of the C. gattii/C. neoformans species complexes and highlights free-ranging koalas as important sentinels for this disease.

INTRODUCTION
The Cryptococcus gattii and C. neoformans species complexes comprise the aetiological agents of cryptococcosis, a systemic mycosis affecting humans and a wide variety of animals that is usually acquired from the environment by inhalation.1-3 C. gattii VGI has a well-established ecological niche in certain tree hollows, e.g. Eucalyptus camaldulensis (river red gum) and E. tereticornis (forest red gum),4,5 which presents an important source of infection in Australia.6 Our understanding of the environmental associations of C. gattii VGI has continued to expand to include numerous other tree species in Au
stralia.7-10
Animals play an important role as sentinels for this and other environmentally-acquired diseases, with reports of an increased prevalence of animal cryptococcosis cases aiding in the early characterisation of the C. gattii VGII Vancouver Island outbreak.11 Both captive and free-ranging animals have been considered as potential sentinels for cryptococcosis.12,13 With forested or rural areas (particularly those with an abundance of large trees) considered by some to likely have a higher environmental abundance of the C. gattii species complex,14 surveillance of free-ranging animals in particular has the potential to permit early detection of high risk areas for the acquisition of human disease.12
The koala (Phascolarctos cinereus) is one of many species known to be susceptible to cryptococcosis and is unique in its seemingly higher prevalence of disease than humans and other animal species, with approximately 3-4% of free-ranging and captive koalas found to have cryptococcal lesions at necropsy.3,15-17 Both subclinical cryptococcosis (defined as asymptomatic cryptococcal antigenaemia) and cryptococcal nasal colonisation are common in seemingly healthy captive koalas.10,18-20 The koala’s tendency to develop cryptococcal nasal colonisation in the presence of a high environmental burden of Cryptococcus spp. in captivity has led to the koala nasal cavity being considered an effective ‘biological air sampler’ for environmental Cryptococcus spp.10 Although cryptococcal nasal colonisation and antigenaemia are well-documented in captive koala populations, the same phenomena in free-ranging koalas are much less well-characterised, and to date, no natural population has been studied systematically.10,19 In humans, asymptomatic cryptococcal antigenaemia is well-described in HIV-infected patients, especially in sub-Saharan Africa and other similar settings in the developing world.21-23 It can precede clinical signs by weeks to months, with early screening tests in high risk patients allowing pre-emptive oral therapy (typically using fluconazole) to prevent development of overt clinical disease.24 A similar practice occurs in koalas, with a recent report recording successful early detection and treatment of subclinical cryptococcosis in a free-ranging individual.25
In 2015, a deceased adult free-ranging koala found near Breeza in the Liverpool Plains region of New South Wales, Australia, was opportunistically necropsied and multi-nodular cryptococcal pneumonia was identified as the probable cause of death, based on gross and histopathologic examination of tissues (M.B. Krockenberger, unpublished data). No prior cases of cryptococcosis from free-ranging koalas in this region were known to the authors or recorded in the literature. This case therefore prompted an investigation into the prevalence of cryptococcosis in this population.
This study aimed to investigate exposure to environmental Cryptococcus spp. in the Liverpool Plains population of free-ranging koalas by determining the prevalence of both cryptococcal antigenaemia and nasal colonisation in relation to the presence of Cryptococcus spp. in the environment. Based on prior studies that identified some environmental features and individual koala characteristics as influential factors in nasal colonisation and antigenaemia,10,18,19 we attempted to relate our findings to the relative abundance of E. camaldulensis, season, koala body condition, sex and age.

MATERIALS AND METHODS
Koala selection and field trips
A total of 181 free-ranging koalas were captured from five sites within the Liverpool Plains region of New South Wales, Australia: 73 from Dimberoy (31°08'33.4"S 150°02'16.1"E), two from Gunnedah (31°01'34.4"S 150°15'37.3"E), seven from Lake Goran (31°14'10.2"S 150°11'30.1"E), three from Nowley (31°21'19.5"S 150°04'44.6"E) and 96 from Watermark (31°13'49.7"S 150°20'17.9"E). E. camaldulensis trees were frequently observed at the Gunnedah, Lake Goran, Nowley and Watermark sites, but not encountered at the Dimberoy site, as identified by experienced ecologists and the use of a eucalypt identification key.26 In the absence of systematic ecological survey data, we classified koalas from Dimberoy versus the other four sites (Gunnedah, Lake Goran, Nowley and Watermark) as inhabiting low and high relative abundance E. camaldulensis areas, respectively.
Six field trips occurred at approximately six-month intervals (three in spring, two in autumn and one in winter) from September 2015 to July 2018. Some koalas were captured and tested multiple times at minimum six-monthly intervals, with 51, 17, four and two koalas captured and tested on two, three, four or five occasions, respectively; this resulted in 286 capture events. After capture, each koala was lightly sedated with alfaxalone (Alfaxan®, Jurox; approximately 1.8mg/kg by intramuscular injection) to minimise stress and facilitate safe sampling. 
All koalas were examined by a veterinarian for any clinical signs consistent with cryptococcosis (including nasal discharge, facial swelling/distortion or dyspnoea); sex, body condition score (assessed on a scale from 1-5)27,28 and tooth wear class (scored from 1-10)29 were recorded.
Koalas were fitted with both a unique numbered ear tag and a subcutaneous microchip transponder before release for ongoing individual identification in the event of recapture or sightings. All procedures were undertaken with approval from The University of Sydney Animal Ethics Committee (project number 2016/955) and National Parks and Wildlife Service (scientific license SL101687).

Culture
Nasal swabs were collected by introducing a sterile swab moistened with saline approximately 2 cm into the nasal vestibule (one side at a time) and rotating gently, as described in previous studies.10,18 Environmental samples, collected opportunistically from hollows in 14 eucalypts (E. albens [1], E camaldulensis [11] and E. populnea [2]) in the region, were obtained by running a sterile swab moistened with saline thoroughly over the interior surface of the hollow. All swabs (nasal and environmental) were inoculated on to Staib’s bird seed (Guizotia abyssinica) extract agar containing antibiotics (penicillin and gentamicin) and incubated at 27˚C for a minimum of seven days to identify colony-forming units (CFUs) exhibiting the brown-colour-effect, consistent with Cryptococcus spp. (Figure 1). Positive samples were classified as having a low (1-10 CFUs/plate), moderate (11-100 CFUs) or heavy (>100 CFUs) cryptococcal burden.10 A single CFU exhibiting the brown-colour-effect was collected from each positive sample, sub-cultured on Sabouraud’s dextrose agar (SDA) and incubated at 37˚C for isolation and DNA extraction.

Molecular typing and species determination
Isolates sub-cultured on SDA underwent DNA extraction using a method similar to that of Ferrer et al. (2001).30 Restriction fragment length polymorphism (RFLP) analysis was performed on the product of a PCR amplification of the URA5 gene, according to the protocol developed by Meyer et al. (2003), to determine cryptococcal species and molecular type.31

Cryptococcal antigen testing
Approximately 3 ml of whole blood was collected into plain tubes by cephalic venepuncture. Samples were chilled at 4oC, then centrifuged as soon as possible (on the same day) in a field laboratory for approximately 5 minutes at 5,000 rpm to allow for separation of the serum. An aliquot of the serum was used to perform the cryptococcal antigen lateral flow assay (LFA) (CrAg® LFA, IMMY) according to the manufacturer’s instructions in a field laboratory as a screening test. All remaining sera were kept frozen in liquid nitrogen until they could be transferred to a -80˚C freezer. Upon return from the field, latex cryptococcal antigen agglutination testing (LCAT) (CALAS®, Meridian Bioscience, Inc.) was performed on all LFA-positive samples, according to the manufacturer’s instructions. Sera from all 51 LFA-negative koalas captured during the 2016 autumn field trip also underwent LCAT testing. Reciprocal cryptococcal antigen titres were determined using the LCAT. For the purposes of this study, koalas that returned a positive LFA result were considered cryptococcal antigen sero-positive, even if the LCAT was negative. 

Statistical analysis
We assessed whether antigenaemia or nasal colonisation status had a relationship with the relative abundance of E. camaldulensis in a koala’s habitat (low versus high), koala body condition (score of 1-2 versus score of 3-5), sex (male versus female) and an approximation of age (tooth wear class 1-5 versus tooth wear class 6-10) using 2x2 contingency tables and two-tailed Fisher’s exact tests. The same method was used to determine if a relationship existed between antigenaemia and colonisation status. A 2x3 contingency table and two-tailed Fisher’s exact test with Freeman-Halton extension was used to assess for dependent relationships between antigenaemia or colonisation status and season (autumn versus spring versus winter). P values of < 0.05 were considered statistically significant.

RESULTS
Culture
Nasal swabs from 12/181 koalas (6.6%) were culture-positive for cryptococcal CFUs on bird seed agar on at least one occasion. Eight of the 12 positive koalas were tested on more than one occasion, with 5/8 tested twice and 3/8 tested three times. Of the koalas tested twice, 2/5 were positive on both occasions, while the remaining 3/5 progressed from initially testing negative to positive on the second occasion. The koalas tested three times were either positive on all three occasions (1/3), positive only at final test (1/3) or positive twice and then negative on the final test (1/3). Amongst the four koalas that were culture-positive for nasal colonisation on two or more occasions, the extent of colonisation either increased (2/4; moderate to heavy, low to moderate), reduced (1/4; heavy to moderate) or remained stable (1/4; heavy) (Table 1). One koala (Table 1, DECC 071) that was culture-positive for nasal colonisation exhibited a small amount of crusted nasal discharge at the nares and mild haemorrhage at the nasal philtrum (possibly a mild sign of sinonasal cryptococcosis) (Figure 2). No clinical signs consistent with sinonasal, pulmonary or neurologic cryptococcosis were observed in any other koalas with nasal colonisation
Nine of the 14 (64.3%) tree hollow samples cultured positive for Cryptococcus spp. (Table 2), consisting of E. albens (1), E. camaldulensis (7) and E. populnea (1). A total of 4/9 positive trees exhibited a heavy growth (E. albens [1], E. camaldulensis [2] and E. populnea [1]), while 4/9 and 1/9 exhibited moderate and low growths, respectively, all were E. camaldulensis.

Molecular typing and species determination
URA5 RFLP analysis confirmed all isolates to be members of the C. neoformans/C. gattii species complexes. Most isolates (8/9 environmental; 16/17 koala) were identified as C. gattii VGI. C. neoformans VNI was isolated from a single koala on one occasion and from one E. populnea hollow (Table 2).

Serology
Serum samples from 10/181 koalas (5.5%) were positive, on at least one occasion, for cryptococcal antigen using the LFA. Five of the 10 LFA-positive koalas also tested positive using the LCAT, with reciprocal titres of 2 (DECC 092; DECC 104), 8 (DECC 198; USYD 014) and 128 (DECC 071); the remaining five koalas tested LCAT-negative (Table 1). 

Of the 10 koalas that were LFA-positive, eight were tested on more than one occasion (6/8 tested twice, 2/8 tested three times). The six koalas tested twice either progressed from LFA-negative to positive (4/6), remained consistently positive (1/6) or progressed from LFA-positive to negative (1/6). One of the koalas tested on three occasions progressed from LFA-negative to positive on its final test; the same koala was consistently positive for nasal colonisation across all three testings. The other koala tested on three occasions was LFA-positive twice but then became negative. Five koalas were positive for both serum antigen and nasal colonisation (Table 1). As mentioned previously, one LFA-positive and LCAT-positive koala (DECC 071), also positive for nasal colonisation, exhibited symptoms possibly consistent with sinonasal cryptococcosis (Figure 2). No clinical signs consistent with sinonasal, pulmonary or neurologic cryptococcosis were observed in any other koalas with cryptococcal antigenaemia.
Serum samples from the 51 LFA-negative koalas from the 2016 autumn field trip were all LCAT-negative.

Statistical analysis
Nasal colonisation was not associated with the relative abundance of E. camaldulensis (p = 0.366), season (p = 0.514), koala body condition (p = 0.764), sex (p = 0.769) or age (p = 0.787). Antigenaemia status (LFA result) was not associated with season (p = 0.920), koala body condition category (p = 0.305), sex (p = 0.524) or age (p = 0.354). There was a trend for positive serum antigen status being associated with a relatively high abundance of E. camaldulensis, but this was not significant due to low power of the analysis (p = 0.051). Koalas positive for nasal colonisation were significantly more likely to also test positive for antigenaemia (p < 0.001).

DISCUSSION
This study is the first to systematically establish the prevalence of cryptococcal antigenaemia and nasal colonisation in a population of free-ranging koalas. Our results of approximately 6% and 7% overall rates of antigenaemia and colonisation, respectively, should be viewed in the light of the observation that 3-4% of all koalas have detectable cryptococcal lesions at post-mortem examination.3,16,17 Our results show substantially lower rates of nasal colonisation and antigenaemia compared to certain sites in studies of captive populations, where the prevalence of nasal colonisation and antigenaemia can reach 100% and >50%, respectively.10,19,20 Our findings differ from preliminary studies of a small number of free-ranging koalas in Breeza, an area within the Liverpool Plains region and near the Watermark site, where all koalas were found to be negative for cryptococcal nasal colonisation and antigenaemia.10,19 This discrepancy may be explained simply by the small sample size utilised in previous studies.
	One koala in this study (Table 1; DECC 071) tested positive for both nasal colonisation and antigenaemia (LFA-positive and LCAT-positive) on one occasion, and at this time also exhibited a small amount of crusted nasal discharge and mild haemorrhage visible at the nasal philtrum, possibly consistent with sinonasal cryptococcosis. The reciprocal LCAT titre of 128 also supports the possibility of clinical disease in this koala, as such a titre falls within the range where clinical signs are expected.19 However, the clinical signs in this koala were considered mild and similar findings (small amounts of crusted nasal discharge) were seen occasionally in other koalas in this study that were negative for both nasal colonisation and antigenaemia on all occasions tested. Therefore, at the time of capture this observation was recorded but was not considered highly suspicious. The development of more prominent clinical signs in this individual may have been imminent, or other subtle symptoms may have been present but undetected due to the limited time of observation. Another koala (Table 1; DECC 198) exhibited a reciprocal LCAT titre of 8 across two field trips, six months apart. A persistent reciprocal titre of 8 is the point at which treatment for subclinical cryptococcosis is considered in captive koalas, depending on individual circumstances.25 LFA and LCAT results were not available at the time of capture for any koala; therefore in the absence of more definitive symptoms, we did not intervene with these two individuals. Once results were available, capturing these two koalas for re-assessment and possible treatment on subsequent field trips was prioritised, but neither could be relocated.
Recent observations by our group suggest that the LFA has a high sensitivity and excellent negative predictive value for the diagnosis of cryptococcosis in koalas when compared to the LCAT, making it an excellent screening test. Positive results, however, should be followed up by further testing to assess the likelihood of subclinical or clinical disease (M.B. Krockenberger, unpublished data). The LFA was also used successfully for monitoring response to treatment in a koala with cryptococcosis and remained positive for four months after the LCAT titre had become negative.25 For these reasons, we chose to initially screen all koalas for antigenaemia using the LFA and follow-up positive results with a LCAT. The internal validation performed in this study, with 51 LFA-negative samples also found to also be LCAT-negative, confirmed the reliability of the LFA as a screening tool in this setting. Although 10 koalas were antigen-positive using the LFA, only 5/10 were simultaneously positive using the LCAT. This discrepancy can likely be explained by the difference in the detection limits of these two tests, with the LFA proven in vitro and in human patients to be sensitive to lower antigen levels compared to the LCAT.32-34 Although such low levels of circulating antigen may not be clinically relevant in the diagnosis of overt cryptococcosis, we considered them to be pertinent to our aim of detecting evidence of exposure to Cryptococcus spp. We cannot definitively exclude the possibility that the discrepant results represent false-positives, given that the LFA was associated with false-positive results due to cross-reactivity in two human patients diagnosed with Trichosporon spp. fungaemia.35 However, given the propensity of koalas to develop subclinical cryptococcosis19 and the rarity of reports of cross-reactivity using the LFA, we considered LFA-positive/LCAT-negative results to be true positives for antigenaemia for the purposes of this study. It is not known whether LFA-positive/LCAT-negative koalas could have very limited invasive disease, heavy nasal colonisation, or both, and studies using advanced imaging (endoscopy, computerised tomography or magnetic resonance imaging) would be required to address this question. Interestingly, we identified two koalas with heavy nasal colonisation that did not test positive using either the LFA or LCAT (Table 1: DECC 051 and DECC 135).
Subclinical cryptococcosis often resolves spontaneously in captive koalas when the reciprocal LCAT titre is less than 64, particularly if there are no concurrent adverse factors (e.g. stress, poor nutrition, transport).19 Spontaneous resolution of cryptococcal antigenaemia has also been observed in cats and dogs studied on Vancouver Island and its environs.36 Three koalas in this study (Table 1; DECC 015, DECC 198 and USYD 054) were captured again after testing sero-positive for cryptococcal antigen, and the antigenaemia had resolved in 2/3. We also observed the resolution of nasal colonisation in one koala (Table 1; USYD 040), although this is difficult to confirm due to the unknown sensitivity of nasal swabbing as a means of determining and quantifying cryptococcal colonisation status.
Our findings of a lack of correlation between nasal colonisation and season or sex differ from a previous study in captive koalas, which established a potentially weak association with season and a strong relationship to sex, with more colonisation apparent in spring and with males being colonised more frequently than females.18 Seasonal variation was suggested to occur as a result of increased aerosolisation of Cryptococcus spp. during E. camaldulensis flowering in spring and early summer, while sex variation was thought to be related to the greater tendency for male koalas to use smell to explore their territory.18 Given that captive koalas appear able to amplify the amount of the agents of the C. gattii species complex in their proximate environment,10 it is difficult to directly compare captive studies to the findings presented here in free-ranging koalas. In another large study, mostly of captive or hospitalised koalas but with the opportunistic inclusion of free-ranging koalas from several regions of coastal New South Wales, also no significant relationship between season and colonisation status could be established.10 However, it is difficult to assess the accuracy of any associations detected between nasal colonisation and other variables, due to the previously mentioned unknown sensitivity of nasal swabbing.
Similar to our findings, sex or season had no effect on antigenaemia in a study of subclinical cryptococcosis in captive koalas,19 although a tendency towards low or negative antigen titres was observed in older koalas in one captive group.19 In the present study, neither antigenaemia nor nasal colonisation was associated with tooth wear class (an approximation of age). No prior studies have compared body condition to subclinical cryptococcosis or nasal colonisation status in koalas. We elected to include this variable in our analyses as we hypothesised that poor body condition could be associated with antigenaemia or colonisation either due to an increased susceptibility in these individuals or due to subclinical cryptococcosis causing poorer body condition. We observed, however, that neither antigenaemia nor nasal colonisation was associated with body condition. Given the well-established association between E. camaldulensis and C. gattii VGI,4 we also hypothesised that nasal colonisation and/or antigenaemia may depend on the relative abundance of E. camaldulensis in an individual koala’s habitat. A significant relationship could not be established, although an obvious trend was observed for antigenaemia, with high relative abundance E. camaldulensis areas exhibiting a greater prevalence than low abundance areas (8.3% and 1.4%, respectively), suggesting greater sampling is required. This also suggests that E. camaldulensis is not the only environmental association of C. gattii VGI in this area, a point proven by its isolation from other dominant Eucalyptus spp. in the region. We were unable to assess for any correlation with the presence of E. tereticornis, another eucalypt with a strong association to the C. gattii species complex,5 as trees of this species were not identified at any of the sampling sites. The study sites were likely outside of the natural range of E. tereticornis.26 The relationship between nasal colonisation and antigenaemia status, with colonised koalas significantly more likely to also test positive for antigenaemia (p = < 0.001), is intuitive. Both are indicative of exposure to Cryptococcus spp. and it is presumed that mucosal colonisation precedes tissue invasion, which in turn leads to antigenaemia.19 
C. gattii VGI was easily detected in multiple tree hollows in this study, with the isolation from E. albens being the first from this tree species, to the best of our knowledge. The isolation of C. neoformans VNI from E. populnea is also unique. The detections of C. gattii VGI from both the environment and the nasal cavities of some koalas further confirms its potential to cause disease in this region. However, systematic environmental sampling across all study sites is required to determine the environmental prevalence of C. gattii VGI in these areas and better characterise its habitat in this region. This would also aid in further exploring the potential relationship between the abundance of E. camaldulensis trees and increased risk of exposure to C. gattii VGI, and the potential for associations to other Eucalyptus spp. The comparison of environmental and nasal colonising isolates using a more discriminatory genotyping technique, such as multi-locus sequence typing or whole genome sequencing, could also provide further evidence for environmental exposure to C. gattii VGI and offer insights into the virulence of different strains in this region.
The impact of host immune status and possible co-infections on cryptococcal antigenaemia or nasal colonisation status was not explored in this study. A study of koala major histocompatibility complex (MHC) II diversity included a small number of individuals from the Liverpool Plains region and found that these koalas belonged to a group exhibiting a comparatively high MHCII diversity.37 Although there is evidence of the significant role of MHCII in the host response to chlamydiosis in the koala,38 its relationship to cryptococcosis has not been examined. With the recent availability of the koala genome, there is now an improved understanding of the changes in regulation of immune genes in koalas with chlamydiosis.39 This has the potential to offer insights into the immune response to other intracellular pathogens, such as Cryptococcus spp. Testing koalas for all forms of the koala retrovirus (KoRV) and Chlamydia pecorum would also be required to better elucidate the complex host-pathogen-environment interactions at play. KoRV in particular could play an important role, as infection with the KoRV-B variant has already been linked to malignant neoplasia40, chlamydiosis41 and changes to immune cytokine expression,42 although the relationship with cryptococcosis has not been studied systematically. Investigating the overall pathogen burden of this free-ranging koala population and the relationship between KoRV and cryptococcosis will be the subject of future work by the authors.
Cryptococcal nasal colonisation and antigenaemia were found to be at a substantially lower prevalence in the Liverpool Plains population of free-ranging koalas than in certain well-studied captive populations.10,18-20 This supports the previous assertion that captive koalas amplify C. gattii VGI in their immediate environment. Our findings suggest that although cryptococcosis is present in this region, and C. gattii VGI is detectable in both the environment and the nasal cavities of some koalas, this is unlikely to be an area of increased risk of infection for humans and other animal species. According to our analyses, cryptococcal antigenaemia and nasal colonisation are seemingly random outcomes of the host-pathogen-environment interactions within this region. However, further work, such as systematic environmental sampling, more discriminatory genotyping of C. gattii VGI strains, examining host immunity and testing for pathogen burden, is required to explore this notion. A high relative abundance of E. camaldulensis in a free-ranging koala’s habitat may be associated with the development of cryptococcal antigenaemia, but this link could not be established definitively here and requires further investigation. 
Our study expands the current understanding of cryptococcosis in free-ranging koalas and the known environmental niches of the C. gattii/C. neoformans species complexes in Australia, while also highlighting the koala as an important sentinel species for this environmentally-acquired disease.
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Figure 1: Bird seed (Guizotia abyssinica) extract agar culture of a nasal swab from a free-ranging koala in the Liverpool Plains region of New South Wales, Australia, showing a heavy growth of colony-forming units exhibiting the brown-colour-effect, later identified as Cryptococcus gattii VGI.
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[image: Figure 2 DECC 071]Figure 2: A free-ranging koala (ID: DECC 071) from the Liverpool Plains population of New South Wales, Australia, that tested positive for both cryptococcal antigenaemia and nasal colonisation, while exhibiting possible mild clinical signs of sinonasal cryptococcosis: a small amount of crusted nasal discharge (red arrow) and a mild haemorrhage visible at the nasal philtrum.
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Table 1: Free-ranging koalas (ordered by identification number), in the Liverpool Plains population of New South Wales, Australia, that tested positive for cryptococcal antigenaemia and/or nasal colonisation on at least one occasion in this study.
	Koala ID
	Sex
	E. c. abundance
	Season (year)
	TWC (1-10)29
	BCS (1-5)27,28
	LFA
	LCAT (titre)
	Nasal colonisation*
	Cryptococcus spp. isolated

	DECC 009
	M
	High
	Autumn (2016)
	4
	3
	-
	-
	-
	NA

	
	
	
	Spring (2016)
	4
	3
	+
	-
	-
	NA

	DECC 015
	M
	Low
	Spring (2016)
	3
	5
	+
	-
	-
	NA

	
	
	
	Autumn (2017)
	5
	4
	+
	-
	-
	NA

	
	
	
	Winter (2018)
	5
	4
	-
	ND
	-
	NA

	DECC 017
	M
	Low
	Spring (2015)
	4
	4
	-
	ND
	+
	C. gattii VGI

	DECC 051
	M
	High
	Autumn (2016)
	4
	3
	-
	-
	++
	C. gattii VGI

	
	
	
	Spring (2016)
	4
	4
	-
	ND
	+++
	C. gattii VGI

	DECC 071
	M
	High
	Spring (2016)
	4
	4
	-
	ND
	-
	NA

	
	
	
	Autumn (2017)
	4
	3
	+
	+ (1:128)
	++
	C. gattii VGI

	DECC 072
	M
	High
	Autumn (2016)
	4
	2
	-
	-
	-
	NA

	
	
	
	Spring (2016)
	4
	3
	+
	-
	-
	NA

	DECC 092
	M
	High
	Spring (2016)
	4
	3
	-
	ND
	-
	NA

	
	
	
	Autumn (2017)
	6
	3
	+
	+ (1:2)
	-
	NA

	DECC 104
	F
	High
	Spring (2016)
	3
	3
	+
	+ (1:2)
	+
	C. gattii VGI

	DECC 130
	F
	Low
	Spring (2016)
	6
	2
	-
	ND
	-
	NA

	
	
	
	Autumn (2017)
	7
	2
	-
	ND
	 +
	C. gattii VGI

	DECC 135
	F
	Low
	Spring (2015)
	6
	2
	-
	ND
	+++
	C. neoformans VNI

	DECC 137
	F
	High
	Spring (2015)
	5
	3
	-
	ND
	+++
	C. gattii VGI

	
	
	
	Autumn (2016)
	5
	4
	-
	-
	++
	C. gattii VGI

	
	
	
	Autumn (2017)
	6
	3
	+
	-
	++
	C. gattii VGI

	DECC 150
	F
	High
	Autumn (2016)
	6
	2
	-
	-
	-
	NA

	
	
	
	Spring (2016)
	6
	2
	-
	ND
	++
	C. gattii VGI

	DECC 162
	F
	High
	Spring (2015)
	4
	4
	-
	ND
	-
	NA

	
	
	
	Autumn (2016)
	4
	4
	-
	-
	-
	NA

	
	
	
	Spring (2017)
	5
	NR
	-
	ND
	 +
	C. gattii VGI

	DECC 198
	F
	High
	Autumn (2016)
	4
	3
	+
	+ (1:8)
	+++
	C. gattii VGI

	
	
	
	Spring (2016)
	5
	2
	+
	+ (1:8)
	+++
	C. gattii VGI

	USYD 014
	M
	High
	Winter (2018)
	5
	3
	+
	+ (1:8)
	+++
	C. gattii VGI

	USYD 040
	M
	High
	Autumn (2017)
	6
	3
	-
	ND
	+
	C. gattii VGI

	
	
	
	Spring (2017)
	6
	3
	-
	ND
	++
	C. gattii VGI

	
	
	
	Winter (2018)
	6
	4
	-
	ND
	-
	NA

	USYD 054
	F
	High
	Spring (2017)
	5
	4
	+
	-
	-
	NA

	
	
	
	Winter (2018)
	5
	3
	-
	ND
	-
	NA



+ = positive; - = negative; BCS = body condition score; E. c. = Eucalyptus camaldulensis; F = female; LCAT = latex cryptococcal antigen agglutination test; LFA = cryptococcal antigen lateral flow assay; M = male; NA = not applicable; ND = not done; NR = not recorded; TWC = tooth wear class. *Number of + represents the degree of cryptococcal growth on bird seed agar: + = low (1-10 colony-forming units [CFUs] per plate), ++ = moderate (11-100 CFUs per plate), +++ = heavy (>100 CFUs per plate).

Table 2: Culture and molecular typing results for environmental samples (ordered by sample number) collected from tree hollows in the Liverpool Plains region of New South Wales, Australia.

	Sample number
	Tree species
	Cryptococcal growth*
	Cryptococcus spp. isolated

	E2757
	Eucalyptus populnea
	-
	NA

	E2760
	E. albens
	+++
	C. gattii VGI

	E2764
	E. camaldulensis
	+++
	C. gattii VGI

	E2765
	E. camaldulensis
	-
	NA

	E2766
	E. camaldulensis
	-
	NA

	E2767
	E. camaldulensis
	-
	NA

	E2768
	E. camaldulensis
	++
	C. gattii VGI

	E2769
	E. camaldulensis
	-
	NA

	E2770
	E. camaldulensis
	+++
	C. gattii VGI

	E2771
	E. camaldulensis
	+
	C. gattii VGI

	E2772
	E. camaldulensis
	++
	C. gattii VGI

	E2773
	E. camaldulensis
	++
	C. gattii VGI

	E2774
	E. camaldulensis
	++
	C. gattii VGI

	E3049
	E. populnea
	+++
	C. neoformans VNI



+ = positive; - = negative; NA = not applicable. *Number of + represents degree of cryptococcal growth on bird seed agar: + = low (1-10 colony-forming units [CFUs] per plate), ++ = moderate (11-100 CFUs per plate), +++ = heavy (>100 CFUs per plate).
image2.png




image1.png




