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Background.  Blastomycosis has been reported from countries in Africa and the Middle East, but a decades-long debate has per-
sisted regarding whether this is the same disease known in North America and caused by Blastomyces dermatitidis and Blastomyces 
gilchristii.

Methods.  We reviewed published cases of human and veterinary blastomycosis from Africa and the Middle East. We abstracted epi-
demiological and clinical features of cases, including sites of disease, diagnosis, management, outcomes, and, where available, genetic and 
antigenic typing of case isolates. In addition, we sequenced nucleic acids from 9 clinical isolates from Africa deposited in global collections 
as B. dermatitidis; for 5, we sequenced the internal transcribed spacer regions, and for the other 4 we sequenced the whole genomes.

Results.  We identified 172 unique human patients with blastomycosis, including 159 patients from 25 African countries and  
12 patients from 5 Middle Eastern countries, and also identified 7 reports of veterinary blastomycosis. In humans, cutaneous disease 
predominated (n = 100/137, 73%), followed by pulmonary (n = 73/129, 57%) and osteoarticular involvement (n = 61/128, 48%). 
Unusual direct microscopy/histopathological presentations included short hyphal fragments in tissues (n = 23/129, 18%). There 
were 34 genotyped case isolates that comprised 4 species: Blastomyces percursus (n = 22, 65%), from 8 countries throughout all re-
gions; Blastomyces emzantsi (n = 9, 26%), from South Africa; B. dermatitidis (n = 1, 3%), from the Democratic Republic of Congo; 
and B. gilchristii (n = 2, 6%), from South Africa and Zimbabwe.

Conclusions.  Blastomycosis occurs throughout Africa and the Middle East and is caused predominantly by B. percursus and, at 
least in South Africa, B. emzantsi, resulting in distinct clinical and pathological patterns of disease.

Keywords.   Endemic mycosis; dimorphic fungi; emerging infections; neglected tropical disease; blastomyces.

Blastomycosis is a serious fungal disease of humans and other 
mammals caused by several thermally dimorphic Blastomyces spe-
cies. Human disease was first reported by Gilchrist in 1894 [1] and 
B. dermatitidis was described as the etiology soon thereafter [1–3]. 
The geographic range of blastomycosis was at first thought to be 
limited to North America (NA), with most cases reported from 
the US states and Canadian provinces neighboring the Great Lakes 
and Ohio and Mississippi Rivers [4]. However, sporadic cases have 

also been reported throughout Africa, stretching from Tunisia to 
the Republic of South Africa (RSA) [5], as well as from the Middle 
East [6] and India [7]. Differences between the clinical disease and 
among fungal isolates implicated in blastomycosis in Africa and/
or the Middle East (A/ME) and NA have been noted, leading to 
decades-long debate about whether the diseases are caused by the 
same or different pathogens [8].

Recent advances in the methods of genetic analyses of fungi 
have enabled the reanalysis of recent and archived fungal isolates, 
resulting in the description of several new species of Blastomyces 
[9–14]. These include the cryptic species Blastomyces gilchristii 
(distinguishable from B. dermatitidis only by genetic analyses) 
[9, 15]; the morphologically distinct taxa, Blastomyces helicus 
(formerly Emmonsia helica [10, 12, 13], Blastomyces percursus 
[11, 12, 14], and Blastomyces emzantsi [14]; Blastomyces parvus 
(formerly Emmonsia parva), associated with soil and the lungs 
of rodents; and Blastomyces silverae [12], not currently impli-
cated in disease.
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Here, we review the literature and global fungal collec-
tions for reported cases of human and animal blastomycosis 
originating from A/ME. We also sequence additional available 
historical isolates and interpret these findings in light of newly 
gained insights into the diversity of pathogenic Blastomyces 
species.

METHODS

We reviewed the literature for human and veterinary cases of 
blastomycosis diagnosed or putatively acquired in A/ME. We 
searched for articles and conference abstracts in MEDLINE, 
EMBASE, Ovid Global Health, Biosis Citation Index, CAB 
Abstracts and Global Health, Web of Science Core Collection, 
Google Scholar, and Google using the terms “blastomyc*” 
or “gilchrist* disease” and current and former names for in-
dividual countries in A/ME from 1894 to 2019, inclusive. 
Epidemiological data for reported cases were reviewed for el-
igibility: we included cases of blastomycosis if we could con-
fidently surmise that infections were acquired in A/ME, and 
excluded cases with known travel to NA regions endemic for 
B.  dermatitidis. Details of the clinical manifestations, diag-
nostic features, management, and outcomes were abstracted. 
Duplicate cases were excluded. We reviewed descriptions and 
photographs of histopathological and mycological features of 
pathogens and characterized Blastomyces isolates using antigen 
typing and/or nucleic sequence analyses.

In addition, we reevaluated 9 archived clinical isolates from 
A/ME deposited as B. dermatitidis at the Belgian Coordinated 
Collection of Microorganisms (IHEM), Institut Pasteur (IP), 
and American Type Culture Collection (ATCC). Using 
methods described previously [11], we sequenced the in-
ternal transcribed spacer (ITS) region of ribosomal RNA and 
performed phylogenetic analysis for the following isolates: IP 
1898.89 from Tunisia, IP 973.68 from Morocco, ATCC 56214 
from Mozambique, and ATCC 56215 and ATCC 56216 from 
the RSA. For another isolate, ATCC 56220 from Angola, ITS 
and D1/D2 regions of rRNA were published online [16]. 
We performed whole-genome sequencing (WGS) for 4 iso-
lates: IHEM 26957 from Morocco, IHEM 26955 from the 
Democratic Republic of Congo (DRC), IHEM 26951 from 
Uganda, and IHEM 26956 from the RSA [14]. These strains 
were cultured on diluted Sabouraud agar at 37°C for 2 weeks. 
Genomic DNA was extracted using the Genomic-Tip 20/G 
kit (Qiagen) following manufacturer instructions for yeasts. 
The concentration and integrity of DNA were assessed with 
the 4200 TapeStation System (Agilent). Library prepara-
tion and sequencing were performed by GATC Biotech AG 
(Konstanz, Germany). Sequences were compared to those of 
type or authentic isolates of B. dermatitidis and B. gilchristii, 

and of recently described Blastomyces species deposited in 
GenBank [9–12, 14].

We performed a phylogenomic analysis of 28 Blastomyces 
isolates, including 22 isolates from A/ME (from human cases of 
blastomycosis) and 6 from NA (4 from human cases of blasto-
mycosis; 1 environmental isolate of B. dermatitidis; and 1 veteri-
nary isolate of B. parvus). Reads were aligned to the B. percursus 
assembly strain BP222 (GenBank accession GCA_003206225.1_
ASM320622v1) [11] using Burrows Wheeler Alignment (BWA-
MEM) version 0·7·12 [17]. Variants were then identified using 
Genome Analysis Toolkit (GATK) version 3·7.9 [18] using the 
haploid mode. Sites were filtered with GATK Variant Filtration 
tool using “QD < 2.0 || FS > 60.0 || MQ < 40.0.” Genotypes were 
filtered if the minimum genotype quality was <50, the percent 
alternate allele was <0.8, or the depth was <10. For the phylo-
genetic analysis, a total of 505 069 sites with an unambiguous 
single nucleotide polymorphism in ≥1 isolate and with ambi-
guity in a maximum of 10% of isolates were concatenated; in-
sertions or deletions at these sites were treated as ambiguous 
to maintain the alignment. Maximum likelihood phylogenies 
were constructed using RAxML version 8.2.4 [19] using the 
GTRCAT nucleotide substitution model and a bootstrap anal-
ysis based on 1000 replicates. Raw sequence data for this project 
has been deposited in the Sequence Read Archive (SRA) under 
Bioproject PRJNA603110.

RESULTS

We identified 172 unique human cases of blastomycosis pu-
tatively acquired in A/ME. These included 160 patients from  
25 African countries, 11 patients from 5 Middle Eastern coun-
tries (Figure 1), and 1 patient who had lived in both regions. We 
excluded 8 additional patients: 5 because of travel to regions of 
NA considered endemic for B.  dermatitidis [20–23] and 3 [6, 
24, 25] because the diagnosis of blastomycosis was contested in 
subsequent publications [26, 27]. Clinical details were available 
for 143 patients (Supplementary Table 1).

There were 21 patients (12.2%) who were diagnosed with 
blastomycosis outside their country of origin, including 20 
in Europe and 1 in the United States (outside of an endemic 
area). Another 5 were diagnosed in other countries within A/
ME. For patients diagnosed abroad, the timing of symptom 
onset relative to leaving A/ME was noted for 16: symptoms 
began in Africa for 7 patients, and began up to 29 years (me-
dian, 1  year; interquartile range, 1–8  years) after emigrating 
for 9 others. The median patient age at diagnosis was 38 years 
(interquartile range, 29–49), ranging from 3 to 75  years. 
Sex was known for 127 patients; 106 (83.5%) were male. 
Immunocompromising conditions were reported for 13 pa-
tients (Supplementary Table S1).
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Pulmonary disease occurred in 73 of 129 patients (56.7%). 
Radiographic lesions, known for 56 patients, included consoli-
dation (n = 44), reticulonodules (n = 12), other nodules (n = 7), 
cavitation (n = 10), pleural effusions (n = 4), and/or hilar lym-
phadenopathy (n = 9). Isolated pulmonary disease occurred in 
3 of 136 patients (2.2%).

Cutaneous lesions were present in 100 out of 137 pa-
tients (73.0%). Isolated cutaneous disease occurred in 34 
of 130 patients (26.2%). Lesions were described for 83 pa-
tients (Supplementary Table 2): 57 patients (68.7%) had skin 

lesions without underlying osteoarticular disease, whereas 37 
(44.0%) had skin or subcutaneous lesions contiguous with, 
and often fistulizing to, bones or joints. Both lesion types 
were noted in 11 patients. Mucosal lesions were present in 
10 patients.

Bones or joints were involved in 61 of 128 patients (47.7%), 
including 3 with isolated bone disease (Supplementary Table 
3). The osteoarticular structures involved included ribs or the 
sternum (n = 34), vertebrae (n = 28, among whom 11 developed 
paraplegia), appendicular structures (n = 16), the skull (n = 6), 
and unknown sites (n = 6). Other involved body sites included 
the kidneys (n = 11), brain (n = 8), liver (n = 8), spleen (n = 4), 
prostate (n = 3), adrenals (n = 2), and testes, thyroid, and pan-
creas (n = 1 each).

Direct microscopy and/or histopathological examinations 
of specimens demonstrated fungal elements for 129 patients 
(Supplementary Table 4). These were usually spherical or 
ovoid yeast-like cells (~8–12  µm) with thick, refractile walls 
and single, broad-based buds (Figure  2A). In addition, hy-
phal fragments (Figure  2B and C) were present in tissues for 
23 patients (19.5%). Histopathological examinations (n = 118) 
usually noted granulomas (n = 59) and/or giant cells (n = 65) 
containing intracellular fungal cells.

Fungal cultures were positive from 80 patients; 78 isolates 
were identified phenotypically as B.  dermatitidis by methods 
then available. In 1 case, experts disagreed on whether the or-
ganism was B. dermatitidis or Emmonsia crescens [33]; that iso-
late was since designated as the type strain of B. percursus [11]. 
In another case, the fungus was identified phenotypically as a 
Chytridiales [28], but was later reclassified as B.  dermatitidis 
based on an examination of histopathology [4].

Information was available about treatment and outcomes 
for 99 and 105 patients, respectively (Supplementary Table S1). 

Figure 1.  Distribution of reported cases of human blastomycosis from Africa and 
the Middle East. Omitted are 3 cases with travel to multiple countries (cases 60, 
97, and 121) [28, 29, 30].

Figure 2.  Histological appearance of yeast-like cells and hyphal fragments (ie, pseudohyphae) in selected cases of blastomycosis acquired in Africa. A, Ovoid yeasts 
with double-refractile cell walls and broad-based budding seen with GMS staining of endobronchial mass (case 66 from South Africa). The isolate from lung and skin was 
identified as Blastomyces percursus. B, C, Yeast-like cells and hyphal fragments are often reported in cases of blastomycosis from Africa or the Middle East. B, Bronchial 
biopsy from a patient with blastomycosis from Tunisia (case 109; GMS x100). Elongated hyphal fragments are highlighted with an arrow. (Modified from Cheikh Rouhou et al 
[31]). C, Hyphal fragments are seen in the peritoneum of a mouse inoculated with B. percursus (strain IP68.9973/ATCC56214), isolated from a patient with blastomycosis in 
Mozambique (case 45; GMS, x400). Reproduced with permission from Huerre et al [32], copyright Elsevier Masson SAS. All rights reserved. Abbreviation: GMS, Grocott’s 
methenamine silver.
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Of those with treatment data, 79 patients received antifungals 
and 20 who did not. Of those with outcome data, 31 patients 
(29.8%) died; 74 patients reportedly survived, including 5 not 
treated with antifungals. However, follow-up evaluations after 
therapy discontinuation were reported for just 20 patients (3 
experienced relapses). Despite initial improvement, 6 patients 
had disease progression on antifungal therapy: 5 received tri-
azoles, among whom 4 responded favorably by changing to 
amphotericin B (n = 1) or an alternative triazole (n = 3). Despite 
receiving no or negligible antifungal therapy, 3 patients with 
isolated cutaneous disease recovered: 1 each was treated with 
cryotherapy [34], local excision [35], and traditional medicine 
[36]. Follow-up data were reported for only the first, who had 
no recurrence after a year.

We identified 7 reports describing veterinary blastomycosis 
from A/ME [37–43] (Supplementary Table 5), and 3 reported 
instances of B.  dermatitidis detection from the environment 
[44–47]. Helal et al [44] reported B. dermatitidis isolation from 
Egyptian wastewater. Additionally, Lahmiti et al [45] and Rais 
et al [46] reported from Morocco on a case of blastomycosis in a 
used clothing trader; Blastomyces spores were reportedly iden-
tified on his wares, but further details were absent. Abubakari 
[47] reported isolating B.  dermatitidis from peanut paste ac-
quired from a market in Ghana. No isolates or voucher material 
from veterinary cases or environmental detection were avail-
able for verification.

Genetic analyses have been published for 25 human clin-
ical isolates from A/ME, and were obtained for 9 additional 
human clinical isolates described here. Using multilocus se-
quence typing (MLST), Brown et  al [9] analyzed 78 human 
clinical and environmental Blastomyces isolates; 3 were from 
Africa, including 1 each from the DRC, Zimbabwe, and the 
RSA. Dukik et al [11] used MLST for 2 isolates from the RSA 
(1 was also examined with WGS) and 1 isolate from Israel, 
for which an ITS-partial large subunit (LSU) sequence had 
been obtained [48]. Maphanga et  al [14] performed MLST 
on 18 isolates and WGS analyses for 20 RSA isolates from 
cases of blastomycosis (which included the 2 RSA strains 
also analyzed by Dukik et  al [11]). In addition to these, 
sequences for ITS and D1/D2 were published online for a 
strain from Angola [16]. We newly sequenced ITS for 5 iso-
lates (1 each from Tunisia, Morocco, and Mozambique and 2 
from the RSA) and whole genomes for 4 others (1 each from 
Morocco, Uganda, the DRC, and the RSA). Species iden-
tification was therefore determined for 34 clinical isolates 
from A/ME (Supplementary Table 6). We identified 22 iso-
lates (65%) as B. percursus: 13 from the RSA and 1 each from 
Angola, the DRC, Israel, Morocco, Mozambique, Tunisia, 
and Uganda. There were 9 RSA isolates (26%) identified as 
B. emzantsi, a recently described species [14]. A single isolate 
(3%) from the DRC was identified as B. dermatitidis, and 2 

isolates (6%) from the RSA and Zimbabwe were B. gilchristii 
[9]. Epidemiological and clinical information was available to 
complement sequence-based identification of isolates for 16 
patients (Table 1).

A whole-genome phylogenetic analysis using 505 069 vari-
ants sites placed Blastomyces isolates from A/ME into 2 highly 
divergent groups, B.  emzantsi and B.  percursus (Figure  3). 
Blastomyces percursus isolates appeared more closely re-
lated to B. dermatitidis and B.  gilchristii isolates from North 
America, and B. emzantsi appeared more distantly related as 
a sister clade of this group of species. Isolates of B. percursus 
from the RSA clustered together, while those from Uganda 
(IHEM 26951) and the DRC (IHEM 26955) were more sim-
ilar to each other; an isolate from Morocco (IHEM26957) was 
an outgroup. A  phylogenetic analysis using ITS sequences 
clustered IP 1898.89 (Tunisia), IP 973.68 (Morocco), ATCC 
56214 (Mozambique), ATCC 56215 (RSA), and ATCC 56220 
(Angola) with B.  percursus and ATCC 56216 (RSA) within 
B.  emzantsi. Blastomyces dermatitidis and B.  gilchristii could 
not be distinguished by ITS sequencing.

The A  exoantigen was present on just 5 of 22 A/ME iso-
lates [33, 62–65]. There were 11 strains for which species 
identity and exoantigen were characterized: the A exoantigen 
was present for 3 A/ME strains confirmed as B. dermatitidis 
or B. gilchristii, and absent for 7 strains of B. percursus and 1 
strain of B.  emzantsi (Supplementary Table 6). Macroscopic 
and microscopic characteristics of Blastomyces species from 
A/ME are depicted in Figure 3. Because B. dermatitidis and 
B. gilchristii are morphologically indistinguishable, only the 
latter is shown, in comparison to B. percursus and B. emzantsi, 
morphologically distinct species that have been isolated only 
from A/ME.

DISCUSSION

Until the middle of the 20th century, blastomycosis was 
thought to occur only in NA. The disease was widely referred 
to as North American blastomycosis, primarily for distinction 
from South American blastomycosis, a term then used for 
paracoccidioidomycosis. However, cases have been reported 
sporadically from 25 countries from Africa, 5 countries from 
the Middle East, from India [7], and occasionally elsewhere. 
Based on differences in the morphology, serology, and clinical 
features of infection with Blastomyces from A/ME compared 
to NA, mycologists debated whether these cases were caused 
by the same taxa [8, 32, 50, 60, 66–71]. Based on our review 
of 172 human cases and 7 veterinary reports of blastomycosis 
from A/ME, and on genetic analyses of 34 historic case iso-
lates, we conclude that blastomycosis in A/ME is caused by 
at least 4 pathogens: B.  percursus, with the currently known 
geographic range from Israel to the RSA; B. emzantsi, to date 
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known only from the RSA; and, rarely, B.  dermatitidis and 
B. gilchristii.

In light of this new understanding of the genetic diver-
sity among isolates from A/ME, it is worth revisiting the ob-
served differences between NA and A/ME blastomycosis and 
causative fungi. Clinical differences have been noted between 
cases of blastomycosis occurring on different continents. 
Vandepitte and Gatti [70] reviewed 17 cases of blastomycosis 
diagnosed in Africa up to 1972, and found that osteoarticular 
and cutaneous cases predominated, occurring in 14 (82%) 
and 12 patients (71%), respectively, whereas pulmonary di-
sease affected just 9 patients (53%). Later, Carman et al [5] 
reviewed 59 cases of African blastomycosis reported until 
1987, and similarly found that bone disease predominated 
(64%), followed closely by pulmonary (59%) and cutaneous 
involvement (54%). In our review of 143 patients reported to 
2019, disease most frequently involved the skin (73.0%), fol-
lowed by the lungs (56.7%), and then bones/joints (46.9%). 
In contrast, among large blastomycosis case series from NA, 
pulmonary disease occurred in 82–93% of patients 72–74], 
with cutaneous and osteoarticular involvement in 18–21% 
and 4–15% of patients, respectively [73, 75]. It is possible 
that some cases of pulmonary blastomycosis may be under- 
or misdiagnosed in A/ME because of reduced accessibility 
to invasive lung sampling (eg, via bronchoscopy) and higher 
prevalences of tuberculosis, which it can resemble clinically. 
Among A/ME cases, isolated cutaneous blastomycosis oc-
curred in approximately a quarter of all cases, a proportion 
far higher than observed in NA. For example, isolated cu-
taneous disease was noted in just 4% of patients in a large 
series from Wisconsin [76]. Veterinary blastomycosis has 
been reported much less frequently from A/ME than from 
NA, where canine cases are estimated to outnumber those in 
humans by 10-fold [77].

The observation of hyphal fragments or forms (short seg-
ments of varying width) in tissue associated with cases of 
blastomycosis from A/ME is notable. Hyphal forms were pre-
sent in the histopathology of 23 cases from A/ME (19.5%), 
and occurred in pulmonary as well as extrapulmonary tissue 
(Figure 2B). By comparison, hyphal forms are uncommonly 
observed in patients with blastomycosis from NA [78]. Huerre 
et al [32] observed hyphal forms in tissues of 12 of 14 African 
patients with blastomycosis (comprising up to 42% of fungal 
elements seen) and 5 of 10 NA patients (but never comprising 
>3% of fungal elements). These hyphal forms were reproduc-
ible in experimental murine blastomycosis with 5/5 African 
strains (Figure 2C), versus just 1/5 NA strains [32]. Similar 
hyphal forms were observed in culture for B.  percursus 
by Dukik et  al [11] and by us here (Figure  4F). Although 
Kaufman et  al [62] reported that yeast-like cells of African 
strains were smaller (8–12  µm vs 9–18  µm for NA strains), 
our review suggests the size of yeast-like cells in A/ME cases S
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are variable (in vivo and in vitro), limiting the value of this 
characteristic for distinguishing groups. However, if yeast-
like cells are accompanied by hyphal fragments, B. percursus 
should be considered.

In culture, Vermeil et  al [68] found that African 
B.  dermatitidis strains had more complex conidial ar-
rangements, comprising clusters of solitary conidia. These 
complex “florets” are noted with B.  percursus (Figure  4E) 
and B.  emzantsi (Figure  4H), but not in B.  dermatitidis or 
B. gilchristii (Figure 4B) [11, 12].

Antigenic differences exist for Blastomyces strains from dif-
ferent continents [62, 79]. The A  exoantigen is present on 
B.  dermatitidis and B.  gilchristii—strains that predominate 
in NA, but which together comprised just 2 of the 34 speci-
ated A/ME isolates (9%)—but is absent on B.  percursus and 
B. emzantsi. The A exoantigen is related to the virulence factor 
Blastomyces adhesin-1 (BAD-1) [65], which is present on some 
African Blastomyces strains (since confirmed as B. dermatitidis 
and B.  gilchristii [9]) but lacking on others (including some 
reclassified as B. percursus) [65]. Indeed, Maphanga et al [14] 
found that both B.  percursus and B.  emzantsi isolates lacked 
the full orthologue of the BAD-1 gene. The absence of BAD-1 
among species that predominate in A/ME may contribute 
to the observed clinical differences in NA and A/ME cases of 
blastomycosis.

Our study has limitations. Because not all cases were re-
ported, incidence rates cannot be inferred. The ability to deter-
mine species-level identification by DNA sequencing for only 

34 case isolates limited our comparisons of infections caused 
by different Blastomyces species. In addition, some cases may 
have been misclassified as being from A/ME because of in-
completely reported travel histories. We cannot exclude the 
possibility that some cases reported as blastomycosis were 
African histoplasmosis caused by Histoplasma capsulatum 
var. duboisii, and vice versa. This disease is also character-
ized by the predominant involvement of skin and sometimes 
bone [80], and in tissue the yeast-like cells can be confused 
for Blastomyces because of similarities in the size and presence 
of thick refractile walls. However, whereas Blastomyces yeasts 
are multinucleate and bud at broad bases, H. capsulatum var. 
duboisii yeasts are uninucleate and bud at narrow bases [80]. 
Moreover, H.  capsulatum var. duboisii is found primarily in 
Western and Central Africa [81], whereas Blastomyces spe-
cies appear to span the continent. Finally, heterogeneity in the 
availability of antifungals and the scarcity of follow-up data 
limit analyses of outcomes, and comparisons with data from 
other settings.

In conclusion, blastomycosis has been reported throughout 
A/ME, although the disease likely remains underdiagnosed and 
underappreciated. Clinical and histopathological features may 
differ from the disease in North America, although overlap does 
exist. There are mycological differences; through modern mo-
lecular tools and genetic analyses, we have confirmed the pre-
dictions of some prescient mycologists that the pathogens that 
cause blastomycosis in A/ME are largely distinct from those 
causing the disease in NA.
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Figure 3.  Phylogenetic relationships of African isolates of Blastomyces spp. (Left) Maximum likelihood phylogenetic tree inferred from ITS sequences of 32 isolates of 
Blastomyces spp. and 3 isolates of Histoplasma capsulatum (outgroup). (Right) Maximum likelihood phylogenetic tree inferred from whole-genome SNPs of 28 isolates of 
Blastomyces spp. mapped to the genome of B. percursus BP222. African isolate labels are color-coded by country and represented in the map. Additional Blastomyces iso-
lates from outside Africa or the Middle East are included in the trees for context (ITS: IDR14, 371, TB00011, 241, TB37, TB00040; and WGS: ER3, ATCC18188, ATCC18187, 
ATCC26199, SLH14081, UAMH130). All nodes were supported by 100% of bootstrap replicates. UAMH 10246 was determined as B. dermatitidis, and UAMH10245 and 
UAMH10251 were determined as B. gilchristii by Brown et al [9,14]. Abbreviations: DR Congo, Democratic Republic of Congo; ITS, internal transcribed spacer; SNP, single 
nucleotide polymorphism; WGS, whole-genome sequences.
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Figure 4.  Colonial and microscopic morphologies of Blastomyces gilchristii, Blastomyces percursus, and Blastomyces emzantsi isolates originating from patients in Africa 
or the Middle East. A–C, Blastomyces gilchristii (UAMH 10245 from South Africa [https://www.uamh.ca] used with permission); the appearance of Blastomyces dermatitidis 
is indistinguishable. A, Colony grown at 30℃. B, Conidia produced singly on slightly swollen stalks at 30℃. C, Yeast cell with single broad-based bud at 35℃. D–F, 
Blastomyces percursus (UAMH 7425 from Israel). D, Colony grown at 30℃. E, Conidia borne in clusters (florets; arrow) from slightly swollen cells or singly on slender stalks. F, 
Hyphal fragments and a single budding yeast in culture at 35℃. G–I, Blastomyces emzantsi isolate (South Africa National Institute for Communicable Diseases [SA-NICD-15] 
from South Africa). G, Colony grown at 25℃. H, Conidia borne singly on slender stalks or in florets from slightly swollen cells. I, Swollen hyphal filaments and single budding 
yeast (arrow) at 35℃. All scale bars = 5 µm. Cultures were killed prior to photography (UAMH 10245 and UAMH 7425 by exposure to formalin vapor in a desiccator jar; 
SA-NICD-15 with 2.5% glutaraldehyde).
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