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Abstract: Phoma species are phytopathogens that are widely distributed in the environment, most
commonly found in aquatic systems and soil. Phoma spp. have the potential to be pathogenic in
plants, animals and humans; the latter is a rare occurrence. However, as our immunocompromised
population increases, so do the reports of these infections. Medical advances have allowed for
the increase in solid organ transplantation; chemotherapies to treat malignancies; and the use of
other immunosuppressive agents, which have resulted in a greater population at risk when exposed
to diverse fungi including Phoma spp. These fungi have been isolated from water sources, food,
and crops; thus acting as opportunistic pathogens when the right host is exposed. Phoma spp.
contaminates common food sources such as potatoes and maize, a common species isolated being
Phoma sorghina. Though there is potential for causing infection via consumption of contaminated
foods, there is insufficient data detailing what levels of organism can lead to an infection, and a
regulated process for detecting the organism. The spectrum of disease is wide, depending on the
host, ranging from cutaneous infections to invasive diseases. Mortality, however, remains low.
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1. Introduction

Phoma is a polyphyletic genus of fungal organisms belonging to the phylum Ascomycota, class
Dothideomycetes, order Pleosporales, and family Didymellaceae, as depicted in Figure 1 [1–3].
Phoma spp. was conceptualized in the 19th century by Italian mycologist Pier Andrea Saccardo
(1880), and almost 100 years later updates were made to the definition and classification of the genus
by Gerhard Boerema and Gerrit Bollen (1975) [4,5]. Greater than 220 species were formally recognized
in the handbook, “Phoma Identification Manual” by Boerema et al. with identification determined
by morphological characteristics, such as the formation of conidia (asexual spores), pycnidia (asexual
fruiting bodies), and chlamydospores (enlarged, thick-walled vegetative cells within hyphae or at
hyphal tips) [6,7]. Phoma spp. classically has been grouped in the class Coelomycetes due to such
morphological features. However, this classification has been determined to be obsolete as a result
of the increased use of phylogenetic analyses used to classify Phoma spp. Though obsolete, the term
Coelomycetes is still used in the clinical setting [2]. Overall, classification of fungi as a whole is
under dynamic revision due to availability of modern molecular techniques for analysis of fungi
at the genomic, transcriptomic, and proteomic level. Current data suggests that all fungi may be
encompassed within three phyla, thus future studies are needed to truly classify Phoma spp. within
the kingdom fungi [8].
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Phoma spp. constitutes a diverse group of organisms that are ubiquitous; generally found in
soil, organic matter, plants, and water sources. Fungal organisms belonging to the genus Phoma are
known to be phytopathogens, characterized by parasitic relationships with plants. Phoma spp. can
change from opportunistic to pathogenic organisms once in contact with the appropriate host [9].
The species have been reported to be an opportunistic invasive pathogen in animals and humans.
The first documented case caused by Phoma spp. proven mycologically and histologically in a human
was a subcutaneous lesion in a post-renal transplant patient in 1973 [10]. The infections resulting from
Phoma spp. are increasing with the advancement of medicine, primarily due to the increase in patients
who are at risk due to immunosuppression.

Given the consistent rise in opportunistic fungal infections correlating to an increase in individuals
who are immunosuppressed [11], food sources typically contaminated by Phoma spp. can pose a greater
threat to humans than just causing rot in crops. Consumption of foods that Phoma spp. commonly
contaminate can serve as fomites for invasive fungal infections. Phoma spp. have been known
to contaminate seeds, nuts, soybeans, potatoes, bananas, sorghum, maize, kiwi berries, lemons,
tomatoes, eggplants, and pomegranates [12–26]. Phoma spp. produce metabolites, which can be
cytotoxic; including cytochalasin A and B, deoxaphomin, proxiphomin and tenuazonic acid [27–30].
Phoma sorghina produces tenuazonic acid, a mycotoxin which has been reported to cause acute
toxic effects in animals, such as precancerous changes in esophageal mucosa in mice who were fed
tenuazonic acid over the course of 10 months [31]. Oliveira et al. reports that production of tenuazonic
acid secondary to ingestion of Phoma sorghina infected grains may correlate with a hemorrhagic disorder
in humans known as onyalai in Brazil [19]. Given that Phoma spp. is a contaminant in a variety of foods
and has the potential for pathogenicity, it seems that additional standardized food safety practices are
warranted for individuals who are immunocompromised.
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Figure 1. Phoma species schema based on current classification data utilizing morphologic and
molecular characterization data. (1) Basidiomycota and Ascomycota are more closely related to
one another than to other phyla. (2) Use of molecular based phylogenetic analyses has restricted the
Phoma genus to Phoma herbarum sp. within family Didymellaceae.
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2. Morphology and Molecular-Based Taxonomy

Distinguishing features of the Phoma spp. include the ability to form asexual fruiting bodies lined
with conidiophores, which are spore-producing hyphae. The colonies tend to be powdery or velvety
in texture and spread, while the pigmentation can vary from greenish gray to brown [32]. Phoma spp.
in vitro exhibit morphological features such as chlamydospores, conidia, and pycnidial conidiomata
(fruiting structures that act as a means of dispersing conidia), which are unique to the genus, helping
distinguish them from other dematiaceous fungi [6,33]. The isolation and growth of Phoma spp. best
occurs at a pH close to 5.5. The growth media type aids in producing the best growth characteristics in
Phoma spp. identification; oatmeal agar supports abundant pycnidia production and malt extract agar
stimulates pigment production and crystal formation [5].

The high variability in microscopic morphology results in ambiguity in the classification of the
genus, thus phenotypic characters are not always distinctive between the Phoma spp. The Phoma
genus originally was considered to be within the Coelomycetes class due to the character of the
conidiomata and the development of conidia by the fungi in the Phoma spp. Modern technologies
have demonstrated that the Coelomycetes refers to an artificial class of fungi, distributing the genera
and species which it represented into the three classes of the phylum Ascomycota [34]. Molecular
datasets have gained popularity in re-classifying the taxonomy of the species. Molecular-based
analyses that have been utilized to help delineate the Phoma genus include examination of nuclear
rDNA sequences (ITS: internal transcribed spacer regions), fragments of the 28SnrRNA gene (LSU),
the RNA polymerase II gene (rpb2), and the beta-tubulin (tub2) gene [33,35]. The extensive use of
molecular-based phylogenetic analyses has restricted the Phoma genus to Phoma herbarum within the
family Didymellaceae with Figure 1 demonstrating the current taxonomy. Even with molecular and
morphological data, the Phoma genus is still taxonomically controversial.

3. Ecological Distribution

Due to the ubiquitous nature of fungi, Phoma spp. has been reported in multiple natural habitats
including aquatic environments, water distribution systems, soil and air [36–42]. While the existence
of Phoma spp. contamination in water systems has been well documented, recent data demonstrates
they are also a contaminant of multiple food sources [13].

In a recent report, Paterson et al. discussed the role food contaminated with fungi plays in the
development of opportunistic infections [18]. Their report details a database of potentially pathogenic
filamentous fungi that have been isolated from food/crops in which Aspergillus spp., Fusarium spp.,
and Mucor spp. were isolated from a variety of foods such as gingerbread, soy products, pasteurized
beverages, tea, wheat, butter, cinnamon, cashew nuts, cauliflowers, maple syrup and sugarcane [18].
Aspergillus spp. were reported to be present in the majority of food samples reviewed, including cereals,
dairy products, nuts, vegetables, and fruit. Foods which are grown in close proximity to soil appear
to be more contaminated, given that soil is a known source of pathogenic fungi. Phoma sorghina has
been noted as a pathogenic organism involved with food contamination in bananas and sorghum [18].
Phoma spp. are fungal pathogens of potatoes, typically causing rot or gangrene. The specific species
isolated from potatoes include Phoma foveata, Phoma exigua var. exigua and Phoma eupyrena [43].

The exposure to Phoma spp. in food sources varies globally. Adekoya et al. investigated the
occurrence of fungi and mycotoxins in maize-based beer known as umqombothi in South Africa [21].
The beer samples analyzed via PCR in combination with 16S gene sequencing method revealed the
presence of Aspergillus, Penicillum, Saccharomyces and Phoma genera. The total mean fungal load was
3.66 × 105 CFU/mL, which exceeded the permissible limit, 1 × 104 CFU/g, of fungi in ready-to-eat
foods determined by the US Food and Drug Administration [44]. Phoma sorghina was isolated in 62%
of the beer samples, with an incidence of 23% and a mean fungal load of 2.40 × 106 CFU/mL [21].
The presence of Phoma sorghina may correlate with the use of raw materials, such as sorghum malt, used
in the production of umqombothi [21]. The occurrence of mycotoxins was also investigated in the study,
with the most prominent being deoxynivalenol, typically associated with Fusarium verticilliodes [21].
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Phoma sorghina has been reported as a common fungal contaminant in sorghum grain
production [45–47]. Sorghum is a cereal grain, which is ranked as one of the top five most important
and consumed cereal crops in the world [19,48]. Oliveira et al. surveyed 100 samples of sorghum grains
in Brazil to assess the production of tenuazonic acid (a mycotoxin) of Phoma sorghina strains during
sorghum development [19]. The maturity of sorghum consists of four stages, and Phoma spp. was the
most prevalent genus isolated. There were 104 Phoma spp. isolates discovered during the analysis, and
all were identified as Phoma sorghina [19]. A positive correlation, though not statistically significant,
was found between the frequency of Phoma sorghina and occurrence of tenuazonic acid; the highest
average level of tenuazonic acid, 440.5 µg/kg, was observed during the fourth stage of maturity when
Phoma sorghina reached its greatest frequency of 87.4% [19]. Though traditionally considered nuisance
organisms in water sources and food/crops, fungi have the potential to be opportunistic pathogens in
certain populations, especially the immunocompromised who utilize and consume the contaminated
water and crops.

The natural habitats of opportunistic fungal pathogens are outside the host; therefore, we need to
understand their ecology and routes of transmission. As exemplified in the few reports listed, these
pathogens are quite ubiquitous in all environments.

4. Clinical Significance

In many documented clinical case reports, patients report trauma or immunosuppressive drug
use. The first reported human case of an infection caused by a Phoma spp. dates back to 1956;
although due to taxonomic changes, this fungal pathogen may not currently belong to the Phoma
genus [49]. The next case reported is that of a young Canadian farmer with skin lesions on her lower
extremity, which resolved with treatment [50]. The first immunocompromised host was reported
by Young et al. in a patient who had undergone kidney transplantation; her infection was fully
resolved [10]. A comprehensive review of the literature revealed 32 cases, as depicted in Table 1,
with some possibly needing reassessment given the newest taxonomy. Of these cases, the age range
is from one month old to 77 years old with a total of three pediatric cases (9.4%) [51–53]. Most of
the cases were skin injuries ranging from superficial to deep trauma and comprising 22/32 subjects
(69%) [10,50,51,53–67]. Five infections (16%) were eye related, due to either trauma or contact lens
wear [68–72]. Three cases (9.4%) involved the lung [49,72,73]; one was an onychomycosis [74]; and one
was an invasive rhinosinusitis [52].

Phoma spp. identification remains controversial and difficult at times and, as noted in most of the
cases reported, the organism is labeled as Phoma spp. only and no speciation is noted; 17/32 (53%).
The other species reported include Phoma hibernica, Phoma cava (2), Phoma oculo hominis, Phoma eupyrena,
Phoma minutispora, Phoma minutella, Phoma sorghina (2), Phoma exigua, Phoma glomerata, Phoma herbarum,
and Phoma insulana. Three cases included polyfungal infections with other somewhat rare fungal
organisms present; the most devastating case being one with Phoma spp. and Acremonium in an
infant with invasive rhinosinusitis. However, overall mortality was low at 2/32 (6.3%) deaths when
compared to mortality from other common fungal infections. The two patients in the reported cases
were highly immunosuppressed due to chemotherapy—one with acute myeloid leukemia and the
other with acute lymphoblastic leukemia [52,73]. Immunosuppression was mostly due to oral steroids,
chemotherapy, diabetes, and other immunosuppressives in the setting of transplantation. Infections
in the immunocompetent host were usually due to trauma or another type of inoculation as seen in
contact lens wearers. Although pathogenic fungi has been isolated from multiple food/crop sources,
there has not been a direct correlation in the reported cases; however, this correlation may be difficult
to establish. We need to remain vigilant of the ubiquitous presence of fungi and the exposure to
our patients.
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Table 1. Infections Caused by Phoma spp. in Humans.

Isolated Fungus Gender/Age Source/History Immunosuppression Treatment/Outcome Reference

Phoma spp. N/A Pulmonary N/A N/A Janke, D. et al. 1956 [49]

Phoma hibernica F/22 Skin (deep leg) Topical steroids Oral griseofulvin/clinical improvement Bakerspigel, A. 1970 [50]

Phoma spp. F/42 Skin (deep heel) Azathioprine; prednisone;
s/p renal transplant Debridement/resolved Young, N.A. et al. 1973 [10]

Phoma cava M/4 Skin (superficial ear) Otherwise healthy Oral griseofulvin;
corticosteroid/resolved Gordon, M.A. et al. 1975 [53]

Phoma oculo hominis N/A Eye (Corneal ulcer) Otherwise healthy N/A Punithalingam, E. 1976 [75]

Phoma cruris- hominis F/? Subcutaneous N/A N/A Punithalingam, E. 1979 [54]

Phoma eupyrena M/18 mos. Skin (perioral lesions) Otherwise healthy
Clotrimazole;
15% zinc oxide paste;
Dimethicone/resolved

Bakerspigel, A. et al. 1981 [51]

Phoma minutispora
Phoma minutispora

M/18
M/20

Skin (face)
Skin (neck)

Typhoid fever
Oral steroids

Topical clotrimazole/resolved
Topical clotrimazole/resolved Shukla, N.P. et al. 1984 [55]

Phoma minutella M/75 Skin (deep foot)
Farmer from Dominican Republic

Steroid therapy
Diabetes mellitus

Debridement; amputation for secondary
gangrene/resolved Baker, J.G. et al. 1987 [56]

Phoma sorghina
Phoma sorghina

M/24
M/19

Skin (face, neck, hands)
Skin (face)

Otherwise healthy
Otherwise healthy

Topical miconazole/resolved
Topical miconazole/resolved Rai, M.K. 1989 [57]

Phoma spp. F/24 Pulmonary (lung mass) Acute Lymphocytic Leukemia;
chemotherapy

Left lower lobectomy Amphotericin
B/resolved Morris, J.T. et al. 1995 [72]

Phoma spp. M/45 Skin (deep/hands) Otherwise healthy Itraconazole; ketoconazole/clinical
improvement Hirsh, A.H. et al. 1996 [58]

Phoma spp. F/24 Skin (deep face) Topical steroids Ketoconazole/resolved Rosen, T. et al. 1996 [59]

Phoma cava M/63 Skin (deep hand) Pulmonary sarcoidosis; oral
steroids Amphotericin B; itraconazole/resolved Zaitz, C. et al. 1997 [60]

Phoma spp.
Phoma spp.

M/49
M/53

Skin (plantar; foot)
Skin (plantar; foot)
[Both Phoma and
Scopulariopsis brevicaulis grew
from the strateum corneum]

Atopic dermatitis
Atopic dermatitis

Topical bifonazole and
ketoconazole/No improvement;
lost to follow up
Topical bifonazole and ketoconazole/no
improvement; lost to follow up

Arrese, J.E. et al. 1997 [61]

Phoma spp. M/77 Skin (deep) Otherwise healthy Itraconazole/resolved Oh, C.K. et al. 1999 [62]

Phoma spp. M/72 Eye (keratitis)
Globe trauma Otherwise healthy Debridement; keratectomy Rishi, K. et al. 2003 [68]
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Table 1. Cont.

Isolated Fungus Gender/Age Source/History Immunosuppression Treatment/Outcome Reference

Phoma spp. F/50 Skin (deep hand) s/p renal transplant Surgical debridement;
amphotericin B/resolved Everett, J.E. et al. 2003 [63]

Phoma spp. M/19 Skin (deep face) N/A Amphotericin B Suh, M.K. 2005 [64]

Phoma exigua M/68 Pulmonary Acute myeloid leukemia;
Diabetes mellitus

Amphotericin B; left
pneumonectomy/death Balis, E. et al. 2006 [73]

Phoma glomerata M/32
Eye (endophthalmitis)
Retinal detachment surgery after
penetrating globe injury

None noted Amphotericin (intravitreal);
voriconazole (intravitreal)/resolved Errera, M.H. et al. 2008 [69]

Phoma herbarum F/36

Nail, toe
[Phoma herbarum,
Chaetomium globosum, and
Microascus cinereus were isolated]

Otherwise healthy Allylamine; sertaconazole/resolved Tullio, V. et al. 2010 [74]

Phoma spp. M/69 Skin (ganglion cysts on wrist, forearm) Diabetes mellitus Oral itraconazole; surgical
excision/resolved Vasoo, S. et al. 2011 [65]

Phoma spp. F/1 mo.
Sinus (invasive rhinosinusitis)
[Phoma and Acremonium spp.
were isolated]

Acute lymphoblastic leukemia;
s/p chemotherapy

Amphotericin B; posaconazole;
voriconazole; debridement/death with
progressive rhinocerebral extension

Roehm, C.E. et al. 2012 [52]

Phoma spp.
Phoma spp.

M/45
M/48

Skin (deep knee)
Skin(deep knee)

Diabetes mellitus;
s/p liver transplant
s/p renal transplant;
s/p pancreas transplant

Oral ketoconazole; surgical excision
Oral itraconazole; surgical excision Schieffelin, J.S. et al. 2014 [66]

Phoma spp. F/79 Eye (keratitis)
(Risk factor: used contact lenses) Otherwise healthy Oral itraconazole; amphotericin eye

(intravitreal); keratoplasty/resolved Kumar, P. et al. 2015 [70]

Phoma spp. F/59 Eye (corneal ulcer and abscess)
(Risk factor: used contact lenses) Otherwise healthy Amphotericin B; (intravitreal);

keratoplasty McElnea, E. et al. 2015 [71]

Phoma insulana M/79

Skin (deep foot)
Foot laceration which evolved over
27 years compatible with chromo-
blastomycosis

Chronic alcoholism, smoker None/lost to follow up Hernández-Hernández, F. et al.
2018 [67]



Microorganisms 2018, 6, 58 7 of 12

5. Management

The mainstay of management is surgical resection of infected tissues whenever possible. Of the
32 infections reported in the literature (Table 1), topical and oral/intravenous antifungal agents were
used. Topical agents such as clotrimazole and miconazole were used in most of the cutaneous infections;
intravitreal amphotericin B or voriconazole in the ocular infections. Systemic therapy was used in
patients with infections other than cutaneous disease and if their immune status was compromised.
Antifungal agents used included amphotericin B, ketoconazole, itraconazole, voriconazole and
posaconazole; oral griseofulvin was used prior to the approval of azoles. Excision of cysts, nodules
and other skin lesions without antifungal treatment usually is curative in the immunocompetent host;
the immunocompromised usually requires concurrent systemic antifungal treatment [76].

In vitro antifungal susceptibility of pathogenic fungi is important information for the clinician
when selecting the appropriate antifungal drug and deciding on the route of administration.
For the filamentous fungi, species-specific breakpoints have only been proposed for a limited number of
fungal species and clinical breakpoints are lacking for most emerging mold pathogens. Valenzuela et al.
reported one of the most comprehensive studies aiming at determining the distribution of the
Coelomycetes in clinical samples by phenotypic and molecular characterization and in vitro antifungal
susceptibility pattern of nine antifungal agents (Table 2) [34,77]. Antifungal testing showed that
terbinafine, echinocandins (caspofungin, micafungin and anidulafungin) and amphotericin B were the
most active against Phoma spp. (7) and Phoma herbarum (10) with a minimum inhibitory concentration
(MIC) range of <0.03. Azole susceptibility varied and flucytosine showed poor antifungal activity
(MIC range 0.5–16; MIC90 4–16). Another report by Sutton et al. had similar results with amphotericin B
and itraconazole being the most active and fluconazole exhibited an MIC 32 [52]. Everett et al. reported
fluconazole and flucytosine resistance in an infection in a renal transplant patient [63]. Treatments
are not well established for these fungi due to the lack of clinical breakpoints and the difficulty of
performing antifungal susceptibility testing.

6. Discussion

Phoma spp. remains a taxonomically controversial genus; morphological and molecular data
has been generated, but many questions remain. Molecular tools will aid in the identification and
classification or re-classification of the Phoma complexities. Infections due to Phoma spp. remain low
when compared to other fungi. However, the majority of these cases (13/32; 41%) were reported in
the literature over the last two decades. Phoma spp. are found in water distribution systems, public
bathrooms and other public areas such as swimming pools, bodies of water, plants, soil, air and food.
This wide distribution allows for high exposure in patients who are both immunocompetent and
immunocompromised. Inoculation through trauma is common in the immunocompetent but exposure
to the immunocompromised is harder to elucidate and subsequently prevent. Perhaps, new guidelines
need to be instituted for filamentous and yeast monitoring of water distribution systems, given our
growing immunocompromised population.

In addition to surveillance of water distribution systems, healthcare providers and individuals
who are immunosuppressed should also be aware of, and possibly monitor, specific foods for fungal
contaminants. Analogous to water sources, foods and crops similarly pose a risk of developing
opportunistic fungal infections in immunocompromised patients as fungal contaminants in food have
the potential to be pathogenic. In a 10-year surveillance of fungal contamination of food within a
hematological unit, a protocol of food management was analyzed, revealing that filamentous fungi
were isolated from 37/456 (8.1%) types of food [78]. Processed cheeses, fruit and honey were the food
types with the highest numbers of samples that tested positive for filamentous fungi. Of the 42 genera
isolated, Penicillum spp. (22/42), Aspergillus spp. and Cladosporium spp. were the most frequent genera
isolated [78]. Phoma sorghina has similarly been isolated from similar types of food such as sorghum
and bananas [18]. The potential for fungal infection certainly exists, given fungal pathogens have
been isolated from an assortment of ingested products. In order to better assess which foods pose a
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risk, molecular detection of fungal organisms, which has become more prevalent in identifying fungal
species, could be used to detect fungal pathogens in food sources consumed by high-risk individuals in
a timely manner. This type of monitoring would be more relevant for foods that have not been exposed
to high temperature, long before digestion. This form of target monitoring will only be valuable if
viable fungal specimens can ultimately be isolated.

As technology advances, a clearer delineation of Phoma spp. versus non-Phoma spp. fungal
organisms will lead to timelier identification and possibly improved treatment. Education about the
hazards of exposure to Phoma spp. for susceptible populations as well as for medical facilities that
treat such patient populations will hopefully lead to decreasing the incidence of filamentous fungal
infections in the at-risk populations.

Table 2. Results of in vitro Susceptibilities of Systemic Antifungals to Phoma spp.

Organism Value for the Drug (Microgram/mL)

AMB 1 5-FC ITC VRC FLC PSC KTC TRB MFG CFG AFG MON NAT

Valenzuela-Lopez, N. et al. 2017 [11]

Phoma spp.
Range 2 0.03–4 0.5–16 0.03–2 0.03–2 -- 0.03–1 -- ≤0.03 ≤0.03 ≤0.03 ≤0.03 -- --

MIC90 0.25 4 0.5 1 -- 0.5 -- 0.03 0.03 0.03 0.03 -- --

Ph. herbarum
Range 0.12–2 0.5–16 0.25–4 0.06–4 -- 0.12–1 -- ≤0.03 0.03–0.06 0.03–0.12 0.03–0.12 -- --

MIC90 1 16 1 1 -- 1 -- 0.03 0.06 0.12 0.06 -- --

Sutton, D.A. 1999 [48]

Phoma spp.
MIC

HIBreakpoints 3

1
<1 = S,
>2 = R

16
<16 = S,
>32 = R

16
<0.5 = S,
>1 = R

--
32

<32 = S,
>64 = R

--
8

<8 = S,
>16 = R

-- -- -- --
8

<8 = S,
>16 = R

32
<32 4

1 Abbreviations are as follows: AMB: amphotericin B, ITC: itraconazole, 5-FC: 5-fluorocytosine, VRC: voriconazole,
FLC: fluconazole, POSA: posaconazole, KTC: ketoconazole, TRB: terbinafine, MFG: micafungin, CFG: caspofungin,
AFG: anidulafungin, MON: miconazole, NAT: natamycin/pimaracin. 2 Range: MIC90: minimum inhibitory
concentration of drug that inhibited 90% of isolates, MIC: minimum inhibitory concentration, --: Not performed.
3 Breakpoint: chosen concentration of an antibiotic which defines whether a species of bacteria is susceptible or
resistant to the antibiotic, S = susceptible, R = susceptible. 4 Values < 32 presumed susceptible.
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