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Abstract 

Introduction: Exposure of subcutaneous tissue following a loss of skin integrity provides 

a suitable environment for microbial colonization and proliferation, which contributes to 

delayed healing and infection of the wound. The aim of this study was to retrospectively 

investigate the spectrum of fungi responsible for skin and soft tissue infections over a 3-year 

period, and to compare the results with those from other parts of the world.  

Material and methods: The study was performed during a 3-year period (2017-2019) 

and included analysis of 11,863 wound samples, which were obtained from patients 

hospitalized at the University Clinics of the “Mother Theresa” campus, City hospital 

”8
th

 September” and University Clinic for Surgical Diseases “St. Naum Ohridski” in Skopje. All 

specimens were analyzed by standard mycological methods at the Institute of Microbiology 

and Parasitology.  

Results: Growth of fungi was confirmed in 5.5%, 5% and 6.2% of the positive speci-

mens, during a 3-year period, respectively. C. albicans was a predominant yeast (67.6%, 63%, 

63.2% in 2017, 2018 and 2019, respectively). Molds were represented by Aspergillus confirmed 

in 3, 4 and 5 specimens, and Fusarium was confirmed in 2, 3 and 3 specimens during the 3-year 

period, respectively. Mucor was detected in 3 patients, in 2019 only. 

Conclusion: Species identification of fungal microbes in wound specimens revealed 

that Candida species was the most predominant species, followed by Aspergillus and non-

Aspergillus molds. It is crucial for every institution that treats patients with wounds to be aware 

of fungi as possible etiological agents of wound infections.  

Keywords: wound, fungi, yeast, mold, infection 

 

Introduction 
Normal function of the skin is to prevent the escape of moisture, colonization and 

invasion of tissues by potential harmful microorganisms [1]. The skin is also a habitat for a 

diverse population of microorganisms. From birth and during life, a person is continuously 

exposed to microbes, many of which are commensal [2]. Most of the resident microbes are of 

great benefit to the host, since they inhibit the transient pathogenic species and keep the 

overall skin health [3].  

Immune dysfunction, skin colonization, gastrointestinal translocation, hospitalization 

with eventual invasive diagnostic and therapeutic procedures, all contribute to development of 
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skin and soft tissue infections (SSTIs). Depending on the type of surgical procedures, various 

microbes could be involved in the pathogenesis of the SSTIs (bacterial, viral, or fungal), which 

enter breaks in the skin and then subsequently invade the subcutaneous tissue, fascia, and 

muscles [4]. A wound represents a simple or a severe disorder of the skin or a tissue. Loss of 

skin integrity provides moist and nutritious environment for proliferation of microorganisms.  

Microbial colonization of wounds presents a possibility for both delayed healing and 

subsequent infection of the wound. This contributes to increased trauma, higher treatment costs 

and increased morbidity and mortality. At the same time, a prolonged use of antibiotics targeting 

bacteria in mixed communities have been shown to provide a basis for fungal expansion in 

mixed bacterial-fungal biofilms [5]. The origin of microbes could be the environment, surroun-

ding skin or endogenous microflora of the patient [6]. It has been shown that wound infections 

could be community or hospital-acquired. It has been shown that fungal communities in wounds 

are predictive of healing time, associated with poor outcomes, and form mixed fungal-bacte-

rial biofilms [7].   

Despite recent advances in medical technology in general, skin and soft tissue infections 

could not be always successfully prevented. Therefore, early microbiological diagnosis is of 

great importance and should be considered as an imperative diagnostic step. The knowledge 

of the most commonly isolated fungal pathogens is crucial and should be continuously moni-

tored in order to establish and update effective antifungal treatment algorithms and guidelines.  

The aim of this study was to retrospectively investigate the spectrum of fungi respon-

sible for skin and soft tissue infections over a 3-year period, and to compare the results with 

those from other parts of the world.  

 

Material and methods 

During a 3-year period (2017-2019), a total of 11,863 wound samples (wound swabs, 

exudates, tissues, punctates, drain swabs, breast swabs, umbilical swabs) were obtained from 

hospitalized patients of several University Clinics at “Mother Theresa” campus (University 

Clinic of Traumatology, University Clinic for Orthopedic Surgery, University Clinic for Dermato-

logy, University Clinic for Plastic and Reconstructive Surgery), the City hospital “8
th
 September” 

and University Clinic for Surgical Diseases ”St. Naum Ohridski” in Skopje, North Macedonia.  

For mycological diagnosis of fungal skin and soft tissue infections, standard mycolo-

gical methods were employed. For isolation and identification of fungi, wound specimens 

were inoculated on standard mycological media that support fungal growth (Sabouraud and/or 

chromogenic CALB medium (Oxoid)). The inoculated plates were incubated 48-72 hours in 

aerobic conditions.  

Mycological identification of grown fungi on species level was performed with mac-

roscopic analysis of characteristics of fungal colonies (color and texture on chromogenic me-

dium) and subsequent microscopic analysis of the reproductive elements (conidia), with Gram 

stain for analysis of yeasts, and with lactophenol blue method for analysis of mold colonies.   

Statistical analysis was performed using the Statistical Package for the Social Sciences 

(SPSS), version 11.0 for Windows. The results of our study are presented in numbers and  

percentages. The annual rates of yeasts and molds over the three-year period were compared 

by Pearson Chi square test. P value less than 0.05 was considered statistically significant. 

 

Results 

The total number of analysed specimens at the Laboratory for microbiological diagnosis 

of skin and soft tissue infections, with number of positive specimens and number of isolated 

microorganisms in the 3-year period are presented in Figure 1. During 2017, 2068/3463 wound 

specimens (59.7%) were positive with 2971 isolated microorganisms in total, and 114 (5.5%) 

of these were positive for fungi. In 2018, a total of 4127 samples were examined, out of which 
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2302 (55.8%) were positive with 3178 isolated microorganisms. Of these, 116 were positive 

for fungi (5%). In 2019, out of 4273 samples 2387 (55.8%) were positive with 3583 isolated 

microorganisms. Of these, fungi were detected in 147 specimens (6.2%). 

 

 
Fig. 1. Total number of specimens, number of positive specimens  

and number of isolated microorganisms in a three-year period 

 

The percentage of positive wound specimens (according to type of specimen), during 

the 3-year period, is presented in Figure 2. According to the type of specimen, the highest 

percentage of positive findings in 2017 was detected from drain swabs, wound swabs and 

breast swabs respectively (67%, 60% and 46%, respectively). In 2018, the percentage of 

positive findings was equal in drain swabs and wound swabs, followed by tissues, punctuates 

and breast swabs (68%, 34%, 30% and 28%, respectively). In 2019, the highest percentage of 

positive findings was identified in drain swabs, followed by wound swabs, and tissues (67%, 

64% and 44%, respectively). 

 

 
Fig. 2. Percentage of positive wound specimens in a 3-year period 

 

As it can be seen from Figure 3, both the number of samples and the number of positive 

samples with a total number of microorganisms have increased during the 3-year period. There 

has been an increasing trend, without major difference during the 3-year period. Also, the 

classification of different microorganisms detected, according to the type of microorganism 

(bacteria or fungi), is presented.  
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A small percentage of the positive findings in our study were due to fungal microor-

ganisms. During 2017, 114 (5.5%) specimens demonstrated presence of fungi. Yeasts were iden-

tified in 109 samples (95.6%), and molds in 5 specimens (4.4%).  

In 2018, 116 specimens were positive for fungi (5%). Yeasts were confirmed in 109 

specimens (94%) and molds in 7 samples (6%).  

In 2019, fungi were detected in 147 specimens (6.2%), with 136 of them positive for 

yeasts (92.5%) and 11 specimens positive for growth of molds (7.5%).  

 

 
Fig. 3. Total number of different microorganisms isolated in a 3-year period 

 

 

Of all positive findings, where fungi were detected, co-infection (or colonisation) with 

bacteria was identified in 23%, 28% and 32% in 2017, 2018 and 2019, respectively. All other 

cases where fungi were detected were due to mono-infection with the fungus only.  

An increase in the fungal-bacterial combinations in wound specimens, which are more 

difficult for treatment, due to mixed biofilms, was noticeable during the 3-year period, but it 

was not statistically significant (p > 0.05).  

All fungal species (yeasts and molds) identified with mycological analysis of the 

wound specimens during the three-year period are presented in Figure 4.  

 

 
Fig. 4. Fungi confirmed with mycological analysis of  

wound specimens during a 3-year period 

 

Out of the totally identified 114 fungi during 2017, 108 isolates were due to presence 

of yeasts of the genus Candida (94.7%). Most often it was C. albicans 67.6% (73/108), but 

other non-albicans Candida were also detected 32.4% (35/108). Only one isolate of the yeast 
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Trichosporon species was confirmed in our study (in 2017). Molds were detected in 5 

specimens, presented with 3 (2.6%) positive samples with Aspergilus species (one case each 

with A. flavus, A. fumigatus and A. niger). Fusarium species was detected in 2 specimens (1.8%).  

During 2018, 93% (108/116) of the isolates were due to presence of yeasts of the genus 

Candida. Again, C. albicans was the most frequent etiological agent 63% (68/108), and slight 

increase in non-albicans Candida was also registered 37% (40/108). Trichosporon species 

was confirmed in one specimen only. Molds were detected in 4 specimens, presented with A. 

fumigatus in all positive specimens (3.5%). Fusarium species was detected in 3 specimens (2.6%).  

Out of the totally identified 147 fungi during 2019, 136 isolates were due to presence 

of yeasts of the genus Candida (92.5%). Again, C. albicans was the most frequent agent of 

fungal infection (63.2%), but rising numbers of other, non-albicans Candida (36.8%) were 

also noticed. The percentage of specimens positive for molds was increased, represented with 

11 positive specimens (7.5%). Five of these samples were due to Aspergillus 3.4% (2 isolates 

were A. fumigatus and 3 specimens were A. niger). Three specimens (2%) were positive for 

the zygomycetes of the genus Mucor.  

The most common fungi (yeasts and molds) isolated from wound specimens are 

shown in Table 1. 

 
Table 1. The most common fungi (yeasts and molds) isolated from wound specimens 

Yeasts and molds 

2017 

Total 114 

N (%) 

2018 

Total 116 

N (%) 

2019 

Total 147 

N (%) 

Candida albicans 73 (64%) 68 (58.6%) 86 (58.5%) 

Non-albicans Candida species 35 (30.7%) 40 (34.5%) 50 (34%) 

Trichosporon species 1 (0.9%) 1 (0.9%) / 

Aspergilus species 3 (2.6%) 4 (3.5%) 5 (3.4%) 

(flavus/fumigatus/niger) (1/2/0) (0/4/0) (0/2/3) 

Fusarium species 2 (1.8%) 3 (2.6%) 3 (2%) 

Mucor species / / 3 (2%) 

 

Candida albicans was identified as the predominant yeast of surgical site infections in 

73/108 specimens (67.6%) in 2017, 68/108 (63%) in 2018 and 86/136 (63.2%) in 2019 respec-

tively (Figure 6). An increase of non-albicans Candida species in wound specimens over the 

3-year period was noticed (30.7%, 34.5%, 34% respectively), but this difference was not sta-

tistically significant (p>0.05) (Figure 5).  

 

 
Fig. 5. Candida yeasts in wound specimens during a 3-year period 

 

Molds were identified in 4.4%, 6.1% and 7.4% wound specimens in 2017, 2018, and 

2019, respectively. Of these, Aspergillus was confirmed in 2.6%, 3.5% and 3.4%, respectively. 
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We identified non-Aspergillus molds as well. Cultures from wound specimens from our pa-

tients revealed presence of Fusarium species in 1.8%, 2.6% and 2% of the analyzed specimens, 

respectively. In 2019, we also detected Mucor species from 3 wound specimens (2%). Aspergillus 

species was identified more frequently. The percentage of positive samples with Aspergillus spe-

cies was rising every year, but the difference was not statistically significant (p<0.05). These 

results are presented in Figure 6. 

 

 
Fig. 6. Number of positive wound specimens with molds during a 3-year period 

 

Discussion 

Many different microorganisms can be responsible for development of skin infections, 

since they find an appropriate environment for colonization and proliferation in deeper tissues of 

the skin. For development of a fungal skin infection, a compromised skin integrity is necessary, 

so the fungal spores are inoculated into the tissue [4]. There are many factors that could be 

responsible for development of fungal infections, but most important are the bacterial/fungal 

load, the types of bacteria/fungi present and their synergistic action and virulence. There are 

also some contributing comorbidities such as persistence of immune deficiency, uncontrolled 

diabetes mellitus, prolonged use of antibiotics/corticosteroids, transplantation of hematopoietic 

stem cells or solid organs, AIDS, IV drug users, chemotherapy, and central venous catheters, 

which could pose additional risk factors for fungal colonization/infection of wounds. It is essen-

tial to start with the appropriate antifungal treatment as soon as possible, given the aggressive 

nature of the fungal infection, since the symptoms and the clinical signs are nonspecific [8, 

9].    

The results of a previous study, which was conducted during a 3-year period, demon-

strated an increasing trend in the number of specimens sent for microbiological analysis, the 

number of positive specimens, as well as the number of isolated microorganisms [10]. Growth of 

fungi, during the same 3-year period, was confirmed in 5.5%, 5% and 6.2% of the totally ana-

lysed specimens, respectively. Candida albicans was identified as the predominant yeast of 

surgical site infections in 73/108 specimens (67.6%) in 2017, 68/108 specimens (63%) in 2018 

and 86/136 specimens (63.2%) in 2019, respectively. Other yeasts were non-albicans Candida 

species, which were not subsequently characterized at subspecies level due to insufficient re-

sources. In the Candida group, there was a slight shift towards the non-albicans Candida species, 

which could result in the necessity of application of additional and more expensive antifungal 

treatment with caspofungin, due to an increasing resistance against fluconazole and treatment 

failures in invasive fungal infections [11]. Although C. albicans is still the principal etiological 

agent of candidiasis, the rising of non-albicans Candida species resistant to antifungal drugs 

such as echinocandins and fluconazole in patients with nosocomial fungal infections is of  

concern in many countries [12, 13]. High mortality rate (30-50%), along with antifungal 
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resistance to antifungal agents among non-albicans Candida species, imposes serious 

medical and economic problems to the society. It is important for clinicians to be aware of the 

development of fungal infections in this high-risk group, particularly after surgical 

interventions, and all Candida species isolated from high-risk patients should be identified to 

species level, as non-albicans Candida species are often associated with higher MICs to 

antifungal agents, or demonstrate resistant profile to antifungal drugs [14].        

In addition to candidiasis, infections caused by non-Candida yeast, such as trichospo-

ronosis, caused by the yeast Trichosporon species, are increasing in immunosuppressed and 

immunodeficient individuals with comorbidities, and have high mortality rates [15]. Trichosporon 

species is ubiquitous in nature and can be part of the human microflora. Sometimes it can 

become pathogenic. Trichosporon species was identified as an etiological agent of surgical site 

infection in one patient each in 2017 and 2018, respectively. These species were identified as 

T. asahii in our study. T. asahii is an emerging fungal pathogen generally associated with 

superficial infections in immunocompetent patients, but invasive and life-threatening infections 

can develop in immunocompromised patients, as demonstrated in our recent study [16]. A re-

cent systematic review of invasive Trichosporon infections over a period of 20 years revealed 

that most infections occurred in patients suffering from hematological malignancies, followed 

by solid organ transplantation, autoimmune disorders and postoperative complications [17]. 

Infections caused by invasive Trichosporon species are frequently associated with central 

venous catheters, vesical catheters and catheter-related devices [18]. The number of reported 

cases of invasive Trichosporon infection has gradually increased over time, especially over 

the past three decades. This increase is likely due to improved diagnosis of malignant diseases 

and implementation of invasive procedures, as well as an increased use of antimicrobial treat-

ment and chemotherapy [19]. ICU patients with invasive procedures are at a high risk for 

invasive trichosporonosis, as shown in our previous study for laboratory identification of T. 

asahii in clinical specimens in our critically ill patients [16]. Unfortunately, the majority of 

the invasive Trichosporon infections result with fatal outcome, because mortality rate due to 

this fungus is very high (80%), especially in immunocompromised hosts. Previous studies 

have shown that the mortality rate of Trichosporon infection can range from 53% to 80% [15]. 

Baraboutis and coworkers described a case of a severely ill patient with no cancer and no 

neutropenia but who developed an ultimately lethal T. asahii mediastinitis and osteomyelitis 

after sternotomy. The patient had been previously colonised with the fungus. Therapy with lipo-

somal amphotericin B had failed to achieve a favorable outcome, despite susceptible antifungal 

profile of the fungus. Even though the addition of voriconazole cleared the fungaemia, the patient 

still had a fatal outcome [20]. Mada and coworkers described a case of a rare invasive fungal 

infection in the absence of typical immunosuppressive conditions commonly associated with 

Trichosporon species, likely contributing to thrombosis and septic thrombophlebitis in a patient 

who was immunocompetent with peripheral vascular disease [21].   

Molds were identified in 5, 7 and 11 wound specimens in 2017, 2018, and 2019, res-

pectively. Of these, Aspergillus species was confirmed in 3, 4 and 5 specimens during the 3-year 

period, respectively. Culture of wound specimens in 2017 revealed presence of A. fumigatus in 2 

specimens, and A. flavus in one specimen. A. fumigatus was a sole species that was confirmed 

in culture of four positive wound specimens in 2018. A. niger was identified in 3 specimens 

in 2019, followed by A. fumigatus in 2 positive specimens. A systematic review of surgical site 

infections in immunocompetent individuals caused by Aspergillus infections, revealed more 

than 500 patients with postoperative aspergillosis. This review demonstrated cases following 

heart surgery (188), neurosurgery (25), dental surgery (>100), ophthalmological surgery (>90), 

orthopedic surgery (42), vascular prosthetic surgery (22), abdominal surgery (10) and breast 

surgery (5). Reports of wound infections (22), bronchial infections (30), mediastinitis (11) and 

pleural aspergillosis (1) were also included [22]. According to findings of Burik and coworkers, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/neurosurgery
https://www.sciencedirect.com/topics/medicine-and-dentistry/smear-layer
https://www.sciencedirect.com/topics/medicine-and-dentistry/digestive-system-surgery
https://www.sciencedirect.com/topics/medicine-and-dentistry/bronchitis
https://www.sciencedirect.com/topics/medicine-and-dentistry/mediastinitis
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-aspergillosis
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Aspergillus species are also commonly cultured from cutaneous infections in immunocom-

promised patients. In the upper extremity, primary cutaneous aspergillosis is often associated 

with skin injuries such as burns, surgical wounds, or sites of IV or catheter insertion and 

typically presents as erythema and induration progressing to necrosis [23]. Among cases of 

cutaneous aspergillosis without HIV positive status or burn patients, the following organisms 

were identified: A. flavus 44%; A. fumigatus 26%; Aspergillus species (the species not deter-

mined) 10%; A. terreus 6%, A. niger 6%, A. glaucus  4%, A. chevalieri 3% and A. ustus 1%. 

In our study, we identified non-Aspergillus molds as well. Cultures from wound spe-

cimens from our patients revealed presence of Fusarium species in 2, 3 and 3 specimens in 

2017, 2018, and 2019, respectively. Fusarium species occur ubiquitously in natural environments, 

particularly in soil. Humans can be infected through breaks in the skin due to trauma or surgi-

cal intervention. This can result in a broad spectrum of infections, ranging from superficial to 

locally invasive or disseminated infections. Fusarium species have emerged as important 

pathogens, especially in immunocompromised patients [24]. In neutropenic patients, Fusarium 

species can cause soft tissue infections, pneumonia, and disseminated disease with 

characteristic metastatic skin lesions and a high mortality rate [25]. Immunocompromised 

patients with skin lesions should also be checked for blood cultures. Early identification of 

Fusarium species in immunocompromised patients is very important, because Fusarium species 

have variable susceptibilities to the antifungal agents that are currently used [26]. 

In 2019, we also detected Mucor species from 3 wound specimens. Mucormycosis is 

a serious but rare fungal infection caused by a group of molds called mucormycetes. These 

molds live throughout the environment. Although most studies regarding mucormycosis report 

Rhizopus species as the most common pathogen, in our study, Mucor species was the only 

mucormycetes recovered from the specimens. Mucormycosis is typically seen in immuno-

compromised patients, but invasive cutaneous infections in otherwise immunocompetent 

hosts is also possible. Cutaneous mucormycosis in healthy patients is frequently the result of 

trauma and occurs via direct inoculation of fungi into a traumatic wound [27]. Treatment involves 

topical and/or systemic antifungal chemotherapy plus surgical debridement when clinically  

indicated. Surgeons must be aware of the atypical and aggressive nature of infections that 

occur in transplant patients and others who are immunocompromised [28]. The need for early 

surgical intervention and multiple debridement procedures should be recognized. Mortality 

due to these infections can be very high, due to delayed diagnosis, since symptoms can be 

atypical, and due to spread of infection by angioinvasion. Increased knowledge of the epide-

miology, clinical presentation, diagnosis, treatment and prognosis for these unusual mold in-

fections could improve their early diagnosis and successful treatment [29].  

 

Conclusion  

In conclusion, species identification of fungi in wound specimens in our study revealed 

that C. albicans was still the predominant fungal species, followed by different Aspergillus 

species and non-Aspergillus molds, like Fusarium and Mucor species. The possibility of fungal 

infections should always be considered, especially in patients where the infection occurs a 

week or more after the surgical intervention, or if the patient has several risk factors.  

Due to the aggressive nature of fungal infections, a multidisciplinary approach is crucial 

for every institution that treats patients with wounds. With early clinical, as well as mycological 

diagnosis, multiple debridements, aggressive antifungal treatment, and careful modulation of 

immunosuppression, better clinical outcomes are achievable. 
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