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A 42-year-old male from an urban informal settlement in Cape Town, South Africa, was seen
at a tertiary-care hospital for progressively enlarging lesions on his nose. He had initially presented to medical care 6 months earlier with a 3-month history of anorexia, weight loss, nonproductive cough, and nasal congestion. An HIV test was reactive, and his CD4 count was 32
cells/μL. He also had renal insufficiency with a creatinine clearance of 40 mL/min. Two weeks
after diagnosis, he was initiated on antiretroviral therapy (ART) consisting of lamivudine (150
mg by mouth twice daily), stavudine (30 mg by mouth twice daily), and efavirenz (600 mg by
mouth once daily). One week later, he developed widespread erythematous nodules and plaques on his face and a crusted mass on his nose (Fig 1A). A chest X-ray demonstrated a reticular opacity within the right middle lobe. A skin biopsy of a facial plaque demonstrated a
minimal inflammatory response (Fig 1B). Methenamine silver staining revealed small (3–5μm) yeast-like cells with occasional narrow-based budding (Fig 1C). Fungal culture of skin tissue and blood grew Emergomyces africanus (formerly Emmonsia sp.); identification was confirmed by sequencing of the internal transcribed spacer region (ITS). He was treated with
intravenous amphotericin B deoxycholate (1 mg/kg) for 14 days. Thereafter, his ART was
changed to lamivudine (150 mg by mouth twice daily), zidovudine (300 mg by mouth twice
daily), and combination lopinovir/ritonavir (400/100 mg by mouth twice daily), and he was
commenced on itraconazole (200 mg capsule orally once daily, to be taken with food) to continue for 1 year pending immune reconstitution.
Soon after initiating antifungal therapy, the patient’s constitutional and respiratory symptoms abated, and the cutaneous lesions improved over several weeks. However, the nasal
lesions never completely resolved despite reported adherence to ART and itraconazole.
Approximately 4 months after completing amphotericin B, his nasal lesions worsened over 1
month and he was referred to our tertiary-care centre for further evaluation.
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Fig 1. Clinicopathological features of a patient with HIV-associated emergomycosis initially and following antiretroviral-mediated immune
reconstitution. (A) Clinical appearance of skin lesions at first biopsy. (B, C) High-power magnification histology of first skin punch biopsy showing (B) scanty
macrophages and apoptotic nuclear debris around superficial dermal vessels (haematoxylin and eosin stain, x400) and (C) numerous small budding yeasts
(Grocott methenamine silver stain, x400). (D) Clinical appearance at the time of second biopsy five months after the first. (E, F) High-power magnification
histology of second skin punch biopsy showing (E) replacement of the entire dermis by dense sheets of foamy macrophages and admixed lymphocytes
(haematoxylin and eosin stain, x400) and (F) isolated yeast-like structures (arrows; Periodic acid-Schiff stain, x400).
https://doi.org/10.1371/journal.pntd.0006173.g001

On examination, multiple disfiguring verrucous lesions involving the entire bulb of the
nose and smaller plaque-like lesions on his face were present (Fig 1D). His chest X-ray was
normal. His full blood count and renal function were normal. His CD4 count was 110 cells/μL
and his HIV-1 viral load was undetectable. A repeat skin biopsy was performed, and histopathological examination revealed the presence of an intense inflammatory reaction (Fig 1E). Periodic acid-Schiff staining revealed inconspicuous, scanty yeast-like structures (Fig 1F). From
fungal culture of skin biopsy tissue grew a dimorphic fungus that was again identified phenotypically and confirmed by ITS sequencing as E. africanus.
Antifungal susceptibility testing was performed in parallel on the yeast phases of the 2 isolates cultured from skin tissue 5 months apart. The results were identical: the itraconazole
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Fig 2. Clinical appearance of skin lesions after treatment with amphotericin B followed by itraconazole and concomitant prednisone tapered
over three months.
https://doi.org/10.1371/journal.pntd.0006173.g002

minimum inhibitory concentration (MIC) was <0.008 μg/ml and 0.002 μg/ml using a broth
microdilution method and E-test [1], respectively. Itraconazole therapeutic drug monitoring
was not performed because it is unavailable in South Africa.
The patient was treated again with intravenous amphotericin B deoxycholate for 14 days.
Two days into therapy, prednisone 1 mg/kg daily was added with modest improvement in the
facial lesions. On completion of amphotericin B, itraconazole (200 mg capsule by mouth once
daily) was resumed, the prednisone was reduced to 30 mg by mouth daily, and the patient was
discharged from hospital. At follow-up 2 weeks post-discharge, his facial lesions continued to
improve (Fig 2). The prednisone was reduced to 15 mg daily for a further 2 weeks and then
stopped.
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After 10 months of HIV-1 virological remission and clinical remission of the skin lesions,
the patient stopped his ART and itraconazole and relocated temporarily to another province
for work. Three months later, he had returned to the Western Cape province and presented to
care with fever, weight loss, and emesis. Blood testing demonstrated virological failure, with an
HIV-1 viral load of 5.3 log10 copies/mL. Five days later, he was hospitalized for severe sepsis;
he was pyrexic and had severe anemia with a hemoglobin of 4.5 g/L. Sputum cultures, realtime PCR (GeneXpert MTB/Rif, Cepheid Inc., Sunnyvale, CA), and urinary lipoarabinomannan (Determine TB-LAM Ag, Alere, Waltham, MA) were all negative for Mycobacterium
tuberculosis. Fungal and mycobacterial blood cultures, cerebrospinal fluid examination by
Gram stain, culture, real-time PCR for M. tuberculosis, and cryptococcal antigen (IMMY CrAg
LFA, ImmunoMycologics, Norman, OK) were all negative. He received a blood transfusion
and was treated empirically with broad-spectrum antibacterials and amphotericin B but deteriorated further, and on day 6 of hospitalization, he died. A post-mortem examination was not
performed, and the cause of death remains uncertain.

Discussion
South Africa has the highest burden of HIV worldwide, with approximately 7 million people
living with HIV; however, only half of those eligible for ART are accessing treatment [2,3]. In
addition, late-stage disease at presentation is common, with more than a third of patients
presenting with CD4+ counts less than 100 cells/mm3 [4]. E. africanus is a recently-described
species of dimorphic fungus that causes an AIDS-related systemic mycosis known as emergomycosis (previously disseminated emmonsiosis) in South Africa [5–7]. Disease most commonly involves the skin but can also affect the lungs, liver, and bone marrow [7]. Skin lesions
have been reported to erupt or become more numerous after ART initiation, suggesting that
an unmasking immune reconstitution inflammatory syndrome (IRIS) is frequently involved
[7,8].
This report illustrates a case of emergomycosis complicated by progression of lesions and
persistence of culturable fungus after amphotericin B and nearly 6 months of itraconazole and
despite ART-mediated immune reconstitution. The histopathological observation of few yeasts
and abundant inflammatory response in the patient’s second skin biopsy (compared to the
findings of abundant yeasts but little inflammation noted on the biopsy at initial presentation),
combined with the observed clinical improvement with a regimen that included prednisone,
suggest that a paradoxical IRIS (apparent clinical worsening of disease previously controlled
upon immune recovery, e.g., ART-mediated CD4+ T-cell lymphocyte repletion) may have
contributed to this presentation. Paradoxical IRIS has been reported for other systemic mycoses including cryptococcosis [9] and occasionally other endemic mycoses like histoplasmosis
[10,11] and coccidioidomycosis [12].
On the other hand, treatment failure is suggested by the isolation of E. africanus from the
second biopsy of affected skin despite extensive prior antifungal therapy. Parallel in vitro antifungal susceptibility testing excluded itraconazole resistance, implying that the clinical deterioration may have been due to inadequate itraconazole exposure. The possibility of poor
adherence to medication cannot be excluded.
Itraconazole is commonly recommended for long-term management of endemic mycoses
in immunocompromised patients [13,14], and it has recently been added to the World Health
Organization (WHO’s) Essential Medicines List [15]. However, clinicians should be aware of
variables that can affect plasma concentrations of this drug [16]. Firstly, bioavailability of the
capsule formulation is poor and can be affected by a number of conditions [17]. Bioavailability
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is enhanced by gastric acidity [18] and reduced 40% in the fasting state compared to when
taken with food [16]. Absorption is reduced by 50% in patients with AIDS compared to
healthy volunteers [19], possibly mediated by AIDS-related hypochlorhydria [20]. Secondly,
itraconazole is a substrate of cytochrome P450 3A4 isoenzyme; consequently, drug–drug interactions are a concern [21]. Protease inhibitors (PIs) such as ritonavir cause increased serum
concentration of itraconazole, and elevated levels have been linked to toxicity, notably prolongation of the QT interval [22]. Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
cause decreased serum concentrations of itraconazole [21]. Inadequate levels have been associated with poor treatment outcomes for some mycoses [20,23], and thus coadministration is
not recommended [24]. Integrase inhibitors, however, are not expected to interact with the
pharmacokinetics of itraconazole and may therefore be useful in this setting [25,26]. Given the
difficulty in predicting plasma itraconazole levels from dosing, therapeutic drug monitoring is
strongly recommended for itraconazole by the British Society for Medical Mycology [27].
Without access to therapeutic drug monitoring in sub-Saharan Africa and other resource-limited regions, and in the absence of robust population-pharmacokinetic data in Africans with
advanced HIV infection, clinicians must consider all factors that may affect plasma concentrations and response to therapy, including known interactions with PIs and NNRTIs [26].
Patient education on the importance of adherence to prolonged therapy despite symptomatic
improvement, emphasis on strategies—such as coingestion with food—to enhance bioavailability of itraconazole tablets, and close follow-up are essential to optimize the likelihood of
successful clinical outcomes.

Ethics statement
This study was approved by the University of Cape Town Faculty of Health Sciences Human
Research Ethics Committee (HREC 138/2014). Consent to publish this case report, including
photographs, was provided by the patient’s wife.

Key learning points
• E. africanus causes a disseminated endemic mycosis among immunocompromised
hosts in southern Africa.
• Systemic fungal infections should be considered in patients with advanced HIV disease
who present with widespread skin lesions that are accompanied by systemic symptoms
and/or abnormal chest radiographs.
• Itraconazole exposure can be increased in patients taking PIs and decreased in patients
taking NNRTIs and rifampin (among other agents).
• The lack of itraconazole therapeutic drug monitoring in South Africa may result in
patients being improperly dosed.
• The clinical manifestation of cutaneous lesions caused by E. africanus can depend on
the patient’s immune status and can thus be dynamic.
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Domı́nguez-Gil Hurlé A, Sánchez Navarro A, Garcı́a Sánchez MJ. Therapeutic drug monitoring of itraconazole and the relevance of pharmacokinetic interactions. Clin Microbiol Infect. Blackwell Publishing
Ltd; 2006; 12: 97–106. https://doi.org/10.1111/j.1469-0691.2006.01611.x

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006173 March 8, 2018

6/7

18.

Lim SG, Sawyerr AM, Hudson M, Sercombe J, Pounder RE. Short report: the absorption of fluconazole
and itraconazole under conditions of low intragastric acidity. Aliment Pharmacol Ther. 1993; 7: 317–
321. https://doi.org/10.1111/j.1365-2036.1993.tb00103.x PMID: 8117350

19.

Smith D, Van de Velde V, Woestenborghs R, Gazzard BG. The pharmacokinetics of oral itraconazole in
AIDS patients. J Pharm Pharmacol. Blackwell Publishing Ltd; 1992; 44: 618–9. https://doi.org/10.1111/
j.2042-7158.1992.tb05478.x

20.

Cartledge JD, Midgely J, Gazzard BG. Itraconazole solution: higher serum drug concentrations and better clinical response rates than the capsule formulation in acquired immunodeficiency syndrome
patients with candidosis. J Clin Pathol. 1997; 50: 477–80. PMID: 9378812

21.

Lestner J, Hope WW. Itraconazole: an update on pharmacology and clinical use for treatment of invasive and allergic fungal infections. Expert Opin Drug Metab Toxicol. 2013; 9: 911–926. https://doi.org/
10.1517/17425255.2013.794785 PMID: 23641752

22.

Lestner JM, Roberts SA, Moore CB, Howard SJ, Denning DW, Hope WW. Toxicodynamics of itraconazole: implications for therapeutic drug monitoring. Clin Infect Dis. 2009; 49: 928–30. https://doi.org/10.
1086/605499 PMID: 19681707

23.

Denning DW, Lee JY, Hostetler JS, Pappas P, Kauffman CA, Dewsnup DH, et al. NIAID Mycoses
Study Group Multicenter Trial of Oral Itraconazole Therapy for Invasive Aspergillosis. Am J Med. 1994;
97: 135–44. PMID: 8059779

24.

Vadlapatla RK, Patel M, Paturi DK, Pal D, Mitra AK. Clinically relevant drug-drug interactions between
antiretrovirals and antifungals. Expert Opin Drug Metab Toxicol. 2014; 10: 561–580. https://doi.org/10.
1517/17425255.2014.883379 PMID: 24521092

25.

Hughes CA, Foisy M, Tseng A. Interactions between antifungal and antiretroviral agents. Expert Opin
Drug Saf. 2010; 9: 723–42. https://doi.org/10.1517/14740331003752694 PMID: 20345324

26.

Schwartz IS, Wasserman S. Itraconazole and antiretroviral therapy: strategies for empiric dosing. Lancet Infect Dis. 2017; 17: 1122–3. http://dx.doi.org/10.1016/S1473-3099(17)30568-6 PMID: 29115262

27.

Ashbee HR, Barnes RA, Johnson EM, Richardson MD, Gorton R, Hope WW. Therapeutic drug monitoring (TDM) of antifungal agents: guidelines from the British Society for Medical Mycology. J Antimicrob
Chemother. Oxford University Press; 2014; 69: 1162–76. https://doi.org/10.1093/jac/dkt508 PMID:
24379304

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006173 March 8, 2018

7/7

