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Abstract

Objective: Mucormycosis is an uncommon and often fatal fungal infection. Few case series studies have been conducted in our
country, highlighting the importance of our research. The aim of this study was to analyze the epidemiological, clinical,
biological, and therapeutic characteristics of affected patients.

Design: Single-center, longitudinal, retrospective and descriptive study of 10 patients admitted in Military Hospital of Tunis
and confirmed with mucormycosis over a 5-year period (2019-2023). Mycological diagnosis was made in the laboratory of
parasitology-Mycology of the same hospital.

Setting: Epidemiological, clinical and mycological data were collected and analysed using Excel software. In cases where
mycological diagnosis was difficult, PCR sequencing of ITS 2 region was performed.

Participants: Tunisian patients with confirmed mucormycosis were included.

Primary outcomes: We investigated in-hospital mortality during the study period.

Results: The average annual incidence was 2 patients, with a mean age of 53.6 years and a sex ratio of 1.5. Diabetes was the
most common risk factor, affecting 90% (n=9) of patients. Clinical manifestations included rhino cerebral, cutaneous, and
pulmonary forms, occurring in 70% (n=7), 20% (n=2), and 10% (n=1) of cases, respectively. Direct microscopy was positive
in 90% of cases (n = 9), and fungal culture in 100% (n = 10). Four species were identified. Rhizopus arrhizus was the most
frequently isolated species, found in 70% of cases (n=7). All our patients were treated with amphotericin B. Surgical excision
and hyperbaric oxygen therapy were performed in seven patients each (70%). The mortality rate was 30% (n=3).

Conclusion: our study aims to contribute to the analysis of mucormycosis on a national scale, to highlight ideas for research
and to alert all healthcare professionals to the problems associated with the management of this potentially fatal infection.

Keywords: Mucormycosis, Rhizopus arrhizus, diagnosis, Amphotericin B.

Introduction few studies involving case series. This study aimed to analyze

Mucormycosis is rare but often fatal invasive fungal infection
although. It is caused by filamentous fungi classified in the order
Mucorales [1]. This opportunistic infection mainly occurs in
particular  conditions:  severe neutropenia, unbalanced
acetoketotic diabetes, immunosuppression following organ
transplantation or HIV infection [1,2].

Inhalation of the spores is the most frequent mode of
contamination, which explains the areas of predilection for
infection, particularly the nasal cavities, sinuses and lungs.
There is also the possibility of contamination through the skin
or digestive tract [3]. The non-specific clinical manifestations,
and the rapid progression of lesions explain contribute to the
high mortality rate wich ranges from 40 to 50%. Confirmation
of the diagnosis is based on mycological and
anatomopathological examinations [2].

Mucormycosis currently represents an epidemiological
challenge due to the increase in its incidence and the lack of
available local data. It also raises diagnostic difficulties, due to
the non-specificity of clinical manifestations, which leads to
delays in diagnosis and treatment. In Tunisia, there have been

the epidemiological, clinical, biological and therapeutic features
of ten mucormycosis cases.

Materials and Methods

Study Design and Setting

We conducted a retrospective, descriptive, longitudinal study at
a single tertiary care center. The study included ten patients with
confirmed mucormycosis diagnosed between 2019 and 2023 at
the Laboratory of Parasitology-Mycology, Military Hospital of
Tunis, Tunisia.

Data Collection
For each patient, we collected age, sex, medical history, clinical
manifestations, nonspecific laboratory results, mycological
findings, complications, treatment, and clinical outcome. Data
were extracted from medical records and analyzed using
Microsoft Excel.

Mycological Diagnosis

Clinical specimens were obtained aseptically by biopsy or
swabbing. Direct examination in 30% potassium hydroxide
(KOH) revealed broad, ribbon-like, pauci-septate hyphae with
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right-angle branching typical of Mucorales. Cultures were
performed on Sabouraud dextrose agar. Species identification
was based on macroscopic and microscopic characteristics.
When conventional diagnosis was inconclusive, PCR
amplification and sequencing of the internal transcribed spacer
2 (ITS2) region were performed and compared with sequences
in the NCBI GenBank database [3]. Antifungal susceptibility
testing using E-test on RPMI agar was performed for two
isolates (Rhizopus arrhizus from patient 2 and Rhizomucor
miehei from patient 3).

Results

The average annual incidence was two cases per year over the
five-year period, with a peak of five cases in 2021. The mean
age was 53.5 years (x14.7), ranging from 29 to 74 years. The
sex ratio was 1.5, with 60% males (n=6) and 40% females (n=4).
Mucormycosis was distributed as follows: rhinocerebral (n = 7,
70%), cutaneous (n = 2, 20%), and pulmonary (n = 1, 10%).
Diabetes mellitus was the most common underlying condition
(n =9, 90%), followed by intensive care unit admission (n = 3,
30%) and renal failure (n = 3, 30%). Other risk factors included
postoperative wounds or trauma (n = 2 each, 20%), neutropenia
(n =1, 10%), and acute myeloid leukemia (n = 1, 10%). Half of
the patients (n = 5, 50%) had hypertension, and two had a recent
history of COVID-19 infection (20%).

Direct microscopy was positive in 90% of cases (n = 9), and
fungal culture in 100% (n = 10). Rhizopus arrhizus was the most
frequently isolated species (n = 7, 70%) (figure 1). Lichtheimia
spp. (figure2), Rhizomucor miehei (figure 3), and Saksenaea
vasiformis (figure 4) were each identified in a single case (10%
each).

Figure 1: Macroscopic (A) and microscopic (B) aspects of Rhizpopus
arrizus spp; Scale bar 50 um (case 2).
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Figure 2: Macroscopic (A) and icroscopic (B,C) aspects of
Lichtheimia spp; Scale bar 100um (case 1).

Figure 3: Macroscopic aspect of the culture (A) and microscopic
aspects (B) of Rhizomucor miehei; scale bar: 100um (case 3).

Figure 4: Macroscopic aspect of the culture (A) and
microscopic aspects (B) of Saksenaea vasiformis; scale bar:
100um (case 6).

Rhizopus arrhizus showed MICs of 0.25 pg/mL for
amphotericin B and 8 pug/mL for voriconazole, with resistance
to fluconazole (>256 ug/mL) and caspofungin (>32 pg/mL).
Rhizomucor miehei exhibited MICs of 0.25 pg/mL for
amphotericin B and 2 pg/mL for voriconazole, and was resistant
to fluconazole (>256 pg/mL) and caspofungin (>32 pg/mL).

All patients received amphotericin B. Surgical debridement was
performed in eight cases (80%) and hyperbaric oxygen therapy
in seven (70%). The mortality rate was 30% (n=3). Table 1
summarizes the epidemiological, clinical, biological, and
outcome data of the cases included in our study.

Ameri J Clin Med Re, 2025

ISSN: 2835-9496

Vol. 5(10): 2 of 7



Table 1: Summary table of the collected clinical cases.

Pati Age Medical Clinical Location of Direct Culture and
Year | (years)/ - : . - Sample examinatio | Species Treatment Evolution
ent history signs infection : A
Sex n identification
. Irregular
Diabetes type 2 erythematou Presence of
Hypertension s-scaly and Swab at the mycelial Lichtheimia
1 2020 | 74/F Femoral neck caly Cutaneous site of the bt - Amphotericin B | Death
painful rash . filaments of | spp
fracture operation
. near the mucorales
Osteoporosis . .
surgical site
Diabetes type 2 | Acute - Liposomal
Hypertension invasive Presence of Amphotericin B
2 2020 53/M Cr_lromc kidney smugms of Rhinocerebral | Biopsy mycellal Rhlzppus - Su_rglcal Favorable
failure the right filaments of | arrhizus excision
Dyslipidemia maxillary mucorales - Hyperbaric
Gastritis sinus oxygen therapy
Acute myeloid fpeéi/r::Stem Rhizomucor
3 2020 | 29/F leukemia Dyspnea Pulmonary Biopsy Negative miehei (PCR) | Amphotericin B | Death
Hemoptysis
Fever
Purulent
rhinorrhea
Right nasal - Amphotericin B
. obstruction Presence of .
Diabetes type 2 Jugular mycelial Rhizopus - Surgical
4 2020 | 39/M Gout disease swelling Rhinocerebral | Biopsy filaments of | arrhizus e)I:CISIOrE ; Favorable
extending to mucorales - nyperbaric
the eye oxygen therapy
Lower
eyelid
edema
_ Pu_rulent Presence of - Amphotericin B
Diabetes type 2 | rhinorrhea mveelial Rhizobus Local
5 2021 | 68/M Hypertension Necrotic Rhinocerebral | Biopsy ny op debridement Favorable
) filaments of | arrhizus .
asthma lesions of mucorales - hyperbaric
the palate oxygen therapy
Extension of Presence of - Surgical
Diabetes type 2 NECTosiS Cutaneous . mycelial SaKsenaga excision
6 2021 | 48/M leading to Biopsy - vasiformis : Death
Trauma . filaments of - Liposomal
amputation (PCR) -
mucorales Amphotericin B
Necrtotic - Amphotericin B
. . Presence of
Diabetes type 2 | lesion of the mveelial Rhizobus Local
7 2021 | 68/M Hypertension palate with Rhinocerebral | Biopsy b4 op debridement Favorable
) . filaments of | arrhizus .
Kidney failure | pus - hyperbaric
mucorales
oxygen therapy
Alteration of o
Diabetes type 2 the general Presence of ] Amproterlcm B
covip-19 | condition . : mycelial | Rhizopus - Loca
8 2021 | 47/F infection Swelling Rhinocerebral | Biopsy filaments of | arrhizus debndeme_nt Favorable
around the - hyperbaric
. mucorales
left orbit oxygen therapy
fever
Left facial
pain
Left -
headache Presence of ) ﬁ(r)r;zlhoterlcm B
. facial . . mycelial Rhizopus :
9 2021 | 45/M Diabetes type 2 paralysis Rhinocerebral | Biopsy filaments of | arrhizus df]brldebme_nt Favorable
Purulent mucorales - nyper ?]”C
secretions oxygen therapy
Edema left
hemiface
10 Headache
Ptosis of the
. right eye
Diabetes type 2 Binocular - Amphotericin B
Hypertension diplopi Presence of Local
Kidney failure P r(])pla hi || Bi mycelial Rhizopus - Loca |
2022 | 63/F Obstructive Rl_g t Rhinocerebral | Biopsy filaments of | arrhizus debrldeme_nt Favorable
blindness - hyperbaric
sleep apnea Lesions at mucorales h
syndrome oxygen therapy
the level of
the middle
turbinate
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Discussion

Our study is monocentric, allowing us to provide uniformity in
sample collection, analysis and processing procedures, which
enhances the reliability of the results obtained. The number of
cases in our series (10 cases over a period of 5 years) is both an
advantage, given the rarity of this infection, and a disadvantage,
as the number of cases reduced the power of the statistical
analyses performed. Nevertheless, certain limitations of our
work must be mentioned. The data must be interpreted with
caution due to the limitations inherent in the retrospective nature
of the data and the risk of bias.

In Spain, the incidence of mucormycosis increased from 1.2 to
3.3 cases/100,000 admissions between 2005 and 2017 [4]. In
France, the incidence of zygomycosis was raised from 0.7 to 1.2
cases per million [5]. The Tunisian studies showed an increasing
number of cases per year [6-10]. Several factors explain this
increase, including the expansion of the population at risk, such
as patients with diabetes, haematological malignancies, solid
organ transplants and other immunocompromising conditions.
In addition, the use of prophylactic voriconazole may modulate
the virulence of mucorales [11].

The mean age was 53.5 years, and a male predominance with a
sex ratio of 1.5 was found in our study. Our results are
comparable with those published by the majority of Tunisian
series, which also show a male predominance (Table Il). This
male predominance may be partly explained by the higher
prevalence of diabetes and its complications among men, as
reported in previous studies [12,13].

Nine of our patients had diabetes mellitus. Diabetic ketoacidosis
is a well-recognized risk factor for invasive fungal sinusitis.
Under conditions of metabolic acidosis, the reduced affinity of
transferrin for iron and the activity of ketone reductase which
converts ferric to ferrous iron lead to increased levels of free
iron, thereby promoting fungal growth [14].

Kidney failure was the second most common risk factor (30%)
after diabetes in our series. This result is consistent with
Tunisian studies. Global epidemiological data have highlighted
kidney failure as an emerging risk factor [1]. Table 2 presents
the clinical and epidemiological characteristics of patients
reported in the Tunisian literature.

Table 2: Presentation of patients in Tunisian literature according to epidemiological data.

Authors Year Study Number of | Cases/ Average sex-ratio | Risk factors
period cases year age (years) | M/F Diabete | Other risk factors (%)
(years) s (%)
Battikh et al [10] 2002 6 3 0,5 52,33 2 100% Kidney failure (30%)
Ferchichi et al [11] | 2006 4 4 - 51 1 100% -
kacem et al [12] 2014 14 12 0,85 - 0,7 60% -
Bellazreg F et al | 2015 13 5 0,38 60,8 4 60% Leukemia (20%)
[13]
Frikha et al 2016 18 23 1,27 57,3 1,5 82,6% Kidney failure (22%)
[14] Immunodeficiency
(4%)
Our study 2023 5 10 2 53,6 1,5 90% Kidney failure (30%)
Postoperative
injury/wound (20%)
Acute myeloid leukemia
(10%)

In our study, a patient with acute myeloid leukaemia developed
neutropenia  following chemotherapy, leading to the
development of pulmonary mucormycosis. Haematological
malignancy is the most common underlying condition for
mucormycosis in Europe and the USA, with an incidence
ranging from 38% to 62%. Individuals with acute myeloid
leukaemia, myelodysplastic syndrome, haematopoietic stem cell
transplantation and acute lymphoblastic leukaemia are at higher
risk to develop mucormycosis during the neutropenic phase
[1,2].

Two patients with cutaneous mucormycosis had a post-
operative wound or trauma as a risk factor. Cutaneous
mucormycosis is mainly influenced by traumatic events, such as
open wounds, road accidents, surgery, etc. Infection can be
classified as localized, deep or partially disseminated. A
localized infection is seen in 32-56% of patients, usually
confined to skin and subcutaneous tissue, without invading
adjacent sites [1,4].

Mucormycosis is usually suspected based on results of direct
microscopy of clinical specimens, preferably stained with
fluorescent brighteners’ calcofluor white or blankophor.
Mucorales hyphae have a variable width of 6-16 pum, but may
be up to 25 pm, and are non-septate or pauci-septate with 90°
branching angle. Culture of specimens is strongly recommended
for genus and species identification, and for antifungal
susceptibility testing. Homogenisation of tissue should be
avoided before culturing. Incubation at 30°C and 37°C
separately is strongly recommended [3].

In our research, molecular biology was used for 2 patients.
Detection of Mucorales DNA in serum by quantitative PCR
(gPCRY) is a non-invasive approach that can optimize therapeutic
management. Indeed, gPCR can be performed as soon as the
first clinical signs appear. Several retrospective studies have
already revealed that it can anticipate the diagnosis of
mucormycosis by 3 to 68 days in patients suffering from
haemopathy, trauma and renal transplantation. This is of vital
importance, as early initiation of targeted antifungal treatment is
crucial to improving prognosis [15].
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A multicentre  MODIMUCOR study was carried out
prospectively on 232 individuals with suspected invasive fungal
infections and revealed a sensitivity of 85.2% and a specificity
of 89.8% for quantitative PCR (qPCR). The first quantitative
PCR-positive serum for mucorales was detected a median of 4
days before the collection of the first mycology- or histology-
positive sample, and a median of one day before the first
imaging. Negative mucorales qPCR within seven days of
initiation of liposomal amphotericin B was correlated with a
reduced mortality rate of 85% [16]. Molecular biology
techniques are therefore excellent and highly effective, allowing
rapid diagnosis and prognosis. However, PCR is not a substitute
for mycological and histological diagnosis, but a complement.

Table 3 provides a comparative overview of literature data based
on the identified Mucorales species and site of infection. As
worldwide, Rhizopus arrhizus is the most widespread species
[1,2]. In Tunisia, although the majority of studies that have
carried out mycological identification have found the presence
of the species. Rhizopus arrhizus with percentages exceeding
70% [2,8,17-19]. Rhizopus arrhizus was isolated in all cases of
rhinocerebral mucormycosis in diabetic patients. We isolated
three other species: Saksenenae vasiformis, Lichtheimia spp.
and Rhizomucor miehei. This highlights the importance of
understanding local epidemiology. In addition, the use of more
efficient techniques such as molecular biology has improved
diagnosis.

Table 3: Comparison of reported cases by Mucorales species and site of Infection.

Authors/Country Study period | Number  of | Infection site (%0) Mucorales species (%)
cases

Our study 2019-2023 10 Rhinocerebral (70%) Rhizopus arrhizus (70%)

Tunisia Cutaneous (20%) Saksenenae vasiformis (10%)

Pulmonary (10%)

Lichtheimia spp. (10%)
Rhizomucor miehei (10%)

Kacem et al. [12] 2000-2014 12

Rhinocerebral (70%0)

Rhizopus arrhizus (75%)

Tunisia Pulmonary (30%)

Anane et al. [17] 1992-2007 17 Rhinocerebral Rhizopus arrhizus (100%)
Tunisia

Ammari et al. [18] 1988-2004 4 Rhinocerebral (50%0) Rhizopus arrhizus (75%)
Tunisia Sinus (50%)

Gouzien et al. [2] 2012-2022 550 Pulmonary (52,4%) Rhizopus arrhizus (21,2%)

France

Rhinocerebral (14,5%)
Cutaneous-articular (17,1%)
Disseminated and other sites (16%)

Sakiada et al. [19]
Europe

2005-2007 230

Pulmonary (30%)
rhinocerebral (27%)
cutaneous (26%)
disseminated (15%)

Rhizopus spp (34%),
Mucor spp (19%)
Lichtheimia spp (19%)

The therapeutic approach to mucormycosis is based on
treatment of underlying conditions, administration of antifungal
agents, and surgery. Medical treatment is based on intravenous
administration of amphotericin B. Liposomal formulations of
amphotericin B, formulated to reduce renal toxicity, enable high
doses to be administered with less side-effects. The duration of
treatment varies from six weeks to three months, with high doses
of 5 to 15 mg/kg per day [20].

In localized forms, surgery significantly improves outcomes,
offering a favorable risk-benefit balance despite possible
complications [6]. The combination of an antifungal agent with
surgical debridement is essential because of the poor diffusion
of antifungal agents in necrotic tissue [17]. Hyperbaric oxygen
therapy has been suggested in the literature as a complementary
treatment because of its fungistatic properties and its
involvement in the neovascularisation of ischemic areas [17].

The mortality rate in our study was 30%. It ranges from 40% to
80%, with rates varying according to underlying conditions and
sites of infection. The highest survival rates are observed in
patients with a healthy immune status and no comorbidities. The
poorest outcomes are observed in patients with haematological
malignancies and hematopoietic stem cell transplant recipients,
as well as in patients with extensive burns. Although the disease
is better understood and more treatment options are available,
survival rates in mucormycosis remain low [20].

Conclusion

Mucormycosis mainly affects immunocompromised patients,
particularly those with uncontrolled diabetes. Despite the
limited number of studies in Tunisia, our results align closely
with national findings. PCR and sequencing are essential tools
for diagnosis and prognosis. However, conventional microscopy
has proved to be a valuable method for rapid and reliable
diagnosis. Further nationwide studies are needed to improve our
understanding of the epidemiology of the disease.

Ethical Form

Written informed consent was obtained from the patient or legal
guardian(s) for publication of this case series. A copy of the
written consent is available for review by the Editor in-Chief of
this journal on request.

Funding
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of Interest
There are none.

Acknowledgements
Not applicable.

Ameri J Clin Med Re, 2025

ISSN: 2835-9496

Vol. 5(10): 5 of 7




Citation: Mtibaa L, Samaali E, Halwani C, Bechikh R, Zakraoui M, et al. (2025) Mucormycosis: A Tunisian Case Series of Ten
Patients and Literature Review. Ameri J Clin Med Re: AJICMR-241.

References

1.

10.

Prakash H, Chakrabarti A. Global Epidemiology of
Mucormycosis. Journal  of Fungi. 2019; 5(1):26.
https://doi.org/10.3390/j0f5010026

Gouzien L, Che D, Cassaing S, Lortholary O, Letscher-Bru
V, Paccoud O, Obadia T, Morio F, Moniot M, Cateau E,
Bougnoux ME, Chouaki T, Hasseine L, Desoubeaux G,
Gautier C, Mahinc-Martin C, Huguenin A, Bonhomme J,
Sitbon K, Durand J, Alanio A, Millon L, Garcia-Hermoso
D, Lanternier F; French Mycoses Study Group.
Epidemiology and prognostic factors of mucormycosis in
France (2012-2022): a cross-sectional study nested in a
prospective surveillance programme. Lancet Reg Health
Eur. 2024 Aug 7;45: 101010. doi:
10.1016/j.lanepe.2024.101010. PMID: 39220434; PMCID:
PMC11363841.

Lackner N, Posch W, Lass-FIorl C. Microbiological and
Molecular Diagnosis of Mucormycosis: From Old to New.
Microorganisms. 2021  Jul  16;9(7):1518.  doi:
10.3390/microorganisms9071518. PMID:  34361953;
PMCID: PMC8304313.

Guinea J, Escribano P, Vena A, Mufoz P, Martinez-
Jiménez MDC, Padilla B, Bouza E. Increasing incidence of
mucormycosis in a large Spanish hospital from 2007 to
2015: Epidemiology and microbiological characterization
of the isolates. PLoS One. 2017 Jun 7;12(6): e0179136. doi:
10.1371/journal.pone.0179136. Erratum in: PLoS One.
2020 Feb 12;15(2): €0229347. doi:
10.1371/journal.pone.0229347. PMID: 28591186; PMCID:
PMC5462442.

Bitar D, Van Cauteren D, Lanternier F, Dannaoui E, Che D,
Dromer F, Desenclos JC, Lortholary O. Increasing
incidence of zygomycosis (mucormycosis), France, 1997-
2006. Emerg Infect Dis. 2009 Sep;15(9):1395-401. doi:
10.3201/eid1509.090334. PMID: 19788806; PMCID:
PM(C2819884.

Lamaris GA, Ben-Ami R, Lewis RE, Chamilos G, Samonis
G, Kontoyiannis DP. Increased virulence of Zygomycetes
organisms following exposure to voriconazole: a study
involving fly and murine models of zygomycosis. J Infect
Dis. 2009 May 1;199(9):1399-406. doi: 10.1086/597615.
PMID: 19358672.

Mauvais-Jarvis F. Epidemiology of Gender Differences in
Diabetes and Obesity. Adv Exp Med Biol. 2017; 1043:3-8.
doi: 10.1007/978-3-319-70178-3_1. PMID: 29224087.
Raizada N, Jyotsna VP, Kandasamy D, Xess |, Thakar A,
Tandon N. Invasive fungal rhinosinusitis in patients with
diabetes. J Infect Dev Ctries. 2018 Sep 30;12(9):787-793.
doi: 10.3855/jidc.9699. PMID: 31999638.

Rammaert B, Lanternier F, Poirée S, Kania R, Lortholary
O. Diabetes and mucormycosis: a complex interplay.
Diabetes Metab. 2012  Jun;38(3):193-204.  doi:
10.1016/j.diabet.2012.01.002. Epub 2012 Mar 3. PMID:
22386924.

R. Battikh, I. Labbene, N. Ben Abdelhafidh, M. Bahri, A.
Jbali, B. Louzir, F. M'saddek, M. Ferjani, S. Gargouri, M.A.
Dhabhri, S. Othmania, Mucormycose rhinofaciale : a propos
de 3 cas, Volume 116, Issue 8, 08/2003, Pages 377-430,
ISSN  0399-077X,  http://dx.doi.org/10.1016/S0399-
077X(03)00006-4
(http://www.sciencedirect.com/science/article/pii/s039907
7x03000064)

11.

12.

13.

14.

15.

16.

17.

18.

19.

L. Ferchichi, A. Chadli-Debbiche, W. Koubaa, O. Khayat,
N. Labbéne, O. Ben Gamra, A. Khedim, M. Ben Ayed, La
mucormycose rhinocérébrale chez le diabétique: A propos
de quatre observations,Journal des Maladies Vasculaires,
Volume 31, Issue 2,2006,Pages 85-87,ISSN 0398-0499,
https://doi.org/10.1016/S0398-0499(06)76524-6.

A. Kacem, N. Garrouche, I. Mjendel, G. Jaffel, S. Aissa, W.
Benzarti, 1. Gargouri, H. Bensalem, A. Hayouni, A.
Fathallah, A. Abdelghani, A. Garrouche, M. Benzarti, Prise
en charge des mucormycoses pulmonaires et
rhinocérébrales : a propos de 12 cas, Volume 4840, Issue
100, 01/2015, Pages Al1-A296, ISSN 0761-8425,
http://dx.doi.org/10.1016/j.rmr.2015.10.558
(http://www.sciencedirect.com/science/article/pii/S0761-
8425(15)00923-7)

Bellazreg F, Hattab Z, Meksi S, Mansouri S, Hachfi W,
Kaabia N, Ben Said M, Letaief A. Outcome of
mucormycosis after treatment: report of five cases. New
Microbes New Infect. 2014 Dec 27;6: 49-52. doi:
10.1016/j.nmni.2014.12.002. Erratum in: New Microbes
New Infect. 2016 Feb 27;11: 28-31. doi:
10.1016/j.nmni.2016.02.009. PMID: 26137308; PMCID:
PMC4484545.

F. Frikha, E. Elleuch, D. Lahiani, A. Tlijani, I. Chaari, B.
Hammami, M. Mseddi, H. Turki, C. Marrakchi, M. Ben
Jemaa, Particularitts des  mucormycoses  rhino-
orbitocérébrales : étude de 23 cas, Volume 4942, Issue
1012, 12/2016, Pages S71-S440, ISSN 0151-9638,
http://dx.doi.org/10.1016/j.annder.2016.09.525
(http:/lwww.sciencedirect.com/science/article/pii/ S0151-
9638(16)30930-9)

Millon L, Larosa F, Lepiller Q, Legrand F, Rocchi S,
Daguindau E, Scherer E, Bellanger AP, Leroy J,
Grenouillet F. Quantitative polymerase chain reaction
detection of circulating DNA in serum for early diagnosis
of mucormycosis in immunocompromised patients. Clin
Infect Dis. 2013 May;56(10):e95-101. doi:
10.1093/cid/cit094. Epub 2013 Feb 18. PMID: 23420816.
Millon L, Caillot D, Berceanu A, Bretagne S, Lanternier F,
Morio F, Letscher-Bru V, Dalle F, Denis B, Alanio A,
Boutoille D, Bougnoux ME, Botterel F, Chouaki T,
Charbonnier A, Ader F, Dupont D, Bellanger AP, Rocchi
S, Scherer E, Gbaguidi-Haore H, Herbrecht R. Evaluation
of Serum Mucorales Polymerase Chain Reaction (PCR) for
the Diagnosis of Mucormycoses: The MODIMUCOR
Prospective Trial. Clin Infect Dis. 2022 Sep 14;75(5):777-
785. doi: 10.1093/cid/ciab1066. PMID: 34986227.

Anane S, Kaouech E, Belhadj S, Ammari L, Abdelmalek R,
Ben Chaabane T, Ben Lakhal S, Cherif A, Ammamou M,
Ben Fadhel K, Kallel K, Chaker E. La mucormycose rhino-
orbito-cérébrale chez le diabétique: une pathologie mieux
connue en Tunisie [Rhino-orbito-cerebral mucormycosis in
the diabetic: a better known pathology in Tunisia]. Ann Biol
Clin (Paris). 2009 May-Jun;67(3):325-32. French. doi:
10.1684/abc.2009.0323. PMID: 19411235.

Ammari L, Kilani B, Tiouiri H, Kanoun F, Goubontini A,
Mnif E, Zouiten F, Chaker E, Ben Chaabane T.
Mucormycosis: four case reports. Tunis Med. 2008
Feb;86(2):165-8. PMID: 18444535.

Skiada A, Pagano L, Groll A, Zimmerli S, Dupont B,
Lagrou K, Lass-Florl C, Bouza E, Klimko N, Gaustad P,
Richardson M, Hamal P, Akova M, Meis JF, Rodriguez-
Tudela JL, Roilides E, Mitrousia-Ziouva A, Petrikkos G;
European Confederation of Medical Mycology Working

Ameri J Clin Med Re, 2025

ISSN: 2835-9496

Vol. 5(10): 6 of 7


https://doi.org/10.3390/jof5010026
http://dx.doi.org/10.1016/S0399-077X(03)00006-4
http://dx.doi.org/10.1016/S0399-077X(03)00006-4
http://www.sciencedirect.com/science/article/pii/s0399077x03000064
http://www.sciencedirect.com/science/article/pii/s0399077x03000064
http://dx.doi.org/10.1016/j.rmr.2015.10.558
http://www.sciencedirect.com/science/article/pii/S0761-8425(15)00923-7
http://www.sciencedirect.com/science/article/pii/S0761-8425(15)00923-7
http://dx.doi.org/10.1016/j.annder.2016.09.525
http://www.sciencedirect.com/science/article/pii/%20S0151-9638(16)30930-9)
http://www.sciencedirect.com/science/article/pii/%20S0151-9638(16)30930-9)

Citation: Mtibaa L, Samaali E, Halwani C, Bechikh R, Zakraoui M, et al. (2025) Mucormycosis: A Tunisian Case Series of Ten

Patients and Literature Review. Ameri J Clin Med Re: AJCMR-241.

20.

Group on Zygomycosis. Zygomycosis in Europe: analysis
of 230 cases accrued by the registry of the European
Confederation of Medical Mycology (ECMM) Working
Group on Zygomycosis between 2005 and 2007. Clin
Microbiol  Infect. 2011 Dec;17(12):1859-67. doi:
10.1111/j.1469-0691.2010.03456.x. Epub 2011 Jul 1.
PMID: 21199154,

Cornely OA, Alastruey-lzquierdo A, Arenz D, Chen SCA,
Dannaoui E, Hochhegger B, Hoenigl M, Jensen HE, Lagrou
K, Lewis RE, Mellinghoff SC, Mer M, Pana ZD, Seidel D,
Sheppard DC, Wahba R, Akova M, Alanio A, Al-Hatmi
AMS, Arikan-Akdagli S, Badali H, Ben-Ami R, Bonifaz A,
Bretagne S, Castagnola E, Chayakulkeeree M, Colombo
AL, Corzo-Leon DE, Drgona L, Groll AH, Guinea J,
Heussel CP, Ibrahim AS, Kanj SS, Klimko N, Lackner M,
Lamoth F, Lanternier F, Lass-Floerl C, Lee DG,

Lehrnbecher T, Lmimouni BE, Mares M, Maschmeyer G,
Meis JF, Meletiadis J, Morrissey CO, Nucci M, Oladele R,
Pagano L, Pasqualotto A, Patel A, Racil Z, Richardson M,
Roilides E, Ruhnke M, Seyedmousavi S, Sidharthan N,
Singh N, Sinko J, Skiada A, Slavin M, Soman R, Spellberg
B, Steinbach W, Tan BH, Ullmann AJ, Vehreschild JJ,
Vehreschild MJGT, Walsh TJ, White PL, Wiederhold NP,
Zaoutis T, Chakrabarti A; Mucormycosis ECMM MSG
Global Guideline Writing Group. Global guideline for the
diagnosis and management of mucormycosis: an initiative
of the European Confederation of Medical Mycology in
cooperation with the Mycoses Study Group Education and
Research  Consortium. Lancet Infect Dis. 2019
Dec;19(12):e405-e421. doi: 10.1016/S1473-
3099(19)30312-3. Epub 2019 Nov 5. PMID: 31699664;
PMCID: PMC8559573.

Copyright: © 2025 Mtibaa L. This Open Access Article is licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0). which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Ameri J Clin Med Re, 2025

ISSN: 2835-9496

Vol. 5(10): 7 of 7


https://creativecommons.org/licenses/by/4.0/

