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Abstract: Background: Mucormycosis is a devastating opportunistic fungal infection resulting in significant mortal-
ity, especially in pediatric patients with predisposing risk factors. Materials & Methods: Biopsies and surgical speci-
mens reported and proven as Mucormycosis in children under 12 years of age were retrieved from the records for
three years (January 2018 to January 2021). Complete data, predisposing factors, treatment, and clinical outcome
were recorded. Results: 15 cases were identified, ranging from 9 days to 5 years. The male-female ratio was 3:1;
three children were preterm. Fourteen children were diagnosed with gastrointestinal Mucormycosis (14/15), and
one had palatal and sinusoidal involvement. Abdominal pain with distention was the most typical complaint. On
microscopy, biopsies and surgical specimens showed extensive liquefactive necrosis with broad aseptate fungal
hyphae. An intraoperative diagnosis was rendered in two cases. All neonates underwent exploratory laparotomy
with surgical debridement and were administered Liposomal Amphotericin B. However, only two neonates survived
out of the fifteen cases, one with disease limited to the appendix and pouch colon. The others succumbed to the
disease despite antifungal therapy and surgical debridement. Thus, the overall mortality in the current study was
calculated to be 86%, with neonatal mortality of 75%. Conclusion: Gastrointestinal involvement is more common
in neonates and infants with a male preponderance. The diagnosis relies on direct microscopy, histopathology, and
fungal culture. Intraoperative tissue may be sent in all suspected cases for direct microscopic examination for rapid

diagnosis and treatment.
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Introduction

Mucormycosis is an invasive and lethal fungal
infection caused by order Mucorales. The exact
incidence or prevalence is difficult to calculate
as there are few population-based studies.
However, the published literature shows its
annual incidence in the general population as
1.7 cases per million individuals in the United
States [1]. In India, the prevalence is 0.14
cases per 1000 population, which is 80 times
higher than the developed nations [2]. Immu-
nocompromised status due to hematologic
malignancies, diabetes, solid or stem cell trans-
plants, and immunosuppressant therapy such
as corticosteroids are predisposing factors
for invasive Mucormycosis. However, recently
there has been an appreciation for this lethal
fungus in other patient groups like premature
neonates, children undergoing abdominal sur-

geries, corrective surgery for congenital heart
disease, children in pediatric intensive care
units, post burns or trauma, and children with
autoimmune disorders under immunomodula-
tory agents [3].

The interaction between the fungal hyphae and
the host’s immune response results in variable
immune impairment, determining the final dis-
ease outcome. Clinical presentations of Mucor
include sinusoidal, rhinocerebral, orbital, pul-
monary, and cutaneous with relatively un-
common gut involvement [4]. Gastrointestinal
involvement is predominantly seen in neonates
who rapidly progress to disseminated disease
and constitutes 7% of the total cases [1]. The
disease shows vascular invasion by the fungal
hyphae leading to thrombosis, marked tissue
infarction, and necrosis, which prevents drug
penetration to the affected tissue leading to
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dissemination and high mortality [5]. The pres-
ent case series from a tertiary care center aims
to draw attention to the emerging problem of
Mucormycosis in neonates, highlighting the
variable disease phenotype and variable clini-
cal presentations and providing insight into
recent advances in pathogenesis and diagnos-
tic modalities.

Materials and methods
Source of data

The study was conducted in the Department of
Pathology and Pediatric surgery for three years
(January 2018 to January 2021) and comprised
fifteen pediatric patients. Data include demo-
graphic characteristics (age, gender), prenatal
history (maturity, birth weight, vaccination his-
tory), clinical presentation, predisposing risk
factors, provisional clinical diagnosis, laborato-
ry, radiologic investigations, histopathological
findings, treatment, and disease outcome were
recorded.

Inclusion criteria: All the biopsies and surgical
specimens reported as Mucormycosis in chil-
dren from birth to 12 years of age were includ-
ed in the study. Proven Mucormycosis was
defined by compatible clinical or radiologic find-
ings with histopathologic evidence of the fun-
gus with or without microbiological identifica-
tion of the organism.

Exclusion criteria: The study excluded all gas-
tric and intestinal biopsies negative for fungus
on histopathology.

Special stains

Special stains like Periodic Acid Schiff (PAS)
and Gomori’s methenamine silver (GMS) were
performed on processed tissue to highlight the
fungal hyphae.

Steps for periodic acid Schiff (PAS) staining

1. Section was deparaffinized. 2. Treated with
0.5% periodic acid reagent for 5-7 minutes. The
periodic acid oxidized all the reactive glycol
groups to aldehydes. 3. Then, it was rinsed in
distilled water. 4. Subsequently, fresh Schiff
reagent was poured (a mixture of pararosani-
line and sodium metabisulfite) for 10-12 min-
utes. This released a pararosaniline adduct,
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staining the glycol-containing cellular compo-
nents as magenta pink. 5. Next, the section
was washed in lukewarm tap water for 5 min-
utes. 6. Counterstained with Harris hematoxy-
lin for 1 minute. 7. Washed in tap water for 5
minutes. 8. Dehydrated and mounted with the
help of a synthetic mounting medium.

Steps for Gomori’s methenamine silver (GMS)
staining

1. Section was deparaffinized and hydrated
with distilled water. 2. Preheated 2% Chromic
acid was added and it was allowed to stand for
5 minutes. The chromic acid oxidized the muco-
polysaccharides in the fungal wall to release
aldehyde groups. 3. Then, the section was
washed in tap water and rinsed in distilled
water. 4. 1% Sodium metabisulfite was added
for 1 minute at room temperature. This step
removes the last traces of chromic acid. 5. The
section was washed in tap water and rinsed in
distilled water three times. 6. Working silver
methenamine solution was poured for one min-
ute. The slides were agitated in the hot solu-
tion. The aldehyde groups released then
reduced the silver nitrate to metallic silver,
which was visible as black color. 7. Next, the
section was rinsed in distilled water with two
changes. 8. Section was stained with 0.5%
Gold chloride for 1 minute or until grey (This
caused the production of the silver-gold com-
plex, which led to the intensification of color.
This step also prevented non-specific back-
ground staining). 9. Washed in distilled water.
10. 5% Hypochlorite was put for 3 minutes,
which helped remove the unreacted silver. 11.
Washed in tap water and rinsed in distilled
water. 12. Counterstained with working Light
green solution for 1 minute. 13. Rinsed in dis-
tiled water. 14. Dehydrated, cleared, and
mounted.

Results
Clinical findings

A total of 15 cases were identified. Age ranged
from 9 days to 5 years. The majority of patients
(8) were neonates with a mean age of presenta-
tion of 13.1 days. Four cases were between 1
month to 1 year of age, and three children pre-
sented later in life at 2, 4, and 5 years of age.
The male-female ratio was 3:1. Only three chil-
dren were preterm with 35-37 weeks of gesta-
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Figure 1. Clinical photograph. The palate showing black colored necrosis.

Table 1. Age-specific provisional diagnosis

abdominal lump in one ca-
se each. One child present-
ed with diabetic ketoacidosis
and features of nasal conges-
tion, discharge, and palatal
perforation (Figure 1). The
provisional clinical diagnoses
of all cases have been sum-
marised in Table 1. Of these,
only three cases carried pre-
operative suspicion of inva-
sive fungal disease.

Radiological findings

Basic radiological investiga-
tions such as x-ray of the
abdomen were done for all
cases of Gl Mucormycosis
once admitted to the emer-
gency room, with all neonates
showing evidence of pneumo-
peritoneum. CECT was avail-
able in only three cases: two
were Gl cases, namely bowel
mass (Figure 2) and pouch
colon, along with one patient
with palatal perforation.

Age Provisional Diagnosis No. of cases
< 1 month Bowel atresia/Malrotation/Volvulus 2 Predisposing factors
Necrotising Enterocolitis Totalis 2 . . .
. N With respect to predisposing
Perforation Peritonitis 1
] i factors, only three neonates
Hirschsprung’s Disease 1 were preterm, and six were
Pouch Colon - low birth weight. The child
Invasive Fungal Disease 1 with palatal perforation was
1 month-1 year Perforation Peritonitis 3 an insulin-dependent diabe-
Invasive Fungal Disease 1 tic and had presented to us
1-12 years Small Bowel mass? Lymphoma 1 with diabetic ketoacidosis.
Palatal Perforation? Fungal 1 The child with abdominal ma-
Colonic Perforation 1 ss had severe protein-energy

tion of the eight neonates. The rest were full
term at birth. The birth weight ranged be-
tween 2.2 to 2.8 kilograms. Five of them were
hospital deliveries and vaccinated at birth.
Fourteen children were diagnosed to have gas-
trointestinal Mucormycosis, and one had pala-
tal and sinusoidal involvement. The former pre-
sented with clinical features like abdominal
pain and distension, which were seen in 14
cases (93%), bilious vomiting in 10 cases
(66%), diarrhea, bleeding per rectum, and an
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malnutrition. Two children sh-
owed neutropenia; the rest all
had normal differential leucocyte counts. None
of our patients had received any prior antifun-
gal or corticosteroid therapy.

Histologic & microbiologic findings

The complete surgical specimen was received
in only three cases. The rest of the cases were
mainly received as tissue biopsies. Multiple
biopsies were received in cases with wide-
spread Gl involvement. Case-wise, site distribu-

Int J Clin Exp Pathol 2022;15(8):323-331



Gastrointestinal mucormycosis

Figure 2. Radiological image & macroscopy. A. Radiological image: CECT of abdomen showing diffuse wall thicken-
ing forming a large mass in jejunum and ileum. B. Macroscopy: Gross specimen of intestine showing a grey white
firm mass involving the intestinal wall circumferentially causing luminal narrowing.

Table 2. Case distribution as per site of involvement

Site of Involvement

Number of cases

Multiple sites (Stomach, small bowel, colon) 3
Small Bowel Duodenum 1
Jejunum 3
lleum 3
Large Bowel Transverse colon, Sigmoid colon 1
Pouch colon 1
Appendix 1
Stomach 1
Hard Palate 1

tion is shown in Table 2. Intestinal specimens
were gangrenous and thinned with numerous
tiny perforations and grossly non-viable resect-
ed margins. A microscopic examination from
both perforation sites of surgical specimens
and biopsies showed extensive liquefactive tis-
sue necrosis, and infarction with entrapped
ribbon-like aseptate thin walled fungal hyphae
with obtuse or right-angle branching (Figure
3A-C).

One of the specimens was an intestinal seg-
ment with a circumferential mass measuring
7.0 x 5.0 x 3.5 cms, which caused luminal nar-
rowing. Microscopy from this mass revealed
extensive fibroblastic and granulomatous reac-
tions. Along with this, there was an extensive
inflammatory infiltrate composed of histiocy-
tes, eosinophils, neutrophils, plasma cells, and
lymphocytes, along with giant cells showing
entrapped fungal hyphae (Figure 3B). These
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hyphae were highlighted on special stains like
PAS and GMS (Figure 3D) as magenta pink and
black colored hyphae, respectively. In addition,
fungal culture was positive in one case; howev-
er, speciation was not done due to unavailable
resources.

Treatment and outcome

All cases with GI Mucormycosis underwent
exploratory laparotomy with surgical debride-
ment. Also, all were given liposomal Ampho-
tericin B. However, only two neonates survived
out of the fifteen cases, with disease limited
to appendix and pouch colon. The others suc-
cumbed to the disease despite antifungal ther-
apy and surgical debridement. Therefore, the
overall mortality in the current study was cal-
culated to be 86%, with neonatal mortality of
75%.
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Figure 3. Microscopic examination. A. Scanner view showing heavy colonization by fungal hyphae (hematoxylin &
eosin, 40X). B. Hyphae are broad and aseptate, with thin walls dispersed in a background of liquefactive necrosis
(hematoxylin & eosin, 100X). C. High power view of the hyphae showing obtuse angle branching. The background
shows mixed inflammatory infiltrate (hematoxylin & eosin, 400X). D. Silver Methanamine highlights the fungal ele-

ments (Gomori’s Methanamine silver stain, 100X).

Discussion

Mucormycosis, fungi of the order Mucorales,
causes a heterogeneous infection in both chil-
dren and neonates, most cases caused by
Rhizopus or Mucor species. The organism is
found in decaying vegetation and soil. It prolif-
erates, produces spores, and becomes air-
borne. Despite the widespread presence of the
fungal spores, the infection mainly occurs in
immunocompromised hosts. Risk factors for
the fungal infection include diabetes mellitus,
hematologic malignancies, persistent neutro-
penia, bone marrow or solid transplant reci-
pients, and patients on immunosuppressant
therapy like corticosteroids, treatment with def-
eroxamine, iron overload state, premature neo-
nates, children undergoing abdominal surger-
ies, corrective surgery for congenital heart di-
sease, children in pediatric intensive care units,
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post burns or trauma, severe protein-energy
malnutrition and children with autoimmune dis-
orders [3, 6]. Termos et al. [1] found Kwashior-
kor, pellagra, amoebic colitis, and typhoid as
additional predisposing factors in neonates
with invasive Mucormycosis. Dabritz et al. [7]
reported that disseminated disease and age
less than one year were independent risk fac-
tors for children’s high fungal load and mortali-
ty. Patra et al. [8] and Agarwal et al. [9] report-
ed prematurity as an essential risk factor in all
neonates affected in their study. The current
study also showed low birth weight, protein-
energy malnutrition, and diabetes as risk fac-
tors, but prematurity alone was found as a risk
factor in only 20% of cases.

Infection can be sinusoidal, rhino-cerebral,
orbital, pulmonary, cutaneous, renal, gastroin-
testinal, or disseminated. Gut involvement is
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relatively uncommon and accounts for only 7%
of all the reported cases [1, 6]. Gl, disseminat-
ed and cutaneous diseases are more often
seen in neonates than older patients. For ex-
ample, Otto et al. found Gl presentation in 55%
of neonates, whereas in the present study, all
the neonates (100%) presented with gastroin-
testinal disease. Patra et al. [8] and Aggarwal
et al. [9] also reported predominant Gl involve-
ment in six and two neonates, respectively. In
contrast, adults’ Indian and western literature
reveals predominant rhino-cerebral, sinusoidal,
pulmonary, and orbital involvement [10-13].

Necrotizing enterocolitis in premature neonat-
es is a clinical mimic but primarily involves the
ileum and large bowel. On the contrary, prema-
ture neonates with Mucor infection can show
more extensive gut involvement anywhere from
the esophagus to the large bowel [14]. The
present study underscores prematurity as a
risk factor as the majority of the neonates were
term deliveries (62%). However, their predis-
position can be explained by coexistent severe
malnutrition and low birth weight.

The critical factors involved in the pathogenesis
of Mucor are host defense mechanisms, hyper-
glycemia, iron store status, and interaction of
fungus with the endothelial lining of blood
vessels. In immunocompetent individuals, the
phagocytic cells kill fungus with the help of oxi-
dative metabolites. Prolonged steroid use and
diabetes cause hyperglycemia leading to im-
paired phagocytic cell function. Ketoacidosis in
the latter patients may also decrease phago-
cytic activity. Malnutrition causes a decrease in
iron-binding protein, which leads to raised
serum iron levels [15].

Zinc is a trace element required for the devel-
opment and function of the immune system in
humans. Similarly, the fungus also requires zinc
as it acts as a cofactor for various enzymes like
superoxide dismutase and alcohol dehydroge-
nase. Both zinc deficiency and its excess can
cause immune dysregulation [16]. The fungus
must acquire zinc from the human host to
cause infection. However, specific intracellular
and extracellular mechanisms deprive the fun-
gus of zinc metal. In humans, immune cells
including neutrophils, monocytes, and dendritic
cells release proteins like calprotectin and
calgranulin, which bind zinc and manganese.
Through these molecules, the immune cells
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provide antimicrobial properties. Calprotectin
also explicitly limits the growth of the hyphal
form of fungus. Some zinc-binding proteins like
metallothionines withhold zinc from the fungus.
On the other hand, fungi secrete zinc-binding
proteins such as zincophores and zinc trans-
porters for transporting zinc. However, the ex-
act molecular mechanism of zinc transport for
the survival and virulence of various fungal spe-
cies in the human host is not known [16, 17].

The essence of diagnosis of Mucormycosis is
the identification of host risk factors, a high
index of suspicion, and expeditious clinical
assessment. Abdominal distension with bilious
vomiting is the most common presentation in
Gl Mucormycosis. Other uncommon clinical
features may be an abdominal mass, pain, and
bleeding per rectum. Diplopia, pain in sinuses,
periorbital swelling, palatal ulcers, and features
of cranial nerve palsy in a predisposed child
should raise suspicion of invasive fungal dis-
ease. A Computed Tomography scan is the
radiologic investigation of choice and shows
multiple nodules, pleural effusion, and a re-
verse halo sign in pulmonary disease [18]. Gl
involvement in neonates and children com-
monly presents with perforation of intestine
and pneumoperitoneum. So, there is not usu-
ally much time for radiology and the patient
ends up with emergency exploratory laparoto-
my on simple X-rays showing gas under the
diaphragm. One of the cases in our study who
underwent CT abdomen presented with two
masses involving jejunum and ascending co-
lon. Positron Emission Tomography-Computed
Tomography (PET/CT) with 18F-Fluorodeoxyg-
lucose (FDG) and endobronchial ultrasound-
guided fine-needle aspiration are newer emer-
ging promising imaging diagnostic tools for
Mucormycosis [19].

The linchpin of diagnosing Mucormycosis is
direct microscopy, tissue histopathology, and
fungal culture. Clinical specimens sent in nor-
mal saline can be directly examined in KOH
or preferably using optical brighteners like
Calcofluor 3. This allows rapid intraoperative or
presumptive diagnosis. Fungal elements can
also be appreciated well by staining a formalin-
fixed specimen with hematoxylin and eosin.
They are stained as non-pigmented, wide (5-20
nm), thin-walled, ribbon-like pauciseptate to
aseptate hyphae with right-angled branching.
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In contrast, Aspergillus or other hyaline molds
are septate, 3-5 nm wide, and form acute-
angled branching [15, 20]. Tissue diagnoses
are of paramount importance as this is associ-
ated with neutrophilic/granulomatous inflam-
mation, infarction, vascular and perineural in-
vasion. Thus, the microscopic findings estab-
lish the organism’s pathogenic nature rather
than a cultural or sampling contaminant. The
diagnosis was established in all the cases on
tissue examination in the present study, with
intraoperative diagnosis in two cases. Immu-
nohistochemistry using commercially available
monoclonal antibodies against Rhizopus can
aid in the diagnosis when cultures are negative
and has been proven helpful in differentiating
Aspergillosis from Mucormycosis [20, 21].

A fungal culture is essential for genus and spe-
cies identification and antifungal susceptibility
testing. The organism grows well at room tem-
perature and is easily identified on colonial
and microscopic morphology. Matrix-Assisted
Laser Desorption lonization Time of Flight Ma-
ss Spectrometry (MALDI-TOF) identification of
cultured Mucor is a promising tool but not wide-
ly available. It is yet to be validated for all
Mucorales [15, 17]. Low sensitivity and high
false negativity are significant drawbacks of
culture; hence molecular identification is con-
sidered the gold standard. Molecular-based
assays include conventional polymerase chain
reaction (PCR), restriction fragment length
polymorphism analyses (RFLP), DNA sequenc-
ing, and melting curve analysis of PCR prod-
ucts. Molecular-based diagnosis is rapid and
promising, though it has not been widely stud-
ied and lacks thorough clinical evaluation.
Therefore it cannot be recommended as the
standalone, single test in routine diagnostics.
Fungal biomarkers such as galactomannan and
1, 3-d-glucan assays are available but are not
helpful in molds as their cell walls do not con-
tain significant amounts of these substances
[4]. Emerging non-invasive methods include
electronic breath testing and antigen testing,
though these are still underdeveloped.

Treatment of Mucormycosis is multi-modal. It
includes antifungal therapy, immune restora-
tion, surgical debridement, and other adjunc-
tive therapies like hyperbaric oxygen, granu-
locyte-macrophage colony-stimulating factor,
and interferon [18, 19, 21]. The latter may
enhance the immune response, but no clinical
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data exist so far for their use. Recently, liposo-
mal Amphotericin B has evolved as the cor-
nerstone of primary therapy for Mucormycosis
rather than conventional Amphotericin B be-
cause it has better CNS penetration and fewer
adverse effects [22]. Delay in starting Am-
photericin B is an independent predictor of
poor outcome, and early initiation of the same
has been associated with improved survival
[22]. According to Chamilos et al. [20], rapid
diagnosis and initiation of antifungal therapy
within six days of presentation are strongly
associated with improved patient survival.
Pana et al. [23] conducted an epidemiological
study from two international databases and
studied many cases wherein improved mora-
lity was seen with the combined antifungal
therapy and surgical intervention. All the four-
teen cases with Gl involvement underwent sur-
gical intervention in the present series.
Fluconazole was started empirically as these
patients had severe thrombocytopenia on pre-
sentation. However, they were shifted to Am-
photericin B after histopathologic confirma-
tion.

Only two of the fifteen children survived, with
a mortality of 75% in neonates and 86% in
children. Dabritz et al. reported an overall mor-
tality of 64% in neonates and 56% in children
[7]. The total duration of hospital stay in these
children was not more than 3-4 days since
most of them had rapidly progressive disease,
except in the child with pouch colon involve-
ment and appendicular Mucor. They were sta-
ble at the time of discharge after a week.

A limitation of the present study was the lack of
sub-speciation of the fungus. However, beyond
this limitation, the study increases awareness
of this potentially fatal disease amongst pe-
diatric physicians and surgeons; it also enrich-
es our knowledge regarding updates on patho-
genesis and management of this fungus in a
pediatric setting.

To conclude, Mucormycosis is a catastrophic ill-
ness affecting the pediatric population and
associated with significant mortality. Gastroin-
testinal involvement is more common in neo-
nates and infants with a male preponderance.
Abdominal distension and bilious vomiting may
be considered red flag signs in children with
underlying predisposing factors. New molecu-
lar-based methods are gaining acceptance;
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however, they are expensive and unavailable
in most laboratories. Hence, the diagnosis
depends on direct microscopy, histopathologi-
cal examination, and fungal culture. Intrao-
perative tissue may be sent in all suspected
cases for direct microscopic examination for
rapid diagnosis and early presumptive treat-
ment, which may promise better survival
chances.

Acknowledgements

The Institution Ethical Committee approved a
waiver for the study in view of it being a retro-
spective nature. Verbal consent was also
obtained from the other authors. Written con-
sent for participation was obtained from pa-
tient’s parents as the patient is less than 16
years old. Written informed consent was ob-
tained from the patient’s parents for publica-
tion of this case report, its details, and accom-
panying images.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Arti Khatri, Chacha
Nehru Bal Chikitsalaya, Geeta Colony, Room No.
404, Fourth Floor, Delhi 110031, India. Tel:
8700226322; E-mail: a.khatri2008@gmail.com

References

[1] Termos S, Othman F, Alali M, Al Bader BMS,
Alkhadher T, Hassanaiah WF, Taqi A and Sap-
kal A. Total gastric necrosis due to mucormyco-
sis: a rare case of gastric perforation. Am J
Case Rep 2018; 19: 527-533.

[2] Chander J, Singla N, Kaur M, Punia RS, Attri A,
Alastruey-lzquierdo A, Cano-Lira JF, Stchigel
AM and Guarro J. Saksenaea erythrospora, an
emerging mucoralean fungus causing severe
necrotizing skin and soft tissue infections - a
study from a tertiary care hospital in north In-
dia. Infect Dis (Lond) 2017; 49: 170-177.

[3] KingJ, Pana ZD, Lehrnbecher T, Steinbach WJ
and Warris A. Recognition and clinical presen-
tation of invasive fungal disease in neonates
and children. J Pediatric Infect Dis Soc 2017; 6
Suppl 1: S12-S21.

[4] Otto WR, Pahud BA and Yin DE. Pediatric mu-
cormycosis: a 10-year systematic review of re-
ported cases and review of the literature. J
Pediatric Infect Dis Soc 2019; 8: 342-350.

[5] Pilmis B, Alanio A, Lortholary O and Lanternier
F. Recent advances in the understanding and

330

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

(16]

(17]

(18]

management of mucormycosis. F1000Res
2018; 7: F1000 Faculty Rev-1429.

Morton J, Nguyen V and Ali T. Mucormycosis of
the intestine: a rare complication in Crohn’s
disease. Gastroenterol Hepatol (N Y) 2012; 8:
137-140.

Dabritz J, Attarbaschi A, Tintelnot K, Kollmar N,
Kremens B, von Loewenich FD, Schrod L,
Schuster F, Wintergerst U, Weig M, Lehrn-
becher T and Groll AH. Mucormycosis in paedi-
atric patients: demographics, risk factors and
outcome of 12 contemporary cases. Mycoses
2011; 54: e785-788.

Patra S, Vij M, Chirla DK, Kumar N and Samal
SC. Unsuspected invasive neonatal gastroin-
testinal mucormycosis: a clinicopathological
study of six cases from a tertiary care hospital.
J Indian Assoc Pediatr Surg 2012; 17: 153-
156.

Agarwal K, Sharma M, Singh S and Jain M. An-
temortem diagnosis of gastrointestinal mucor-
mycosis in neonates: report of two cases and
review of literature. Indian J Pathol Microbiol
2006; 49: 430-432.

Manesh A, Rupali P, Sullivan MO, Mohanraj P,
Rupa V, George B and Michael JS. Mucormyco-
sis-a clinicoepidemiological review of cases
over 10 years. Mycoses 2019; 62: 391-398.
Moorthy A, Gaikwad R, Krishna S, Hegde R,
Tripathi KK, Kale PG, Rao PS, Haldipur D and
Bonanthaya K. SARS-CoV-2, uncontrolled dia-
betes and corticosteroids-an unholy trinity in
invasive fungal infections of the maxillofacial
region? A Retrospective, multi-centric analysis.
J Maxillofac Oral Surg 2021; 20: 418-425.
Sharma S, Grover M, Bhargava S, Samdani S
and Kataria T. Post coronavirus disease mucor-
mycosis: a deadly addition to the pandemic
spectrum. J Laryngol Otol 2021; 135: 442-447.
Dallalzadeh LO, Ozzello DJ, Liu CY, Kikkawa DO
and Korn BS. Secondary infection with rhino-
orbital cerebral mucormycosis associated with
COVID-19. Orbit 2021; 23: 1-4.

Roilides E, Zaoutis TE, Katragkou A, Benjamin
DK Jr and Walsh TJ. Zygomycosis in neonates:
an uncommon but life-threatening infection.
Am J Perinatol 2009; 26: 565-573.

Nidhi M, Sadia K, Khatri A, Arnab G and Khan
NA. Gastrointestinal Mucormycosis in a two-
year-old child: a clinical and radiological enig-
ma. Med Mycol Case Rep 2019; 26: 5-9.
Wilson D, Citiulo F and Hube B. Zinc exploita-
tion by pathogenic fungi. PLoS Pathog 2012; 8:
€1003034.

Wilson D and Deepe GS Jr. The intersection of
host and fungus through the zinc lens. Curr
Opin Microbiol 2019; 52: 35-40.

Skiada A, Lass-Floerl C, Klimko N, Ibrahim A,
Roilides E and Petrikkos G. Challenges in the

Int J Clin Exp Pathol 2022;15(8):323-331


mailto:a.khatri2008@gmail.com

[19]

[20]

[21]

331

Gastrointestinal mucormycosis

diagnosis and treatment of mucormycosis.
Med Mycol 2018; 56 Suppl 1: 93-101.

Liu Y, Wu H, Huang F, Fan Z and Xu B. Utility of
18F-FDG PET/CT in diagnosis and manage-
ment of mucormycosis. Clin Nucl Med 2013;
38: e370-371.

Chamilos G, Lewis RE and Kontoyiannis DP.
Delaying amphotericin B-based frontline thera-
py significantly increases mortality among pa-
tients with hematologic malignancy who have
zygomycosis. Clin Infect Dis 2008; 47: 503-
509.

Skiada A, Pavleas | and Drogari-Apiranthitou
M. Epidemiology and diagnosis of mucormyco-
sis: an update. J Fungi (Basel) 2020; 6: 265.

[22]

(23]

Francis JR, Villanueva P, Bryant P and Blyth CC.
Mucormycosis in Children: Review and Recom-
mendations for Management. J Pediatric Infect
Dis Soc 2018; 7: 159-164.

Pana ZD, Seidel D, Skiada A, Groll AH, Petrik-
kos G, Cornely OA and Roilides E; Collaborators
of Zygomyco.net and/or FungiScope™ Regis-
tries*. Invasive mucormycosis in children: an
epidemiologic study in European and non-Eu-
ropean countries based on two registries. BMC
Infect Dis 2016; 16: 667.

Int J Clin Exp Pathol 2022;15(8):323-331



