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- comorbidities that affect immune system function

INTRODUCTION

cosis, which is ,
Mugoftity ’ also referred to as Zygomycosis, is a potentially fatal angio-invasive

fungal infection that most frequently affects people who are predisposed by underlying

such as diabetes mellitus in ketoacidosis,

other types of metabolic acidosis, treatment with corticosteroids and immunosuppressive

inedications, primary or secondary immunodeficiency, haematological malignancies, solid

organ transplantation, iron overload, deferoxamine therapy, trauma and burns etc (1,2).

It is caused by fungi of the class Zygomycetes, specifically by organisms from the order
Mucorales. The order Mucorales has 262 species in 55 genera, 38 of which have been linked
to human illnesses (3). The species Rhizopus oryzae (Rhizopus arrhizus)is by far the most
prevalent source of infection, accounting for around 70% of all cases of mucormycosis (1).
Other isolated .fungi come from the genera Lichtheimia, Mucor, Rhizo mucor, Cunning
hamella, Saksenaea, etc. There are many mucormycosis agents, depending on the area.

Among the genera examined in India, Apophysomyces species were the second most

prevalent after Rhizopus (4).

Mucorales are widespread fungi that are typically found in tainted foods, compost,
decomposing organic materials, and soil (5). They infect the host either through inhalation,
ingestion, and/or direct inoculation of fungus spores through abraded skin as a result of burns
or trauma. In medical settings, it has been established that the primary causes of primary
cutaneous mucormycosis are contaminated surgical dressings and nonsterile adhesive tape
(1). The organism enters the host by adhering to extracellular matrix proteins and/or possibly
adhering to epithelial cells, escaping destruction by local phagocytes, and then progressing to

infect the blood vessel and causing hematogenous spread (6).

It may affect various body systems and is thus classified as rhino cerebral, rhino orbital, sino
nasal, pulmonary, gastrointestinal, cutaneous, disseminated and other rare forms such as

renal, osteomyelitis, endocarditis, peritonitis etc (7).

The condition was initially identified in 1876 by Fiirbinger, who wrote about a German
cancer patient whose right lung had a haemorrhagic infarct with fungal hyphae and a few

sporangia(7). Later Arnold Paltauf described the first instance of widespread mucormycosis

in 1885, naming it "Mycosis mucorina" (7)-

Page | 1



- Immunosuppressed patients (suc

with the advent of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that
caused coronavirus disease 2019 (COVID-19), there has been an emergence of a variety of
opportunistic bacterial and fungal diseases (8). Over 169 million people worldwide have been
affected by the coronavirus disease pandemic of 2019 (COVID-19), including over 27
million in India alone (9). It was also discovered that the exponential rise in the incidence of
mucormycosis was linked to the soaring second wave of Covid-19 infection(10), especially
among patients with uncontrolled hyperglycaemia, has been observed in many countries. The
prevalence of mucormycosis in India was about 0.14 instances per 1000 people, which was
nearly 80 times higher than the frequency of the disease in affluent nations(7). The second
wave of Covid-19 pandemic attack has proven too much for India's healthcare system to

handle. Atleast over 400,000 instances of Covid-19 were being recorded every day at its

height in early May 2021(11).

Risk factors differ greatly depending on the location. In studies from Europe, haematological

malignancy was the most prevalent underlying condition, but Diabetes Mellitus was

prevalent in India, Iran, and Mexico(12). Haematological malignancies, with acute myeloid
leukaemia are the most prevalent underlying diseases in developed nations and rising

diabetes continues to be the primary underlying disease in developing nations. Although

intravenous drug use is the primary risk factor for isolated cerebral mucormycosis, post-

pulmonary TB and chronic renal disease are growing risk factors. It has also been observed

that a considerable percentage of immunocompetent patients have developed mucormycosis
auma or burns are typically the predisposing factors, leading to cutaneou

severity from mild to major, including injection sites, animal bites,

in whom tr s illness.

The trauma can range in
gardening, and surgery (13).

s investigations have revealed a connection between the infection location and the

Numerou
most common cause of pulmonary mucormycosis and neutropenia are

underlying illness. The
linked to sinusitis and rhino cerebral mucormycosis in people with diabetes mellitus while
cutaneous mucormycosis with trauma. Depending on the host's immune condition, the

and the organs implicated, mu
ranging from localised
h as those with haematological malignancies, and

i i i is patients can present with
severity of the infection, cormycosis p p a

variety of clinical symptoms,

to disseminated illness.

hematopoietic stem cell transplantation) are more likely to develop pulmonary or

disseminated diseases, while diabetic patients are more likely to develop rhino-orbital-
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iseases and pati ‘
cerebral diseases patients who have experienced trauma are more likely to develop

cutaneous diseases (7).

Diagnostic methods that take a clinical approach have poor sensitivity and specificity.
Despite lack of specificity, some of the clinical symptoms may have a strong predictive
value. Tissue necrosis brought on by thrombosis and angioinvasion is the defining feature of
mucormycosis, but the lack of necrotic eschar does not rule out the diagnosis. Although
molecular techniques are advancing and novel fungal genetic targets are being investigated,

histopathology, direct observation, and culture remain crucial tools of diagnosis as of now
(7).

The conventional treatment for invasive mucormycosis entails the reversal of the underlying
predisposing conditions (if possible), urgent, extensive surgical debridement of the infected
region, and concomitant antifungal therapy. The most recent recommendations strongly
encourage the use of liposomal Amphotericin B (>=5Smg/kg) as the first-line therapy in
conjunction with surgery whenever possible. Amphotericin B, the first antifungal to be
‘dentified in 1953, is derived from Streptomyces Nodosus (14). It is an amphoteric polyene
macrolide with 4—7 conjugated double bonds and an internal cyclic ester. In aqueous
conditions, it is weakly soluble due to the hydrophobic polyene domain. Four commercially
available formulations are available for the parenteral method of administration. These are:

conventional amphotericin-b, amphotericin-b colloidal dispersion, liposomal amphotericin-b,
and amphotericin-b lipid complex (15).

However, Amphotericin B's nephrotoxicity has led to the adoption of lipid formulations of

the same, which are less nephrotoxic and can be given for a longer period of time. And

isavuconazole and posaconazole given intravenously or with a delayed release have

 continued to be second-line treatments(16).

‘Unfortunately, despite disfiguring surgical debridement and concurrent antifungal

ycosis is substantially higher than 50% overall and

' medication, the death rate of mucorm

' nearly 100% in patients with severe disease or protracted neutropenia (16).

Micronutrients like iron and zinc are essential cofactors in a variety of cellular processes in

all living organisms. Except for a few unusual bacterial species, they are indispensable for

every living organisms(17).
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' The pathogenetic process of the responsible organisms depend on the uptake of iron.
. However, serum iron is so tightly coupled to carrier proteins like transferrin in mammals, and
| is not readily available (18). Rhizopus oryzae fungus infects patients who have elevated
' |evels of accessible serum iron (19). Therefore, inhibiting fungal iron uptake by sequestration
of iron by serum can be one important host defensive method against R. oryzae in particular

and can be a possible treatment approach to improve clinical outcomes of this fatal illness
(6).

The second-most prevalent transition metal in the human body is zinc, but, like iron, only
' very little of it is available to microbial pathogens (13). Zinc is an essential trace element for
all aspects of life. The expression of genes, correct protein folding, enzyme activity, and
intracellular signalling are just a few biological activities that depend on it. Most microbial
depend on these micronutrients for development and pathogenicity. So higher levels of
clements like iron and zinc in serum are far more likely to be associated with pathogenic

infestations like mucormycosis(20). But there are specific membrane transporters or proteins

that bind zinc and mediate zinc uptake or storage, which helps to keep the zinc quota in

check. And there is evidence that host cells use zinc sequestration to prevent microbial

development in conditions where zinc levels are low. There are other suggested hypotheses,

including the role of zinc supplementation and iron overload states in CAM that augments the

growth of fungus (21).

' With this study, we want to evaluate the fluctuations in the level of serum iron and zinc in
mucormycosis patients in connection to the disease activity. The study will also investigate

whether levels of iron and zinc can be utilised to forecast the activity of the disease.
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REVIEW OF LITERATURE

Coronavirus disease 2019 (COVID-19) is a contagious disease caused by a virus, the severe
scute respiratory syndrome coronavirus 2 (SARS-CoV-2)which quickly spread worldwide
resulting in a Pandemic. The first known case was identified in Wuhan, China in December
»019. The virus had a zoonotic origin and spread via direct and contact transmission. Fever,
cough, and myalgia are the main symptoms of the symptomatic phase, which sometimes
progressed to various multisystem problems such as shortness of breath, anosmia, ageusia,
diarrhoea, acute cardiac injury and secondary infections. The diagnosis was verified by
Reverse transcriptase PCR (RTPCR) test. And the main treatment was supportive therapy
and, in more severe cases, mechanical ventilation was given. Along with effective illness
‘solation and community containment, preventive methods play a vital role in decreasing the

public transmission of viruses (22).

By April 2021, as India was dealing with the second wave of the COVID-19 pandemic, a
sudden rise in the prevalence of mucormycosis cases, a typically rare disease in COVID
patients who were either still sick or had recently recovered from the virus attracted
significant attention and became a public health threat. Due to the association of
mucormycosis  with COVID-19 disease, it has been termed COVID-19-associated

mucormycosis (CAM). Because of angioinvasion and subsequent tissue necrosis caused, it

| . . . .
' gave the tissue a black appearance, and so the infection was more commonly recognised as

' black fungus. The mortality rate varied between 40% and 80% and was based on the

infection site and underlying health issues (23).
" Mucormycosis is an angio-invasive fungal infection caused by fungal species belonging

to Rhizopus, Apophysomyces, Rhizomucor, Lichtheimia, Cunninghamella, Mucor

' and Saksenaea. Globally, the most common causative agent 0O
involved in causing mucormycosis infection are R.

f mucormycosis is Rhizopus

arrhizus. Other Rhizopus species

homothallicus and R. microsporus. In addition to Rhizopus, Apophysomyces is considered as

' the second most common fungal Genus causing mucormycosis infection in Asia(24). Various

| other  species, including Lichtheimiaramosa, Thamnostylumlucknowense,  and Mucor

 irregularis have also been reported in India(25).

Edeas M et al reported that Mucorales spores by producing reactive oxygen species and anti-

microbial peptides, such as defensins. Furthermore, the presence of specialized iron-binding
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proteins, which sequester iron in serum and endothelial cells that regulate permeability,
controls mucormycosis. Mucormycosis infections are rare in immune-competent hosts and
rypically occur in the setting of trauma. However, in immune-compromised hosts, these
Jjefence mechanisms break down and Mucorales multiply rapidly upon encountering a
favourable environment. The impairment of host defence mechanisms, such as decreased
phagocytosis during immune-compromising conditions, including hyperglycaemia and

glucoconicoid treatment, aids fungal growth and leads to disease progression (26).

In diabetic ketoacidosis (DKA), the acidic pH of the serum causes the dissociation of free
ron from sequestering proteins, and free iron contributes to the rapid growth and
proliferation of pathogens. The interaction of Mucorales spores containing CotH7 with the
B1-integrin receptor present in epithelial cells, followed by endothelial invasion via CotH3
and GRP78 (glucose-regulated protein) receptor interaction, is a crucial step in the
pathogenesis of mucormycosis. Mucorales proliferation causes the occlusion of blood supply
(thrombosis), which results in tissue necrosis and endothelial cell damage. Endothelial cell

damage leads to fungal angioinvasion and further dissemination (25).

The research findings communicated that Mucormycosis is a critical infection among
COVID-19 patients. The use of monoclonal antibodies, steroids and antibiotics for the
management of COVID-19 illness can enhance the possibility of fungus infection in the
patient. Mucormycosis prevalence has appeared as a surge among patients with the disease
that can be related to more utilization of corticosteroids (27) immune-suppressed conditions

inflicted by COVID-19 or states like diabetes (28). The death rate associated with

mucormycosis is significantly high. Patients with diabetic ketoacidosis, transplantation of

organs, HIV, long-term corticosteroid use, neutropenia, and iron overload are considered in a

high-risk group for mucormycosis(1). Furthermore, it was found that patients with decreased

phagocytic activity of white blood cells due to immunosuppression (SARS-CoV-2 mediated,

steroid-mediated or background comorbidities) coupled with several other shared risk factors

including prolonged hospitalization with or without mechanical ventilators are at higher risk

-~ of COVID associated Mucormycosis(29).
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prevalence of COVID-19-Associated Mucormycosis

john TM et al stated that a rise in CAM cascs has been observed worldwide amid the SARS-
(ov-2 pandemic in both developed and developing countries. However, compared to
Jeveloped nations, mucormycosis cases are more prevalent in developing countries and a
majority of CAM cases (incidence rate: 0.14 per 1000 people) have been reported in
india(30).

According to Honavar et. al warning signs suggestive of Rhino-orbital-cerebral
mucormycosis are as follows (31)-

. Nasal stuffiness

« Foul smell

« Epistaxis

« Nasal discharge - mucoid, purulent, blood-tinged or black

. Nasal mucosal erythema, inflammation, purple or blue discoloration, white ulcer, ischemia,
or eschar

« Eyelid, periocular or facial oedema

« Eyelid, periocular, facial discoloration

» Regional pain- orbit, paranasal sinus or dental pain

» Facial pain

 Worsening headache

* Proptosis

» Sudden loss of vision

» Facial paraesthesia, anaesthesia

- * Sudden ptosis

"+ Ocular motility restriction, diplopia

* Facial palsy

* Fever, altered sensorium, paralysis, focal seizures.

| STAGING SYSTEMS
A staging strategy for Mucormycosis was proposed by Honavar SG et al, which stages scores

individually for disease extent (31). This categorisation has not however been verified.
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HO.VAVAR RADIOLOGICAL STAGING OF DISEASE (31)

—

Stagel: Involvement of nasal mucosa
la: Limited to the middle turbinate
1b: Involvement of the inferior turbinate or ostium of the nasolacrimal duct
le: Involvement of the nasal septum

1d: Bilateral nasal mucosal involvement

Stage 2: Involvement of paranasal sinuses
2a: One sinus
2b:Twoipsilateral sinuses
2¢: >two ipsilateral sinuses and/or palate/oral cavity

2d: Bilateral paranasal sinus involvement or involvement of the zygoma or Mandible

Stage 3: Involvement of the orbit
3a: Nasolacrimal duct, medial orbit, vision unaffected
3b: Diffuse orbital involvement (>1 quadrant or >2 structures) vision unaffected
3¢: Central retinal artery or ophthalmic artery occlusion or superior ophthalmic vein
thrombosis; involvement of the superior orbital fissure, inferior orbital fissure, orbital apex,
diminution or loss of vision.

3d: Bilateral orbital involvement

Stage4:Involvementof the CNS

4a: Focal or partial cavernous sinus involvement and/or involvement of the cribriform

plate

4b: Diffuse cavernous sinus involvement and/or cavernous sinus thrombosis

4c: Involvement beyond the cavernous sinus, involvement of the skull base, internal carotid

artery occlusion, brain infarction

4d: Multifocal or diffuse CNS disease

s
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Soni et al proposed another staging system as a part of treatment strategy adopted during the
cecond wave of the pandemic- The proposed clinico-radiological classification of ROCM

(AIIMS Jodhpur ROCM Staging Protocol) (32).

| Stage Clinical profile Radiological Findings

| Symptoms Signs

| I Nasal obstruction, nasal Pale/blackish nasal Mucosal thickening of the nasal

| stuffiness, mucosa. mucosa and/or para nasal

| purulent/black tinged/  Blackish nasal crusts. sinuses without bony

i haemorrhagic nasal Cellulitis/edema over the  erosion/rarefaction.

i discharge. cheek.

| Cheek swelling with

| facial pain

i 11 Absent/reduced Hypoaesthesia/Anesthesia Bony involvement of septum,

| sensation over the over the cheek or palatal  turbinates,
cheek, loosening of mucosa Bony erosion along antero-
teeth. lateral or medial wall or floor

of maxillary sinus or erosion of
the floor of orbit, alveolar arch
and presence of sinus over
alveolus.

Perineural involvement of
infra-orbital nerve.

- III A Restriction of eye Ophthalmoplegia Erosion of posterior wall of
movement in at least maxillary sinus, extension of
one quadrant but normal disease into the
vision. pterygomaxillary
Periorbital swelling. fissure/pterygopalatine

fossa/sphenopalatine

foramen/infratemporal fossa or
extraconal intraorbital
extension of disease

. III B Diminution/loss of Chemosis, proptosis, Involvement of intraconal
vision, restriction of eye Complete compartment of the orbit,
movements in all ophthalmoplegia, erosion of pterygoid wedge,
quadrants. Hemifacial pterygoid plates, limited
Protrusion of eyeball.  hypoesthesia/anesthesia,  involvement of greater wing of

Relative Afferent sphenoid, CRAO (Central

Pupillary Defect (RAPD) Retinal Artery Occlusion),
trigeminal nerve (V1,2,3)
involvement
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Stage Clinical profile Radiological Findings

Symptoms Signs
(v A Fever, neck rigidity,

Necrotic involvement of
headache, vomiting,

_ Bony erosion of lesser
skin, facial paralysis,

wing/extensive involvement of

skin . absent gag reflex, vocal greater wing/body of

discoloration/ulceration, cord palsy, deviation of sphenoid/clivus/cribriform

facial asymmetry, tongue, positive plate/ soft tissue neck space

hoarseness, aspiration,  Kernig's/Brudzinski sign.  involvement (parapharyngeal

trismus space/masticator space,
muscles of mastication),
mandible.
Cavernous sinus involvement,
orbital apex/superior orbital
fissure involvement/skull base
foramina involvement, other
cranial nerves, dural
involvement, skin and
extensive subcutaneous tissue
involvement

IV B Altered sensorium Hemiparesis/Hemiplegia/ Internal carotid artery

Focal seizures Seizures thrombosis/cerebritis/cerebral

Weakness/loss of power infarcts/brain abscess, direct

of upper and/or lower parenchymal extension

limbs,

Focal neurological

deficit

Hussain S et al. conducted a meta-analysis for estimating the global prevalence of CAM
(COVID Associated Mucormycosis), by pooling a sample size of 52,196 COVID-19 patients.
They reported that CAM incidence was 50 times higher (7 per 1000 COVID-19 cases) than
the previously available highest-incidence data (0.14 per 1000 population). A high mortality
rate (26.9%) was found to be associated with CAM infection (33).

Chavan R.P et al conducted a study to assess the symptoms of mucormycosis infection
among COVID-19 patients in a tertiary hospital. The study reported the appearance of
SYmptoms of mucormycosis within 7 days after the onset of COVID-19 infection in about
34.7% of patients, while in the majority (64%) it appeared after 15 days of COVID-19

infection( 34). It might even occur after 2 months in some cases. Therefore the patients should

e ————
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be the most vigilant for any signs and Symptoms during the 2-6-week period after testing
positive for COVID (21).

A systematic review conducted by Kamat et al. reported rhino-orbital mucormycosis in the
majority of CAM cases. More than 80% of cases were diabetic and showed a history of

steroid administration. A mortality rate of 25.6% was reported, even after the administration

of antifungal drug therapy (35).

COVID-19-associated ~ rhino-orbital-cerebral mucormycosis (CAROCM) is the most
common type observed during the epidemic, followed by the pulmonary form. Prior to the
COVID-19 pandemic, mucormycosis mortality was 50%. However, during the pandemic
situation in India, it has increased to 85%, mainly due to crowded hospitals, unavailability of
healthcare resources, overburdened healthcare workers, and poor diagnostic quality. Also for
India, a low doctor/patient ratio and practise by unqualified or nonregistered healthcare
professionals are other key hurdles that the country faces to tackle CAM along with a lack of

awareness and inadequate health infrastructure which caused additional burden (36).

In another study, Walia S et al conducted a study in a tertiary eye care centre to evaluate the
COVID-19-associated mucormycosis. In the study, 540 proven cases of mucormycosis were
included. Most common age group affected was 41-50 years with male preponderance
(69%). Sino nasal was the most common site of involvement in mucormycosis (100%),
followed by 6rbita] (51.85%), cerebral (9.44%), cutaneous (1.85%), and pulmonary (0.18%).
Most common presentation was periocular and facial swelling (28%). 97.96% of patients had
associated diabetes and 89.44% of patients had history of COVID-19 with concurrent
steroids use (84.85%), higher antibiotics (82.59%), oxygen therapy (52.40%), remdesivir
(28.89%), and biological agents (2.56%). Duration from COVID-19 positivity to presentation
of mucormycosis was 22.56 days, while 4.44% of patients had coexisting COVID-19

with mucormycosis. The mortality rate was 9.25% (50 out of 540) (37).

Necrosis and thrombosis during mucormycosis can result in poor delivery of antifungal
drugs. Therefore, the elimination of affected/necrosed tissue may serve as a critical form of
care to completely eradicate the infection. The preferred surgical approach depends upon the
patient’s disease status. Open surgeries are performed when the disease is extensive, whereas

endoscopic surgeries are done when the disease is limited. Surgical management has been
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reported 10 give improved results over treatment without surgery and leads to local control of

the infection (38).

Hoenigl et al. stated that surgical intervention and systemic antifungal therapy Wwere
associated with improved outcomes compared to antifungal therapy alone for patients with

COVID-19 affected by rhino-orbital cerebral mucormycosis without central nervous system

(CNS) involvement (39).

According to Madhavan Y et al., surgical debridement is a crucial component of the therapy
plan for mucormycosis because of its angio-invasive nature. And in order to treat
mucormycosis, sinus debridement must be done frequently, intensely, and regularly

climinating all black, necrotic tissues for a better prognosis (40).

[RON AND MUCORMYCOSIS

Iron, one of the most abundant metals on earth is an essential micronutrient in the human
body. It plays important roles in oxygen transport, regulation of cell growth and
differentiation, mitochondrial respiration, DNA synthesis and many other metabolic
processes. However, both iron deficiency, as well as an excess of iron in the human body is a

problem. The most common nutritional deficiency worldwide is iron deficiency (41).

IRON ABSORPTION AND METABOLISM

The majority of iron is absorbed in the duodenum. And the absorption depends on the body's
needs. Iron absorption is increased in active red cell production and/or iron deficiency and is
decreased in iron overload states and systemic inflammation. In the duodenum, the ferric iron
is reduced by duodenal cytochrome b reductase to ferrous iron which is then transported into
the intestinal villous cell by the Divalent metal transporter (DMT). Ferroportin (iron efflux
pump that mediates the export of iron from the enterocyte) in association with hephaestin and
ceruloplasmin (having ferroxidase activity that converts Fe >* _ Fe ") oxidizes the iron
back to the ferric form, which is later exported across the basolateral membrane of the

duodenum and is transported by plasma apo-transferrin to blood circulation and to various

tissues (42).
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FIGURE 1: Schematic diagram of iron uptake

Transferrin is the principal transport protein for iron throughout the body. It is a free peptide
or protein which is synthesized exclusively in the liver and secreted into the blood. It
transports ferric iron from the blood to various tissues, such as the liver, spleen, and bone

marrow and controls iron metabolism. It has a high affinity to ferric iron and functions as the

most critical ferric pool in the body (43).

The normal iron content of the body is about 3 to 4grams. Of this, about 2.5 g is contained in
the haemoglobin in circulating red cells and in developing erythroblasts. Approximately, 400
mg of iron is contained in iron-containing proteins such as myoglobin, cytochromes, catalase

etc. And about 3-7 mg of iron is bound to plasma transferrin (44).

The rest of the iron in the body is stored as ferritin. Ferritin is an iron-binding protein that
exists in both intracellular and extracellular compartments and is a major iron storage protein,
essential for iron homeostasis. Hepatocytes are the major site for ferritin synthesis. It is
involved in a wide range of physiologic and pathologic processes besides iron storage, which
includes maintenance of cellular iron concentrations, iron sequestration from invading

pathogens, and oxidative stress protection (45).
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[ron i stored commonly in the bone marrow, liver, and spleen. The primary physiologic
source of reserve iron in the body is the iron stores of the liver. Adult men have
approximately 1 g of iron in storage. Adult women have fewer iron stores due to loss through
menstruati(m, pregnancy and lactation. Only a small amount of iron enters and leaves the
body on a daily basis. Most iron in circulation is recycled from the breakdown of old red

blood cells by macrophages of the reticuloendothelial system (46).

[ron is one of the key elements in basal metabolism. It is an important component of heme. It
acts as the active site for electron transport in cytochromes and cytochrome oxidase and is
iavolved in energy generation in mitochondria. The heme moiety in haemoglobin and
myoglobin binds with O2 thereby transferring O2 from the lungs to the various tissues and
storing it. Heme is the active site in peroxidases. It reduces peroxides to water and generates

microbicidal hypochlorite in granulocytes and thus is involved in the protection of cells from

oxidative injury (47).

IRON EXCRETION

Our body conserves iron effectively. About Img of iron is lost via facces everyday secondary
to desquamation of intestinal epithelial cells. Other smaller losses occur through skin
exfoliation and dermal appendages and sweating. In women, menstruation leads to negative

iron balance. Average total iron loss per day in males is 1mg, whereas in menstruating female

it is 2mg. During iron overload states daily loss can be as much as 4mg(48).

IRON AND INFECTION

Iron plays a pivotal role during infection because it functions as a critical cofactor in a variety

of physiological metabolic reactions and is an essential nutrient for bacteria. Thus, during
bacterial infections, both the host and bacteria compete fo
most iron is sequestered by the haemoglobin (49). Iron-binding
complement proteins in the body also function jointly to retain iron (50). Nevertheless, both

n can be captured by bacteria through various mechanisms,

r iron to thrive. In the human body,

proteins, antibodies and

free iron and protein-bound iro
such as siderophores (50,51) which are se
that is higher than that of the host transport proteins (

it readily accepts or donates electrons, leading to the generatio

(53).

creted by pathogens and possess an affinity to iron
52). However, free iron is toxic because

n of reactive oxygen species
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The iron Jevel throughout the body is tightly controlled by systems that elaborately regulate
iron absorption, systemic transport and cellular uptake and storage(54). Because nearly all
fungi and protozoa require a continuous supply of host iron to successfully sustain an

ction, humans have evolved powerful strategies, such as the immune system and various
including

infe
iron-binding proteins, to restrict the availability of iron to pathogens. Hosts,

humans, have developed mechanisms to make iron as inaccessible to microorganisms as

possible, especially during infection and concomitant inflammation (increased production of

hepeidin and natural iron chelators being some of them), which probably reduces the
virulence and pathogenicity of bacterial and fungal pathogens. Therefore, there is a constant

competitive relationship between hosts and microorganisms, including fungal pathogens,

with respect to iron (55).

TRANSFERRIN- Studies have shown that free iron in tissue fluids is less than 107 M

which is an exceedingly low concentration and is maintained predominantly by the iron-

binding protein transferrin. Hence transferrin  possesses a powerful bactericidal or

bacteriostatic effect as they help to maintain the concentration of free iron at such low levels
that are restrictive for the survival of the invading pathogen (56). Moreover, serum transferrin
Jevels <150 mg/dl were associated with an increased risk of sepsis in burn patients along with

other nutritional deficits like serum albumin, and total lymphocyte counts(57).

Higher iron levels independently facilitate the pathogenesis of fungal infection. The excess
iron which directly facilitates recurrent infections may cause iron-related mortality. Serum

ferritin levels more than or equal to 500 ng/ml were found to have higher cumulative

incidences of overall infections. Moreover, iron catalyses the chemical production of reactive

oxygen species, such as the hydroxyl anion and superoxide, which contributes to the

development of multiorgan failure(58).

Although the diagnosis of iron overload can be confirmed by various invasive and non-

invasive (imaging) methods, the simplest, most widely used, but not the most accurate

method is to determine serum ferritin values; a serum ferritin value of 1000 pg/L or more is

mainly used in haematology as 2 cut off value, which indicates treatment with iron

chelators(59,60)

Iron serves as an essential nutrient for metabolic pathways in both humans and
fungi, and protozoa, require

microorganisms. Pathogenic microorganisms, including bactena,
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jron for grOWth and pl'Oliferati()n- As a defence strategy, hosts have deve]oped numerous
- nechanisms t0 reduce the availability of iron to invading pathogens. Therefore, the decision

to supplement iron in patients with infections requires careful consideration of risk vs benefit

(61,62)-

Iron and COVID infection
ions are among the nutrients necessary for viral replication, s

o they favour its oW

[ron
growth by ensuring iron repletion to the infected host cell. But when a host is infected with
the virus, hepcidin is released from the liver and lowers serum iron levels o limit iron
availability. Therefore, Jowering iron levels engages host tolerance responses to protect itself

from the infective pathogen(63).
Several reports have shown that a decreased serum iron level is observed in patients with

severe COVID-19, and serum iron levels can be a prognostic marker. However, the

association between host iron-lowering response and disease severity is not clear(64,65).

Kang Zhao et al conducted a study with aim to assess serum iron in predicting severity and

mortality of COVID-19. Study result shows that out of the 50 patients, 45 (90%) patients had
abnormally low serum iron levels (<7.8 umol/L). The severity of COVID-19 wa

correlated with serum iron levels before and after treatment and was positively corr

s negatively

elated

with C-reactive protein, serum amyloid A, D-dimer, lactate dehydrogenase, urea nitrogen,
and myoglobin levels. Decreased serum iron levels could predict the transition of COVID-19
from mild to severe and critical illness. Low serum iron concentration was an independent

risk factor for death in COVID-19 patients(66).

A study was conducted to find if ferritin levels could be a crucial factor influencing the

severity of COVID-19. In one study with 20 COVID-19 patients, it was found that the

individuals with severe and very severe COVID-19 exhibited increased serum ferritin levels,

showing serum ferritin significantly higher in the very severe COVID-19 group than in the

severe COVID-19 group (67).

In agreement with this, another study revealed that in patients who died from COVID-19,
ferritin levels were high upon hospital admission and throughout the hospital stay. The
median values of serum ferritin levels after day 16 of hospitalization exceeded the upper limit

of detection in these patients, suggesting that ferritin levels increased to much extent (68).
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Also, Chen et al. analysed the clinjcal characteristics of 99 patients, in which 63 of them had
SET ferritin way above the normal range. Elevated ferritin levels were found also in
autopsies of 12 patients whose cause of death was SA RS-CoV-2 infection. An analysis of the
peripheral blood of 69 patients with severe COVID-19 revealed elevated levels of ferritin

compared with patients with the non-severe disease. Therefore, it was concluded that serum

ferritin levels were closely related to the severity of COVID-19 (69)

Iron and fungal infection

Alternatively, iron can be stored as part of iron-rich proteins (ferritins). To date, the only
fungi identified that store iron in ferritins are members of the class Zygomycetes. Also, fungi
can store iron as part of small proteins called siderophores, which specialize in obtaining iron

from the environment. This mechanism of storage is common among fungi belonging to the

ascomycetes and basidiomycetes classes (70).

Siderophores are low-weight, high-affinity iron-chelating molecules produced in response to
iron deficiency. Rhizopus takes up iron from the host with the help of siderophores. It takes
up the iron with the help of its endogenous siderophore rhizoferrin in a receptor-mediated,
energy-dependent process. It also takes up iron from the exogenous siderophore
desferrioxamine (DFO). Iron uptake from DFO is energy-dependent which requires a
reductive step. It interacts with binding sites different from those to which rhizoferrin
attaches to the fungus. The intact DFO complex does not enter the fungal cell but iron uptake
is by intracellular transport of the reduced iron without deferoxamine internalization. This
transport is likely mediated by high-affinity iron permeases. These high-affinity iron
permeases are present in fungi as part of a reductive system containing redundant surface
reductases that reduce ferric into the more soluble ferrous form. The iron bound to rhizoferrin
is taken up by serum apo transferrin, therefore making iron unavailable to Rhizopus.
Whereas, the iron within DFO is not trapped by serum apo transferrin and it is easily utilized
by Rhizopus. Thus deferoxamine, in contrast to other iron chelators can lead to iron

accumulation by Rhizopus for its growth and ultimately lead to fungal infections (71).

Toni Valkovi et al(2022) conducted a study to find out the link between iron and iron

overload with susceptibility to invasive fungal infections. They cited that invasive fungal

infections are an important problem in the treatment of patients with haematological

malignancies, and they are associated with significant morbidity and mortality. The role of
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infections 18 Intriguing, and so far, there is only sor

me evidence linking invasive fungal
infections to 1ron or iron overloag. They cited that Fer

ritin is a protein that stores iron in the
ainly located intracelul
this protein is found in the serum

in a non-toxic form, It i .
body 1n Itis m arly, although a small proportion of
and correlates with (he body’s total iron stores. When the

concentration of ferritin in the body (serum) is higher th

an normal, then it is called iron
overload. The latter

can result from various pathological conditions, such as primary
hemochromatosis or frequent blood transfusions, which are common in some haematological

diseases. Elevated serum ferritin levels also oceur with other infections or liver damage. In
iron 0

verload conditions excess iron can chemically interact with hydrogen peroxide, creating

reactive oxygen species that can cause tissue damage, inflammation, and fibrosis in affected

organs. Therefore iron overload can damage organs such as the liver, the heart, and the
endocrine glands, while the impact of this disorder on the immune system is less well
understood. And the invasive fungal infections are susceptible to patients with impaired

innate immunity (a reduced number and function of neutrophils and macrophages), and also
impaired T cell immunity (72).

Alvarez F et al. cited that upon a fungal infection, hosts restrict iron availability in order to
limit the growth and virulence of the pathogen. Fungi possess common and species-specific
mechanisms to acquire iron and to control the response to iron limitation. Upon iron scarcity,
fungi activate a wide range of elegant strategies to capture and import exogenous iron,
mobilize iron from intracellular stores, and modulate their metabolism to economize and
prioritize iron utilization. Hence, iron homeostasis genes represent remarkable virulence

factors that can be used as targets for the development of novel antifungal treatments(73).

Ibrahim AS et al cited that agents of mucormycosis are uniquely susceptible to variations in
environmental iron concentrations. Therefore, abrogation of iron acquisition by the agents of
mucormycosis is a promising therapeutic strategy to impact the clinical outcomes of this
deadly disease. They studied other experimental iron chelators like Deferiprone and
Deferasirox in addition to deferoxamine in vitro against R. oryzae where they found that,
unlike Deferoxamine, other iron chelators did not allow the organism to take up iron and did
ot support its growth in vitro in the presence of iron. Therefore they suggested the
Possibility of utilizing these iron chelators as adjunctive antifungal therapy(74).
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et al conducted a cage_
gumar H _ Feontrol study enrolling COVID-19 participants with and
without Mucormycosis and COmpared the Serum irop indices in the Th d th
m. lhey compare €
. . inding Capacity [TIBC), unsaturated
on-binding capacity and Percentage transferrin Saluration) between CAM cases and
= 545 ng/dl, p = 03) and TIBC (166.6
were Significantly |owey in

COVID-19-associated Mucormycosis
cases than controls. The case fatality rate of Cov

paseline serum iron indices (jron, ferritin, tota iron-b

COVID-19 controls. The mean serym, iron valyes (33 v
s, 201.6 pg/dl, p = .003)

ID-19-associated mucormycosis was

13.9%. The iron indices were not significantly different between CAM survivors and non-

qurvivors. The conclusion of the study

7INC AND MUCORMYCOSIS

zinc is the second most abundant trace element (after iron) essential for all living organisms.

, " . . +2 N
Zinc exists as a divalent cation (Zn ) and is not redox active under physiological conditions,

which explains why zinc performs multifarious physiological roles in a variety of biological
processes(76).

Health evaluators such as the National Institute of Health (NIH) directed daily consumption

of 8 mg of Zinc for adult females and 11 mg for adult males. The requirement of Zn in
malnourished children is 2—4 mg/kg body weight, which is higher than that in healthy

children (0.17 mg/kg) in the age group of 1-3 years, owing to the higher Zn loss and reduced
Zn absorption in the former cohort(77).

ABSORPTION OF ZINC

Zinc is absorbed in the small intestine by a carrier-mediated mechanism. Under normal
physiologic conditions, transport processes of uptake are not saturated. The fraction of zinc
absorbed is difficult to determine because zinc is also secreted into the gut. Zinc administered
in aqueous solutions to fasting subjects is absorbed efficiently (60-70%), whereas absorption
from solid djets is less efficient and varies depending on zinc content and diet composition.
Generally, 339 is accepted as the average zinc absorption in humans. More recent studies
have Suggested different absorption rates for different population groups based on their type
of diet ang phytate. Phytate is a naturally occurring substance found in common foods like
tereals, comn, and rice, has a significant detrimental impact on the absorption of zinc from

—\——.___;

Page | 19



composite meals. The phytate forms of inosiol
0

hex
these adverse effects are different from the | aphosphate and pentaphosphate that cause
ow

on zinc absorption(78). r phosphates, which have no or little impact

Faecal loss

AR
_ qZIpS -

\\Zn

Pancreas

Bone marrow

Heart

S Testis

i i |
=
[ {
f__cw
Sweat Loss
T Skin Kidney
Lb Urinarv Loss

FIGURL 7: Zinc (Zn) absorption and homeostasis in human body(79)
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Zinc absorption is concentration dependent and increases with increasing dietary zinc up to a
maximum rate. [n addition, zinc status may influence zinc absorption. Zinc-deprived humans
absorb this element with increased efficiency, whereas humans on a high-zinc diet show a

reduced efficiency of absorption(79).

The portal system carries absorbed zinc directly to the liver, and then released into systemic
circulation for delivery to other tissues. About 70% of the zinc in circulation is bound to
albumin, and any condition that alters serum albumin concentration can have a secondary
effect on serum zinc levels. Although, serum zinc represents only 0.1% of the whole body
zinc, the circulating zinc turns over rapidly to meet tissue needs(80). Clinically, Zn
deficiency affects various organs including those in the gastrointestinal, epidermal, immune,
central nervous, skeletal and reproductive systems. Reportedly, Zn supplementation has a
positive impact on the reduction of cases caused by Zn deficiency such as diarrheal episodes
and diarrhoea-induced morbidity, premature delivery, and acute infection of the lower

respiratory tract; and it also builds on the linear growth and weight gain in children (81).
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[ the ungs, zinc has anti-inflammatory

i o N antioxidant, and antiviral effects. It can inhibit
cancer cell migration, regulate lipid metaty

. olism and immune cells and exerts other protective
omprehensive ¢ ion highl;
offects. The comp ve evaluation highlights the clinical and experimental effects of zinc

in the pathogenesis of respiratory diseases(83).

zinc, which was initially thought to be helpful in the prevention and treatment of COVID-19

owing to the hypothesized antiviral activity, was later found to be ineffective for the same.

Long-term use of large doses of zinc has concerns of serious adverse effects like neurological
deficits, and major guidelines have recommended against the use of zinc in doses above its
recommended dietary allowance for the treatment of COVID-19. However, many regional
guidelines in India continue to include high-dose zinc as a common treatment across several
categories of COVID-19. Zinc being available as an over-the-counter medication has
facilitated the general population to consume it in large quantities with the hope of protection
against COVID-19 due to the widespread circulation of such guidelines through social media
(84).

Zinc concentration is kept in close limits (0.1-0.5 mM)(85). The zinc quota is maintained by
the activity of specific membrane transporters or by zinc-binding proteins that mediate zinc
uptake or storage. Zinc-depleting conditions are known to reduce fungal growth (86)and
evidence suggests that host cells employ sequestration of zinc to hamper fungal development.
This is exemplified by the reduced zinc levels in macrophages infected with Histoplasma
capsulatum (87), and neutrophils infected with Cryptococcus neoformans enhance the
production of calprotectin, a zinc-binding protein. However, excess cellular zinc can generate
an imbalance in oxidative metabolism. Indeed, macrophages have developed a strategy to kill
phagocytosed bacterial cells by zinc overload in the phagosomal environment and the
consequent generation of high levels of reactive oxygen species (ROS) in the invading

microorganisms(88).

Zinc is known as a common growth factor for different pathological fungi, including
Mucorales(89) Zinc influences diverse mechanisms of fungal pathogenesis by directly

regulating fungal proteins required to infect mammalian hosts(90). Zinc deprivation by the
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ig an important antifungg :
host 18 P gal ll1echamsm(86) and zinc chelators have been shown to inhibit

gifferent fungal growth, including Mucorales, both in vitro and in viva(91,92)

r et al (2022) con 2 Crace .
Mansou (2022) conducted a cross-sectional study aimed to assess the association

petween the mean serum zine leve] iy COVID-19 Egypti

| an patients and its relationship with
disease severty. The samples were divided into two gre

- ups according to clinical outcome,
group 1 which included 30 intensive care yni( (ICU

) patients and group 2 which included 30
patients who were admitted to the ward, Mean serum levels of zinc were compared between

the two groups. There was a statistically significant difference noted among study groups
regarding the serum zinc level (p=0.039), where lower mean serum zinc levels were noted in

ICU patients compared to ward patients, Study concluded that low serum zinc level is
associated with severe outcome of COVID-19 infection (93).

PVSN, et al (2022) conducted a cross-sectiona] comparative study to analysis Serum Zinc,
Copper and Magnesium Level and Their Relations in Association with Severity and
Mortality in SARS-CoV-2 patients in one of the isolation centres dedicated for the COVID-
19 patients in All India Institute of Medical Sciences, Jodhpur, India. A total of 150
individuals infected with COVID-19 and 50 healthy individuals were recruited. Cases were
divided based on severity (mild, moderate and severe) and outcome (discharged or deceased).
Serum Zn, Mg and Cu levels were analysed by direct colorimetric method. Both serum Cu
and Zn levels were significantly decreased in cases when compared to those in controls
(p<0.005 and p<0.0001). they concluded that severely ill patients showed decreased zinc

levels and increased copper levels when compared to mild and moderate ill patients(94).

Muthu V et al (2021) conducted an experimental and clinical study to explore the association

between zinc and mucormycosis. But the study did not conclusively support the hypothesis

that zinc supplementation contributed to the pathogenesis of mucormycosis(95).

Kumar § et al (2022) conducted a case-control single-centre study to assess the association
between level of Zinc and COVID-19-associated mucormycosis. The duration of the study
was three months, from June 2021 to August 2021. A total of 55 cases and 50 controls were
enrolled in the study. The use of zinc was found to be significantly associated with COVID-
19-associated mucormycosis, with 89.1% of the cases having a history of zinc intake and
only 52% of controls having a history of zinc intake( p-value <0.001). Researcher concluded
that zinc might be the hidden culprit behind the sudden surge of COVID-19-associated

—_—
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mucormycosts worldwide owing to the self-administration of zinc by the patients to acquire
innate immunity and over-prescription of multivitamins by the treating clinicians. Intake of
zinc was also found to be associated significantly with COVID-19-associated MUuCcOrmycosis,

merefore treating clinicians should restrict the use of multivitamins containing zinc and other

metals, which might promote fungal growth(96).

Karoli et al (2021), conducted a retrospective, observational study to assess Clinical-
epidemiOIOgical Profile of Coronavirus Disease 19 Associated Mucormycosis (CAM) and
Relation with Zinc and Iron Levels. Demographic profile, clinical and laboratory parameters
were recorded. Multidisciplinary treatment including antifungals and surgical interventions
were noted. This study included 98patients of mucormycosis, diagnosed on the basis of
clinical and radiological findings and later were confirmed by microbiological investigations.
Out of 98 patients, 72 had rhino orbital, 24 had rhino-orbital-cerebral and 2 had pulmonary
mucormycosis. Twelve had coinfection of covid 19 while 86 had developed Mucormycosis

within 3 weeks. Mucormycosis is uniformly associated with low iron levels but regarding

role of zinc there is need of further study(97).
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AIMS AND OBJECTIVES

: imate the » :
AIM: TO estim pre & post-operative levels of serum iron and zinc in patients with

mucormycosis.

OBJECTIVES:

1, Toassess the levels of iron and zinc in patients with mucormycosis pre-operatively and
post-operatively.

To evaluate if the levels of iron and zinc change significantly with the disease activity.

2.

3. To explore if the serum levels of iron and zinc can be used to predict the disease activity.

RESEARCH QUESTION: Can the Pre & Post-operative levels of Serum Iron and Zinc be

used to predict disease activity in patients with mucormycosis?

Null Hypothesis: The levels of Serum Iron and Zinc cannot be used to predict the disease

activity in patients with MuCormycosis.

Alternate hypothesis: The levels of Serum Iron and Zinc can be used to predict the disease

activity in patients with MUuCOrmycosis.

-—-_-_‘_-_
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TERIALS AND METHODS

gTUDY DESIGN: Prospective Observationa Study

GTUDY SETTING: The study has pee conducted g

_ Al ie itut i
. o i D I India Institute of Medical

o artment of Olorhinolaryn gology

pURATION OF STUDY: The study was done gver period of 9 months, following the

procl"'emem of the CTRI Registration number in December 207

sTUDY SETTING: The study was condugted in the Department of Otorhinolaryngology in

conjunction with the Department of Biochemistry ang Microbiology at a tertiary care institute
i e. All India Institute of Medical Sciences, J odhpur, Rajasthan.

SAMPLE SIZE: As there were no studies in the Medline database correlating the levels of

iron and zinc levels in mucormycosis patients pre and postoperatively, this study was

devised.
The sample size was taken as time-bound, limited by time and logistics.

However, by the end of the second wave of COVID- 19 pandemic, there was a decrease in

cases of mucormycosis. Thus, a sample size of only 41 subjects was feasible.

INCLUSION CRITERIA: Patients of all age groups with diagnosed mucormycosis,
admitted in AIIMS Jodhpur were included in the study.

EXCLUSION CRITERIA:
I Patients with active COVID-19 infection.

2. Critical patients requiring post-COVID or post-mucor ventilatory support.

FUNDING:

No fund was received from any source for the completion of this study.
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METHODOLOGY:

ducted a Prospecti .
Wwe con pective observational study on patients who were diagnosed with

is and itte
Mucormycos! ‘ were admitted and managed both surgically and conservatively, by
collecting prospective data from December 2021 1o August 2022 |

A thorough history was taken regarding types of symptoms and their onset, prior history of

coVID infection, known comorbidities etc and thoroughly noted

A complete physical examination was done and any signs suggestive of mucormycosis were

noted.

Blood samples for Iron and Zinc were sent along with other routine samples according to

[nstitutional protocol during the first 24 hours of admission.

A diagnostic nasal endoscopic examination (DNE) was done and findings were noted.

Tissue samples were taken from suspicious areas of involvement from the nasal cavity ie
mostly from the middle turbinate and sent for microbiological examination (Microscopy as

well as Fungal Culture).

At the same time, disease extent was also evaluated radiologically by Contrast-Enhanced

Computed Tomography Scans (and MRI Scans wherever indicated as well).

The radiological staging was done as per Honavar et al(31).

Following these, the patients were immediately started on Systemic antifungals- Injection

Amphotericin B (5mg/kg) along with Tablet Posaconazole daily.

These patients underwent Surgical debridement of the infected tissue.

Patients’ status following the 15" 30" and 90" postoperative days and respective days’ CT

Scan was recorded and again evaluated & staged along with the blood serum estimation of

iron and zinc and assessment done.

All surgeries performed and clinical features in these cases were recorded.

Details of medications given to the patients in the form of antifungal drugs were noted as

well.
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QADIOLOGICAL ASSESSMENT:

Imagi“g plays a very important and usefy| role for assessing the disease and the extent of

involvement and complications. Therefore, all suspected cases of Mucormycosis immediately

1mderwenl Contrast Enhanced Computed Tomography ( CECT) of the nose, paranasal sinuses

(PNS)’ orbit and brain of 0.5-1 mm slice thickness in axial plane (followed by reconstruction

into coronal and sagittal planes). Gadolinium-enhanced Magnetic Resonance Imaging

(CEMRH of brain, orbit and paranasal sinus was done for patients with suspected intracranial
or intraorbital extension or extensive soft tissue disease or in cases with diagnostic dilemma.
Thickened mucosal lining, opacification of the paranasal sinuses, and obliteration of the

osteo-meatal complex are the principal radiographic findings concerning the sinuses during
mucormycosis by CT scan.

The sinuses showing opacification on CT or MRI were recorded in each case. On post-
contrast CT and MRI, the type of contrast enhancement and involvement of any extra sinus
structures including orbit, face, pterygopalatine fossa, masticator space, brain and cavernous
sinus were noted. Presence of bone involvement was evaluated on the CT. Any complications
like arterial thrombosis were noted on CT and MRI. Fat stranding and soft tissue extension
similar in appearance to the intra-sinus soft tissue was taken as evidence of orbital, retro-
antral, masticator and pterygopalatine involvement. Orbital cellulitis was seen as stranding in
the retrobulbar fat, without overt abscess formation. Cavernous sinus and internal carotid
artery involvement were seen as thickening and non-enhancement on post-contrast scans with
the presence of abnormal surrounding soft tissue. Patients with intracranial extension were
evaluated for dural enhancement, presence of extradural collections, infarcts, cerebritis and
intracerebral abscess. However, radiological findings may be non-specific initially thus serial

radiological investigations are required to assess progression and extent(98).

In our investigation, the radiologic findings were evaluated and preoperatively classified
using the Honavar et al grading system. And at successive follow-ups, the disease's
Progression was evaluated by contrasting the results of the initial scan with the presence of
lingering mucosal or soft tissue thickening, fresh foci of involvement, fresh or increased bony

erosions, increased vessel involvement, an extension of the disease etc and noted.
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BLOOD SAMPLE COLLECT|qy,

«  Under all aseptic Precautions, 2y each of ve

: , _ nous blood was obtained by venepuncture of
the median cubital vein ang collected ip yellow vacyt
acut

o ainer for estimation of both iron and
zinc 1n serum.

Procedure for separating Plasmg and Serum fro

m whole blood
Blood was lefi to sit for

“ .
30 minutes o one hour at room temperature to ¢l

ot before
centrifugation.

A delay n centrifugation may have a detrimenta effect on the s

ample quality and may result
in inaccurate resislis,

Universal precactions must be taken when working with blood.

Blood was collccied in yellow Vacutainer and centrifuged (4000 rpm) at 4 degrees centigrade
for 8 minutes.

After centrifugation using a clean pipette technique, 1.0ml of serum was placed into 1.5ml
Eppendorf tube labelled with the tracking/identity number of the patient.

Freeze immediately at —80 degree freezer.

FIGURE 3: Centrifugation Machine
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{RON ESTIMATION:

ON BECKMAN (;OULTER METHOD Ry COLORIMETRIC METHOD:
A technique for the direct assessment of serum iron was first presented by Schade et al. in

a phosphate buffer containing ascorbic acid and
the iron Jleve|
ba[hophenanlhrolinc. Goodwin(100) proposed

1954 99). The serum was incubated in

ridine in order to measure i
it Using an acetate buffer and

a direct approach for serum iron in 1966.
These changes improved colour development by using a more sensitive iron chromogen and

removed random iron contamination from phosphate buffers

The chromogen used in this Beckman Coulter technique is TPTZ [2,4,6-Tri-(2-pyridyl)-5-
wiazine]. Transferrin-bound iron separates into free ferric ions and apo-transferrin in an
acidic environment. Ferric ions are converted to ferrous ions with the use of sodium
ascorbate and hydrochloric acid. The reaction between the ferrous ions and TPTZ results in
the formation of a blue complex that may be detected bi-chromatically at 600/800 nm. The

amount of transferrin-bound iron present is directly proportional to the rise in absorbance.

Method: Photometric test using Ferene.

Principle: Iron bound to transferrin is released in an acidic medium as ferric iron and is then
reduced to ferrous iron in the presence of ascorbic acid. Ferrous iron forms a blue complex

with Ferene. The absorbance at 595 nm is directly proportional to the iron concentration.

Reagents:

Components and Concentrations R1: Acetate buffer (pH 4.5, 1 mol/L), Thiourea- 120
mmol/L

R2: Ascorbic acid- 240 mmol/L, Ferene- 3 mmol/L, Thiourea- 120 mmol/L.

Measuring range:

The test has been developed to determine iron concentrations within a measuring range from
3 = 1000 pg/dL (0.9 — 179 pmol/L). When values exceed this value samples should be
diluted 1 + 2 with NaCl solution (9 g/L) and the result multiplied by 3.
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5 eciﬁcit}’/lnterferences:
p

. b :
No interference was observed by Conjugated and free bilirubin up to 60 mg/dL, haemoglobin

/dL, lipemia up t ;
4p 10 100 mg p P 10 2000 mg/dL, triglycerides, copper up to 200 pg/dL and zinc
pto 400 pefdL-

Sensiﬁvity/Limit of Detection: The lower limit of detection is 5 pg/dL (0.9 umol/L).

Reference Range for serum iron (101)

- | S.IRON (ugian)
Gmonths 28-135
lyear 35-155
Women
— 25years 37-165
4(years 23-134
60years 39-149
Men
25years 40-155
40years 35-168
60years 40-120

ZINC ESTIMATION: Zinc estimation was done by a colorimetric method by Diasys kit on
Beckman Coulter Platform. The estimated reference range of serum zinc level is 60-120

ug/dL, where the range was 59-125 pg/dL for male and 50-103 pg/dL for female (102) .

Principle-
. Zinc forms a red chelate complex with 2-(5-Bromo-2- pyridylazo)-5-(N-propyl-N-
sulfo-propyl-amino)-phenol. The increase in absorbance of this complex is proportional to

the concentration of total zinc in the sample.
Linearity is up to 400 pg/dL (61.2 pmol/L)

SenSitiVity/Limit of Detection - The lower limit of detection is 2.9 pg/dL.

Page | 30




Features and Benefits:

Direct colorimetric method with 5.3, PAPS
WlthOUT deproteinization on SETUm, plasma and sep;
End-Point reaction in 5 mip 4 39 o and seminal fluid
Linearity: 400 pg/dL

Standard included in the ki

Liquid Stable; Single reagen
Economical and fast analysig

No interferences by clinical samples

The tests were performed at the Department i
of Biochemist
ry at AIIMS-Jodhpur.

mation of pne

ZINCFS

M LNo. - MHI102154

QI

) DuSys Diageostes india Prvas Lited

A} o v B 110 mvuni e
WDIC Mgage Mty - 400710
Lagharavierd frdd

& Comv
Cutomes e gl GRS

F o gepark guefed
gspmparg? * 1 ! i
¢

i gy (1) Htplesh Gerenfimatn ©
e darit ZINC

FIGURE 4: Zinc Reagents
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FIGURE 5: Beckman Coulter Analyzer
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FIGURE 7: A lady with left periorbital swelling and skin discolouration over left
cheek




FIGURE 9: A lady with left cheek and eye defect with bone necrosis, status post
debridement

FIGURE 10: A boy with soft tissue i

— . Page | 35
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PRE-OPERATIVE WORKUP

s Were subjected to a detailed clinical assessment, basic routine workups along with
atien

P igations relevant to the study.

inVCS

o|s of iron and zinc were assessed preoperatively using Beckman Coulter method for
gV

The |

d colorimetric method for zinc and recorded.
: n
jron @

POST-OPERATIVE WORKUP

|5 of iron and zinc were assessed postoperatively using Beckman Coulter method for
Levels

\d colorimetric method for zinc on POD 15, 30 and 90 days and recorded.
jron ar
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TATIsTICAL ANALYSIS

- Jata collected during the study wag compiled on 3 p; f
. : , o Icrosoft Ex
analysed statistically using the statistical package for the - cel
~dCalc statistical

20113 for windows. Qualitative data were presenteq as meant+/
' s meant/-

spread sheet and

software version

. SD and median.
Col done by Chi-square test (X*-test) and Fishe

uill ANOYdks & vslt: eos g 0 sher exact test,

ai 05 was considered to be statistically

nparison between groups was

qigniﬁcam- Data has been also presented by charts and graphs. SPSS statistical softw
g : al software was

used for data analysis.

pTHICAL CLEARANCE

Appro"al to conduct this study was taken from the Institution Ethics Committee (IEC),
certificate reference No. (AIIMS/IEC/2021/3724, dated 11/09/2021) and registration was
sone with Clinical Trial Registry-India (CTRI Registration No. CTRI/2021/12/038446,
obtained on 06/12/2021), AIIMS, Jodhpur. Informed and written consent in a language the

patient and their attendees understand was obtained from them before their participation in

the study-
There are reasonable ethical implications in this study:

i All subjects have provided written informed consent.
i There were no added costs to the patient.

i Patient has to meet the aforementioned study inclusion criteria.
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RESULTS

. i -b t' fd .
TABLE 1: Distribution ol demographic apq clinical variapes among the subject
. subjects.
(N=41)

/ Variables —
g S — %
At (years) S1.80+11.88
/ o Malg TS
Gender Female g —| 10
/‘ Rhino orbital cerebral 9 ;IgS
) Sino nasal 20 48'72
Type of Muce Sino orbital T .83 |
Soft tissue 1 2 ;14 |
/0 COVID Yes 14 34.15 i‘
infection No 27 65.85
Type 2 DM 12 29.27
- Type 2 DM with other comorbidities 14 34.15 |
Comorbidities e T :
Non Diabetic with other comorbidities 6 14.63
No comorbidities 9 21.95 j

As per above table, the mean age of subjects was 51.80+11.88 (40-65years). Out of 41,
majority of subjects 78.05% were male followed by 21.95% female. Nearly half of the
subjects (48.78%) were having sino-nasal mucormycosis followed by sino-orbital
mucormycosis (26.83%). Only 34.15% subjects were having history of COVID infection.

Most of the patients had associated comorbidities. Majority had a history of associated

T2DM.

TABLE 2: Mean values of Serum Iron and Serum Zinc at different time intervals

among mucormycosis patients (N =41).

Preop 15" Day 30" Day 90" Day
(Meanz SD) (Mean# SD) (Meanz SD) (Meanz SD)
Iron 31.92+21.88 28.13+31.22 34.21+31.29 40.56+26.02
_ Zine . 15621 94.05+43.86
Zinc 94.54+50.84 116.66£57.84 | 102.51£56.

The serum Iron levels were analyzed for descriptive statistics and the mean and standard
deviation of serum iron levels were calculated and noted as in the above table. On’ an
aVerage serum iron levels were found to be lower than normal in all four readings. The data
¥as found to be skewed from a normal distribution using histogram, Shapiro Wilk test and Q
“Qplot, Hence the values have been reported in the median and interquartile range [IQR] and

analys; ;
alysis was done using non-parametric tests.
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TABLE 3: Median values of Serum Irop angd

AMong mucoyp,

Ycosis Patients, €rent time interyals
Y (-~ "N=4p
P Preop 15 Day %
n=41) (n =4y ( ~Day WWR
( ’ (Median = 39) (n =39, Friedman’s
(Median [IQR]) QR)) (Mediap (Median test
ITQRY) (p-val
_—T 2411, 50] m_]g\ [TQRY)) alue)
c 1 | 100760 e e S
zin¢ | - —12 1361 79 [60, 119 0.01
e e

120
100
80
60 4;,‘
40

20 |
B ml g
| SE
" .

Pre-op 15th day

90th day

Biron ®BZinc

FIGURE 12: Levels of Iron and Zinc at different time intervals among patients.

The above table highlighted that the median level of serum Iron among mucormycosis was 24
[11, 50] pg/dl in the pre-operativé phase. On day 15" the iron level was 17 (10, 33] pg/dl
followed by 18 [8, 55] pg/dl on the 30" day. Two patients were lost to follow due to death
after 15 day. The level of serum Iron was increased on day 90" and it was 33 [23, 45] pg/dl.
The Friedman test applied for four interval iron levels has been found significant (p = 0.001).
Additionally, the present study also highlighted that the median level of serum Zinc among
Mucormyeosis was 90 [57, 127] pg/dl in the pre-operative phase. On day 15th, the level was
07170, 149) ug/d1 followed by 100 [60, 136] pg/dl on the 30th day. The level of serum
Zinc on day 90th was 79 [60, 119] pg/dl. Two patients were lost to follow due to death after

ol day. The Friedman test applied for four interval zinc levels has been found significant (p
=0.0] )
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/;;m Iron levels Friedman’s test for repeated
— measures (p-
= v o o res (p-value)

//’________F h 0.188
/ll—ﬂ——ﬂ- | mdﬂy 0.317

Preop 90" day 0.331
L— 15"‘ day 30th day
. it S . 0.652
15™ day 90™ day 0.001
/‘—_____‘_':.__——-—r th :
30 day 90 day 0.082

mbove t

petween differ

levels. (N = 41)

riedman’s test for significance betw
een repeated measures of serum iron

able is suggestive that of various combinations of serum iron I

ent time intervals only those in 15" day- 90" day was significant a

taken for further analysis and prediction.

TABLE 5: Friedma

n’s test for significance between repeated measures

levels. (N =41)

evels taken

nd could be

of serum zinc

Friedman’s test for repeatedT

The above table

between different

significant and could be taken for further analysis a

is sug

ti

gestive that of various ¢

me intervals only those in Preo
nd prediction.

omb
p 15"

Serum Zinc levels measures (p-value)
o 15" day 0.029
—— __‘____3_(}_?13_{________ 1.00
Preop 90" day 0.986
15" day —| 30™ day 0.063
15" day —] 0™ day 0.016
i 90" day I 0.886

inations of serum zinc levels taken

day and 15" day - 90™ day were
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. The difference in va
T ABLE 6: Th . lues of Serum Iron levels collected at different time
intervals among mucormycogsis Patients, (N

=41)

Mean SD (pg/dl)
Median [IQR]

5.43432.06
g 51-9, 24
1.51430.60
-4 [-17, 16]
g 11.48434.56
s RN
;i -705&28a39 :
| -7[-26, 15]
rtenos o T
Picop 15" Day 30"’| Day 90*" IDay

The above table descriptively presents the difference in serum iron levels between different

ime intervals in mean + Standard deviation, and median [Interquartile range].
i

TABLE 7: The difference in values of Serum zinc levels collected at different time

intervals among mucormycosis patients. (N = 41)

Mean= SD (pg/dL)

Median [IQR]

-19.14+74.44
23 [-58, 17]

2.97+70.62
-16 [-39, 48]

;.
S B
L

|
Pl‘eop lslh Day

90" bay

e in serum zinc levels between different

The above table descriptively presents the differenc

median [Interquartile range].

lime intervals in mean + Standard deviation, and

‘//’//P‘a-ge’[ﬁ
\__




ifference in values )
g: The differ ues of Serum iron jyeg from the normal populatior
pulation

TAB ted at different time intervalg g
q colle€ mong Mucormycosis patients. (N = 41)

p-value
9] 0001
08 51430 98
105 (-119.91] 0.001
93.07¢30.74
| 97 [-119, -73] ’ 0.001
| 870242852
! -97(-107,-76) ‘ 0.001
|
e ! | ,
P:':;f - Preop 15% Day 30% Day 90"'IDay
pulst?
Norm

e ifference in valucs of serum iron levels from the normal population mean of 120 pg/dL
collectes at different time intervals has been analyzed and documented as in the above table.
Wilcoxon signed rank test comparing the patient median serum iron levels and population

qormal iron levels was done and found to be significant in all four comparisons. (p < 0.001)

TABLE 9: The difierence in values of Serum zinc levels from the normal population

mean collected at different time intervals among mucormycosis patients. (N = 41)

MeansSD (ng/dL) p-value
Median [IQR]
0.557
36.65+57.84 0.002
27[-4. 67) l
17.51£59.17 | 0.156
9[-20, 52] l
9.46+4742 0.817
-2[-20,31) J
Populmon Pl'll’op 15t 6”, w.rmy 9Qth 'Day

Normy]

\
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1

. values of serum zin
diffe1-cnce n ¢ levels from normal Population mean of 90 pg/d
| no pg/dL
di
ed at |
t . od rank test comparing th i " dbove table
o signe t AN the patient median serum zinc levels and lati
. s and population

fte

wile

fferent time intervals has been analy;
yzed and docum
ented as

was done and found ieni
1C levels nd to be not significant. |
- In the group 15" da
y postop

nofmal ; ;
ricon 0 normal corum zine levels was significant (p=10.002)

comPa

1.BLE 10: Comparison of preoperative disease with disease progression by

radiological findings.

e """Tf_ Disease progression Total
Improved

pre-op diseas® [y % N Worizned N %

S aay |32 78 9 22 41 100%

xR EE 74.35 10 25.65 39 100%

90" day 3 9.3 8 205 39 100%

i S

The above table communicated that on the 15 day follow-up period, out of 41 patients, the

majority 32(78%) had improvement in the disease, while 9 (22%) patients had worsened

disease.

The present table also revealed that on the 30" day follow-up period, out of the 39 patients,

10 patients had worsened disease.

29 had improvement in the disease, while
y follow-up period, out of 39 patients 31 had

The table expressed that on the 90™ da

improvement in the disease, and 8 patients had worsened disease.

TABLE 11: Levels of serum iron trend (pg/dL) with disease progression

Iron levels trend (pg/dL)

Disease status
Preop 15" Day 30" Day 90™ Day
Improved 2711, 51) 1910, 33] 23 [12, 55.5] 33 [23,46.5]
3 —_—-___—___________—
Worsened 20[9.75, 29] 11.5[10.25, 11[6.5,42.5] | 27.5[24.5,34.75]
S 17.75]
Wilcoxon
signed rank 0.256 0.374 0.406 0.169
test
Mue) ]
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40 o —
26= . —
0
Preop 15th day
30th
- day 90th day
s |Mproved == WOorsened

====Normal iron levels

FIGURE 1 Serum iron levels trend (rg/dL) with disease progression

The tabiz highlighted that the median serum iron values in patients with improved disease

condition were 27 pg/dL preoperatively, 19 ug/dL on the 15® day, 23 ng/dL on the 30" day

a Of th . .
and 33 pg/dL on the 907 day. And the median serum iron values in patients with Worsened

disease condition was 20 pg/dL preoperatively, 11.5 png/dL on the 15" day, 11 pg/dL on the
30" day and 27.5 pg/dL on the 90" day. Friedman’s test predicts no significant

association between the iron level trend and the disease progression.

TABLE 12: Levels of serum zinc trend (pg/dL) with disease progression

Disease status Zinc levels trend (pg/dL)
Preop 15" Day 30" Day 90™ Day
(Median [IQR])
Improved 90 [63, 134] 10778, 147] | 109(79.5,143.5) | 79635,
107.5]
Worsened | 99 [59.25, 105.75] 105.5 [77.75, 65 [45, 90.5] 85.5[61.5,
143.25) 123.3]
Wilcoxon
Signed rank 0.040 0.177 0.083 0.233
test
(P-value) L,_,,/‘J"/’J/
R SO //m




0 Preop

F

The table

condition were 90 pg

day and 79 pg/dL on
Worsened disease COT
ug/dL on the 30" day and 85.5 pg/dL o

association between the zinc level trend an

TABLE 13: Correlation of serum iron le

s | mproved

15th day 30th day

s \WOrsened

Serum zinc levels trend (/g

90th day

s===== Normal zinc levels

__;;URE 14: Serum zine levels trend (pg/dL) in with disease progression

highlighted 521 the median serum zinc values in patients with improved disease
/i1, preoperatively, 107 pg/dL on the 15" day, 109 pg/dL on the 30"

e 90" day. And the median serum zinc values in patients with
tirion was 99 pg/dL preoperatively, 105.5 ug/dL on the 15" day, 65
n the 90" day. Friedman’s test predicts a moderate

d the disease progression (p=0.04).

vels (pg/dL) with disease progression

(Spearman’s rank correlation)

Time interval Correlation of serum iron Significance ]
levels (pg/dL) with disease (p-value)
progression
.
Preop -0.169 0.303
]
15™ day 20.082 0.620
et
30" day 0385 0.015
e ] e
90" day -0.223 0.172
e
e /M
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FIGURE 15: Scatter plot representing serum iron values on 30" -day post-op with

disease progression

The figure shows negative correlation between serum iron levels on 30" day post-op plotted

for patients who had improved and worsened disease outcome.

TABLE 14: Correlation of serum zinc levels (pg/dL) with disease progression

(Spearman’s rank correlation)

Time interval Correlation of serum zinc Significance
levels (pg/dL) with disease (p-value)
progression
i -0.56 0.733
1

\S‘ﬂ 20,011 0.946
\Wﬂ -0.319 0.048
9 -0.195 0.234

ey
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(5 Correlﬂﬁ‘m of difference of serum jp, ¢
3 n fr

BL ) Oom n()rm
a i
'f" dlSCase progrESsion | Serum iron level and
e nterval Correlation of difference g T———
Serum ironfrom Significance
with disease Progression (p-value)

m’r 20,152
— A aay 20,090
/; ’:W -0.155 \m‘\_j
aﬂr -0.042 *J

067 {

fference of se
E o : rum
norm i
ycls 7O mean of normal serum iron levels in the population (110 pg/dL in females

ey
jrof , .
/ les) and dis : - .
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DISCussion

rospectiv . :
condUCted a_prospective  observational Study where we enrof] d 4]
' rolie patients of

is admitted at All Indi : :
ycosis @ dia Institute of Medical Sciences Jodhpur, out of which t
o e s ol which two

Mucoﬂﬂ
were lost to follow due to death i between the fo|
ollow-

ients i
patl ) up period from December
2022 ( duration of T
2021 10 August 2 ( 1 of'9 months). The present study was conducted with the aim
o evaluate the fluctuations in serum iron apg zinc levels in mucormycosis patients i
. o . - S m
connection to the disease activity and also to investigate whether levels of iron and zinc can

i atilized to forecast the activity of the disease.

A]though mucormycosis is not gender-dependent, the infection has been reported more in
nales. In this study, 78.05% of patients were male and the remaining 21.95% were female. In
his context, similar findings were reported by Pate] A et al(103) and Kamat M et al (35). In a
descriptive study, Farghly YS et al stated that mucormycosis was predominantly seen in

males with Diabetes mellitus(104).

Bhatt K et al cited that Covid-19 is mainly responsible for the recent mucormycosis (105).
Whereas our research finding highlighted that only 34.15% of patients had a history of
COVID infection in the past and the majority i.e 65.85% of patients had no such history.

Depending on varying factors, mucormycosis infection is classified into various types: rhino-

orbital-cerebral/rhino-orbital/sino nasal/cutaneous and other disseminated types of

mucormycosis. Several previous works of literature highlighted that the most common form
of mucormycosis is rhino-orbital-cerebral (44-49%). In contrast, Moorthy A. et al explored in
his study that 48.98% of patients were having Sino nasal mucormycosis followed by 26.83%

having Sino orbital mucormycosis (106). In this context, Deepankar P et al also reported that

the most common subtypes were rhino-orbital (61.4%), followed by sino-nasal (16.8%),
thino- orbito- cerebral (16.8%) and orbital (3.0%)(107). In a meta-analysis, Patel et al. also

described rhino-orbital mucormycosis as a major type (67.7%) of mucormycosis. Our study
‘“mmunicated that out of 41 patients, the majority i.e 20 (48.78%) patients had Sino nasal

Mucomycosis followed by 11 (26.83%) Rhino orbital mucormycosis patients and 9

(21'95%) patients were having Rhino-orbital-cerebral MUCOrMYCOSis.

mucormycosis infection. In terms of

F . .
Uﬁhennore, comorbidities have a vital role in o
) were diabetic

. ? 0
comofbidities, our findings communicated that out of 41 patients, 12 (29.27%
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(34.1 5%) patients had diabeteg along with
i

god 14
d disease etc) and 9 (21.95%;

Some other ¢ ;
- . om ot BEEe . o
Thyrol ) patientg had orbidities (like CAD, HTN,

. no k.n()Wn o
rescarCh findings, Deepankar P et o] revealed comorbidities. In reference to our

at diabet "
s of MUCOrMycosis. A systematic review als \ €S mellitus was present in 71% of
" . . 1£hli ¥
ients Were diabetic (107). ehlighted that a total of 224 (85.8%)
P

oha dania S et al reported a statistically signifi ;

0.008) petween the radiologically judged

P having higher levels of serum ferritin(108). In

contrast, @ cross-sectional study by Rao C et g (2022) highlighted that the mean serum iron

(5037) and TIBC (255.37) were significantly higher in Stage 4 CAM cases compared with
less invasive stage 2 CAM cases (109).

[ron has a significant role in the disease progression of mucormycosis. In this context, a
cross-sectional study by Khan T et al (2022) reported that most of the patients with Covid-
associated Mucormycosis have an iron overload state defined by elevated serum iron and
serum ferritin levels(110). Additionally, Rao C et al (2022) revealed a significant correlation
between the clinical severity of CAM and higher mortality, and increased serum iron levels

and inflammatory markers in this population of patients(109).

Singh A et al highlighted that Serum Ferritin levels were above the normal range in 87.5%
(140 out of 160) of the patients tested, and the median value noted as being considerably

raised at 968.6 ng/ml (111).

Moreover, Umar H et al (2022) revealed that the mean serum iron values (33 vs. 45 ug/dl, p =

03) were significantly lower in COVID-19-associated mucormycosis cases than in controls
96).

In context to these findings, the present study communicated that the level of serum Iron in

th
mucomycosis was 31.92+21.88 in the pre-operative phase. On day 157, the level was

28.13431.22 (decreased) followed by 34.21£31.29 on the 30™ day (a little increase). But the

*Tum Iron level increased on day 90th and was 40.56+26.02. Whereas, the median level of
he pre-operative phase. On day

*Tum Iron among mucormycosis was 24 [1 1, 50] pg/dl in t '
55] pg/dl on the 30" day. The

15t X
%%, the iron level was 17 [10, 33] pg/dl followed by I8 8,
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Our research communicated that on the 15" day follow-up p

imajofity 23(56%) had no changes in the disease activity, W

decreased disease activity and 14 (34.15
| The majority were of the 2d stage followed by sb and 3¢ 3067

el of serum Iron was increased o, day oq'h
¢

| . , ,
apP]i ed for four interval iron levels haq been f #3451 ug/dl. The Friedman test

ound significant (p=0.007).

and it Was 33 [

5 ucor'myCOSiS in the patients (92),

An observational study reported that the leve] of Serum Zine was 9711 among patients with

i .In i
UCOrMYCOSiS (97). In the context of this study, the levels of serym Zinc were assessed in the

p;-eopefaﬁ"e and postoperative phases in present study. The level of serum Zinc was
94.54£50.84 in the pre-operative phase. The median level of serum Zinc among
mucormycosis was 90 [57, 127] g/dl in the pre-operative phase. On day 15 the level wa;
107 [70, 149] pg/dl followed by 100 (60, 136] pg/dl on the 30% day. The level of serum Zinc
on day 90" was 79 [60, 119] pg/dl. The Friedman test applied for four interval zinc levels has

peen found significant (p = 0.01).

In a case-control study, Kumar et.al highlighted that intake of zinc by either self-
administration by patients to acquire innate immunity or by over-prescription of
multivitamins containing zinc was found to be associated significantly with COVID-19
associated mucormycosis giving the result of 89.1% of cases having a history of zinc

intake(96). Whereas in our study none of the patients had history of oral zinc

supplementation.

A study by Bano Tanveer et al also highlighted that the association between zinc intake and

severity at the time of presentation was found to be statistically insignificant (112).

Mansour et al (2022) reported a statistically significant difference among study groups

regarding the serum zinc level (p=0.039), where lower mean serum zinc levels were noted in

the patients and it was associated with the severe outcome of COVID-19 infection (93).

eriod, out of 41 patients, the
hile 4 (9.76%) patients had
ease in the disease activity.

%) patients had an incr
s. On the 30™ day follow-up
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. out of the 41 patients, 22
erlod,O had no change in the dise
ase activity, 8 pati
, 8 patients had

4 disease activity and 9 patients had
Worsened (
sease,

jecreas®

Muthu v
¢t al reported that zinc level did not contribute

othe pathogenesis of mucormycosis(95).

p VSN et al (2022) conducted a cross-sectional comparative study to analyse S
- o . o yse Serum Zinc in
aSSOClatlon Wlﬂl the Se\/erlty and mor tallty 1n SARS-( oV-2 patients (9 ) The study f d
4). y found a

significant difference in the levels of zinc (p <0.0014) when compared between the controls

discharged and deceased individuals.

n a similar study, Maares M et al revealed that depending on the severity of COVID-19, free

serum zinc showed significantly decreased concentrations (113).

The study showed that lower serum iron and zinc levels are found with worsening disease
outcomes and there is an irregular negative correlation between serum iron as well as zinc
levels and disease progression. It may be because both iron and zinc as micronutrients are

essential for the growth and survival of the fungi and thus they consume them from the host

cells for their own survival.
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| LONCLUSION

iMucormyCOSiS is a life-threatening and devagtagip,

& Invasive fungal infection that emerged

ons of people especially those with known

mellit .
Itus) and Some with a history of COVID-19 infection

- ymidst the COVID-19 Pandemic anq affected mjj);

. b g 2
i Comorbxdltles (commonly Diabetes

4 in the paSt.

t to establi tagd
In an attemp sh an association and thereafter predictability of disease progression
: (=

. s n 3 .
with serum iron and zinc levels, we haye found a significant change in the serum iron and

 zinc levels over four different temporal points (pre-operatively, postoperative days 15", 30™

: i . o .
and 907) which had a significant negative correlation between both serum iron and zinc
Jevels and the disease progression.

: o th L
Disease severity on the 30™ day had a sensitivity and specificity of 64.5% and 62.5%

respectively, with a cut-off of 14.5ug/dL for iron. The sensitivity and specificity for Zinc

 were 64.5% and 75% respectively, with a cut-off of 84.5ug/dL. This was despite the median

levels at the initial presentation being less than normal for iron and normal for zinc in most
Fpatients.

' Hence, the study concluded that the serum iron and zinc at the postoperative 30" day can be

I
| used as a serum marker for predicting the disease progression with sensitivity and specificity

0f 64.5% and 62.5% respectively for iron and 64.5% and 75% respectively for zinc.
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STRENGTHS AND LIMITATIONS

0
I h regular follow-up.

wl

” e biochemlcal analyses were done with single standard
re-agents individuall
y for

jron and Zin%
e patient W - it
The 2£° of the P as evenly distributed, removing th
e age-related influ
ence on

: nd zinc levels.
SCfurn iron a

Limitations of the study:

1 gmall samp By the end of 2w
ave of COVID-19 Pandemic, mucormycosis

le size —

cases Were reducing in trend.

2, Single-centre study.

3, pre-analyﬁcal variables can never be com
pletely accounted for h
ence test reports ma
y be

skewed.

4, All radiological assessments were done by different individual
8.
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PATIENT INFORMATION SHEET

. Estimati :
TITLE: Estimation of pre & post-operative levels of serum iron and zinc in patients with

mucormycosis and to explore the possibility of these being used to predict the disease

activity.

This study requires your detailed information and recall of previous clinical history for the
assessment to be done to proceed in this study. You will be subjected to detailed clinical
assessment and routine workup and will be followed up till the biochemical values after
surgery is known. This study would require the details of preoperative and postoperative
values ofiron and zinc values. You are expected to attend to all the questions put in front
ofyou depending on the mutual comfort of you and the investigator. There are noobvious,

expected or known adverse effects on the patient due to this study. You havebeen invited to

take part in a study, which will help us in better understanding of thedisease. You are free to

withdraw from the study at any time and this will not haveany negative implication on

yow/your future treatment in the hospital.

Contact Person for further queries:

Dr. Hage Duniya
8302659712
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INITIAL EVALUATIONS

NAME:
AGE/Gender:
ADDRESS:

PRESENTING SYMPTOMS:

PAST H/o COVID INFECTION

H/o COMORBIDITIES

KOH Mount: Proven Not proven

EXAMINATION

Vitals

FACE EXAMINATION

ORAL CAVITY EXAMINATION

NOSE EXAMINATION
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£AR EXAMIANTION

EYE EXAMINATION

OTHER FINDINGS:

INVESTIGATION CHART

ROUTINE BASIC INVESTIGATIOS
CBC

PT/INR- s/

KFT (Urea/Creatinine) - / mg/dL
Na/K/Cl-  / / mEq/L

HbAle- g%

Ferritin -

INVESTIGATIONS PREVALENT TO THE STUDY
Serum Iron -

Serum Zinc -

OTHER INVESTIGATIONS -
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PRE-OPERATIVE ASSESSMENT
Clinical and radiological status of the patient will be assessed

APPENDIX-H
Department of Otorhinolaryngology
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POST- OPERATIVE ASSESSMENT
Assessment of level of serum iron and zinc post operatively on 15 days, 30 days and 90 days
using Beckman Coulter method for iron and colorimetric method for zinc and assessment

done.
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