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Summary 

     The current study included isolated and diagnosed the fungi that cause

Mucormycosis  associated with Covid 19 from patients recumbent  to Al-

Diwaniyah Teaching Hospital, Al-Shifa Center, during the period from

September 2021 to February 2022,A total of 120 clinical specimens were

collected from COVID-19-infected patients,  including 105 nasal swabs

and 15 sputum specimens. All specimens were cultured and examined by

traditional methods, using special culture media, and diagnostic support

with  PCR  technology,  According  to  the  phenotypic  and  microscopic

diagnosis, which was supported by molecular diagnosis, the fungus was

Rhizopus arrhizus (Rhizopus oryzae).  prepared by laboratory methods.

This results showed that only five specimens contain  R. arrhizus, with a

rate of  4.2%  and These results were also recorded in the global Gene

bank.

The inhibitory ability of silver nanoparticles with three concentrations of

5%,  10%  and  20%  was  tested  against  the  Rhizopus  arrhizus in

comparison with the antifungal ketocanazole, The results showed that the

20% concentration of silver nanoparticles was the highest inhibitor  , as

the average of inhibition for  the five isolates was in relation to radial

growth (69.26% ,  71.11% , 71.11%  , 72.6% , 74.07% ) and on the dry

weight (58.25% ,59.38%  ,70.76 %,71.42% ,72.28%) 

 also  the  inhibitory  ability  of  the  alcoholic  extract  of  Mushroom

(Agaricus  bisporus)  with  three  concentrations  of  8mg/ml  ,10mg/ml  ,

16mg/ml  against  Rhizopus arrhizus was tested in comparison with the

antifungal ketocanazole. The above extract was prepared by laboratory

methods ,  the highest   inhibitor  of  the alcoholic  extract  of  mushroom

16mg/ml,  the  inhibition ratios  for  five  isolates  were  (40% ,  42.64% ,
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43.07 % , 43.39%, 44.44%,) in relation to the radial growth, while the dry

weight  was  the inhibition ratios  (5.55% ,  6.14% ,  6.  38% ,  6.49 % ,

6.63%).  This  results  showed  that  there  were  significant  differences

between silver particles, Agaricus bisporus  extract and the ketocanazole

that was used for comparison.

This study also included examination  the morphological changes under

the  Scanning  electron  microscope  (SEM).  There  were  morphological

changes  observed  after  treatment  with  silver  nanoparticles  and  the

alcoholic  extract  of  the  Agaricus  bisporus ,  from  it  Aggregation,

excessive mycelial branching and hyphae size sporulation reduction  were

seen after treating the  Rhizopus arrhizus with silver nanoparticles at a

concentration  of  20%  and  examine  it  under  an  electron  microscope

(SEM).  And  it  was  revealed  that  aberrant  development,  excessive

branching, and swelling of the cell wall were discovered after treating the

Rhizopus arrhizus isolate with  Agaricus bisporus at a concentration of

16mg/ml .
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1-1 :Introduction

Mucormycosis is a rare fungal infection with a high death and morbidity

rate  that  has   interest  of  health  experts  and  physicians  worldwide,

particularly in India.(Hibbett et al.,2007). Furbinger documented the first

case in 1876 in Germany, when he discovered a patient who had died of

cancer  and who had fungal  sporangia  and hyphae into  a  hemorrhagic

infarct in his right lung )Islam  et al.,2021) .Arnold Paltauf documented

the first case of the disseminated type of mucormycosis in 1885 Paltauf

coined the term "Mycosis mucorina" and depicted the etiologic agent as a

rhizoid-like structure with sporangiophores ( Askiada et al.,2020) ,his led

him to believe that  Lichtheimia corymbifera was the etiological  agent.

The number of cases identified and reported has risen over time (Bitar et

al.,2009) Mucormycosis has resurfaced in the news in 2020, in part due

of  its  link  to  severe  COVID-19  infection,  immunosuppressive

medications,  and  uncontrolled  diabetic  mellitus  (Selarka  et

al.,2021).Mucorales  fungi  invade  various  kinds  of  damp,  organic

materials and are an inextricable aspect of the human environment. They

are economically  important  as  soybean product  fermenting agents  and

enzyme makers, as well as plant parasites and spoiling organisms. Several

taxa  can  cause  life-threatening  infections,  especially  in  those  with

weakened immune systems. Infections in humans have been observed in

38 of the recognized species, resulting in a clinical condition known as

mucormycosis.(Walther  et al.,2019).Mucorales have coenocytic hyphae

and  a  polysaccharide  chitosan-containing  cell  wall  (an  N-deacetylated

version of chitin)  Asexual resting spores that come into contact with skin

or mucosa cause mucormycosis.  The innate  immune system's  physical

barriers  prevent  tissue  invasion  to  a  significant  extent,  although

mucormycosis  might  develop  from a  malfunction  of  the  immune  cell
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effectors or damage to the skin or mucosa.So it is an opportunistic fungi

(Nicolas et al.,2020)

Many people who were suffering from dangerous diseases have survived

as  a  consequence  of  recent  advancements  in  medicine  and the  use  of

contemporary  technologies  in  therapy,  yet  antibiotic  resistance  has

increased at the same time (Stevanovic et al.,2012).This spurred scientists

to look for anti-fungal alternatives that are effective against pathogenic

fungus, are low-cost, non-toxic, and function in ways that are unknown to

fungi  in  order  to  overcome  the  high  resistance  to  fungi  (Kanhed  et

al.,2014)  .Scientists  have  focused  their  research  in  recent  decades  on

metal nanoparticles, thus one of the alternatives they've discovered is the

usage of nanoparticles, which are characterized by a high antimicrobial

activity  (Schabes-Retchkiman  et  al.,2006),Several  studies  have  proven

that silver nanoparticles have a high activity against fungi in vitro( Qian

et al.,2013; Xu et al.,2013) .

1-2 : Aim of study 

In  our  study,  aimed  to  identify  the  phenotypic  and  molecular

characteristics of the species that causes  Mucormycosis ( black fungus

disease),  which  was  within  the  group  of  zygomycetes  fungi  Using

molecular techniques, in addition to searching for  control it by ways to

through the use of silver  nanoparticles and the use of alcoholic extract of

Agaricus bisporus, the study diagnosed for detection the following  steps:

1-Isolation  and  identification  of   the  fungal  species  causing

mucormycosis associated with covid-19.

2- phenotyping  and genotypic characteristic of   most  common  fungi

associated with covid-19 

3-Use some  methods  controlling ways ,such as : Silver nanoparticles

and  alcoholic mushroom (Agaricus bisporus )  extract against Rhizopus

arrhizus .

2
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2- Literature Review

2-1: Mucormycosis 

Mucormycosis  is  a  fungal  infection  caused  by  a  group  of  molds  that

contain  filaments  from  the  phylum  Zygomycota.  This  type  of  fungi

thrives on decomposing vegetables, bread, soil,  and dust. Inhalation of

spores, eating of contaminated food, or inoculation of damaged skin or

wounds are all ways that people come into touch with these molds low

oxygen, high glucose, acidic medium, and high iron levels facilitate their

germination .They develop a black lesion after infection, which is why

mucormycosis is sometimes known as black fungus. Mucormycosis has

emerged  as  a  scary  fungal  infection  with  increased  fatality  rates,

according to data collected over the last two decades. Zygomycetes are

fungi that produce fatal infections known as zygomycoses, Mucorales and

Entomophthorales  are  both  members  of  the  zygomycetes.  Mucorales

includes  the  genera  Rhizopus,  Mucor,  Absidia,  and  Cunninghamella,

while  Entomophthorales  includes  the  genera  Conidiobolus  and

Basidiobolus.  Mucorales  fungus  cause  the  majority  of  human  fungal

infections, Rhizopus oryzae is the most harmful pathogen among all of

these pathogens. Entomophthorales fungi are rare, causing infection only

in  tropical  environments  and  causing  persistent  subcutaneous  and

cutaneous  infection.  This  infection  is  special  in  that  it  mostly  affects

people who have a weakened immune system, and it spreads locally by

infecting nearby tissues. Mucormycosis of Mucorales extends from rhino-

cerebral,  pulmonary,  cutaneous,  gastrointestinal,  disseminated,  and

miscellaneous  infection  based  on  anatomical  localization,  with  special

reference to immunocompromised patients  Alom  et al.,2021; Ibrahim

et al.,2012; Alan ,1992 .

3



Chapter Two                                                                    Literature Review
……………………………………………………………………………

The  term"Zygomycetes"  has  been  superseded  by  Mucormycetes.

Zygomycetes  was  dropped  once  it  was  discovered  that  the  class  was

polyphyletic  (meaning that  the included species  shared more than one

immediate common ancestor), and the two phyletically separate classes of

Mucormycetes and Entomophthoromycetes were formed. Mucormycetes

are fungi with broad hyphae (6–15 mm wide) and non septate or nearly

nonseptate hyphae. In ancient cultures, septa are most commonly found

on sporangiophores right  below the sporangia and elsewhere.  Asexual

reproduction takes place in a sporangium, a saclike structure in which the

interior contents are divided into spores.  In culture, some species may

generate  zygospores  only  rarely(Walsh  et  al 2018(.These  fungi  have

unrestricted cottony mycelia that ranges in color from white to grey to

black Ibrahim, 2013 .

Paltauf  (1885),  a  German  pathologist,  identified  the  first  case  of

Mucormycosis  as  Mycosis  Mucorina.  During  the  1980s  and  1990s,

incidences of Mucormycosis were found to be on the rise among people

with  impaired  immune  systems.  In  France,  the  prevalence  rate  is

increasing at a rate of 7.4 percent each year. The probability of seasonal

variation in mucorales infection has been reported all over the world

2-1-1: The forms of mucormycosis

Mucormycosis  can  lead  to  a  variety  of  clinical  forms,  including:  (1)

Rhino cerebral  mucormycosis,  which can infect  the sinuses  and brain,

causing  fever,  swelling  of  one  side  of  the  ,  black  lesions  inside  the

mouth/outside  ,  headache,  and  sinus  congestion;  (2)  pulmonary

mucormycosis,  which  primarily  affects  the  lungs,  causing  chest  pain,

breathing  difficulties,  fever,  and  cough;  (3)  cutaneous  mucormycosis,

which causes local skin infections resulting in ulcers or blisters,, redness,

and  swelling  of  the  infected  skin  region;  (4)  gastrointestinal

4
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mucormycosis, which causes nausea, vomiting, gastrointestinal bleeding,

and  abdominal  pain  in  premature  neonates;  (5)  disseminated

mucormycosis,  which  occurs  in  patients  with  multiple  medical

complications,  making  symptomatic  differentiation  of  mucormycosis

from other  infectious diseases  difficult;  (6)  uncommon presentation as

renal  infection  Hassan and voigt 2019; Gallo  et  al.,2019; Ahmad  et

al.,2018; Ibrahim et al.,2012 ; Hamilos et al.,2011 . Mucormycosis is a

high-mortality  infection  that  also  produces  physical  abnormalities  and

functional  limitations,  either  directly  or  indirectly,  as  a  result  of  the

infection or surgical procedures. As a result, improving clinical skills and

detecting  mucormycosis  early  is  critical  to  lowering  mortality  and

aggravating abnormalities Corzo-leon et al.,2018.

2-1-2 : Predisposing Factors for mucormycosis 

Individuals  with  predisposing  factors  such  as  uncontrolled  diabetes

(particularly  in  the  presence  of  ketoacidosis),  malignancy  (such  as

lymphoma and leukemia), renal failure, organ transplantation, advanced

rheumatologic  disorders  using  immunosuppressive  agents  (such  as

prolonged  use  of  corticosteroids),  AIDS,  extensive  burn,  and  chronic

sinusitis can transform the pathogen into hyphae form. Leukocytes have

less efficacy against hyphae forms of fungi , these conditions, allowing

the  pathogen  to  reproduce  more  easily.  The  organism  multiplies  and

invades  the  affected  region's  vascular  walls,  causing  thrombosis,

ischemia,  and  necrosis.  By  direct  transmission  or  through  the

bloodstream,  the  infection  can  migrate  into  the  paranasal  sinuses  and

ultimately into the orbital and cerebral regions Veisi et al.,2021 .Asexual

spores form endogenously within a vesicle called a sporangium, and the

Mucorales reproduce quickly. Because of the production of black-colored

sporangium,  human  pathogenic  Mucorales  species  are  referred  to  as

5
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"Black Fungus.". Mucorales spores are airborne and can be found in both

indoor and outdoor air, as well as in dust,And they have also been found

in hospital bed sheets, negative-pressure rooms, water leaks and  polluted

medical equipment  Divakar,2021 .

The disease was mostly seen in patients with hematological malignancies

(HM) in developed countries, whereas mucormycosis was more common

in developing countries, especially India, and was mostly seen in patients

with uncontrolled diabetes mellitus (DM) or trauma. In Europe and the

United States of America, the prevalence of mucormycosis ranges from

0.01 to 0.2 per 100,000 people. In India, however, the prevalence rate is

much higher,  at  38%. (14 per 100 000 population).The most  common

clinical  presentations  of  mucormycosis  are  rhino-orbito-cerebral,

pulmonary,  cutaneous,  and disseminated.  In  India,  rhinoorbito-cerebral

mucormycosis  is  the  most  common  manifestation  of  uncontrolled

diabetes, with isolated renal mucormycosis instances being observed as a

new clinical entity. Mucormycosis in children was studied utilizing cases

from  the  two  global  registries,HM  (46%)  was  the  most  common

underlying  systemic  disease  seen  in  the  children,  followed  by  other

malignancies  (6.3%),  HSCT  (15.9%),  solid  organ  transplantation,

trauma/surgery, and DM  Rawlani et al.,2021 . 

In  chidren  mucormycosis  (previously  zygomycosis)  is  a  rare  fungal

infection  that arises largely in people with underlying medical disorders

and is linked with high morbidity and mortality .Rhizopus spp., followed

by Lichtheimia spp., are the most common Mucorales species isolated in

children, according to the distribution of Mucorales.  Mucor sp. was the

second  common  specie  detected  in  a  recent  systematic  analysis  of

documented  paediatric  cases  ,  Mucormycosis  is   a  potentially  fatal

infection in children, especially those with most immunocompromising
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disorders,  and cases  linked to  healthcare are  becoming more common

Pana et al.,2016 ; Foster et al.,2021.

It  was  once  thought  to  be  an  uncommon infection  that  only  affected

immunocompromised people with AIDS, diabetes, organ transplantation,

or  other  immunosuppressive  circumstances  .  However,  recent

advancements in detection procedures have shown an alarming number of

instances  of  mucormycosis  in  apparently  healthy  immunocompetent

people individuals    Lax et al.,2020.

2-2:Disease emergence 

Mucormycosis has diverse causative agents depending on where our live.

Though  Rhizopus  arrhizus is  the  most  commonly  isolated  agent

worldwide,  Apophysomyces variabilis and Lichtheimia species are more

common  in  Asia  and  Europe,  respectively.  Rhizopus  homothallicus,

Mucor  irregularis,  and  Thamnostylum  lucknowense are  three  novel

causative agents described from Asia Mucormycosis is becoming more

common  over  the  world,  but  it  is  most  prevalent  among  diabetic

individuals in India and China  Prakash and  Chakrabarti, 2019.

2-2-1:  Mucormycosis associated with COVID 19 

COVID 19 disease is associated with a wide variety of symptoms, with

breathing difficulties being the most common in severe instances. Such

severe  cases  necessitate  immediate  hospital  assistance,  such  as

oxygenation and mechanical ventilation. Other concerns for such patients

may  include  hospital-acquired  secondary  infections  with  opportunistic

microorganisms such as molds and yeast infections Ezeokoli et al. ,2021.

Since December 2019, the catastrophic phase of Covid-19 (Coronavirus

disease 2019) has ravaged the planet due to its devastating propensity to

7



Chapter Two                                                                    Literature Review
……………………………………………………………………………

transmit from person to human. Covid-19 associated with mucormycosis

fungal  infection  accompanied  by  opportunistic  comorbidities  have

emerged the myriad of complications and manifestation. Mucormycosis

target  the patients  with Covid-19 history by taking advantage  of  their

immunocompromised  condition,  which  is  a  very  opportunistic

environment for mucormycosis (black fungus) to survive and expand on

human body parts  Singh et al.,2021.

Mucormycosis is more common among COVID-19 survivors, according

to recent findings from India , however cases in COVID-19 patients who

are currently hospitalized have also been reported  Ezeokoli et al.,2021.

After developing a fever, shortness of breath, and a cold, the patient was

diagnosed with Covid-19. For the treatment of Covid-19, the patient was

given  a  lot  of  antibiotics,  interleukin  antagonists,  and  high-dose

glucocorticoids, however because to his immunecompromised  state, he

succumbed  to   a  fungus  infection  called  mucormycosis Singh  et

al.,2021 .  The use of  corticosteroids to modulate  immune-related lung

injury  and  lower  death  rates  in  COVID-19  patients  who  require

respiratory  assistance  and  supplemental  oxygen  .may  predispose  the

patients  to  secondary  infections  that  raise  mortality  risk  Veisi  et

al .,2021.Patients  with  Covid-19  develop  immune  compromised

conditions  as  a  result  of  ingesting  medicines  such  as  dexamethasone,

tocilizumob,  itolizumab,  and extensive  usage  of  steroids  for  Covid-19

treatment, which inhibits the human immune system  Singh  et al.,2021

,Facial  pain  and  paresthesia,  headache,  periorbital  and  nasal  edema,

inflammation,  eyelid  drooping,  proptosis,  external  and  internal

ophthalmoplegia,  vision  loss,  and  blackish  necrosis  of  the  palate  and

nasal  mucosa are all  indications of rhino-orbitocerebral mucormycosis.
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The disease usually starts on the mucosa of the nose and mouth, then

progresses to the paranasal sinuses Veisi et al.,2021.

2-2-2:Epidemic in india 

In India, the mucormycosis outbreak linked to Covid-19 is reaching its

apex, there are more than 28 thousand active cases of mucormycosis in

various states. Mucormycosis was termed a " black fungus epidemic" in

most Indian states and union territories. There are86 % of mucormycosis

patients had a history of Covid-19, and 62.3 % of patients have a history

of  diabetes.(  Singh  et  al.,2021)  .  the  mucormycosis  (black  fungus)

epidemic in India has exploded, owing to the abuse of antibiotics, zinc

supplements, and iron pills, as well as the inappropriate use of steroids

among  COVID patients.( Asdaq et al.,2021)

Since March 2020, many reports from India have shown a sharp increase

in corona virus disease  2019 (COVID-19)-related rhino-orbito-cerebral

mucormycosis (CAROM) , Because of the black color of necrotic tissue,

CAROM has been called "black fungus" by the press  and the general

public  ,  Mucormycosis  pre-epidemic  incidence  rates  in  India  were

previously  considered  to  be  much  higher  than  global  rates.  The  mild

weather  in  India  in  recent  months  may  have  aided  the  spread  of  an

ailment  that  has  a  seasonal  predisposition.  Diabetes  mellitus  is  very

common in adult Indians, and it is often misdiagnosed or poorly treated.

Furthermore,  in  the current  epidemic,  access  to  medical  treatment  has

certainly  aggravated  the  community  incidence  of  poorly  controlled

hyperglycemia/diabetes. In many Indian cities, the prevalence of cardiac

and chronic obstructive pulmonary disease is substantially higher; these

illnesses  may  increase  susceptibility  and  death  from  opportunistic

infections.( Thakar  and   Lal,  2021  ;  Prakash  et al.,2019).  The

microorganisms  that  cause  mucormycosis  differ  significantly  between
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India and developed countries.  Rhizopus arrhizus is the most  common

cause of mucormycosis worldwide. When compared to the  Lichtheimia

species  in  industrialized  countries,  the  Apophysomyces species  comes

second  in  India.  Rhizopus  microsporus and  Rhizopus  homothallicus

infections  are  on  the  rise  in  India  Prakash and Chakrabarti  .,2019.

Corticosteroids were used in 76.3 % of mucormycosis cases in India and

worldwide,  according  to  a  recent  systematic  review,  and  30.7  %  of

mucormycosis cases were fatal  Ezeokoli  et al., 2021.

2-3 : Mucorales

Mucorales are distinguished by their grey, floccose colonies that quickly

fill the tube or petri plate in a cotton candy-like form. The presence and

placement (or absence) of rhizoids are used to distinguish the distinct taxa

(root  like  structures  along  the  vegetative  hyphae).  sporangiophores'

branching or un branched nature (the stalks bearing the saclike sporangia)

Using a dissecting microscope to examine growth on a slant, inclined to

view the side, can be very useful in determining the presence or absence

of rhizoids and branching. Columella's appearance (the small domelike

area at the apex of the sporangiophore) Walsh et al.,2018 .

The scientific classification of these  fungi is Hibbett et al.,2007 :

Kingdom :Fungi

Phylum : Zygomycota 

Subphylum : Mucormycotina

Class: Zygomycetes 

Order: Mucorales  

Mucorales are distinguished by a mycelium that is usually plentiful and

fast expanding, as well as anamorph structures that are produced in vast

quantities. Unseptate or irregularly septate mycelium is common. Multi-

spored  sporangia,  few-spored  sporangiola,  and  merosporangia  yield
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anamorphic  sporangiospores.  Chlamydospores,  arthrospores,  and  yeast

cells are uncommon in most species. Sporangia are distinguished by the

presence  of  a  columella  of  diverse  shapes.  The  Mucorales  have  a

synapomorphic  trait  in  this  well-developed  columella.  Zygospores  are

formed  through  conjugation  in  homothallic  species  or  between

compatible mating types of heterothallic species. Exospore ornamentation

(smooth,  rough,  warty)  and  protective  appendages  (finger-like,  antler-

like) born on the supporting cells are common in zygospores Hoffman et

al.,2013.

Mucorales are a group of fungi with a long history. Mostly fast-growing

saprotrophs that were among the first to colonize a wide range of organic

materials and are now an inextricable element of the human environment.

Several species can cause human infections (mucormycoses)  in people

who have a weakened immune system, diabetes, or have been in a serious

accident Walther et al.,2019.It is an order of ancient fungi belonging to

the Mucormycotina subphylum. They are referred to as "early-diverging

fungi" since they are found at the bottom of the fungal tree of life, below

Basidiomycota and Ascomycota. According to recent estimates, the order

Mucorales contains 55 genera and 260 species, with 25 species from 11

genera causing infections in humans. Rhizopus is the most common genus

that  causes  mucormycosis,  followed  by  Mucor,  Lichtheimia,  and

Rhizomucor.  The  genera  Syncephalastrum,  Cunninghamella,

Apophysomyces,  and  Saksenaea contain other  harmful species  that  are

less common  Nicolas  et al.,2020.

Mucorales are heterothallic, and during sexual development, hyphae of

the two mating types sense one other and fuse to produce zygospores,

which  then  germinate  to  form a  sporangium at  the  apex,  resulting  in

sexual  meiospores.  The  development  of  zygospores  necessitates  the
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pairing of two compatible mating types, and the zygospores take a long

time to germinate. As a result, asexual sporangiospores could be a key

source of infection and dissemination Mendoza  et al.,2015 .

This  group,  includes  Fungi  saprobes,  as  well  as  gall-forming,

nonhaustorial,  facultative  mycoparasites  and  ectomycorrhizal  fungi.

When young, mycelium was branching and coenocytic, but as it matured,

it produced septa with micropores. Asexual reproduction is accomplished

by  sporangia,  sporangiola,  or  merosporangia,  or  by  chlamydospores,

arthrospores,  or  blastospores  on  a  rare  occasion.  Sexual  reproduction

occurs  through  the  formation  of  more  or  less  globose  zygospores  on

opposed or apposed suspensors Hibbett et al.,2007 .

2-3-1: Rhizopus  spp.

Kingdom :Fungi

Phylum : Zygomycota 

Subphylum : Mucormycotina

Class: Zygomycetes 

Order: Mucorales  

Family :Rhizopodaceae

Genus :Rhizopus  

Rhizopus is the most important genus in the Mucorales  order of human

pathogens. Rhizopus is the type genus of the Rhizopodaceae family, and

it  produces  umbels  of  sporangiophores.  Each  branch  generates  a

secondary umbel with two branches, one terminating in a sporangium and

the other in sterile spines, forming the rhizoids, which are unique to the

genus and found in abundance among its members. Rhizopus species are

saprobes  that  play  an  important  role  in  biotransformation  and  food

fermentation in soil. They can also cause disease in plants, animals, and
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people.  They  are  mostly  Mucor-like  fungi  that  are  thermotolerant,

rhizoid-forming, and multispored sporangiate. A thermophilic  Rhizopus

microsporus group  (growth  up  to  45°C),  a  subthermotolerant

Amylomyces–R.  oryzae species complex group (growth at 37°C–40°C),

and a mesophilic  Rhizopus stolonifer group (growth below 37°C) were

discovered  using  molecular  phylogenetic  studies.  Mucormycosis  is

caused by the sub thermophilic R. oryzae  fungus  Mendoza et al.,2015;

Hibbett et al.,2007

Members of the genus Rhizopus, particularly R. arrhizus ( R. oryzae) are

the most common causes of mucormycosis.  R.  rhizopodiformis infection

has only been reported on a few cases ( Bottone et al.,1979)

Fig (2-1) Rizopus rhizopodiformis sporangiophores developing opposing

rudimentary  rhizoids  ,The  sporangiophore  is  branching  (Bottne  et

al.,1979)
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 Fig  (2-2)  Rhizopus sp  ,Complete  sporangiophore  with  rhizoids  and

sporangium) Sciortino, 2017)

2-3-2:Mucor  spp:

Kingdom :Fungi

Phylum : Zygomycota 

Subphylum : Mucormycotina

Class: Zygomycetes 

Order: Mucorales  

Family :Mucoraceae

Genus : Mucor  spp         

Mucor genus is a filamentous fungus belonging to the Mucorales order of

the Mucoromycota phylum, an early branching fungal lineage  Mendoza

et al.,2015;  Hibbett et al.,2007. Mucor species are common and can be

found almost anywhere. With the exception of low water activities (aw)

substrates,  its  fast  growing  and  high  sporulating  mycelium,  which

consists of coenocytic hyphae, may be found in a wide range of habitats.
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Several  Mucor species'  growth has been reported to be constrained by

relatively  high  aw  (>  0.90).  The  Mucor  genus  consists  primarily  of

mesophilic  species,  but  there  are  also  some  thermotolerant  and

thermophilic species, some of which are animal and human opportunistic

infections that cause mucormycoses, which are becoming more common,

particularly  in  immunocompromised  people.  Mucor spp.  are  primarily

saprobes, while some species are classified as plant endophytes Lebreton

et al.,2019; Morin-Sardin et al.,2016. The majority of the species in this

genus are saprophytic, with many causing food deterioration, while a few

species are mammalian and plant diseases Conolly et al.,2010.

                    Fig(2-3 )Mucor circinelloides  (Sciortino, 2017)

Mucor species are widespread and primarily saprotrophs. From dungs to

dead  plant  materials  to  plant  and  animal  tissues,  these  ubiquitous

microorganisms  may  colonize  a  wide  range  of  environments.  Mucor

genus members have an ambiguous impact  on human activities.  Some

Mucor species,  particularly  the  thermotolerant  Mucor  indicus,  Mucor

ramosissimus, and seven members of the Mucor circinelloides complex,

have a deleterious impact, Mucormycosis is caused by infections that are
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found  in  both  humans  and  animals.  Mucormycosis  is  the  third  most

prevalent angioinvasive fungal infection in the United States, and it can

be fatal.  Another  disadvantage  is  that  different  members of  the genus

have the ability to ruin raw and converted foods and feeds. On the other

hand,  due  to  their  rapid  growth  rates  throughout  a  wide  temperature

range,  the  presence  of  a  yeast  state  in  some  Mucor spp.,  and  high

proteolytic  and lipolytic  enzymatic  activity,  some  Mucor species  have

significant biotechnological potential, making them attractive candidates

for  biotechnology  Interestingly  Lebreton  et   al.,2019;  Lebreton  et

al.,2020.

M.  circinelloides,  the  Second  Most  Common  Causative  Agent  of

Emerging Mucormycosis . It the type genus of the order Mucorales and a

member  of  the  Mucoraceae  family,  grows  similarly  to  other  Mucor

species with aerial hyphae that sense and expand toward light (positively

phototropic). M. circinelloides is found all over the world and is saprobic

in nature. It spreads through the air, the soil, and food. M. circinelloides,

like other human-pathogenic Mucorales, is a new opportunistic pathogen

that  causes  profound  and  systemic  mucormycosis  in

immunocompromised people  Mendoza et al.,2015.

On the contrary, a small number of Mucor species have been utilized in

food manufacturing  such as cheese ripening and Asian fermented foods.

Due  to  their  fast  growth  rates,  dimorphism  (for  some  species),  and

previously  unknown  potential  for  secondary  metabolite  production,

several  species  are  also  exploited  as  biotechnologically  important

microorganisms  Morin-sardin  et  al.,2017.When germination occurs in

some Mucor spp., the sporangiospore can develop into either a yeast or a

hyphal form, with the exact morphological orientation determined solely

by  the  nutritional  and  gaseous  conditions.  This  capacity  distinguishes

Mucor  spp.  from  other  commonly  researched  microbial  development

16



Chapter Two                                                                    Literature Review
……………………………………………………………………………

models in that they are confronted with a morphogenetic bifurcation at

which important regulatory responses apparently drive the organism to

generate one of two alternative morphologies  Li et al.,2011.

2-3-3:Lichtheimia spp.

Kingdom :Fungi

Phylum : Zygomycota 

Subphylum : Mucormycotina

Class: Zygomycetes 

Order: Mucorales  

Family : Lictheimiaceae

Genus :Lictheimia  spp.

Human  Pathogenic  Opportunists  That  Aren't  Rhizopus/Mucor   from

mucorales, The Lichtheimiaceae family includes the genus Lichtheimia .

Lichtheimia colonies develop quickly between 37°C and 42°C, and are

mostly thermotolerant up to 55°C. The substrate mycelia's hyphae create

distinctive tree-like structures among the growth front and gigantic cells,

which  are  not  observed  in  any  of  the  other  pyriform  sporangiate

absidiaceous  fungi  previously  classified  in  the  genus  Absidia.

Lichtheimia spp. are widely dispersed and saprobic decomposers in soil

and decaying organic waste (e.g., compost, silage, and fermented food),

but they have recently gained prominence as causal opportunistic agents

of  systemicmycoses  in  humans  Mendoza  et  al.,2015;  Hibbett  et

al.,2007.
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  Fig(2- 4) Lictheimia, sporangiospores crescent shaped .(Sciortino,2017)

2-4 : Pathogenicity  for mucorales 

2-4-1-Host response to fungi

Inhaled pathogens are prevented from getting into contact with epithelial

cells  and  reaching  the  alveolar  cavities  by  the  mucociliary  clearance

system, which prevents invasive infection of the sinus or lung. Fungi that

escape  mucociliary  clearance  and  reach  the  alveoli  space  in

immunocompetent persons are encountered by alveolar macrophages, the

lung's  principal  resident  phagocytes.  The  immunological  response  to

fungus is complicated, and the disease's fate is determined more by host

variables than by fungal  virulence.  The physical  barriers of  the innate

immune system, such as skin epithelia membranes and mucosal epithelial

surfaces in the mouth, as well as the respiratory, gastrointestional, and

genitourinary tracts, which are constantly in contact with environmental

microbes,  are  the  first  lines  of  defense  against  fungal  infections.The

ability of epithelial cells to distinguish pathogenic from non-pathogenic

microbial species is crucial.  Environmental infections are prevented by

epithelial cells forming tight connections, while mucous layers provide

protection as cilia and mucus work to physically remove microorganisms.

Antimicrobial  compounds  are  secreted  and  present  on  the  surfaces  of
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epithelia and mucous membranes, as well as commensal microflora that

prevent pathogenic germs from colonizing them. Lysozyme, defensins,

and lactoferrin are some of the most important antimicrobial compounds

released  by  epithelial  cells.  Once  fungi  have  overcome  non-specific

barriers  (epithelial/mucosal  layers),  cellular  members  of  the  innate

immune system such as mononuclear cells, macrophages, and neutrophils

(the most abundant type of leukocyte in the blood) are encountered as the

second  and  most  important  line  of  defense  against  invading  fungi.

Through the production of antimicrobial peptides and the restriction of

critical  nutrients,  these  cells  collaborate  to  kill  fungus,  prevent  fungal

growth,  and  spread.  Fungal  spores  can  be  ingested  and  killed  by

monocytes and macrophages. After spores have germinated, neutrophils

and  monocytes  use  oxidative  processes  and  defensins,  a  class  of

antimicrobial peptides with broad spectrum activity against a wide range

of bacteria, to destroy or damage hyphae. Failure of the innate immune

system to eliminate  fungal  spores and prevent  fungal  germination and

proliferation  results  in  disease  Watkin   2019  ;  Power-Fletcher  et

al.,2016; Rammart et a .,2013.

2-4-2: Risk factor 

Hematological  malignancy,  AIDS,  uncontrolled  diabetes  mellitus,

especially  ketoacidosis,  steroid  use,  neutropenia;  especially  with  renal

insufficiency, organ or stem cell transplantation, extremes of age, broad-

spectrum antibiotics, iron overload, skin trauma, intravenous drug abuse,

prophylactic voriconazole for aspergillosis, and malnutrition are some of

the  common  predisposing  risk  factors  associated  with  Mucormycosis

Rawlani   et   al.,2021 .Uncontrolled diabetes and ketoacidosis  are the

classic major risk factors, but hematological malignancies and allogenic

hematopoietic stem cell transplantation have also become more common
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in recent years. There are several other different factors: Renal failure,

infant low birth weight, malnutrition, HIV infection and other underlying

conditions  include  solid  organ  transplantation,  deferoxamine  therapy,

drug  injections  and  systemic  lupus  erythematosus.  steroid  use,  burns,

trauma,  and aplastic  anemia  Castrejón-Pérez et  al.,2017 ;  Skiada  et

al.,2011 ; Petrikkors et al.,2009. High serum iron levels are also a risk

factor  for  mucormycosis  susceptibility  Li  et  al.,2011 .In

immunocompetent people, mucormycosis is also on the rise  Vellanki et

al.,2020 .from this we find Some mucormycosis patients have no known

risk factors.The most prevalent clinical manifestation of mucormycosis in

immunocompetent/otherwise  healthy  patients  turned  out  to  be  the

cutaneous/subcutaneous variant, which occurs after burns or trauma with

a contaminated instrument or dirt. Given the infective agent's widespread

distribution, it's likely that immunocompetent individuals' upper airway

immunological  defenses  are  better  equipped  to  pathogen  resistnance .

Disseminated  forms,  on  the  other  hand,  could  have  been  caused  by

undiscovered underlying risk factors or a delay in diagnosis or treatment.

The nose or maxillary sinuses appear to be the most common cause of

respiratory  tract  infection  in  immunocompetent  people.  If

sporangiospores are larger than 10 mm, they may remain isolated in the

upper airways, i.e. sinusal or rhino; alternatively, they may colonize the

distal alveolar spaces,  causing pulmonary involvement. If the infection

has colonized the nose and paranasal sinuses, it is likely that the infection

will spread to the base of the skull through blood vessels, disseminating

to the central nervous system, giving rise to the rhino-orbito-cerebal form,

or to every part  of the body, giving rise  to the disseminated form. Or

Mucor  sporangiospores are  likely also capable  of  secreting poisons  or

proteases  that  can  damage  endothelial  cells  in  mucosal  membranes.

Mignogna et al.,2011 ;  Kontoyiannis and Lewis.,2006.
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2-4-3 :virulence factor :

Human pathogens cause disease in the host in two ways: (1) the ability of

infecting microbes to elude the immune system and survive inside the

host, and (2) the immune system becoming perturbed and causing harm to

host  cells.  Pathogen virulence  factors  are  important  in  completing the

infection process  Hassan and Voight., 2019 .Human fungal pathogens

are a frequently overlooked source of serious diseases with significant

morbidity  and  mortality  rates.  Virulence  factors,  which  distinguish

pathogens from harmless microorganisms, are hypothesized to play a role

in their survival and proliferation in the host,  as well as eventual host

damage  Brunke et al .,2016 .

2-4-3-1: High affinity iron permease

Virtually  all  microbial  pathogens  require  iron  for  development  and

pathogenicity.  Sequestration  of  serum  iron  by  carrier  proteins  is  a

significant  host  defense  mechanism  against  infection  in  mammalian

hosts.  Because  of  the  importance  of  iron  sequestration  in  innate

immunity, there has been renewed interest in using iron chelation therapy

as a treatment for infectious disorders. Given Mucorales' high iron need

for growth and pathogenicity, Mucormycosis is a particularly interesting

target for iron chelation therapy. Diabetic ketoacidosis and other systemic

acidoses,  for  example,  are  thought  to  predispose  patients  to

mucormycosis by causing iron to dissociate from sequestering proteins,

resulting in an increase in accessible serum iron  Ibrahim et al.,2005.

High  affinity  iron  permease  FTR1  has  a  role  in  mucorales  fungus

absorption and transport, especially when there is a deficiency of iron in

the environment  Hassan and voigt ., 2019.

Fungi require a large amount of iron to survive. Free iron is not available

in tissue fluids such as plasma because it is chelated by specialized host

21



Chapter Two                                                                    Literature Review
……………………………………………………………………………

processes, the most important of which are ferritin and lactoferrin. When

these systems fail, the high amounts of free iron in the blood increase the

risk of mucormycosis, just as they do in individuals with acidosis, such as

hyperglycemia and diabetic ketoacidosis (DKA). The abnormally low pH

in the blood destabilizes the plasma chelators, allowing iron to dissociate

from  proteins  and  raising  serum  free  iron  concentrations.  Fungal

infections have complex systems for competing with and stealing iron

from their hosts. Mucorales demonstrate two distinct mechanisms for iron

acquisition in this regard: a high-affinity iron absorption system and the

formation of siderophores  Lax et al.,2020.

2-4-3-2 : Dimorphism 

Some fungi  have the  ability  to  alternate  between yeast  and mycelium

during their vegetative growth, which is known as dimorphism. Several

Mucorales  species  exhibit  this  form  of  growth  shifting  mediated  by

environmental factors.  Anaerobiosis and the presence of a fermentable

hexose  promote  yeast  growth  in  Mucor  spp.,  whereas  aerobiosis  and

nutrient constraint promote hyphal growth, recent research has discovered

a  relationship  between  dimorphism  and  virulence,  making  it  a  novel

target for chemical development  Lax et al.,2020.

Among  the  few  characteristics  linked  to  virulence  in  pathogenic

Mucorales,  dimorphism,  or  the  ability  to  switch  between  yeast  and

mycelial forms, is a relatively new research field. M. circinelloides is a

dimorphic  fungus  that  produces  branching  coenocytic  hyphae  in  the

presence  of  oxygen and spherical  multipolar  budding yeasts  when the

oxygen supply is cut off. This opportunistic pathogen's mycelial form is

linked to virulence via regulatory elements like the calcineurin pathway

and structural  processes  like  intracellular  loadtransport,  both of  which
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have been shown to be critical for the transition from yeast to mycelium

and, as a result, for pathogensis   Navarro-Mendoza et al.,2018.

2-4-3-3: Calcineurin 

Signal  transduction processes involving the main secondary messenger

calcium  have  gained  prominence  in  recent  years  as  a  result  of  its

importance in the adaption and survival of various fungi in a variety of

settings. Calcineurin has been found in numerous fungi as a key regulator

of  intracellular  calcium  homeostasis.  Furthermore,  the  calcium

and calcineurin  signaling  cascade  has  been  associated  to antifungal

resistance.  Calcineurin is a Ca +2 -calmodulin (CaM) triggered protein

phosphatase 2B that is found in both yeasts and filamentous fungi and is

involved in calcium-dependent signaling and control of various critical

cellular functions  Juvvadi  et al 2017.Calcineurin CaN is a calcium and

calmoduline-dependent serine/threonine protein phosphatase that plays an

important role in mucorales pathogenicity because it affects the transition

from yeast to hyphae in M.circinelloides  Hassan and voigt., 2019.

Mucormycosis is difficult to treat since Mucor is fundamentally resistant

to most antifungals. Calcineurin is a serine/threonine phosphatase that is

found in eukaryotes and is highly conserved. Mucor growth switches to a

less virulent yeast growth type when calcineurin function is suppressed,

making  calcineurin  an  appealing  target  for  the  development  of  novel

antifungal medicines  Vellanki et al .,2020.

Calcineurin is a heterodimer made up of two subunits: a catalytic and a

regulatory subunit, and both are necessary for calcineurin function. The

function  of  calcineurin  varies  depending  on  the  fungal  species;  for

example,  in  Cryptococcus  neoformans and  Cryptococcus  gattii,

calcineurin  is  required  for  growth at  high temperatures  (37°C)  and at
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alkaline  pH,  while  in  Candida  spp.,  calcineurin  contributes  to  azole

tolerance and is required for survival in serum, among other functions.

previously  show  that  calcineurin  controls  dimorphism  in  Mucor spp.,

with the calcineurin inhibitor FK506 (tacrolimus) forcing Mucor to only

grow as yeast  Vellanki et al.,2020.

2-4-3-4: Spore coat COT H protein

Spore coat COT H protein is another virulence factor found on the spore

surface of all mucorales. In the pathogen of mucormycosis, coth play a

significant function as invasins, which disrupt and destroy immune cells.

(Hassan and voigt 2019).Mucorales have a lot of CotH proteins, whereas

noninvasive pathogens don't have any ,The fungal ligands that mediate

attachment to GRP78 during host cell invasion are the spore coat protein

homolog  (CotH)  cell  surface  proteins,  in  particular  CotH3,glucose-

regulated protein 78 (GRP78) as the endothelial cell binding site to which

Mucorales bind during host cellular uptake Gebremariam et al.,2014.

2-4-3-5 : ADP-ribosylation factor

ADP-ribosylation factor (Arf) is  a virulence factor that  is required for

growth,  fungal  dimorphism,  and  pathogenicity  in  M.circinelloides

(Hassan and voigt .,2019).Mucor circinelloides is a dimorphic fungus

that  has  emerged  as  a  model  to  define  mucormycosis.  It  is  used  to

research cell differentiation. There, they examine the role of four ADP-

ribosylation  factor  (Arf)-encoding  genes  (arf1–arf4)  in  morphogenesis

and pathogenicity. Arfs are important regulators of vesicular transport in

fungi,  and  they're  linked  to  both  growth  and  pathogenicity.  In  M

.circinelloides,  Arfs  proteins  govern  essential  cellular  processes  like

morphogenesis  and  pathogenicity,  setting  the  groundwork  for

characterizing the molecular  networks that  underpin this regulation. In
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M.circinelloides,  the  genes  developed  as  a  result  of  gene  duplication

events  Patino –Medina et al.,2018 .

2-5: Nanoparticales

Nanotechnology is defined as "the design, characterization, manufacture,

and use of structures, devices, and systems at the nanoscale" (less than

100 nanometers). Nanotechnology has emerged as a viable technique for

resolving technological impasses in different disciplines of science over

the  last  three  decades.  The  study  of  nanoparticles'  interactions  with

biological  systems,  known as nano-bio interactions,  is  a  contemporary

trend in nanotechnology  Albanese et al.,2012 .

Bio-nanotechnology  has  appeared  as  a  mix  of  biotechnology  and

nanotechnology for the development of biosynthesis and environmentally

friendly nanomaterial production. 'Nano' is a Greek term that means "very

little" and is identical with the word "dwarf." Nanoparticles are gaining

popularity in the twenty-first century due to their well-defined chemical,

optical, and mechanical properties, which is of interest to researchers due

to rising microbial resistance to metal ions, antibiotics, and the formation

of resistant strains. Different types of nanomaterials have been created,

including copper,  zinc,  titanium magnesium, gold, alginate, and silver,

but silver nanoparticles (Nano-Ag) have proven to be the most effective,

exhibiting significant antimicrobial activity against bacteria, viruses, and

eukaryotic microorganisms Lee  et al.,2010.

Recently,  it  was  found  that  most  fungal  infections  are  caused  by

opportunistic  fungi,  especially  in  people  with  compromised  immune

systems  Jarvis  et al.,2013. Fungi are resistant to antifungals, as is the

case with bacteria. Therefore, one of the problems that scientists face is

the  different  types  of  antifungals  used  in  treatment  that  remain  for  a

limited  period,  and  because  fungi  are  eukaryotic  organisms  and  have
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metabolite structures similar to the cells of the host, the need for medicine

was urgent and inevitable to find antifungals. Microorganisms operate by

unfamiliar mechanisms Kanhed  et al.,2014.

2- 5-1- Silver nanoparticles

Silver nanoparticles are produced by converting silver metal into nano-

sized silver, which is highly effective against bacterial, fungal and viral

infections Tolaymat et al.,2010 .Silver nanoparticles are made up of 20

to 15,000 silver atoms and have a diameter of less than 100 nanometers.

Silver nanoparticles have a high surface-to-volume ratio, which means

they  have  a  lot  of  antibacterial  action  even  at  low  concentrations.

Furthermore,  they  are  inexpensive  and  have  demonstrated  little

cytotoxicity and immunological response. As a result, silver nanoparticles

could  be  used  in  a  variety  of  biomedical  applications.  Drug  delivery,

medical imaging, and molecular diagnostics are all possible with them.

They're  also  employed  in  therapies  like  surgical  mesh,  artificial  joint

replacement fabrication, wound dressing, and wound healing medication

Yin et al.,2020 .

Silver  nanoparticles  have  many  medical  applications,  including  being

used in the field of dentistry in the manufacture of artificial teeth, as well

as in the packaging of contact lenses and in improving the performance of

the battery of medical devices that are implanted in the body  Senjen ,

2007 ; Wijnhoven et al.,2009. It is also used in imaging cancer cells and

in the treatment of  dermatitis,  acne and ulcerative colitis  (  Boxall  et

al.,2007) and   It is also added to wound dressings. Doctors have found

that  the use  of  dressings  coated with nano-silver  not  only inhibits  the

growth of bacteria and fungi, but also works to heal wounds very quickly.

Dirienzo,2006 .The  mechanism  of  Ag  Nanoparticles  is  as  follows:

Because of their extremely Ag-Nps adhere to fungal cell membranes  and
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penetrate  it resulting  in  cell  lysis  by  triggering  structural  alterations,

producing a  site  with low molecular  weight  in  the fungi's  center,  and

eventually Ag-Nps bind to the respiratory chain, causing cell death. Ag-

Nps  release  silver  ions  in  fungal  cells,  which  is increasing  antifungal

action as a result Nasrollahi  et al.,2011;  Sandhu  et al.,2017.

 Fig(2-5)  Mechanism  of  action  of   silver  nanoparticles  (Sandhu  et

al.,2017)
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2-6-Agaricus bisporus

A mushroom is a macro fungus with a characteristic fruiting body that

can be epigeous (above ground) or hypogenous (below ground) and large

enough to be seen and collected by hand, the most common mushroom is

an umbrella-shaped mushroom with a pileus (cap) and stipe (stem), with

some species having an annulus (ring), such as Agaricus bisporus. Chang

and Miles .,2004.

Fig(2-6) Agaricus bisporus , pileus, gills, stipe, and annulus (Chang and

Miles 2004)

Higher fungi are Macromycetes that belong to the phylum Basidiomycota

and some that belong to the phylum Ascomycota Balakumar et al.,2011.

For over 300 million years, mushrooms have been a component of the
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fungal diversity. Mushrooms harvested in the wild were most likely used

as  food  and  potentially  for  medical  purposes  by  prehistoric  humans.

Because the Greeks, Egyptians, Romans, Chinese, and Mexicans valued

mushrooms as a delicacy and were aware of its medicinal properties, it

was  inevitable  that  this  desirable  food  source,  the  mushroom,  would

eventually  be  cultivated  rather  than  collected  in  the  wild.  The  most

significant advancement in mushroom cultivation occurred around 1600

in France, when Agaricus bisporus was grown on a composted substrate.

The second most important mushroom is Lentinula edodes, which comes

in second only to A. bisporus.  Mushrooms are not only a nutrient-dense,

protein-rich meal, but some species also produce therapeutic compounds.

Chang and Miles 2004

Agaricus  blazei Murill  (AbM)  is  a  Brazilian  edible  and  medicinal

mushroom.  It  has  been  cultivated  commercially  for  the  health  food

industry and has  been used traditionally against  a variety of  ailments,

including cancer and chronic hepatitis AbM has lately been discovered to

exhibit  potent  immunomodulatory effects,  piqueing scientists'  attention

Hetl and et al.,2008.

The  button  mushroom,  Agaricus  bisporus,  is  a  Basidiomycete  fungus

native to Europe and North America.  This  is  the most  widely farmed

fungus  on  the  planet.  Currently,  it  produces  35-45  % of  all  edible

mushrooms produced worldwide. Furthermore, research has revealed that

this mushroom has antifungal effects Waqas et al.,2018, The fruit bodies

of mushrooms contain a  number of  essential  minerals such as copper,

zinc,  iron,  potassium,  selenium,  sodium,  phosphorous,  manganese  and

magnesium  Kalac   and  Svoboda  2000,  This  mushroom  possesses  a

number of medicinal and therapeutic properties. It is known worldwide

for  its  anti-cancer,  anti-tumor,  pharmacological  ,  cholesterol-lowering,

immunostimulating,  antimicrobial,  anti-inflammatory,  and  antioxidant

29



Chapter Two                                                                    Literature Review
……………………………………………………………………………

activities Khojah et al.,2021 . A. bisporus contains bioactive compounds

that  have  been  shown  to  exhibit  immunomodulating  and  anticancer

properties Atila  et al.,2021 .

A. bisporus has antioxidant properties ;Gallic acid, protocatechuic acid,

catechin, caffeic acid, ferulic acid, and myricetin were identified as the

main phenolic compounds in ethanolic extract extract of A. bisporus by

Liu  et  al.,2013,  who  suggested  that  the  ethanolic  extract  of  this

mushroom had  potent  antioxidant  effects  and  could  be  explored  as  a

novel natural antioxidant.

Antimicrobial  substances  can  be  found  in  abundance  in  mushrooms.

There  are  two  types  of  these  molecules:  low  molecular  weight

compounds such  terpenes, steroids, anthraquinone , and benzoic acid and

its  derivatives,  and high molecular  weight  compounds Which includes

proteins  and  peptides  .  Rezaeian  and   Pourianfar.,  2016  ;  Shang

et.,2013 clear up in their study on the ability of the alcoholic extract of

mushrooms to inhibit the growth of different types of Gram-positive and

Gram-negative  bacteria,  the  extract  showed  a  superior  ability  against

Gram-positive bacteria and to a lesser extent for Gram-negative species.

In a study conducted on the effect of different extracts on a number of

mushrooms,  including  Agaricus  bisporus ,  on  the  genera  Bacillus

megaterium  , Staphylococcus  aureus  ,Candida  albicans ,C.glabrata

,Klebsiella  pnumoniae, E.coli  ,  Trichophyton  spp, Epidermophyton

spp.The ethanol extract of Agaricus bisporus showed an inhibitory ability

against both the bacterial genera E. coli , S.aureus and the fungal genera

C. glabrata and Trichophyton spp.(Akyuz et al.,2010).
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3-Materials  and Methods 

3-1 :The materials and apparatuses 

3-1-1:Laboratory apparatuses and instrument are used in the study 

Table (3-1)  Apparatuses and instrument  used in the study.  

Apparatus/ instruments  Company name Origin  

Incubator  Memmert Germany  

Autoclave Gallenkaamp England 

Refrigerator  Concord Lebanon 

Compound 

light microscope 

Olympus  Japan 

 Scanning  

Electron Microscope 

FEi Netherland  

Slide  Superstar  India  

Cover slides  Superstar India 

Disposable syringes Superstar India 

Sensitive electronic 

balance  

Gallenkaamp England  

Distillateur Memmert Germany 

Water bath Memmert Germany  

Vortex  CYAN China  

Sexhlet Memmert Germany 

Evaporatory Gallenkamp Endland 

PCR Thermocycler Bioneer Korea  

Gel electrophoresis  Shndon,scientific 

Co.LTD 

England  

Test tube  Superstar India 

Centrifuge  Gallenkaamp England 
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Hot plate with  magnetic 

stirrer 

Gallenkaamp England 

Disposable petri dish  Saibran China  

Glass petri dish  Grenier Germany  

Laminar flow cabinat Philips  Netherland  

Loop Himedi India  

Digital camera  Sony  Japan  

Micropipette  CYAN China  

 Electric Oven Memmert Germany  

Filter paper  Whatman Engalnd 

Millipore filter Alwsci Technologies  China  

Volumetric flask  Jlassco India  

Cylinders  Jlassco India  

Beakers  Jlassco India  
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3-1-2 : The chemical and biological  Materials 

Table (3-2) The  chemical and biological materials used in the study  

Chemical material  Company name Origin  

Sabouroud dextrose agar  Himedia  India 

Sabouroud dextrose broth  Himedia India 

Brain Heart infusion broth    Humeau  France  

Silver nanoparticales SkySpring nanomateriales 

,Inc. 

USA 

Ethanol 80%   Middle East Lab Iraq  

Dimethyl sulphoxide 

DMSO  

Qualikems  India 

Formalin  BDA England 

Ketoconazole Pharma international Co Jordan 

Tetracycline  Ajanat a Phrma Limited  Jordan  

Lacto phenol cotton blue  Hoechst Germany 

Ethidium bromide Biobasic Canada 

Agarose  Biobasic Canada 
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3-1-3 :Kits 

Table(3-3)The  kits used in the study 

The name of the  

kit 

Components Manufacturer and 

Origin 

 

Hipure A fungal 

DNA Purification 

Lysis buffer  

HigenoMB/India  

 

 

 

 

Precipitation buffer 

Binding buffer 

Wash buffer 

Elution buffer  

RNase A solution  

Collection tubes  

GoTaq Green 

Master Mix for 

PCR examination  

DNA polymerase  Promega /USA 

dATP, d GTP , d CTP , d TTP 

,Mgcl2  

Dye  
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3-1-4: Primers  

The primers were designed in this study from the site of the NCBI   Gene 

Bank and using the primer 3 plus program to design the primers for the 

PCR assay. (Smit et al.,1999) 

Table (3-4)The primers that were used in the study with their nucleotide 

sequence and PCR assay 

 

3-2: Methods: 

3-2-1: Culture media and solutions: 

3-2-1-1: Preparation of culture media  

From the culture media in the development, isolation, diagnosing and 

preservation of fungal isolates .  Each of them was prepared according to 

the instructions of the companies producing them. These media included: 

1:Sabourauds dextrose agar media: (Walsh et al.,2018) 

This medium was prepared by dissolving 65 g of the medium in 1 liter of 

water distilled and sterilized with autoclave at 121 °C and at 1 

atmosphere pressure for 20 minutes, then cooled to 45 °C then the 

antibiotic tetracycline was added to it at a concentration of 250 mg / liter. 

This medium was used for isolation and identification of  fungi 

2: Sabouraud dextrose broth  media: (Walsh et al.,2018) 

This medium was prepared by adding 30 g of the medium to 1 liters of 

distilled water and sterilizing the medium by autoclave and after it was 

cooled to 45 °C , tetracycline  was added to it. This medium is used to 

evaluated the dry weights of fungi. 

Gene   

Primer  sequence 5-3 

PCR Product 

size bp 

18srRNA GGAAGGGRTGTATTTATTAG F 1500 

TCCTCTAAATGACCAAGTTTG R 
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3-2-1-2: Preparation of solutions 

1: Preparation of ketocanazole : 

Five  ml of Dimethylesulphoxide (DMSO) was placed at a concentration 

of 100% in an airtight tube, add 50 mg of antifungal (ketocanazole ) to it, 

then shake the solution vigorously using the  Vortex, and consider the 

solution at a concentration of 10,000 µg/ml. 

2: Preparation of silver nanoparticles concentration : 

The different concentrations of silver nanoparticles were prepared using 

sterile distilled water and DSMO,  5, 10 and20 mg of silver nanoparticles 

were dissolved in 5ml of DSMO and  95 ml of distilled water to prepare 

concentrations (20% ,10% ,5%) respectively  by used hot plate with  

magnetic stirrer. 

3-2-2: Preparation of the hot alcoholic extraction of 

mushroom : 

Thakare, 2004  method was used to prepare the hot extraction of 

mushroom : 

Mushroom ( Agaricus bisporus) was obtained from Al-Wadaq farm for 

the production of mushrooms located in Baghdad .The fruit body of  

mushrooms were washed with plain water, then with distilled water, and 

cut into small pieces with a clean knife and dried by (oven) air at a 

temperature of 50°C and then grinded for the purpose of obtaining on 

powder. The alcoholic extract was made using 400 ml of (80%) methanol 

alcohol as a solvent for 100 gm of dry powder using a Continuous 

Soxhlet Extraction device, where the extraction process began by heating 

the solvent (methanol alcohol) in the glass flask at 40 °C ,and the steam 

in the glass flask rose to the distillation unit via the connecting tube 

between them, and then condensed as a residuum. On the cellulosic cup, 

in the form of drips and streams Thumbles in the extraction unit 
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containing the dry powder until the cellulosic cup is immersed in the 

solvent, In this case, the substance's compounds and contents were 

transferred to the solvent, and when the extraction unit was filled, the 

solvent left with what was dissolved from the powdery substance in it by 

the siphon process, and when the process was repeated, the solvent 

returned to evaporate, leaving the plant compounds in the glass flask, and 

the process was repeated until the solvent's color became inside the 

extraction unit. Clear and colorless, this signifies the completion of the 

extraction process, which took a total of (24) hours. The extracts were 

dried in a Vaceum rotary evaporator at temperatures ranging from 45 to 

50 °C until a thick liquid was formed. After that, the extract was dried 

completely.  

 

3-2-3: Specimens collection: 

One hundred and twenty specimens were collected from Al-Diwaniyah 

Teaching Hospital period from September 2021 to February 2022, 

including 105 nasal swab specimens and 15 sputum specimens  for 

recumbents  patients  at the Al-Shefaa center for infected patient  with 

Covid-19.The specimens were taken using sterile methods, cultured, and 

then transferred to the laboratory for incubating and testing. 

 

3-3-4: Isolation: 

The specimens were cultured on special culture media for the growth of 

pathogenic fungi, with three replicates for each specimen. The dishes 

were incubated at 37 °C for a period of four to five days. After the 

emergence of growth, the necessary tests were carried out for the 

purification and diagnosis process (Lass-Flörl and Mayr., 2009) 
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3-2-5: Isolates of maintenance: 

The isolates were maintained by growing them on a medium of Brain 

Heart infusion broth after incubating at 37°C for three days and kept in 

the refrigerator until use ,In order to preserve the isolates for a long time, 

the fungi were cultured on this medium and incubated at 37 °C for three 

days, then glycerol was added to it and then kept in the refrigerator at of 

4° C. 

 

3-2-6: The mucorales identification: 

3-2-6-1: Morphological  identification 

morphological identification depending on the   macro-features including 

appearance of the colony, such as its color and shape, and texture and 

micro-features under microscope   such as fungal hyphae and sporangia 

and sporangiophore were relied upon. (Webster and Weber 2007) as the 

following :  

  1-wet smear by adding a drop of lactophinol cotton blue dye to a clean 

glass slide containing very small parts of the fungal growth. 

2- Slide culture technique (Wijedasa and Liyanapathirana ,2012 ;  

Benson ,2002).: 

• Place the sterile filter paper in a sterile Petri dish aseptically using 

forceps. 

• Place the sterile (U-shaped) glass rod or a pile of sterile glass slides on 

the filter paper (rod can be besterilized by flame and held by forceps) (3-4 

glass slide) 

• Pour just enough sterile distal Water on filter paper to completely 

moisten it. 

• Placed the sterile slide on the U-shaped rod/pile of sterile glass slides 

with flamed sterile forceps. 
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• Sterilized the scalpel with a gentle heat and cut a 0,5-1 cm square block 

of the medium from a Sabouraud's agar plate. 

• Using a scalpel, pick up the agar block and insert it in the center of the 

slide inside the petri dish. 

.Inoculated four sides of the agar-square with spores or fungal fragments 

of the fungus using a flamed sterile loop wire. Before spores/hyphae were 

captured, the loop was chilled. 

• Cover the top surface with a sterile cap .Place the cap on a Petri dish 

and incubate for 48 hours at 37°C. 

• If there is growth, there will be an increase in hyphenation and germ 

production. Allowed to grow for another 24-48 hours if growth is 

insufficient and spores are not visible before staining slides. 

 

3-2-6-2:Molecular Diagnostics 

1:DNA extraction from fungal culture: 

Extract the DNA of the examined fungi using a specific kit for this 

purpose, which is a kit (Hipure A fungal DNA Purification), and by 

following the steps and instructions provided by the manufacturer: 

1-After activation of the fungal isolate tested on solid media SDA,To the 

maximum of 100-150 mg of fungal tissue that was distorted due to 

grinding, 400μl of Lysis Buffer was added. The mixture was transferred 

to a 2 ml centrifuge tube provided and 20 μl of 20 mg/ μlRNase A 

solution was added. vortex vigorously. 

2-After ten minutes of incubation at 65°C, the contents were mixed 2-3 

times by inverting the tube. 

3-Then 130 μl of precipitation buffer was added to the lysate, mixed and 

incubated for 5 minutes on ice. 
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4-The lysate was fed into the Hishredder DSCA02, which was then 

placed in a 2 mL uncovered collection tube and centrifuged at 13,000 rpm 

for 2 minutes. 

5-Without disrupting the cell debris particle, the flow portion from step 4 

was transferred to a 2 ml collecting tube. 

6-Binding (the Binding Buffer was prepared as described in the general 

settings instructions) by adding 1.5 volumes of diluted Binding Buffer to 

the lysate that was flushed and mixed by pipette, i.e. 450 μl of the lysate 

was added to 675 μl of the diluted Binding  Buffer BB 

7-650 μL of the mixture in step 6, including any precipitate that may have 

formed, was added to a HiEluteMiniprep spindle placed in a 2 ml 

collection tube. And centerfuge for 1 minute at  (8000 rpm) 

8-Then the seventh step was repeated with the remaining sample 

9-centrifuge the column in the same collecting tube with 500 ml of 

diluted wash buffer 

10-For 1 minute at 13,000 rpm, another 500 mL of diluted wash buffer 

was added to the column and the central liquid. 

11-Then, to dry the membrane, centrifuge the tube with the column for 

another 2 minutes at a maximum speed of 13,000 rpm. 

12- DNA Elution , lf directly into Elution Buffer without spilling on the 

sides was placed in a new, uncapped 2 mL collecting tube and 

100μl  buffer pipette. To acquire a high yield of DNA, incubate for 1 

minute at room temperature, centrifuge at 10,000 rpm for 1 minute to 

elute DNA, then repeat the washing procedure with another 100μl of 

Elution Buffer (ET). 

13-It was then transferred to a new covered 2 ml collection tube and kept 

at -20°C until the PCR assay was performed. 
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2:PCR  Polymerase Chain  Reaction 

To identify the isolated strains of the fungi in this study, a polymerase 

chain reaction (PCR) assay was used. Making use of the kit (GoTaq 

Green Master Mix) Processed by promega company/USA ,The 

polymerase chain reaction (PCR) was prepared with a total volume of 25 

μl which contains 1.5 μl of each Primer F and R . Five microliter of DNA 

(DNA) from fungi. All of the aforesaid elements were mixed together in a 

tube that the company had prepared, and the volume was increased to 

25μl using nuclease-free water. 

Table ( 3-5) Components and volumes of the PCR reaction mixture 

PCR master mix Volume 

DNA template                          5 μl 

Master mix 5 μl 

Forward primer                         1.5 μl 

Reverse primer  1.5μl 

Free nucleas water  12 μl 

Total 25μl 

 

DNA amplication  was performed to isolate the fungus By following the 

following steps and conditions for the PCR reaction .Using the thermal 

amplifier device  (thermocycler ) for the PCR reaction according to the 

ideal conditions for the thermal cycles shown in the table below, which 

are the processes of separating the DNA strand (denaturation), the links 

of the starters with the separated strand (annealing ), and the lengthening 

of the DNA chain (extension ) Zhang et al .,2012 
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Table (3-6)Thermal cycle program for the PCR reaction 

 

3:Gel electrophoresis 

Sambrook and Russell (2001) method was used to prepare 1% Agarose 

Gel to read the PCR result. and as it comes: 

1- one gram of agarose powder was dissolved in 100 ml of 1X TBE 

Buffer solution, which was then heated to boiling for 5 minutes using a 

convector. 

2-After allowing the gel to cool to 50°C , 3 micro liter  of the radioactive 

dye Ethidium bromide was added and thoroughly mixed with the gel. 

3-The agarose gel was poured into the Tray transfer mould, which 

contained a comb, and the gel was allowed to firm at room temperature 

for 15 minutes before the comb was carefully removed. 

4-The samples are then loaded into the holes, and a DNA ladder is placed 

in the first hole to measure the PCR product. 

5-After the loading was completed, the agarose gel was immersed in 1x 

TBE Buffer solution, the relay cover was closed, and the relay was then 

run at 100V 80A for 1 hour. 

6-After the electrophoresis process was completed, the gel containing the 

PCR product was examined using a UV light source to determine the 

output in comparison with the standard scale. Then the output was 

photographed using a digital camera to observe the DNA packets that 

appeared in the form of bright orange bundles. 

Genes Step Temperature Time Cycle 

18SrRNA 

Initial denaturation 95.0C
0 

5 min 1 

Denaturation 95.0C
0 

30 sec 
35 

 
Annealing 48.0C

0 
1 min 

Extension 72.0C
0 

2 min 

Final Extension   72.0C
0 

10 min 1 

Hold 4.0 C
0
 Forever  
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4: DNA replication nucleic acid sequence analysis 

The singleplexed DNA products from the polymerase chain reaction 

(PCR-amplified Product) of the isolated specimens with the forward and 

reverse primers (18srRNA), which were used in the complete duplication 

of the region important for the diagnosis of fungal isolates, were sent to 

the Korean Macro gene Company for the purpose of determining the 

sequence of nitrogenous bases of the isolated Rhizopus arrhizus were 

recorded in the World Gene Bank . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter three                                                          Materials and Methods 

…………………………………………………………………….............. 

33 

3-2-7: effect of silver nanoparticles on growth of strains 

isolated 

3-2-7-1:effect of silver nanoparticles on radial growth 

Using the poisoned food technique (Dixit et al,1976), the experiment was 

carried out by placing 1 ml a concentration of silver nanoparticles (20% 

,10% ,5%) in a Petri dishes, then pouring SDA medium at 50 ° C over it 

and making a circular motion for it to homogenize with the medium.After 

solidification of the medium in the  step, the inoculum was transferred by 

a 5 mm diameter cork borer from new isolates 4-5 days old and placed in 

the middle of the dish with three replicates of each concentration for each 

isolate, then the dishes were incubated at 37 °C for 4 days and then the 

measurement The diameter of the colony and its comparison with a plate 

of positive control and another plate of negative control. 

The negative control dish is prepared by adding 1 ml of the antifungal 

solution ketocanazole (prepared as in 2 of paragraph 3-2-1-2) to a Petri 

dish, then pouring the SDA medium and leaving it to solidify and also 

inoculation by transferring part of the fungal culture with a cork piercing 

5 mm in diameter. 

3-2-7-2: effect of silver nanoparticles on dry weight 

Using the poisoned food method, the experiment was carried out by 

placing 1 ml of the concentrate in tube size 20ml  , then pouring SDB 

medium at 50 ° C over it .the inoculum was transferred by a 5 mm 

diameter cork borer from new isolates 4-5 days old and placed in the tube  

with three replicates of each concentration for each isolate, then the tubes 

were incubated at 37 °C for 4 days. After incubation, the growth is 

filtered using filter paper, then dried in an oven at a temperature of 50 ° C  
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for 24 hours, then the filter papers are weighed and compared with the 

negative and positive control tubes ( Pinto et al., 2001) 

3-2-8: effect of alcoholic extract of mushroom on growth of 

strains isolated 

After preparing the alcoholic extract of the fungus Agaricus bisporus (in 

paragraph 3-2-2), its effect on mucorales was tested, using poisoned food 

technique( Alves et al., 2012) 

3-2-8-1 :effect of alcoholic extract of mushroom on radial growth 

Three ml of each concentration of alcoholic extract (8,10,16 mg/ml) was 

placed in the center of a Petri dish and then SDA medium was poured 

over it at 50-45°C and a circular motion was made for the medium and 

then left to solidify with three replicates for each concentration ,Using a 5 

cm cork drill, R .arrhizus are taken from a new fungal culture and placed 

in the center of the Petri dish . It was incubated for 5 days in 37°C Sultan 

et al, 2020 . 

Colony growth was compared in the poisoned plate and the non- 

poisoned plate and then the colony growth rate was measure 

3-2-8-2:effect of alcoholic extract of mushroom on dry weight 

Three ml of each concentration of alcoholic extract at concentrations 

(8,10,16 mg/ml) was placed in the glass bottles( 20 ml volume) contain  

medium of SDB at 50 °C. It was incubated for 5 days in 37°C , after 

incubation, the growth is filtered using filter paper, And using a 5 cm 

cork drill, R .arrhizus are taken from a new fungal culture and placed in 

the center of the Petri dish .  then dried in an oven at a temperature of 50 ° 

C for 24 hours , then the filter papers are weighed and compared with the 

negative and positive control tubes 
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3-2-8: The Morphological changes of the Rhizopus arrhizus  

under the electron microscope 

For the purpose of evaluated the morphological changes that occurred as 

a result of the treatment with nanoparticles and the alcoholic extract of 

mushrooms, an electron microscope (SEM)was used to show those 

effects and the changes that occurred (Goldstein et al 2003) 

3-2-9:  Statistical analysis  

All results of the current study were subjected to statistical analysis, and 

for this purpose the statistical program known as the Statistical Package 

for Human Sciences spss  version 27 was applied, where the chi-square 

tests and binary variance analysis were applied with the calculation of the 

value of the least significant difference LSD for the purpose of comparing 

the averages of the transactions included in the study. The significant 

differences were determined at the level of probability 5% and 1% 

(Daniel  2009) 
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4-Results and Discussion  

4-1: Isolation  

In this study, pathogenic fungi from the order Mucorales were isolated 

from clinical specimens based on the culture, morphological, microscopic 

and molecular characteristics, from a total of 120 specimens of patients 

infected with Corona virus , which included 105 nasal swab specimens 

and 15 sputum specimens . Five isolates of the patients were infected 

with mucormycosis  out of one hundred and twenty Covid-19  patients . 

Results indicate nasal swabs specimens 4.2 % were got positive results 

for zygotic fungi , While need  did not record any positive result for 

sputum specimens from Covid patients as shown in Table (4-1).Co 

infections may be caused by a complex interaction of numerous factors, 

including as comorbidities, immunosuppressive medication, the risk of 

hospital acquired infections, and COVID-19's change of the immune 

system,this result agrees with Kamrul-Hasan and  Selim.,2021;Shakir 

et al.,2021;  Patel et al.,2021 ; Samson and Dharne.,2022, and others 

who have reported incidences of mucormycosis linked to Covid infection 

.As the results of their studies showed that there were infections in Covid 

patients ,especially patients who have chronic diseases. Also Fungal 

coinfections associated with the global COVID19 pandemic were 

reported by Song et al, 2020. 

Systemic corticosteroid therapy, which is used to treat COVID-19, 

promotes immune suppression, making patients vulnerable to invasive 

fungal sinusitis, according to Tabarsi et al 2021 ; Mehta & Pandey 

2020. 
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Table )4-1) Number and percentage of fungal growth in clinical 

specimens 

Specimen 

type 

Total Number of specimens 

 

Number of specimen 

positive for fungal growth  

No. % 

Sputum 15 0 0 

Nasal 

swab  

105 5 4.7 

Total 120 5 4.2 

X
2

  0.710 

P value  0.399* 

*No Significant difference at P<0.05 

4-1-1: Relationship the infection with patient gender  
 
 

Table (4-2) displays the positive instances of mucormycosis by gender, 

and it was shown that there are no significant differences when 

calculating the p-value, which was recorded by a number of studies as 

Ravani et al.,2021 

 

Table (4-2) The specimens according to the gender 

Gender  Total Number of 

specimens. 

Number of specimen 

positive for fungal growth  

No. % 

Male 53 2 3.77 

Female 67 3 4.47 

Total 120 5 4.2 

X
2

  0.037 

P value  0.848* 

*No Significant difference at P<0.05 
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4-1-2: Relationship the infection with chronic diseases 

Diabetes mellitus and Hypertension, a common mucormycosis risk 

factors, is linked to higher morbidity and mortality in COVID-19. 

As indicated in Table (4-3), all cases from which the fungus that causes 

mucormycosis was identified had chronic conditions from Covid patients, 

such as diabetes or Hypertension, or both  ,We noticed in this study, two 

cases for positive for this fungi of Covid patients with chronic diabetes 

only  (8% from specimens ) , one case for this fungi  of Covid patients 

with chronic hypertension (3.57 % from specimens ), and two cases for it 

of a Covid patient who suffer from both high blood pressure and diabetes 

(4.76%from specimens) ,  this is also similar to what Islam et al  in 

2021 according to several Indian research, diabetes mellitus was found to 

be a risk factor for mucormycosis in 75% of cases in Iran,,73.5 % in India 

and  72% in Mexico. Mucormycosis was the unmasking disease in 12-31 

% of Diabetes mellitus . 

 Many researchers, reported this fact  such as Ghafur et al.,2013 and 

Vaezi et al .,2014;Corzo Leon et al.,2018 ,also emphasized that diabetic 

patients account for the majority of Mucormycosis cases in Mexico, as 

well as a high mortality rate from the disease (Roden et al.,2005) found 

diabetes is the most prevalent cause of mucormycosis in general, 

although the majority of diabetic patients have rhino orbital or rhino 

orbital-cerebral mucormycosis.  

Diabetic ketoacidosis and other systemic diseases, for example, are 

thought to increase the amount of iron accessible in the serum by 

inducing iron to separate from sequestered proteins. Because iron is 

required for the growth of mucorales this could make it easier for patients 

to become infected with mucormycosis. Because diabetic individuals' 
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blood serum contains a lot of free iron, mucorales can develop in an 

acidic environment  Ibrahim 2005 ;Artis et al 1982 referred to this. 

Also ,diabetic patients are more susceptible to mucormycosis because 

their neutrophils have a reduced ability to phagocytize and attach to 

endothelium walls. High blood sugar levels might potentially affect 

macrophage function  (Mohammadi et al.,2014; Peleg et al.,2007).  

According to (Artal et al.,2010), diabetic individuals with poor blood 

sugar control are more susceptible to get mucormycosis because the 

condition promotes tissue necrosis, which allows opportunistic fungi to 

invade. 

 Morales-Franco et al.,2021 also indicated that diabetic patients are 

qualified to be infected with Rhizopus because it provides him with the 

appropriate environment for growth and reproduction ,The cell wall, 

spore germination, proteins and enzymes associated to iron sequestration, 

Cot H fungal protein, positive modulation of the GRP78 cell receptor, 

and immune evasion owing to survival in phagocytes are among the 

pathogenic mechanisms and components identified in Rhizopus spp. In 

this study three of the case  suffer  hypertension, two of them have 

diabetes , while the third just has hypertension, as Monte Junior et al 

explained this  in 2020  and Riad et al  in 2021they found that some 

mucormycosis patients just had hypertension as a chronic disease and not 

have other chronic diseases. 
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Table (4-3)The specimens  according to the presence of chronic diseases 

Chronic disease Total Number of 

specimens 

 

Number of specimen 

positive for fungal 

growth 

No. % 

Diabetic 25 2 8 

Hypertension 28 1 3.57 

Diabetic/hypertension 42 2 4.76 

No chronic dis. 25 0 0 

Total 120 5 4.2 

X
2

  2.06 

P value  0.558* 

*No Significant difference at P<0.05 

 

 

4-1-3: Relationship the infection with age  

In terms of age Table(4-4) ,we did not record any infections of 

mucormycotina  in  the patients under the age of forty, but we did record 

four cases in those between 51-60 years old ( with percentage 6.86 %) , 

and one case in those between 41-50 years old ( 2.27%). It is important to 

note that the specimens were collected from recumbent patients, which is 

explained by the fact that the number of specimens collected from 

individuals over the age of 50 was higher, as most of them were elderly 

and had chronic conditions, resulting in an aggravated Covid infection. 

The older patient and used more medications, you're more likely to get 

infected with Covid and other opportunistic fungus like mucorales ,this 

agrees with  Dawood et al .,2022  and  Kashkouli et al .,2019. 
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Table (4-4) The specimens according to the age  

age  Total Number of specimens 

 

Number of specimen 

positive for fungal growth    

No. % 

30-40 18 0 0 

41-50 44 1 2.27 

51-60 58 4 6.89 

Total 120 5 4.2 

X
2

  2.26 

P value  0.323* 

*No Significant difference at P<0.05 

 

4-2:Diagnosis: 

4-2-1: Morphological  identification 

Rhizopus is a fast-growing fungus that can fill a petrie dish with soft, 

cotton-candy-like growth in justfive days.With age ,the sporangiospores 

within the sporangium mature, causing growth to brown ,Fig (4-1/A),this 

similar to results for all of Al-Ibraheem and  Al-Zeadei 2021;  Diwakar 

et al 2021. 

4-2-2 :Microscopic  identification 

We noticed the mycelium consisting of broad fungal hyphae that are not 

divided by septums, as well as the clarity of the sporangiaphores in the 

form of groups from the point of emergence of rhizoids and bearing the 

spherical sporangia inside which the spores are formed, after examining 

the fungal growth under a light microscope .The stolons observed, 

sporangiophores that emerge from a single location along the stolon ,as 
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well as all of these features, belong to the Rhizopus  genus 

from  zygomycetes Sciortino,2017 ;Walsh et al,.2018. 

Given that in the current study the fungus was isolated from patients 

infected with Covid, the majority of whom experienced high temperatures 

that may approach 40°C, this is also agree with Mendoza et al., 2021 that 

R. oryzae can thrive at 37°C–40°C. 

Also, based on some of the characteristics given by Zheng et 

al,.2007.The sporangiophore  bearing usually originates either from the 

aerial mycelia  or from the  stolon with or without a rhizoid of regular 

shape and size, the diagnosis was made that it is Rhizopus arrhizus  as Fig 

(4-1/B and Fig(4-2) ,This is in line with Diwakar et al,.2021 who 

identified  the  Rhizopus  genus from fungus infecting mucormycosis  in 

Covid patients .As Hussain et al,.2021  also indicated, according to 

studies indicated that Rhizopus is the most common cause, accounting for 

13.77% of Covid 19 associated mucormycosis patients .And 

Gebremariam et al,.2020  also isolated the Rhizopus arrhizus  from 

those infected with mucormycosis,In further research,(Bala et al,2015) 

and Chakrabarti et al.,2009 established that Rhizobus aridae is the 

common causal agent. 

Ibrahim et al,2005  in study for their in vitro, they noticed (R. 

arrhizus) R. oryzae strains attach to human umbilical vein endothelial 

cells and invade them via induced endocytosis, Endocytosed R. oryzae 

harms endothelium cells, while preventing endocytosis eliminates the 

organism's capacity to harm endothelial cells. 
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A 

 
B 

Fig(4-1) 

A - Rhizopus  arrhizus  On SDA . 

B -  Rhizopus  arrhizus   under the microscope, at 10 x after staining 

with Lactophinol cotton blue  

 

 

 

 

Fig (4-2) Rhizopus arrhizus . using technique of slide 

culture at 10x  
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4-2-3:Molecular diagnosis 

The fungus was identified using polymerase chain reaction to validate the 

phenotypic diagnosis, The results showed the possibility of doubling the 

outputs of the DNA.  with a size of 1500 base pairs (bp) by circulating 

polymerase chain reaction (PCR) and the presence of the primer  pair F & 

R ,Fig(4-3).with little intra species variability and significant interspecies 

variability For Mucorales molecular identification, ITS sequencing is 

now recommended as a first-line technique .According to (Cornely et al 

2014;  Balajee et al 2009) . 

 

Fig(4-3) The product of electrophoresis on 1% agarose gel at a voltage 

of (100)volts for an hour for the DNA of the five isolates with the use of 

the forward and reveres  primer (18sr RNA gene )using PCR technique 

where: (1-5) represents the number of specimens(R. arrhizus )  

and the DNA ladder marker( 100-3000 bp) 
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After comparison with data from the US National Center for 

Biotechnology Information (NCBI), the nitrogenous base sequences 

(Nucleotide sequence analysis) of DNA (PCR product) multiplexed from 

a fungal isolates show that these isolates belong to the Rhizopus arrhizus 

species. Three of the isolates obtained in this study were submitted to the 

World Gene Bank, and the extent of their convergence with isolated 

species from other countries was studied ,as shown in Fig (4-5) It was 

found by comparing the sequence of nitrogenous bases of the fungus R. 

arrhizus isolated in this study (ON025547,ON479457, ON479458) that 

there is a similarity with many isolates  the fungus  R . arrhizus was 

previously registered with the National Center for Biotechnology 

Information (NCBI) and from them those diagnosed in USA(NG062621), 

China (GU126375, KP121398, KM527239),Iraq (ON026104) and 

Japan(AB250174) . Fig (4-4 )The percentage of affinity was higher with 

two isolates from China (GU126375,KM527239) and 

one the isolate from the United States of USA (NG062621) 

And with a lesser convergence than the above with the isolated isolate 

from Japan (AB250174) , Iraq (ON026104) and the isolate (KP121398) 

isolated from China 
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Fig(4-4) Similarities and differences in the sequences of nitrogenous 

bases) alignment sequences (of acid products Nuclear (products that are 

amplified by polymerase chain reaction) singleplexed from the fungus R. 

arrhizus isolated in this study and other isolates of the same fungus were 

previously registered in the National Information Center Biotechnology 

(NCBI). 
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Fig (4-5) Neighbor-Joining tree (showing the genetic relationship of fungal isolates in 

this study and other isolates previously registered in the National Center for 

Biotechnology Information (NCBI).   the isolate in this study 
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Previous research has demonstrated that using morphological qualities in 

the classification of fungi can provide accurate results on occasion; 

nevertheless, many researchers do not employ these attributes since they 

require sufficient experience in the field of taxonomy, particularly in the 

fungal groups. They are pretty similar in that they both take a lot of time 

and effort and are inconsistent. It is correct in many situations because 

environmental variables affect the size, shape, and color of spores and 

fungal colonies This was pointed out by Zhang et al, 

The use of molecular techniques like as DNA sequencing of the ITS 

region has been extensively acknowledged and recommended as a first-

line diagnostic test for Mucorales As mentioned in(Cornely et al ,2019 

and Islam et al ,2021).In a study by Wu et al ,2003, using 18srRNA 

gene sequencing where sequence analysis revealed a clear difference 

between Zygomycota and Ascomycota 

 

4-3: effect of silver nanoparticles on growth of  isolates 

4-3-1 :effect of silver nanoparticles on radial  growth 

The results of the current study, As demonstrated in Table(4-5), the 

concentrations of silver nanoparticles solution, the antifungal 

ketocanazole, and the positive control factor were significantly different, 

Where these results showed that the 20% concentration of AgNPs was the 

most almost all isolates had an effect with a slight difference between 

them. The highest inhibition rate was (83.71%) , the average diameter of 

the colony for ( the first isolate, was 16.66 ± 2.88 mm, the second isolate 

14.66 ± 4.61mm,the third 16.33 ± 2.3mm. the fourth isolate was 19 ± 

3.6mm, and the fifth is 17.33 ± 2.3mm,While the concentration that was 

least inhibitory was 5%,with the average diameters of the colonies for 

fungal development of the five isolates are ( 23.33±4.16mm , 
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27.66±2.5mm, 24.66±3.05mm, 26±3.46mm, 26±3.46mm), highest 

inhibition rate 74.07%  . As for the concentration had a 10% effect on 

colony growth, the fungal colony's growth average diameter was as 

follows, in order for the five isolates to grow (20±0mm, 20.66±1.15mm, 

25.33±2.3mm, 22.66±4.61mm, 21.33±1.15mm) ,by comparing it with 

inhibition rate for the five isolates using the antifungal ketocanazole 

(94.3% )  .The average colony diameters for the five isolates in the 

growth dishes without additives used as a positive control 

were(90±0mm). Fig(4-6)There was a significant and clear inhibitory 

effect of silver nanoparticles solution on fungal growth. This activity 

increases with the increase in concentration in this experiment. 

Table (4-5) Effect of silver nanoparticles on radial growth of Rhizopus 

arrhizus  in this study  

 

Treatment  

 

 

 

Number of 

isolation  

Concentration (AgNPs) Ketocanazole  Positive 

control 
5% 10% 20% 

Fungal 

growth 

(mm) 

% for 

Inhibi

tion 

Fungal 

growth 

(mm) 

% for 

Inhibi

tion 

Fungal 

growth 

(mm) 

% for 

Inhibitio

n 

Fungal 

growth 

(mm) 

% for 

Inhibiti

on 

1 23.33±4.16 

 

74.07 

 

20±0 

 

77.77 

 

16.66±2.88 

 

81.48 

 

5.5±0.5 

 

93.88 

 

90±0 

 

2 27.66±2.5 

 

69.26 

 

20.66±1.15 77.04 14.66±4.61 83.71 

 

5.66±0.57 

 

93.71 

 

90±0 

 

3 24.66±3.05 

 

72.6 

 

25.33±2.3 

 

71.85 16.33±2.3 

 

81.85 

 

6±0 

 

93.88 

 

90±0 

 

4 26±3.46 

 

71.11 

 

22.66±4.61 74.82 19±3.6 

 

78.88 

 

5.66±0.28 

 

93.88 

 

90±0 

 

5 26±3.46 

 

71.11 21.33±1.15 76.41 17.33±2.3 

 

80.74 

 

5.13±0.11 

 

94.3 

 

90±0 

 

LSD 

(P<0.05) 

 For fungal growth 3.88 for percentage 5.65 

*Significantly different (P<0.05) 
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A-20%  

  

 
C-5% 

 

 

 
B-10% 

 

 
D-Control 

 

 

 

Fig (4-6) the effect of silver nanoparticles on radial growth of R. 

arrhizus  at 5%,10% and 20%  concentrations ,compared with control  
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4-3-2: effect of silver nanoparticles on dry weight 

The effect of silver nanoparticles on dry weight appear in Table (4-6) 

showed that the 20% concentration was the most almost all isolates had 

an effect with a slight difference between them. The highest inhibition 

rate was (83.33% ) the dry weights of the fungal isolates average weight 

were for the first isolate was 0.075 ± 0.005g, the second isolate 0.077 ± 

0.01g, the third isolate 0.069 ± 0.01g. the fourth isolate 0.070 ± 0.01g, 

and the average dry weight in the fifth was 0.073 ± 0.01g,while the 5% 

concentration was the least inhibiting of the concentrations used, with the 

dry weight average weight for fungal growth of the five isolates being 

(0.119 ± 0.009g, 0.120 ± 0.008g, 0.167 ± 0.04g, 0.120 ± 0.009g, 0.171 ± 

0.05g) the highest  inhibition rate (72.28%  ) ,as  the concentration had a 

10% effect average weight of the five isolates (0.099 ± 0.008g, 0.104 ± 

0.007 g, 0.102 ± 0.005g, 0.100 ± 0.008g, 0.100 ± 0.001g), 

Compared to the dry weight rates for the growth of the five isolates using 

antifungal  ketocanazole for this isolates was the highest inhibition rate 

(90.53 % )  and the dry weight rate of the fungal growth of the five 

isolates without additives used as positive control was 0.407 ± 0g , 0.433 

± 0g , 0.400 ± 0 g , 0.420 ± 0 g, 0.421 ± 0 g . Silver nanoparticles solution 

has an obvious and considerable inhibitory effect on dry weight of  fungal 

growth. In this experiment, the activity increases as the concentration 

rises. Fig (4-7) 
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Table ( 4-6 ) Effect of silver nanoparticles on the dry weight of isolated 

. 

 

 

 

Isolation 

NO  

Concentration (AgNPs) Ketocanazole  

5% 10% 20% Positive 

control 
The weight 

(g) 

% for 

Inhibi

tion  

 

The weight 

(g) 

%  

for 

Inhibi

tion 

The weight 

(g) 

%  

for 

Inhibi

tion 

The 

weight 

(g) 

% for 

Inhibitio

n 

1 0.119±0.009 

 

70.76 0.099±0.008 75.6 

 

0.075±0.005 81.57 0.044±0 89.18 0.407±0 

 

2 0.120±0.008 72.28 0.104±0.007 

 

75.98 0.077±0.01 

 

82.21 0.041±0 90.53Ad 0.433±0 

 

3 0.167±0.04 

 

58.25 0.102±0.005 

 

74.5 

 

0.069±0.01 

 

82.75 0.041±0 

 

89.75Ad 0.400±0 

 

4 0.120±0.009 

 

71.42 0.100±0.008 

 

76.19 

 

0.070±0.01 

 

83.33 0.043±0 

 

89.76Ad 0.420±0 

 

5 0.171±0.05 

 

59.38 

 

0.100±0.001 

 

76.24 

 

0.073±0.01 

 

82.66 

 

0.044±0 

 

89.54Ad 0.421±0 

 

LSD 

(P<0.05) 

For weight 0.025 for Percentage 2.18 

|*Significantly different (P<0.05) 

 

 
 

Fig (4-7) shows the percentage of inhibition (on dry weight of R. 

arrhizus ) when treated with silver nanoparticles 
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The reason for the strong inhibitory activity of silver nanoparticles is that 

they have a large surface area compared to volume (Ahmed et al 

,2013),This resulted in silver nanoparticles being able to interact with the 

organism's cell wall, resulting in a defect in cellular permeability and a 

lack of control over the transport of necessary substances through the 

plasma membrane, decomposing the membrane and its interaction with 

amino acids, and inhibiting the activity of many enzymes through their 

association with the enzyme's active site. Obstructing the flow of energy, 

which has a negative impact on the movement of electrons in the 

respiratory chain, inhibits cytochromes, and generates reactive oxygen 

species, in addition to their interaction with DNA and RNA, causes a 

malfunction in DNA replication, which inhibits microorganism 

growth.(Kedziora and Sobik ,2013 ; Chaloupka et al ,2010). And these 

results are  agree with those of Prabahu et al, 2010, who showed that 

using silver nanoparticles at specific doses suppressed the growth of 

Trichophyton mentagrophytes, Trichophyton rubrum, Micros 

porumcanis, M. persicolar, and Candida sp. It was noticed during his 

study that silver nanoparticles have a high inhibitory activity compared to 

the antagonists amphotericin B and fluconazole.In terms of direction, our 

findings correspond with those of Medda et al ,2015, who discovered 

that silver nanoparticles work as antifungals against a group of fungus, 

the most important of which is Rhizopus sp. The zones of inhibition are 

visible after manufacturing and extracting silver particles from Aloe vera 

leaves and utilizing them as an antifungal against Rhizopus.Lee also 

indicated in 2013 that silver nanoparticles had prevented the growth of 

plant pathogenic fungi, and Xue et al in 2013 revealed that it had twice 

the inhibitory activity against Aspergillus sp than anti-amphotericin B, 

And Kim et al in 2008 noted that Nano-Ag can inhibit the growth of 

dermatophytes, which cause superficial fungal infections 
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Mahdizadeh et al in 2015  explain  that silver nanoparticles inhibit the 

growth of plant pathogenic fungus by producing holes in the fungal cells' 

surface, allowing internal components to escape to the outside and 

causing the fungal cell to shrink. It also prevents the development of 

spores, according to microscopic examination , As for Khalil  in 2013 

found, through his study, that silver nanoparticles inhibited the formation 

of spores of the fungus Aspergillus fumigatus 

 

 

4-4: effect of alcoholic extract of mushroom on growth of 

strains isolated 

4-4-1: effect of alcoholic extract of Agaricus bisporus on radial growth 

The results of the current study, As demonstrated in Table (4-7), the 

concentrations of Agaricus bisporus , the antifungal ketocanazole, and the 

positive control factor were significantly different. The results showed 

that the concentration 16mg/ml for the first isolate, the average diameter 

of the colony was 38.66±1.15 mm, for the second isolate38±0 mm, and 

for the third39.33±1.15 mm. As for the fourth isolate, it was36±3.46mm, 

and the average colony diameter in the fifth is37.73±4.16 mm, While the 

concentration had  10mg/ml  effect on colony growth, the fungal colony's 

growth rate was as follows, in order for the five isolates to grow 

(42.66±4.61mm, 45.33±4.61mm,42±5.29mm, 42.66±5.03mm, 

40.66±2.3mm) ,The 8 mg/ml concentration was the least inhibitory of the 

concentrations used, with the average diameters of the colonies for fungal 

development of the five isolates are (50.66±1.15mm, 54±5.29mm, 

49.33±1.15mm , 50±0mm ,50±2mm) by  comparing it with the averages 

of colony diameter for the five isolates using the antifungal ketocanozole 

for the same concentration were in order (5.83±0.28mm ,5.23±0.25mm 



Chapter four                                                   Result and Discussion 

……………………………………………………………………………… 

55 

,5.26±0.25mm 5.50±0.5mm ,5.33±0.28 mm )The average colony 

diameters for the five isolates in the growth dishes without additives used 

as a positive control were (88.33±2.88mm ,90±0mm ,86.66±2.88mm 

,90±0mm ,88.33±2.88mm).There was a significant and clear inhibitory 

effect of mushroom alcoholic extract on fungal growth. This activity 

increases with the increase in concentration in this experiment. Fig( 4-8) 

 

 

Table ( 4-7 ) Effect of alcoholic extract of Agaricus bisporus on radial 

growth 

. 

 

 

Isolation 

NO. 

Concentration  Ketocanazole Positive 

control 
8mg/ml 10mg/m 16mg/m 

Fungal 

growth 

(mm) 

% for 

Inhibi

tion 

Fungal 

growth 

(mm) 

% for 

Inhibi

tion 

Fungal 

growth 

(mm) 

% for 

Inhibi

tion 

Fungal 

growth 

(mm) 

% for 

Inhibiti

on 

1 50.66±1.15 42.64 42.66±4.61 51.7 

 

38.66±1.15 56.23 5.83±0.28 93.39 

 

88.33±2.88 

 

2 54±5.29 

 

40 

 

45.33±4.61 

 

49.63 38±0 

 

57.77 5.23±0.25 

 

94.18 

 

90±0 

 

3 49.33±1.15 43.07 42±5.29 

 

 

51.53 39.33±1.15 54.61 

 

5.26±0.25 

 

93.93 

 

86.66±2.88 

 

4 50±0 

 

44.44 42.66±5.03 

 

52.6 36±3.46 

 

60 

 

5.50±0.5 

 

93.88 

 

90±0 

 

5 50±2 

 

43.39 40.66±2.3 

 

53.96 37.73±4.16 57.28 5.33±0.28 

 

93.96 

 

88.33±2.88 

 

LSD 

(P<0.05) 

For fungal growth 4.56 for Percentage 6.28 

*Significantly different (P<0.05) 
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A (16mg/ml ) 

 

 

 

 

B   (10mg/ml) 

 

C(8mg/ml) 

 
 

D-Control 

 

 

 

Fig(4-8) Mushroom effect on radical growth of R. arrhizus according to 

the concentrations used 
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4-4-2:effect of alcoholic extract of mushroom on dry weight 

The results Table(4-8) showed for 16mg/ml concentration on the dry 

weight rate of fungal growth for three replicates for the first isolate was 

0.350±0.01g, for the second isolate 0.330±0.01 g, and for the third 

isolate0.323±0.0005g. As for the fourth isolate, it was0.346±0.007g, and 

the average dry weight in the fifth was0.335±0.01 g, while the 

concentration had a 10 mg/ml effect on the growth of the caste, the 

growth rate of the fungal caste was as follows, for the growth of the five 

isolates (0.375±0.004g, 0.370±0.008g  ,0.369±0.009g , 0.376±0.005g , 

0.370±0.008) .The  8 mg/ml  concentration was the least inhibiting of the 

concentrations used, with the dry weight rate for fungal growth of the five 

isolates being(0.394±0.01g , 0.397±0.005g ,0.396±0.003g , 0.408±0.015g 

, 0.403±0.007g) compared to the dry weight rates for the growth of the 

five isolates using antisense ketocanazole for the same concentration in 

order (0.043±0g , 0.044±0g, 0.044±0 g m 0.043±0g,0.044±0g ) the dry 

weight rate of the fungal growth of the five isolates without additives 

used as positive control was 0.422±0g,0.423±0g,0.423±0g,0.432±0g, 

0.431±0g).In this experiment, it was discovered that the alcoholic 

mushroom extract had a clear and significant inhibitory effect on the dry 

weight of fungal growth, with the inhibition increasing as the 

concentration was raised. The larger the dry weight of the fungal growth, 

the lower the extract concentration. Fig (4-9) 

There was a significant and clear inhibitory effect of mushroom alcoholic 

extract on fungal growth. This activity increases with the increase in 

concentration in this experiment . 

These experiments also revealed that silver nanoparticles are more 

effective than alcoholic mushroom extract at inhibiting fungal growth. 
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Table(4-8) Effect of alcoholic extract of  Agaricus bisporus on dry weight  

Treatment  

 

 

Islation 

NO. 

Concentration  Ketocanazole  Positive control 

8% 10% 16% 

The weight 

(g) 

% for 

Inhibi

tion 

The 

weight (g) 

% for 

Inhibi

tion 

The weight 

(g) 

% for 

Inhibi

tion 

The 

weight 

(g) 

% for 

Inhibit

ion 

1 0.394±0.01 

 

6.63 0.375±0.0

04 

11.13 0.350±0.01 

 

17.06 

 

0.043±0 

 

89.81 

 

0.422±0 

 

2 0.397±0.005 6.14 

 

0.370±0.0

08 

 

12.52 

 

0.330±0.01 

 

21.98 

 

0.044±0 

 

89.59 

 

0.423±0 

 

3 0.396±0.003 

 

6.38 

 

0.369±0.0

09 

 

12.76 

 

0.323±0.0005 23.87 

 

0.044±0 

 

89.59 

 

0.423±0 

 

4 0.408±0.015 

 

5.55 

 

0.376±0.0

05 

 

12.96 

 

0.346±0.007 

 

19.9 

 

0.043±0 

 

90.04 

 

0.432±0 

 

5 0.403±0.007 

 

6.49 

 

0.370±0.0

08 

 

14.15 

 

0.335±0.01 

 

22.27 

 

0.044±0 

 

89.79 

 

0.431±0 

 

LSD 

(P<0.05) 

For weight 0.012 for the percentage 1.04 

*Significantly different (P<0.05) 

 

 
 

Fig (4-9) shows the percentage of inhibition (on dry weight of R. arrhizus ) 

when treated with  Agaricus bisporus at concentration 8mg/ml,10mg/ml and 

16mg,ml. 
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The mushroom's antifungal action against the isolated pathogenic fungus 

is ascribed to the mushroom's presence of antifungal, antibacterial, and 

antiviral proteins and chemicals; polypeptide alveolarin and peptide 

eryngin , for example ,that  exhibit potent antifungal capabilities .This 

was mentioned by Cohen et al.,2002 ;Wang and Ng.,2000 ;Wang et al 

2004 ;Solak et al.,2006; Bender et al .,2001. 

In 2020, Sultan et al found that mushrooms can inhibit the growth of 

Aspergillus flavus. Kumar and Yadav.,2014 found Agaricus Bisporus 

showed the most substantial inhibitory efficacy against Humicolagrisea 

and the least against Aspergillus flavus. 

Also Alves et al.,2013 determined that the phenolic chemicals 2,4-

Dihydroxybenzoic and protocatechuic acids in Agaricus bisporus have 

better action against the majority of Gram-negative and Gram-positive 

bacteria. 

4-4-3 : The Morphological changes of the Rhizopus arrhizus  

under the electron microscope 

The decrease in the growth rate of the tested strains due to the effect of 

the treatments is usually accompanied by morphological changes of the 

developing mycelium .We noticed this from the fungal growth on the 

plate. 

In this study ,It was noticed that after treating the Rhizopus arrhizus  

isolate with silver nanoparticles at a concentration of 20% and examining 

it under an electron microscope( SEM) ,aggregation, excessive mycelial 

branching and hyphae size sporulation reduction. And After treating the 

Rhizopus isolate with  Agaricus bisporus at a concentration of 

16mg/ml  and examining it under an electron microscope (SEM) , it was 

discovered that abnormal growth ,excessive branching and swelling of the 

cell wall . Fig (4-10) 



Chapter four                                                   Result and Discussion 

……………………………………………………………………………… 

45 

  
Control  without any  treatment 

Normal shape and sporangia 

 

 

  
Silver nanoparticles 

Aggregation, excessive mycelial branching and hyphae size sporulation 

reduction 

 

 

  
Mushroom treatment  

Abnormal growth ,excessive branching and swelling of the cell wall 

 

 

Fig.(4-10)morphological change after treatment with mushroom extract  

(16 mg/ml  ) and silver nanoparticles( 20 %  )under SEM 
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Radhakrishnan et al 2018 noticed that there were morphological 

changes that occurred on the genus Candida after treating it with silver 

nanoparticles ,they  noticed alterations in the cell walls of the cells, their 

transformation into a rough shape .Also Nasrollahi et al 2011 saw fungal 

cells with a pore in their cell membrane being destroyed. Scanning 

Electron Microscopy (SEM) results on two model yeast (Saccharomyces 

cerevisiae and Candida albicans) reveal a reciprocal relationship between 

Ag-NPs and membrane structure, resulting in fungal cell damage and 

death. The capacity of Ag-NPs to damage the fungus's surface membrane 

structure was tested using SEM. 

And when treating (pathogenic Alternaria solani) with AgNPs, Abdel-

Hafez et al (2016)  Following the discovery of pores and cavities on the 

surface of pathogenic Alternaria solani hyphae in SEM micrographs of 

pathogenic Alternaria solani hyphae were taken. 
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 Conclusions

1:The fungus  Rhizopus  arrhizus  that cause mucormycosis were found in

patients with Covid 19. 

2: all specimens positive for the fungus that causes this  disease are from

people who have chronic diseases (diabetes and hypertension).

3: older  patients is more susceptible to infection with mucormycosis  

4:In  detecting  pathogenic  fungus,  molecular  identification  is  critical,

especially  for  genera  and  species  that  cannot  be  distinguished  by

phenotypic or microscopic examination.

5:  By  comparing the  sequence  of  nitrogenous  bases  of  the  fungus  R.

arrhizus isolates discovered that many isolates of the fungus R. arrhizus

had  previously  been  registered  with  the  National  Center  for

Biotechnology Information (NCBI).

6-  The results  showed that  silver  nanoparticles  have a  high inhibitory

activity compared to the antifungal ketocanazole

7- The results showed that the alcoholic extract of Agaricus bisporus has

inhibitory activity against the mucormycosis-causing  Rhizopus arrhizus

isolated from Covid patients.
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 Recommendation 

1:  It  is  necessary  to  conduct  tests  to  detect  secondary  infections

associated with Covid,  especially the detection of fungi in order to be

treated early.

2: possibility used Silver nanoparticles or the extract of the mashroom   as

antifungals after in vivo experiments (animals lab.)

3:  Conducting  other  studies  on  the  effect  of  silver  nanoparticles  and

mushroom extract on some virulence factors present in other fungi.

4:  Conducting several studies to see if additional nanoparticles can be 

used to inhibit this fungus.

5:  Study and reorganization  of chemical compounds extracted from the

alcoholic extract of Agaricus bisporus.

6: using fruit bodies of Agaricus bisporus for human feeding to resistance

many fungal disease and  toxins . 

74



References

  



References ……………………………………………..

Abdel-Hafez,  S. I.;  Nafady, N. A.; Abdel-Rahim, I.  R.;Shaltout, A.

M., Daròs, J. A. and Mohamed, M. A. (2016). Assessment of protein

silver  nanoparticles  toxicity  against  pathogenic  Alternaria  solani. 3

Biotech, 6(2), 1-12.

Ahmad, T.;Wani, I. A.; Manzoor, N.; Ahmed, J. and  Asiri, A. M.

(2013).  Biosynthesis,  structural  characterization  and  antimicrobial

activity of  gold and silver  nanoparticles. Colloids and Surfaces B: Bio

interfaces, 107, 227-234.

Ahmad, Z.; Arshad, S.; Idress, R.; Uddin, N. and Abdul-Ghafar, J.

(2018). Fatal  invasive  gastrointestinal  fungal  infection  in  three  non-

immunocompromised patients.

Akyuz,  M.;ONGANER,  A.;  Erecevit,  P.  and  Kirbag,  S.  (2010).

Antimicrobial  activity  of  some  edible  mushrooms  in  the  eastern  and

southeast  Anatolia  region  of  Turkey. Gazi  University  Journal  of

Science, 23(2), 125-130.

Alan, M. S. (1992). Mucormycosis. Clin Infect Dis, 14, 126-129.

Albanese,  A.;  Tang,  P.  S.  and  Chan,  W.  C.  (2012). The  effect  of

nanoparticle  size,  shape,  and  surface  chemistry  on  biological

systems. Annual review of biomedical engineering, 14, 1-16.

Al-Ibraheem,  S.  A.  H.  and  Al-Zeadei  ,A.O.(2021,  November).

Isolation and identification of  some pathogenic  species  of  Fungi  from

Shatt-al-Arab River. In Journal of Physics: Conference Series (Vol. 2063,

No. 1, p. 012021). IOP Publishing.

75



References ……………………………………………..

Alom,  S.;  Farak  Ali,  M.  and  Zaman,  K.  (2021).  A  comprehensive

Review   on  Mucormycosis  (Black  Fungus)  and  ITS  association  with

COVID-19. Current Trends in Pharmaceutical Research, 8(1).

Alves, M. J.;Ferreira, I. C.; Froufe, H. J.; Abreu, R. M. V.;  Martins,

A.  and  Pintado,M.  (2013). Antimicrobial  activity  of  phenolic

compounds  identified  in  wild  mushrooms,  SAR analysis  and  docking

studies. Journal of applied microbiology, 115(2), 346-357.

Artal, R.;Ágreda, B.;Serrano, E.;Alfonso, J. I. and Vallés, H. (2010).

Rhinocerebral  mucormycosis:  Report  on  eight  cases. Acta

Otorrinolaringologica (English Edition), 61(4), 301-305.

Artis, W. M.;Fountain, J. A.;Delcher, H. K. and Jones, H. E. (1982).

A mechanism of susceptibility to mucormycosis in diabetic ketoacidosis

transferrin and iron availability. Diabetes, 31(12), 1109-1114.

Asdaq, S. M. B.;Rajan, A.;Damodaran, A.;Kamath, S. R.;Nair, K. S.,

Zachariah,  S.  M.  and  Imran,  M.  (2021). Identifying  Mucormycosis

Severity in Indian COVID-19 Patients: A Nano-Based Diagnosis and the

Necessity for Critical Therapeutic Intervention. Antibiotics, 10(11), 1308.

.Atila, F.; Owaid, M. N. and Shariati, M. A. (2021). The nutritional and

medical  benefits  of  Agaricus  bisporus:  a  review. Journal  of

Microbiology, Biotechnology and Food Sciences, 2021, 281-286.

76



References ……………………………………………..

Bala  K;  Chander  J;  Handa  U;  Punia  RS  and  Attri  AK.(2015).A

prospective  study of  mucormycosis  in  North India:  experience  from a

tertiary care hospital. Med Mycol.; 53: 248–257

Balajee  ,S.A;  Borman  ,A.M;  Brandt,  M.E.;  Cano,  J.;  Cuenca-

Estrella, M.; Dannaoui, E. and Wickes, B. L. (2009 ). Sequence-based

identificationof  Aspergillus,  Fusarium,  and  mucorales  species  in  the

clinical mycology laboratory: where are we and where should we go from

here? Journal of clinical microbiology, 47(4), 877-884.

Bender  ,  S.;  Lonergan,  G.T.;  Backhaus,  J.  Dumitrache,  A.  and
Baker,  W.L.  (2001).  The  antibacterial  activity  of  the  edible  and
medicinal  mushroom  Lentinusedodes  (Berk.)  Sing.  Int.  J.  Med.
Mushrooms 3: 118.

Balakumar,  R.,  Sivaprakasam,  E.,  Kavitha,  D.,  Sridhar,  S.,  &
Kumar, J. S. (2011). Antibacterial and antifungal activity of fruit bodies
of Phellinus mushroom extract. International Journal of Biosciences, 1(3),
72-77.

Benson,  H.  J.  (2002). Bacterial  population  counts. Microbiological

applications.  Laboratory  Manual  in  General  Microbiology.  8th  ed.

McGraw Hill, New York, USA, 87.

Bitar, D.; Van Cauteren, D.; Lanternier, F.; Dannaoui, E.; Che, D.;
Dromer,  F.  and  Lortholary,  O.  (2009).  Increasing  incidence  of
zygomycosis  (mucormycosis),  France,  1997–2006. Emerging infectious
diseases, 15(9), 1395.

Bottone, E. J.;Weitzman, I.  R. E. N. E.; and Hanna, B. A. (1979).

Rhizopus  rhizopodiformis:  emerging  etiological  agent  of

mucormycosis. Journal of Clinical Microbiology, 9(4), 530-537.

77



References ……………………………………………..

Boxall, A.; Tiede, K.; Chaudhry, Q.; Aitken, R.; Jones, A.; Jefferson,

B.;  and   Lewis,  J.  (2007). Current  and  future  predicted  exposure  to

engineered  nanoparticles. Safety  of  Nanomaterials  Interdisciplinary

Research Centre Report, 1-13.

Brunke, S.; Mogavero, S.; Kasper, L.; and  Hube, B. (2016). Virulence

factors in fungal pathogens of man. Current opinion in microbiology, 32,

89-95. 

Castrejón-Pérez,  A.  D.;  Welsh,  E.  C.;  Miranda,  I.;  Ocampo-

Candiani, J.;  and Welsh, O. (2017). Cutaneous mucormycosis. Anais

brasileiros de dermatologia, 92, 304-311.

Chakrabarti, A.;Chatterjee, S. S.; Das, A., Panda, N.; Shivaprakash,

M.  R.;  Kaur,  A.  and  Sakhuja,  V.  (2009). Invasive  zygomycosis  in

India:  experience  in  a  tertiary  care  hospital. Postgraduate  medical

journal, 85(1009), 573-581.

Chaloupka, K.; Malam, Y.; and Seifalian, A. M. (2010). Nanosilver as

a new generation of nanoproduct in biomedical applications. Trends in

biotechnology, 28(11), 580-588.

Chang,  S.  T.  and  Miles,  P.  G.  (2004). Mushrooms:  cultivation,

nutritional value, medicinal effect, and environmental impact. CRC press.

Cohen,  R.;  Persky,  L.  and  Hadar,  Y.  (2002).  Biotechnological

applications and potential  of wood-degrading mushrooms of the genus

Pleurotus. Appl. Microbiol. Biotechnol. 58: 582-594

78



References ……………………………………………..

Connolly,  J.  H.;  Stodart,  B.  J.  and  Ash,  G.  J.  (2010).  Genotypic

analysis  of  Mucor  from the  platypus  in  Australia. Journal  of  Wildlife

Diseases, 46(1), 55-69.

Cornely,  O.A.;  Alastruey-Izquierdo,A.;  Arenz,D.  Chen,S.C.A.;

Dannaoui Hochhegger,  B. and Mucormycosis,  E.  C. M. M. (2019).

Global guideline for the diagnosis and management of mucormycosis: An

initiative  of  the  European  Confederation  of  Medical  Mycology  in

cooperation  with  the  Mycoses  Study  Group  Education  and  Research

Consortium. Lancet Infect. Dis. 2019;19:e405-21. 

Cornely  ,O.A.;  Arikan-Akdagli,  S.  ;Dannaoui,E.;  Groll,  A.H.;

Lagrou, K.; Chakrabarti, A. and Petrikkos, G. (2014). ESCMID and

ECMM  jointclinical  guidelines  for  the  diagnosis  and  management  of

mucormycosis . . Clinical Microbiology and Infection, 20, 5-26.

Corzo-León, D. E.;Chora-Hernández, L. D.; Rodríguez-Zulueta, A.

P. and Walsh, T. J. (2018). Diabetes mellitus as the major risk factor for

mucormycosis  in  Mexico:  epidemiology,  diagnosis,  and  outcomes  of

reported cases. Medical mycology, 56(1), 29-43.

Daniel,W.(2009 ).Biostatics  :A Foundation for  Analysis  in  the Health

Sciences. 9th edition .John Wiley and Sons. INC.USA

Dawood, B. S.; Al Omar, M. and  Palaian, S. (2022). Pharmaceutical

care  program  for  Polymedicated  elderly  patients  visiting  Community

Pharmacies  in  UAE  during  COVID-19  Pandemic:  A  Study

Protocol. Research Journal of Pharmacy and Technology, 15(1), 305-310

79



References ……………………………………………..

DiRienzo,M. (2006). New applications for silver. In The LBMA precious

metals conference (pp. 85-90).

Divakar, P. K. (2021). Fungal taxa responsible for mucormycosis/“black

fungus” among COVID-19 patients in India. Journal of Fungi, 7(8), 641.

Diwakar, J.; Samaddar, A.; Konar, S. K.; Bhat, M. D.; Manuel, E.;

Veenakumari,  H.  B.  and  Nagarathna,  S.  (2021). First  report  of

COVID-19-associated  rhino-orbito-cerebral  mucormycosis  in  pediatric

patients  with  type  1  diabetes  mellitus. Journal  of  Medical

Mycology, 31(4), 101203.

Dixit, S. N.; Tripathy, S. C. and upadyyey, R.R. (1976). The antifungal

substasnce of rose flower (Rose indica) Economic Botany. 30:371-373

Ezeokoli, O. T.; Gcilitshana, O. and  Pohl, C. H. (2021). Risk factors

for fungal co-infections in critically ill COVID-19 patients, with a focus

on immunosuppressants. Journal of Fungi, 7(7), 545.

Foster, C. E.; Revell, P. A.; Campbell, J. R. and Marquez, L. (2021).

Healthcare-associated  pediatric  cutaneous  mucormycosis  at  Texas

Children’s  Hospital,  2012–2019. The  Pediatric  Infectious  Disease

Journal, 40(8), 746-748.

80



References ……………………………………………..

Gallo,  F.;  Vija,  L.;  Le  Grand,  S.;  Moukarbel,  N.;  Mortele,  K.;

Gabiache,  E.  and Dierickx,  L.  O.  (2019). Diagnosis  of  an  intestinal

mucormycosis  ‘fungus  ball’located  with  PET/CT  with  [18F]  FDG-

PET/CT. European Journal of Hybrid Imaging, 3(1), 1-4.

Gebremariam, T.;  Alkhazraji,  S.;  Alqarihi,  A.; Wiederhold, N. P.;

Shaw, K. J.;Patterson, T. F. and Ibrahim, A. S. (2020). Fosmanogepix

(APX001)  is  effective  in  the  treatment  of  pulmonary  murine

mucormycosis  due  to  Rhizopus  arrhizus. Antimicrobial  agents  and

chemotherapy, 64(6), e00178-20.

Gebremariam, T.; Liu, M.; Luo, G.; Bruno, V.; Phan, Q. T.; Waring,

A. J. and Ibrahim, A. S. (2014). CotH3 mediates fungal invasion of host

cells during mucormycosis. The Journal of clinical investigation, 124(1),

237-250.

Ghafur,  A.;  Shareek,  P.  S.;  Senthur,  N.  P.;  Vidyalakshmi,  P.  R.;

Ramasubramanian, V.; Parameswaran, A. and Gopalakrishnan, R.

(2013). Mucormycosis in patients without cancer: a case series from A

tertiary care hospital in South India. The Journal of the Association of

Physicians of India, 61(5), 305-308.

Goldstein,J.;Newbury,DE.;Joy,.DC.;Lyman,CE.;Echlin,P.;Lifshin,E.

;Sawyer ,L. and Michael,J.R.(2003).Scaning electron microscopy and

X-ray microanalysis,3rd .NewYork

Hamilos,G.;  Samonis,G.  and  Kontoyiannis,D.P.  (2011). Pulmonary

mucormycosis. Semin Respir Crit Care Med;32:693-702.

81



References ……………………………………………..

Hassan,  M.  I.  A.  and  Voigt,  K.  (2019). Pathogenicity  patterns  of

mucormycosis:  epidemiology,  interaction  with  immune  cells  and

virulence factors. Medical mycology, 57 _2, 245-256.

Hetland, G.;Johnson, E.; Lyberg, T.; Bernardshaw, S.; Tryggestad,

A.  M.  A.  Grinde,  B.  (2008).  Effects  of  the  medicinal  mushroom

Agaricus blazei Murill on immunity, infection and cancer. Scandinavian

journal of immunology, 68(4), 363-370.

Hibbett  ,D.S.;  Binder,M.  and  Bischoff  JF  (2007).  A  higher  level

phylogenetic classification of the Fungi. Mycol Res;111:509-47.

Hoffmann, K.; Pawłowskka, J.; Walther, G.; Wrzosek, M.; De Hoog,

G. S.; Benny, G. L. and Voigt, K. (2013). The family structure of the

Mucorales:  a  synoptic  revision  based  on  comprehensive  multigene-

genealogies. Persoonia-Molecular  Phylogeny  and  Evolution  of

Fungi, 30(1), 57-76.

Hussain,  S.;  Baxi,  H.;  Riad,  A.;  Klugarová,  J.;  Pokorná,  A.;

Slezáková,  S.  and  Klugar,  M.  (2021).  COVID-19-Associated

Mucormycosis  (CAM):  An  updated  evidence  mapping. International

journal of environmental research and public health, 18(19), 10340.

Ibrahim, A. S.; Spellberg, B.;Avanessian, V. ;Fu, Y. and Edwards Jr,

J.  E.  (2005).  Rhizopus  oryzae  adheres  to,  is  phagocytosed  by,  and

damages  endothelial  cells  in  vitro. Infection and immunity, 73(2),  778-

783.

82



References ……………………………………………..

Ibrahim, A. S.; Spellberg, B.; Walsh, T. J. and Kontoyiannis, D. P.

(2012). Pathogenesis of mucormycosis. Clinical Infectious Diseases, 54,

16-22.

Ibrahim, A.A.F. (2013) Medical  mycology ,1st edition 

Islam, M. T.; Parvin, M. and  Nasir, M. (2021).  Mucormycosis (the

black  fungus)  during  COVID-19  pandemic:  growing  concerns  of

immunosuppressive  therapy  and  uncontrolled  diabetes  mellitus. Int.  J.

Community Med. Public Health, 8(8), 4067.

Jarvis, J. N.; Casazza, J. P.; Stone, H. H.;  Meintjes, G., Lawn, S. D.,

Levitz,  S.  M.  and   Koup,  R.  A.  (2013). The  phenotype  of  the

Cryptococcus-specific CD4+ memory T-cell response is associated with

disease  severity  and  outcome  in  HIV-associated  cryptococcal

meningitis. The Journal of infectious diseases, 207(12), 1817-1828.

Juvvadi, P. R.;Lee, S. C.; Heitman, J. and Steinbach, W. J. (2017).

Calcineurin  in  fungal  virulence  and  drug  resistance:  Prospects  for

harnessing targeted inhibition of calcineurin for an antifungal therapeutic

approach. Virulence, 8(2), 186-197.

Kalač,  P.  and  Svoboda,  L.  (2000). A  review  of  trace  element

concentrations in edible mushrooms. Food chemistry, 69(3), 273-281.

83



References ……………………………………………..

Kanhed, P.; Birla, S.; Gaikwad, S.; Gade, A.; Seabra, A. B.; Rubilar,

O.  and  Rai,  M.  (2014). In  vitro  antifungal  efficacy  of  copper

nanoparticles  against  selected  crop  pathogenic  fungi. Materials

Letters, 115, 13-17.

Kashkouli,  M.  B.;  Abdolalizadeh,  P.;  Oghazian,  M.,  Hadi,  Y.;

Karimi, N. and Ghazizadeh, M. (2019). Outcomes and factors affecting

them in patients with rhino-orbito-cerebral mucormycosis. British Journal

of Ophthalmology, 103(10), 1460-1465.

Kędziora,  A.  and  Sobik,  K.  (2013).  Oporność  bakterii  na  srebro-

problem stary czy nowy?. Kosmos, 62(4), 557-570.

Khalil,  N.  M.  (2013). Biogenic  silver  nanoparticles  by  Aspergillus

terreus as a powerful nanoweapon against Aspergillus fumigatus. African

Journal of Microbiology Research, 7(50), 5645-5651.

Khojah, E.; Sami, R.;Helal, M.;  Elhakem, A.; Benajiba, N.; Alharbi,

M.  and  Alkaltham, M.  S.  (2021). Effect  of  coatings  using titanium

dioxide nanoparticles and chitosan films on oxidation during storage on

white button mushroom. Crystals, 11(6), 603.

Kim, K.J.; Sung, W.S.; Moon, S.K.; Choi, J.S.; Kim, J.G. and Lee,

D.G. (2008). Antifungal effect of silver nanoparticles on   dermatophytes.

Journal  of  microbiology  and  biotechnology,  Vol.  18(8),  1482-  1484,

ISSN 1017-7825

84



References ……………………………………………..

Kontoyiannis, D. P. and  Lewis, R. E. (2006).  Invasive zygomycosis:

update  on  pathogenesis,  clinical  manifestations,  and

management. Infectious Disease Clinics, 20(3), 581-607.

Kumar, V. and  Yadav, U. (2014). Screening of antifungal activity of

Pleurotus ostreatus and Agaricus bisporus. Biolife, 2(3), 918-923.

Kamrul-Hasan, A. B. and  Selim, S. (2021). Mucormycosis, the deadly

new worry to COVID-19 pandemic. Mymensingh Med J, 30(3), 874-80.

Lass-Flörl,  C.  and   Mayr,  A.  (2009). Diagnosing  invasive  fungal

diseases–limitations  of  microbiological  diagnostic  methods. Expert

Opinion on Medical Diagnostics, 3(4), 461-470.

Lax,  C.;  Pérez-Arques,  C.;Navarro-Mendoza,  M.  I.;  Cánovas-

Márquez,  J.  T.;  Tahiri,  G.;  Pérez-Ruiz,  J.  A.  and  Nicolás,  F.  E.

(2020). Genes, pathways, and mechanisms involved in the virulence of

mucorales. Genes, 11(3), 317.

Lebreton,  A.;  Corre,  E.;  Jany,  J.  L.;  Brillet-Guéguen,  L.;  Pèrez-

Arques,  C.;  Garre,  V. and Meslet-Cladière,  L. (2020). Comparative

genomics  applied  to  Mucor species  with  different  lifestyles. BMC

genomics, 21(1), 1-21.

Lebreton, A.; Meslet-Cladière, L.; Morin-Sardin, S.;Coton, E.; Jany,

J. L.; Barbier, G. and  Corre, E. (2019). Comparative analysis of five

Mucor species transcriptomes. Genomics, 111(6), 1306-1314.

85



References ……………………………………………..

Lee, J.; Kim, K. J.; Sung, W. S.; Kim, J. G. and  Lee, D. G. (2010).

The  silver  nanoparticle  (nano-Ag):  a  new  model  for  antifungal

agents. Silver nanoparticles, 295-308.

Li,  C.  H.;  Cervantes,  M.;  Springer,  D.  J.;  Boekhout,  T.;  Ruiz-

Vazquez,  R.  M.;  Torres-Martinez,  S.  R.  and  Lee,  S.  C.  (2011).

Sporangiospore  size  dimorphism  is  linked  to  virulence  of  Mucor

circinelloides. PLoS Pathogens, 7(6), e1002086.

 Liu,  J.;  Jia,  L.;  Kan,  J.  and  Jin,  C.  (2013). In  vitro  and  in  vivo

antioxidant  activity  of  ethanolic  extract  of  white  button  mushroom

(Agaricus bisporus). Food and Chemical Toxicology, 51, 310–316.

Mahdizadeh, V.; Safaie, N. and Khelghatibana, F. (2015). Evaluation

of  antifungal  activity  of  silver  nanoparticles  against  some

phytopathogenic  fungi  and  Trichoderma  harzianum. Journal  of  Crop

Protection, 4(3), 291-300.

Medda, S.; Hajra, A.; Dey, U.; Bose, P. and Mondal, N. K. (2015).

Biosynthesis  of  silver  nanoparticles  from  Aloe  vera  leaf  extract  and

antifungal  activity  against  Rhizopus  sp.  and  Aspergillus sp. Applied

Nanoscience, 5(7), 875-880.

Mehta,  S.  and  Pandey,  A.  (2020). Rhino-orbital  mucormycosis

associated with COVID-19. Cureus, 12(9).

86



References ……………………………………………..

Mendoza, L.; Vilela, R.; Voelz, K.;Ibrahim, A. S.; Voigt, K. and  Lee,

S.  C.  (2015). Human  fungal  pathogens  of  Mucorales  and

Entomophthorales. Cold  Spring  Harbor  Perspectives  in  Medicine, 5(4),

a019562.

Mignogna, M. D.; Fortuna, G.; Leuci,  S.; Adamo, D.; Ruoppo, E.;

Siano, M. and  Mariani, U. (2011). Mucormycosis in immunocompetent

patients: a case-series of patients with maxillary sinus involvement and a

critical  review  of  the  literature. International  Journal  of  Infectious

Diseases, 15(8), 533-540.

Mohammadi, R.; Nazeri, M.; Sayedayn, S. M. A. and Ehteram, H.

(2014). A  successful  treatment  of  rhinocerebral  mucormycosis  due  to

Rhizopus oryzae.   Journal  of  research in  medical  sciences:  the official

journal of Isfahan University of Medical Sciences, 19(1), 72.

Monte Junior, E. S.; Dos Santos, M. E. L.; Ribeiro, I. B.; de Oliveira

Luz, G.; Baba, E. R.; Hirsch, B. S. and  De Moura, E. G. H. (2020).

Rare  and  fatal  gastrointestinal  mucormycosis  (Zygomycosis)  in  a

COVID-19 patient: a case report. Clinical endoscopy, 53(6), 746-749.

Morales-Franco,  B.;  Nava-Villalba,  M.;  Medina-Guerrero,  E.  O.;

Sánchez-Nuño,  Y.  A.;  Davila-Villa,  P.;  Anaya-Ambriz,  E.  J.  and

Charles-Niño, C. L. (2021). Host-pathogen molecular factors contribute

to the pathogenesis of Rhizopus spp. in diabetes mellitus. Current tropical

medicine reports, 8(1), 6-17.

87



References ……………………………………………..

Morin-Sardin,  S.;  Nodet,  P.;  Coton,  E.  and   Jany,  J.  L.  (2017).

Mucor: A  Janus-faced  fungal  genus  with  human  health  impact  and

industrial applications. Fungal Biology Reviews, 31(1), 12-32.

Morin-Sardin, S.; Rigalma, K.; Coroller, L.; Jany, J. L. and Coton,

E. (2016). Effect of temperature, pH, and water activity on Mucor spp.

growth  on  synthetic  medium,  cheese  analog  and  cheese. Food

microbiology, 56, 69-79.

Nasrollahi,  A.;  Pourshamsian, K. H. and Mansourkiaee,  P.  (2011).

Antifungal activity of silver nanoparticles on some of fungi. international

journal of  nano dimesion (IJND) .Vol .1 ,N0 3, Page(s) 233 To 239.

 

Navarro-Mendoza, M. I.;  Pérez-Arques,  C.; Murcia,  L.; Martínez-

García, P.; Lax, C.; Sanchis, M. and Garre, V. (2018). Components of

a new gene family of ferroxidases involved in virulence are functionally

specialized in fungal dimorphism. Scientific reports, 8(1), 1-13.

Nicolás,  F.  E.;  Murcia,  L.;  Navarro,  E.;  Navarro-Mendoza,  M.  I.;

Pérez-Arques,  C.  and  Garre,  V.  (2020). Mucorales  species  and

macrophages. Journal of Fungi, 6(2),94

Pana,  Z.  D.;  Seidel,  D.;  Skiada,  A.;  Groll,  A.  H.;  Petrikkos,  G.;

Cornely,  O.  A.  and  Roilides,  E.  (2016). Invasive  mucormycosis  in

children:  an  epidemiologic  study  in  European  and  non-European

countries based on two registries. BMC infectious diseases, 16(1), 1-9.

88



References ……………………………………………..

Patel, A.; Agarwal, R.;Rudramurthy, S. M.; Shevkani, M.; Xess, I.;

Sharma, R. and  Network, M. (2021). Multicenter epidemiologic study

of  coronavirus  disease–associated  mucormycosis,  India. Emerging

infectious diseases, 27(9), 2349.

Patiño-Medina,  J.  A.;  Maldonado-Herrera,  G.;  Pérez-Arques,  C.;

Alejandre-Castañeda, V.; Reyes-Mares, N. Y.; Valle-Maldonado, M.

I. and Meza-Carmen, V. (2018). Control of morphology and virulence

by  ADP-ribosylation  factors  (Arf)  in  Mucor  circinelloides. Current

genetics, 64(4), 853-869.

Peleg,  A.  Y.;  Weerarathna,  T.;  McCarthy,  J.  S.  and Davis,  T.  M.

(2007). Common infections in diabetes: pathogenesis, management and

relationship  to  glycaemic  control. Diabetes/metabolism  research  and

reviews, 23(1), 3-13.

Petrikkos,  G.;  Richardson,  M.  and   Roilides,  E.  (2009).  1st

International Forum on Zygomycosis, 30 May to 1 June 2008. Clinical

Microbiology and Infection, 15, 1.

Pinto ,M; Gencale ,E.; Rossi, M. and Simoni ,I.(2001).Study of some

plant  oils  effect  on  A.  flavus .growth  on  corn  .Brazilian  Journal  of

Microbiology ,32;127pp. 

Powers-Fletcher, M. V.; Kendall, B. A.; Griffin, A. T. and Hanson,

K. E. (2016). Filamentous fungi. Microbiology Spectrum, 4(3), 4-3.

89



References ……………………………………………..

Prabahu  ,N.;  Ayisha,S.S.;  Yamuna,  G.K.  and  Divya,T.R.(2010)

Antifungal  activity  of  silver  nanoparticles  as  novel  therapeutic

approach .Arch.pharm.Res.2;355-359

Prakash,  H.  and  Chakrabarti,  A.  (2019). Global  epidemiology  of

mucormycosis. Journal of Fungi, 5(1), 26.

Prakash, H.; Ghosh, A. K.; Rudramurthy, S. M.; Singh, P.; Xess, I.;

Savio, J. and Chakrabarti, A. (2019). A prospective multicenter study

on  mucormycosis  in  India:  Epidemiology,  diagnosis,  and

treatment. Medical mycology, 57(4), 395-402.

Qian, Y.; Yu, H.; He, D.; Yang, H.; Wang, W.; Wan, X. and Wang,

L. (2013). Biosynthesis of silver nanoparticles by the endophytic fungus

Epicoccum  nigrum  and  their  activity  against  pathogenic

fungi. Bioprocess and Biosystems Engineering, 36(11), 1613-1619.

Radhakrishnan, V. S.; Mudiam, M. K. R.; Kumar, M.; Dwivedi, S.

P.; Singh, S. P. and  Prasad, T. (2018). Silver nanoparticles induced

alterations  in  multiple  cellular  targets,  which  are  critical  for  drug

susceptibilities  and  pathogenicity  in  fungal  pathogen  (Candida

albicans). International journal of nanomedicine, 13, 2647.

Rammaert,  B.;  Lanternier,  F.;  Zahar,  J.  R.;  Dannaoui,  E.;

Bougnoux, M. E.; Lecuit, M. and Lortholary, O. (2012). Healthcare-

associated mucormycosis. Clinical Infectious Diseases, 54, 44-54.

90



References ……………………………………………..

Ravani, S. A.; Agrawal, G. A.; Leuva, P. A.; Modi, P. H. and Amin,

K.  D.  (2021). Rise  of  the  phoenix:  Mucormycosis  in  COVID-19

times. Indian journal of ophthalmology, 69(6), 1563.

Rawlani, S. S.; Siddiqui, A.; Reza, M.; Chelkar, S.; Rani, T. and Roy,

H.  K.  B.  (2021).  Black  Fungus  Mucormycosis,  Epidemiology,

Etiopathogenesis, Clinical Diagnosis, Histopathology and its 

Rezaeian, S. and Pourianfar, H. R. (2016). Antimicrobial properties of

the  button  mushroom,  Agaricus  bisporus:  A mini-review. International

Journal of Advanced Research, 4(1), 426-429.

Riad, A.; Shabaan, A. A.; Issa, J.; Ibrahim, S.; Amer, H.; Mansy, Y.

and   Attia,  S.  (2021). COVID-19-associated  mucormycosis  (CAM):

case-series  and  global  analysis  of  mortality  risk  factors. Journal  of

Fungi, 7(10), 837.

Roden,  M. M.;  Zaoutis,  T.  E.;  Buchanan, W. L.;  Knudsen,  T.  A.;

Sarkisova,  T.  A.;  Schaufele,  R.  L.  and  Walsh,  T.  J.  (2005).

Epidemiology and outcome of zygomycosis:  a review of 929 reported

cases. Clinical infectious diseases, 41(5), 634-653.

Sambrook  ,J.  and  Russell  ,D,W,(2001).Molecular  cloning

.Alaboratory  .3th  ed.cold  spring  Harbor  (NY):cold  spring  Harbor

laboratory press,N.Y 

91



References ……………………………………………..

Samson,  R.  and  Dharne,  M.  (2022).  COVID-19  associated

mucormycosis:  evolving  technologies  for  early  and  rapid  diagnosis. 3

Biotech, 12(1), 1-17.

Sandhu, S. S.; Shukla, H. and  Shukla, S. (2017). Biosynthesis of silver

nanoparticles  by  endophytic  fungi:  Its  mechanism,  characterization

techniques  and  antimicrobial  potential. African  Journal  of

Biotechnology, 16(14), 683-698.

Schabes-Retchkiman,  P.  S.;  Canizal,  G.;  Herrera-Becerra,  R.;

Zorrilla, C.; Liu, H. B. and  Ascencio, J. A. (2006). Biosynthesis and

characterization  of  Ti/Ni  bimetallic  nanoparticles. Optical

materials, 29(1), 95-99.

Sciortino  Jr,  C.  V.  (2017). Atlas  of  clinically  important  fungi.  John

Wiley & Sons.

Selarka, L.; Sharma, S.; Saini, D.; Sharma, S.; Batra, A.; Waghmare,

V.  T.  and  Ong,  J.  J.  (2021). Mucormycosis  and  COVID 19:  An‐

epidemic within a pandemic in India. Mycoses, 64(10), 1253-1260.

Senjen,  R.  (2007). Nano  silver-a  threat  to  soil,  water  and  human

health. Friends of the Earth Australia March.

Shakir, M.; Maan, M. H. A. and  Waheed, S. (2021). Mucormycosis in

a patient with COVID-19 with uncontrolled diabetes. BMJ Case Reports

CP, 14(7), e245343.

Shang, X.; Tan, Q.; Liu, R.; Yu, K.; Li, P. and Zhao, G. P. (2013).  In

vitro  anti-Helicobacter  pylori  effects  of  medicinal  mushroom extracts,

92



References ……………………………………………..

with special emphasis on the Lion's Mane mushroom, Hericium erinaceus

(higher  Basidiomycetes). International  Journal  of  Medicinal

Mushrooms, 15(2).

Singh, K.; Kumar, S.; Shastri, S.; Sudershan, A. and Mansotra, V.

(2021). Black  fungus  immunosuppressive  epidemic  with  Covid-19

associated  mucormycosis  (zygomycosis):  a  clinical  and  diagnostic

perspective from India. Immunogenetics, 74(2), 197-206.

Skiada,  A.;  Pavleas,  I.  and  Drogari-Apiranthitou,  M.  (2020).

Epidemiology  and  diagnosis  of  mucormycosis:  an  update. Journal  of

Fungi, 6(4), 265.

Smit, E., Leeflang, P., Glandorf, B., Dirk van Elsas, J., & Wernars,

K.  (1999). Analysis  of  fungal  diversity  in  the  wheat  rhizosphere  by

sequencing  of  cloned  PCR-amplified  genes  encoding  18S  rRNA  and

temperature  gradient  gel  electrophoresis. Applied  and  environmental

microbiology, 65(6), 2614-2621.

Solak,  M.H.;  Kalmis,  E.;  Saglam,  H.  and  Kalyoncu,  F.  (2006).

Antimicrobial activity of two wild mushrooms Clitocybealexandri (Gill.)

Konr.  and  Rhizopogonroseolus  (Corda)  T.M.  Fries  collected  from

Turkey. Phytotherapy Research. 20: 1085-1087.

Song, G.; Liang, G. and Liu, W. (2020). Fungal co-infections associated

with global COVID-19 pandemic: a clinical and diagnostic perspective

from China. Mycopathologia, 185(4), 599-606.

93



References ……………………………………………..

Stevanović,  M.  M.;  Škapin,  S.  D.;  Bračko,  I.;  Milenković,  M.;

Petković, J.; Filipič, M. and Uskoković, D. P. (2012). Poly (lactide-co-

glycolide)/silver nanoparticles: Synthesis, characterization, antimicrobial

activity,  cytotoxicity  assessment  and  ROS-inducing

potential. Polymer, 53(14), 2818-2828.

Sultan, S.; AL-Tarjuman ,K. and El Aldory ,M.(2020). The antifungal

activity  of  aqueous  and  alcoholic  extract  of  mushroom  (Agaricus

bisporus) against Aspergillus flavus, IMDC SD-SP.

Tabarsi, P.; Khalili, N.; Pourabdollah, M.; Sharifynia, S.; Naeini, A.

S.;  Ghorbani,  J.  and  Askari,  E.  (2021).  Case  report:  COVID-19-

associated rhinosinusitis mucormycosis caused by  Rhizopus arrhizus: a

rare  but  potentially  fatal  infection  occurring  after  treatment  with

corticosteroids. The  American  journal  of  tropical  medicine  and

hygiene, 105(2), 449.

Thakar, A. and  Lal, D. (2021). “Black fungus”: a perspective on the

coronavirus  disease  2019  (COVID 19) associated  rhino orbital‐ ‐ ‐

mucormycosis  epidemic in  India.  In International  Forum of Allergy &

Rhinology (Vol. 11, No. 8, p. 1278). Wiley-Blackwell.

Thakar ,M.(2004) . Pharmocological Screening  of some Medical plants

As Antimicrobial And Feed Additive .Virginia Polytechnic institute and

state University .Blackbury ,Virginia U.S.A:1-14PP

94



References ……………………………………………..

 

Tolaymat, T. M.; El Badawy, A. M.; Genaidy, A.; Scheckel, K. G.;

Luxton,  T.  P.  and   Suidan,  M.  (2010).  An  evidence-based

environmental  perspective  of  manufactured  silver  nanoparticle  in

syntheses and applications: a systematic review and critical appraisal of

peer-reviewed scientific papers. Science of the total environment, 408(5),

999-1006.

Vaezi, A.; Moazeni, M.; Rahimi, M. T.; de Hoog, S. and  Badali, H.

(2016). Mucormycosis in Iran: a systematic review. Mycoses, 59(7), 402-

415.

Veisi,  A.;  Bagheri,  A.;  Eshaghi,  M.;  Rikhtehgar,  M.  H.;  Rezaei

Kanavi, M. and  Farjad, R. (2021). Rhino-orbital mucormycosis during

steroid therapy in COVID-19 patients: A case report. European journal of

ophthalmology.

Vellanki, S.; Billmyre, R. B.; Lorenzen, A.; Campbell, M.; Turner,

B.; Huh, E. Y. and  Lee, S. C. (2020). A novel resistance pathway for

calcineurin  inhibitors  in  the  human-pathogenic  mucorales  Mucor

circinelloides. MBio, 11(1), e02949-19.

Walsh,  T.  J.;  Hayden,  R.  T.  and  Larone,  D.  H.  (2018). Larone's

medically important fungi: A guide to identification. John Wiley & Sons

Walther,  G.;  Wagner,  L.  and  Kurzai,  O.  (2019).  Updates  on  the

taxonomy  of  Mucorales  with  an  emphasis  on  clinically  important

taxa. Journal of fungi, 5(4), 106.

95



References ……………………………………………..

Wang,  H.X.  and Ng,  T.B.  (2000). Isolation of  a  novel  ubiquitin-like

protein  from  Pleurotusostreatus  mushroom  with  anti-human

immunodeficiency  virus,  translation-  inhibitory  and  ribonuclease

activities. Biochem. Biophys. Res. Commun. 276: 587-93 

Wang,  H.X.;  Ng,  T.B.  and  Liu,  Q.H.  (2004).  Alveolarin,  a  novel

antifungal  polypeptide  from  the  wild  mushroom  Polyporusalveolaris.

Peptides 25: 693–696. 

Waqas, H. M.;Akbar, M.; Khalil, T.; Ishfaq, M.; Aslam, N.; Chohan,

S.  A.  and  Iqbal,  M.  S.  (2018). Identification  of  natural  antifungal

constituents  from  Agaricus  bisporus  (JE  Lange)  Imbach. Applied

Ecology and Environmental Research, 16(6), 7937-7951.

Watkins,  T.  N.  (2019). Molecular  Determinants  of  Pulmonary

Mucormycosis  and  Aspergillosis (Doctoral  dissertation,  University  of

Maryland, Baltimore).

Webster,  J.  and Weber,  R.  (2007). Introduction to  fungi.  Cambridge

university press.

Wijedasa, M. H. and Liyanapathirana, L. V. C. (2012). Evaluation of

an alternative slide culture technique for the morphological identification

of fungal species. Sri Lankan Journal of Infectious Diseases, 2(2) p.p .

96



References ……………………………………………..

Wijnhoven, S. W.,; Peijnenburg, W. J.; Herberts, C. A.; Hagens, W.

I.; Oomen, A. G.; Heugens, E. H. and Geertsma, R. E. (2009). Nano-

silver–a  review of  available  data  and  knowledge  gaps  in  human  and

environmental risk assessment. Nanotoxicology, 3(2), 109-138.

Wu, Z.; Tsumura, Y.; Blomquist, G. and Wang, X. R. (2003). 18S

rRNA gene variation among common airborne fungi, and development of

specific  oligonucleotide  probes  for  the  detection  of  fungal

isolates. Applied and environmental microbiology, 69(9), 5389-5397.

Xu,  Y.;  Gao,  C.;  Li,  X.;  He,  Y.;  Zhou,  L.;  Pang,  G.  and Sun,  S.

(2013). In vitro antifungal activity of silver nanoparticles against ocular

pathogenic  filamentous  fungi. Journal  of  Ocular  Pharmacology  and

Therapeutics, 29(2), 270-274.

Yin, I. X.; Zhang, J.; Zhao, I. S.; Mei, M. L.; Li, Q. and  Chu, C. H.

(2020).  The  antibacterial  mechanism  of  silver  nanoparticles  and  its

application in dentistry. International journal of nanomedicine, 15, 2555.

Zhang,  S.;Zhao,  X.;  Wang,  Y.;  Li,  J.;  Chen,  X.;  Wang,  A.;  Li,  J.

(2012). Molecular  detection  of  Fusarium  oxysporum  in  theinfected

cucumber plants and soil. Pakistan Journal of Botany, 44(4), 145.

Zheng, R. Y.; Chen, G. Q.; Huang, H. and  Liu, X. Y. (2007). A 

monograph of  Rhizopus.  Sydowla-Horn -, 59(2), 273.

97



Appendices  



Appendices…………………………………………………………………… 

Appendix(1)

Registration in the gene bank for isolate A

Rhizopus arrhizus isolate KNQS1 small subunit ribosomal RNA gene, partial 

sequence

GenBank: ON025547.1

FASTA Graphics

Go to:

LOCUS       ON025547                1257 bp    DNA     linear   PLN 25-MAR-2022

DEFINITION  Rhizopus arrhizus isolate KNQS1 small subunit ribosomal RNA gene,

            partial sequence.

ACCESSION   ON025547

VERSION     ON025547.1

KEYWORDS    .

SOURCE      Rhizopus arrhizus (Rhizopus oryzae)

  ORGANISM  Rhizopus arrhizus

            Eukaryota; Fungi; Fungi incertae sedis; Mucoromycota;

            Mucoromycotina; Mucoromycetes; Mucorales; Mucorineae;

            Rhizopodaceae; Rhizopus.

REFERENCE   1  (bases 1 to 1257)

  AUTHORS   Mohammed,k.I. and Jasim,N.O.

  TITLE     The specimen :swab from the nasal cavity from covid19 patient

  JOURNAL   Unpublished

REFERENCE   2  (bases 1 to 1257)
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  AUTHORS   Mohammed,k.I. and Jasim,N.O.

  TITLE     Direct Submission

  JOURNAL   Submitted (20-MAR-2022) Biology, University Of Al-Qadisiyah,

            Faculty of Science, Al-Qadisiyah, Diwaniya, Al-Qadisiyah 0000, Iraq

COMMENT     ##Assembly-Data-START##

            Sequencing Technology :: Sanger dideoxy sequencing

            ##Assembly-Data-END##

FEATURES             Location/Qualifiers

     source          1..1257

                     /organism="Rhizopus arrhizus"

                     /mol_type="genomic DNA"

                     /isolate="KNQS1"

                     /isolation_source="nasal swab"

                     /host="Homo sapiens"

                     /db_xref="taxon:64495"

                     /country="Iraq"

     rRNA            <1..>1257

                     /product="small subunit ribosomal RNA"

ORIGIN      

        1 tactgtccaa gatacgccat gcatgtctaa gtataaataa ctttatatgg tgaacctgcg

       61 aataggctca ttaaatcagt tatgatctac gtgacaaatt ctttactact tggataaccg

      121 tggtaattct agagctaata catgcaaaaa agccctgact tacgaagggg tgcacttatt

      181 agataaaacc aacgcggggt aaaacctgtt tcttggtgaa tcataataat taagcggatc
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      241 gcatggcctt gtgccggcga cggtccactc gattttctgc cctatcatgg ttgagattgt

      301 aagatagagg cttacaatgc ctacaacggg taacggggaa ttagggttcg attccgggag

      361 ggagcctgag aaacggctac cacatccaag gaaggcagca ggcgcgcaaa ttacccaatc

      421 ccgacacggg gaggtagtga caatacataa caatgcaggg cctttaaggt cttgcaattg

      481 gaatgagtac aatttaaatc ccttaacgag gatcaattgg agggcaagtc tggtgccagc

      541 agccgcggta attccagctc caatagcgta tattaaagtt gttgcagtta aaacgtccgt

      601 agtcaaactt tagtcttacc ggcgtagtgg cctggtcttc attgaccaag ctcattgctg

      661 ccggagactc cacgtccatt gactcctagt cctcgtggct agggttttct ggacaattac

      721 catgagcaaa tcagagtgtt taaagcaggc ttttaagctt gaatgtgtta gcatggaata

      781 atgaaatatg actttagtcc tattttcgtt ggtttaggta cttcagtaat gatgaataga

      841 aacggttagg ggcatttgta tttggtcgct agaggtgaaa ttcttggatt gaccgaagac

      901 aaactactgc gaaagcattt gacccgggac gttttcattg atcaaggtct aaagttaagg

      961 gatcgaagac gattagatac cgtcgtagtc ttaaccacaa actatgccga ctagagattg

     1021 ggcgcgttta tgatgactcg ctcagcatct tagcgaaagt aaagtttttg ggttctgggg

     1081 ggagtatggg acgcaaggct gaaacttaaa ggaattgacg gaagggcacc accaggagtg

     1141 gagcctgcgc tttaatttga ctcaccacgg ggaaactcac caggtccaga catagttagg

     1201 attgacagat tgaaagctct ttctagattc tatggggggg gtgcatggcc gttctta

//
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Appendix(2)

Registration in the gene bank for isolate B

LOCUS       ON479457.1                    1257 bp    DNA     linear   PLN 11-MAY-2022

DEFINITION  Rhizopus arrhizus isolate KNQS3.

ACCESSION

VERSION

KEYWORDS    .

SOURCE      Rhizopus arrhizus (Rhizopus oryzae)

ORGANISM  Rhizopus arrhizus

Eukaryota; Fungi; Fungi incertae sedis; Mucoromycota;

Mucoromycotina; Mucoromycetes; Mucorales; Mucorineae;

Rhizopodaceae; Rhizopus.

REFERENCE   1  (bases 1 to 1257)

AUTHORS   Mohammed,K.I. and Jasim,N.O.

TITLE     swab from the nasal cavity from covid19 patient

JOURNAL   Unpublished

REFERENCE   2  (bases 1 to 1257)

AUTHORS   Mohammed,K.I. and Jasim,N.O.

TITLE     Direct Submission

JOURNAL   Submitted (11-MAY-2022) Biology, University Of Al-Qadisiyah,

Faculty of Science, Al-Qadisiyah, Diwaniya, Al-Qadisiyah 0000, Iraq

COMMENT     ##Assembly-Data-START##

Sequencing Technology :: Sanger dideoxy sequencing

            ##Assembly-Data-END##

FEATURES             Location/Qualifiers

source          1..1257

                     /organism="Rhizopus arrhizus"

                     /mol_type="genomic DNA"

                     /isolate="KNQS3"

                     /isolation_source="Nasal swab"

                     /db_xref="taxon:64495"

                     /country="Iraq"
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rRNA            <1..>1257

                     /product="small subunit ribosomal RNA"

BASE COUNT      358 a    249 c    317 g    333 t

ORIGIN

1tactgtccaa gatacgccat gcatgtctaa gtataaataa ctttatatgg tgaacctgcg

61aataggctca ttaaatcagt tatgatctac gtgacaaatt ctttactact tggataaccg

121tggtaattct agagctaata catgcaaaaa agccctgact tacgaagggg tgcacttatt

181agataaaacc aacgcggggt aaaacctgtt tcttggtgaa tcataataat taagcggatc

241gcatggcctt gtgccggcga cggtccactc gattttctgc cctatcatgg ttgagattgt

301aagatagagg cttacaatgc ctacaacggg taacggcgaa ttagggttcg attccgggag

361ggagcctgag aaacggctac cacatccaag gaaggcagca ggcgcgcaaa ttacccaatc

421ccgacacggg gaggtagtga caatacataa caatgcaggg cctttaaggt cttgcaattg

481gaatgagtac aatttaaatc ccttaacgag gatcaattgg agggcaagtc tggtgccagc

541agccgcggta attccagctc caatagcgta tattaaagtt gttgcagtta aaacgtccgt

601agtcaaactt tagtcttacc ggcgtagtgg cctggtcttc attgaccaag ctcattgctg

661ccggagactc cacgtccatt gactcctagt cctcgtggct agggttttct ggacaattac

721catgagcaaa tcagagtgtt taaagcaggc ttttaagctt gaatgtgtta gcatggaata

781atgaaatatg actttagtcc taaattcgtt ggtttaggta cttcagtaat gatgaataga

841aacggttagg ggcatttgta tttggtcgct agaggtgaaa ttcttggatt gaccgaagac

901aaactactgc gaaagcattt gacccgggac gttttcattg atcaaggtct aaagttaagg

961gatcgaagac gattagatac cgtcgtagtc ttaaccacaa actatgccga ctagagattg

1021ggcgcgttta tcatgactcg ctcagcatct tagcgaaagt aaagtttttg ggttctgggg

1081ggagtatggg acgcaaggct gaaacttaaa ggaattgacg gaagggcacc accaggagtg

1141gagcctgcgc tttaatttga ctcaccacgg ggaaactcac caggtccaga catagttagg

1201attgacagat tgaaagctct ttctagattc tatggggggg gtgcatggcc gttctta

//
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Appendix(3)

Registration in the gene bank for isolate C

LOCUS       ON479458                    1257 bp    DNA     linear   PLN 11-MAY-2022

DEFINITION  Rhizopus arrhizus isolate KNQS4.

ACCESSION

VERSION

KEYWORDS    .

SOURCE      Rhizopus arrhizus (Rhizopus oryzae)

ORGANISM  Rhizopus arrhizus

Eukaryota; Fungi; Fungi incertae sedis; Mucoromycota;

Mucoromycotina; Mucoromycetes; Mucorales; Mucorineae;

Rhizopodaceae; Rhizopus.

REFERENCE   1  (bases 1 to 1257)

AUTHORS   Mohammed,K.I. and Jasim,N.O.

TITLE     swab from the nasal cavity from covid19 patient

JOURNAL   Unpublished

REFERENCE   2  (bases 1 to 1257)

AUTHORS   Mohammed,K.I. and Jasim,N.O.

TITLE     Direct Submission

JOURNAL   Submitted (11-MAY-2022) Biology, University Of Al-Qadisiyah,

Faculty of Science, Al-Qadisiyah, Diwaniya, Al-Qadisiyah 0000, Iraq

COMMENT     ##Assembly-Data-START##

Sequencing Technology :: Sanger dideoxy sequencing

            ##Assembly-Data-END##

FEATURES             Location/Qualifiers

source          1..1257

                     /organism="Rhizopus arrhizus"

                     /mol_type="genomic DNA"

                     /isolate="KNQS4"

                     /isolation_source="Nasal swab"

               /db_xref="taxon:64495"

                     /country="Iraq"
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rRNA            <1..>1257

                     /product="small subunit ribosomal RNA"

BASE COUNT      355 a    247 c    319 g    336 t

ORIGIN

1tactgtccaa gatacgccat gcatgtctaa gtataaataa ctttatatgg tgtacctgcg

61aataggctca ttaaatcagt tatgatctac gtgacaaatt ctttactact tggataaccg

121tggtaattct agagctaata catgcaaaaa agccctgact tacgaagggg tgcacttatt

181agataaaacc aacgcggggt aaaacctgtt tcttggtgaa tcataataat taagcggatc

241gcatggcctt gtgccggcga cggtccactc gattttctgc cctatcatgg ttgagattgt

301aagatagagg cttacaatgc ctacaacggg taacggggaa ttagggttcg attccgggag

361ggagcctgag aaacggctac cacacaagga aggcagcagg cgcgcaaatt acccaatccc

421gacacgggga ggtagtgaca atacataaca atgcagggtg cctttaaggt cttgcaattg

481gaatgagtac aatttaaatc ccttaacgag gatcaattgg agggcaagtc tggtgccagc

541agccgcggta attccagctc caatagcgta tattaaagtt gttgcagtta aaacgtccgt

601agtcaaactt tagtcttacc ggcgtagtgg cctggtcttc attgaccaag ctcattgctg

661ccggagactc cacgtccatt gactcctagt cctcgtggct agggttttct ggacaattac

721catgagcaaa tcagagtgtt taaagcaggc ttttaagctt gaatgtgtta gcatggaata

781atgaaatatg actttagtcc tattttcgtt ggtttaggta cttcagtaat gatgaataga

841aacggttagg ggcatttgta tttggtcgct agaggtgaaa ttcttggatt gaccgaagac

901aaactactgc gaaagcattt gacccgggac gttttcattg atcaaggtct aaagttaagg

961gatcgaagac gattagatac cgtcgtagtc ttaaccacaa actatgccga ctagagattg

1021ggcgcgttta tgatgactcg ctcagcatct tagcgaaagt aaagtttttg cgttctgggg

1081ggagtatggg acgcaaggct gaaacttaaa ggaattgacg gaagggcacc accaggagtg

1141gagcctgcgc tttaatttga ctcaccacgg ggaaactcac caggtccaga catagttagg

1201attgacagat tgaaagctct ttctagattc tatggggggg gtgcatggcc gttctta

//
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:  الخلصة

( للل          المسببةل الفطرياتل وتشخيصل عزلل الحاليةل الدراسةل تضمنتل

Mucormycosis   ) لللل      المصاحبةل المخاطيل الغشاءل Covidفطارل من 19 

،لخلل           الشفاءل بمركزل التعليميل الديوانيةل مستشفىل فيل الراقدينل المرضىل

أيلولل     منل شباطل    2021الفترةل جمعل     2022إلىل تمل حيثل عينةلسريرية  120،ل

بلل     المصابينل المرضىل ذلكل     COVID-19منل فيل بمال النفلو    105، منل مسحةل

التقليديةل،    .         15 بالطرقل وفحصهال العيناتل جميعل زراعةل تمل البلغمل منل عينةل

التشخيصلالجزيئي          بواسطةل والدعمل ،ل الخاصةل الزرعيةل الوساطل باستخدامل

المدعوملبالتشخيص       PCRبتقنيةل  والمجهريل الظاهريل للتشخيصل وفقًال ،

خمس       .الجزيئيل  أن والمجهرية والزرعية المظهرية الفحوصات نتائج أظهرت

الفطر    تحتوي فقط لمرض   Rhizopus arrhizus ( R. oryzae )عينات المسبب

بنسبةل           ايل المخاطيل الغشاءل النتائجلأيًضا     كمال ٪ل .4,2فطارل هذهل تسجيلل تمل

. العالمي    الجينات بنك في

تراكيزل           بثلثةل النانويةل الفضةل لجسيماتل التثبيطيةل القدرةل اختبارل ول  5تمل ٪10٪ل

)20ول  الفطرالمشخصل    ضدل Rhizopus٪ل  arrhizus   )المضاد بالمقارنةلمع

للمستخلصلالكحولي       ketocanazole الفطريل  التثبيطيةل القدرةل وكذلكل ،

تراكيزل     Agaricus bisporusللمشرومل  ثلثة ،  /   8باستخدام مل ملغم 10ملغم

ضدل  /   16ملل،/   ملل معلعقار     Rhizopus  arrhizusملغمل بالمقارنةل اختبارهل تمل

المختبر.       . في أعله تحضيرلالمستخلص تم الكيتوكونازول

أنلتركيز         التثبيطيةل القدرةل اختباراتل نتائجل أظهرتل منلجسيمات  20كمال ٪ل

متوسطل          كانل حيثل ،ل عاليًال مثبطًال كانل النانويةل التثبيطلللعزلت  الفضةل نسبةل



الشعاعيل    ) النمول علىل ،ل   69.26الخمسل ،ل  71.11٪ل ٪(74.07٪ل , 72.6٪ل , 71.11٪ل

( الجافل    الوزنل , 59.38٪ل، 58.25وعلىل ،ل   71.42٪ل، 70.76٪ل  ،لأما(  72.28٪ل ٪

كانل           للمشرومل الكحوليل للمستخلصل تثبيطل نسبةل ملل،  /  16أعلىل ملغمل

 ( التثبيط   نسب ،   40فكانت ،ل   ٪42.64 ٪43.07  ، النمو(  ٪44.44 , ٪43.39 على ٪

( التثبيطل          نسبل كانل الجافل الوزنل علىل بينمال ،ل ٪ل، 6.14٪ل، 5.55الشعاعيل

،ل  6.38 , 6.49٪ل (.       6.63٪ل   معنويةلبين   فروقل وجودل النتائجل هذهل أظهرتل ٪ل

لللل       الكحوليل والمستخلصل الفضةل Agaricusجزيئاتل  bisporus ومضاد

 .ketocanazoleالفطريات 

اللكترونيل          ) المجهرل تحتل الشكليةل التغيراتل فحصل أيًضال تمل فقد(.SEMوقدل

الفضةلالنانوية           بجسيماتل المعاملةل بعدل الشكليةل التغيراتل بعضل لوحظل

المشروم     الكحولي .  Agaricus bisporusوالمستخلص

حجم              اختزاللفي وهناكل أكثرل، الفطريةلبشكل الخيوطل تفرعات كانتل حيث

عزلةل        معاملةل بعدل البوغيةل بجسيماتلالفضة  Rhizopus arrhizusالحافظاتل

بتركيزل   )20النانويةل اللكترونيل       المجهرل تحتل وفحصهال كمالتم(.   SEM٪ل

         ، المفرطل الفطريةل الخيوطل وتفرعل الطبيعي،ل غيرل النمول شكلل ملحظةل

عزلةلل         معاملةل بعدل الخليةل جدارل فيل arrhizusوانتفاخل   Rhizopus  مع

الكحولي     .16بتركيز   Agaricus  bisporusالمستخلص مل  /  ملغم



 جمهورية العراق  
 وزارة التعليم العالي والبحث العلمي  

 جامعة الق ادسية  
 كلية العلوم  

 قسم علوم الحياة  
 

 

( املصبحب  mucormycosisالتىصيف املظهري واجلزيئي للفطر األصىد )
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