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ABSTRACT

Infectionsareat theincreaseall over theworld. Bearingin mind that
theseinfections do occur in both human and animals and infections
areat theincreaseall over theworld. So, it callsfor the provision of
better means of preventing if not cutting down the number of people
that are infected in the various parts of the body. Therefore, before
setting foot on these fields and seeking solutions to the infections,
oneneedsto know the causes, the conditions and the affected areas.
In this topic, the emphasis inclines to the causes of infections of
aspergillosisand the conditions under which they affect the humans
and animals. Aspergill osisisadisease that isassociated with human
and animals beings and its proponent is the Aspergillus fungi. The
diseaseisarespiratory tract infection that ismore specifically caused
by the Aspergillusfumigatus species. This speciesisdescribed to be
in the form of spores and does reproduce through asexual means.
Duetoitshigh affinity for water, it isdispersed inavery fast manner
when in the air. Therefore, in this paper, the causative agent (As-
pergillus fumigatus) of aspergillosis; a disease or infection that at-
tacksthe human respiratory system and the diseaseitself isthe area
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of focus.
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INTRODUCTION

Aspergillusisconsidered to be agroup of molds
found in countries located in the Northern Hemi-
sphere. Thereason for existing largely in the north-
ern hemisphere is because of the cold weather con-
ditions. These conditions primarily occur in autumn
and winter. Much of the northern hemisphere expe-
riencesthese seasons nearly throughout the year. The

fungi can cause illnesses to both humans and ani-
mal's such as dogs though most people seem to be
naturally immune in connection to these impres-
siong¥. In case the disease caused by these fungi
occursin humans, it takes several formsthat may be
very dangerousto the health of the patient. Hence, it
startsfrom mild to aninvasiveform that has proved
to bevery challengingin terms of treatment.
Thisinvasive form of the disease is termed as
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aspergillosis. Aspergillus has different specificfungi.
They comprise of Aspergillus fumigatus, Aspergil-
lus flavus, Aspergillus niger and Aspergillus peni-
cillium. The disease affects that respiratory system
especialy for those humans that are asthmatic. Its
primary causeis Aspergillusfumigatus. Aspergillo-
sis, ontheother hand isaninvasive untreatableform
of fungi?. These fungi cause the disease on condi-
tion that theimmune system isweak. Various human
body parts are affected by the disease, but the most
common partsinfected arethelungsand the sinuses.
The types of diseases caused by Aspergillus do dif-
ferintermsof allergy-typeof illnessand life-threat-
ening frequent infections. The different types of
aspergillum do include aspergillorma, chronic pul-
monary aspergillosis, alergic broncho-pulmonary
aspergillosis (ABPA), and invasive aspergillosis
and Aspergillus sinusitis?.

Typesof aspergillosis

Asper gillormaand chronicpulmonary aspergillo-
Ss

In this disease, the spores of the fungus Aspergil-
lus fumigatus are inhaled through the respiratory
tract and grow within the cavity of the lung. The
most vulnerable lung cavities are those that have
been damaged before by lung diseases such as tu-
berculosis, asthma, and even sarcoidosis. On pen-
etrating through the cavities, they reproduce and ger-
minate on the holes. During germination, the spores
accumulate to form a fungal ball that is called
aspergillorma. It majorly occursin pitsthat had been
caused before by alung illness that |eft the cavities
open. In some people, cavity openings in the lung
and parts of the respiratory system are formed by
Aspergillus, therefore, no possibility of afungal ball
developing in them. The person affected might fall
sick or rather feel ill due to the alergic toxic prod-
uctsthat the fungus secretes?.

Allergicbronchopulmonary asper gillosis (ABPA)

It isacondition, whereby aperson’s respiratory
tract devel ops an allergy to the spores of the fungus
Aspergillus. Asthmatic patients and those that are
TB positive are the most vulnerable peopleto aler-
gies from the Aspergillus spores¥. This aspergillo-
sis disease attacks the patients as they reach adult-

hood. Worse enough, their symptoms are similar to

those of asthma that makes it difficult to come up

with findings on the actual condition to be treating

after diagnosis. The symptomsinclude:

e Intermittent episodes of the patient feeling un-
well whereby joints ache,

e Regular coughing and wheezing@.

Invasive pulmonary aspergillosis

The fever of people with invasive aspergillosis
together with disturbing coughs, breathlessness and
pains inside the chest. These are symptoms of the
diseaselt does not respond in any way to common
antibiotics that patients are administered with. The
low count of the white blood cells that help in de-
fending the body against bacteriaisthe major cause
of this unresponsive behavior portrayed by patients
of invasive aspergillosig. This condition isusually
only diagnosed in bone marrow transplant patients,
thosethat arefollowing cancer treatment procedures,
HIV/AIDS patients and lastly thosewith chief burns
cases. Another group categorized as being proneto
thiscondition isthe chronic granulomatous disease
that is an inherited condition. Their risk of being
infected though ismoderate®.

In order to make a diagnosis of invasive as-
pergillosis, one has to undergo Chest X-rays and
CT scans that will enable the doctors to indicate
possible abnormalities and help to locate the dis-
ease. Bronchoscopy isthe processthat refersto the
inspection of the inside of the lung that is done
through inserting a relatively small tube into the
nose®. In addition to these methods of disease diag-
nosis, culturesand blood tests are recommended for
absolute surety.

People with relatively feeble immune systems
can bevictimsof attacksby theinfectionsinthebrain
and other parts of the body. This scenario occurs
when the fungus transfers its spores from the lung
via the blood stream to the brain or to any other
organs that the blood is carrying the fungus circu-
lated®. These body parts are inclusive of the eye,
the heart, the kidneys and the skin. In ordinary cir-
cumstances, thisis an indication of afatal circum-
stance as the situation gets more severe dueto dis-
eases in numerous body parts, and this makes the
patient very ill. Thiscondition isconsidered fatal at
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this stage, and the best chance of surviva for the
patient is of performing an early diagnosis, thus an
early treatment by applying anti-fungal drugs espe-
cialy antibioticg®.

Aspergillussinusitis

Aspergillus disease can be diagnosed in the si-
nuses causing a disease named Aspergillus sinusi-
tis. Just asin the lungs, Aspergillus causesthe three
diseasesin the sinug®.

e Allergic sinusitis,
e Afungal ball or
e Invasive sinus aspergillosis.

Thefungal ball caused by Aspergillusoccursin
a similar manner to that of an aspergillorma. The
symptoms associated with thisball are stuffiness of
the nose, intensive headaches or discomfort in the
face”. Thosewith normal immune systemsal so ex-
periencethe same symptoms.

On the other hand, patients possessing damaged
immune systemsare more proneto fatal deaths. The
case applies to those that are affected by other ail-
ments such as cancer or the ones that are operated
onin order to receive a heart transplant. Casualties
that dieasaresult of thisfungus are one of the cases
that the aspergillosis is declared to be a form of
invasive aspergillosis in the sinusitist®. The
disease’s symptoms comprise of fever, pain in the
face (facial pain), running nose and regular nasa
dischargetogether with constant headaches. Perform-
ing scansof thefluid discharges and tissue that comes
from the sinuses helpsin quick identification of the
aspergillosissinusitis by the fungusthat causesit.

The primary focus in thistopic discussion isto
have an insight of the particular fungus of Aspergil-
lus that causes invasive aspergillosis in the lungs.
Therefore, without a doubt as stated above the As-
pergillus fumigatus is the topic of discussion here.
Aspergillus fumigatus has been put into consider-
ation asit has been found to be that most dangerous
of al the other Aspergillus molds because of itsfast
formation of spored”. These spores are typicaly
resistant to any antibody or lysis chemicalsthat the
respiratory tract walls produce that aim at digesting
intrusive objects; the spores. They further subdivide
into globose and subglobose for easy maneuvering
through the respiratory tract to the lungs and even

thesinuses.
Aspergillusfumigates

Aspergillus fumigatus is one of the major spe-
cies of Aspergillus that do bring about diseases to
human beings®. Most of the human attacking dis-
eases live within thismold that seemsto be rampant
and possesses a characteristic of stubbornness. The
mold accounts for at least 85 percent of these dis-
eases. Itisaninvasive mold that brings about infec-
tion through oneinhaling conidia®. Furthermore, it’s
not identifiable when it isin the tissue of a person
since it resembles the other pathogens available.
Since its channel of contraction is through inhala
tion duetoits high hydrophobicity, it e primary cause
of aspergillosis.

In pathogenesis, it has been observed through
feasible experiments that this mold disperses very
fast at the slightest current of air. Itsconidia, further
enhancesthe mold’s survivability by forming a mela-
nin cell wall that prevents ultraviolet irradiations
from the environment. It isconsidered to bethe mild-
est in spore production since it compared to other
aspergilli is more hydrophobic®. For this reason
alone, one can readily accept that Aspergillus
fumigatus can be quick in invading the respiratory
system and causing the associated diseases; respi-
ratory tract diseases. The air that humans breathe
daily is accompanied by mass molecules of aero-
sols. Therefore, this accounts for the existence of
this mold because it is part of these particles since
its concentration indoors and the outside environ-
ment estimates at 91cm(®l.

As mentioned early its cell wall is resistant to
the host cells, protection chemicals released called
lysis when they sense the mold’s presencel®. They
also have a shape and spore size advantage over the
respiratory tract; they assume shapes such as from
globoseto suglobosefor easy navigation through the
human respiratory tract. Considering that they are
they change to smaller than they had dispersed be-
fore, their spore radius becomes even smaller than
the original on€®. The conclusionis; thefungal in-
fection isdangerous and invasive thusbringing about
severe respiratory tract complications.

Invasive aspergillosislifecycle
Thelife cycle of Aspergillus commences when
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conidiais produced that are subject to easy distri-
butionintotheair that we bresth. Conidiaare asexual
spores that can comfortably survive in houses and
outside environments as explained in adaptation.
They grow up to form haploid mycelia, and they go
on reproducing by creating foot cells again. This
process further enhances asexual reproduction, and
they increase in numbers. Their smooth dispersion
into the air enables them to be availableinside and
outside structures®®. Since they are ever present in
theair, inhalation by human beingstogether with ani-
mals acts as the as the primary means of their intro-
duction into the human respiratory system. There-
fore, they causeairborneinfectionsviatheir conidia.

Going back to the asexual cycle, we get infor-
mation that haploid hyphae form foot cellsthat are
projections off of the hyphae. Thetip of thefoot cell
swells, leading to the formation of a conidiophores
vesicled, A seriesof mitotic budding occursinthis
vesicle meaning that the end results are chains of
haploid spores called conidia as mentioned above
form. Secondary metabolites are produced in adif-
ferent kind in terms of variety by A. fumigatus, and
they include the mycotoxin, and gliotoxin that en-
able it to survive for a considerably long time in
its environment™. Its fungi proliferate into moulds
that are sometimes termed as col onieswhen the con-
ditionsunder which they form arefavorable. That is
the period when mycotoxin levelsincrease at ahigh
speeds. These mycotoxins’ main function is to
weaken host’s immune and therefore do not help the
fungi to grow nor develop!’®. They usualy are very
useful intheir functioning, and they result in making
a person the A. fumigatus has invaded fall ill and
weaker. In addition, the mycotoxin, gliotoxin, pos-
sesses immunosuppressive characteristics. These
symptoms cause apoptosis that isacondition of in-
activeness of the defense cells. Some of the cells of
theimmune system are mentioned;
a) neutrophils,
b) eosinophils,
C) granulocytes,
d) macrophages, and
e) thymocytes.

Thistypeof theAspergillusspeciesA. fumigatus
isconsidered the most proficient gliotoxin producer
among all the other pathogens. For this reason, it

provides the largest platform for chronic and inva-
siveinfections caused by these moulds. After enter-
ing the respiratory organs and the sinuses, they de-
posit themselves on the alveol ar spacesand the bron-
chioles, as well'2, Antibodies fight them and kill
them, but not fully in a healthy person’s body.
Mucociliary clearance removesthe dead spores and
conidia depositions. Conidial depositions now and
then cleanse the lungs and respiratory tract. Those
that escape this means encounter alveolar macroph-
agesa so known as phagocytes. Thefunction of these
primary resident phagocytes of the lung is to kill
Aspergillus conidiaand on encountering them they
perform their purpose of killing as many spores as
they canintheprocessof pyrolysis. Their other func-
tion liesin the subsequent initiation of pro-inflam-
matory response that in turn helps in recruiting of
neutrophilg*3.

These are nuclear cells that are polymorphicin
nature, and they congest themselves in the site of
infection. They at last infiltrate asthey kill their tar-
gets; hyphaethat had evaded phagocytes. A problem
sometimes arises when a dysfunction occurs in the
host defensesthat combine with the fungal traitsal-
lowing Aspergillus fumigatus survive™®, They fur-
ther grow in the pulmonary arteries and veins. At
this point, they can be moved through the blood
stream. They travel through the heart, the kidney, the
lymph nodes, sinuses pancreasand theliver. Asdis-
cussed early in this paper, they affect these parts by
causing inflammations that are the primary inhibi-
torsto functionality of these parts. Whether theindi-
vidual infected by these hyphae is heathy or un-
healthy, thereisahigh probability of one experienc-
ing dysfunction in the defense cellg*3. On compro-
mising the defense cells of theinvaded person, they
aremost likely to cause InvasiveAspergillosis (1A).

Pathology and therisksinvolved ther e of

Theprimary host’s immunodeficiency’s that are
responsible for the increased risk of |A are neutro-
penia. Theimmunodeficiency’s that are responsible
for the increased exposure to infections such asin-
vasive aspergillosis is neutropenia. When compar-
ing the immuno-suppresion that offer protection by
being induced, phagocytesfighting conidiatogether
with corticosteroid-induced immunosuppressant, the
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pathological consequences of 1PA under these con-
ditionsdo differ significantly!*4. Theexplanationis
in the models created in the past discussing on hu-
man patients and animals. The most dominant risk
factor isprolonged neutropeniathat is InvasiveAs-
pergillosisandisoftentheresult of highly cytotoxic
therapies. The models are used used for heart and
kidney transplant patients or those with hematol ogi-
cal diseases.

Cyclophosphamide interfereswith cellular rep-
lication when it binds with aDNA-alkylation agent
and in return depletes circulating white blood cells
including neutrophilg4. Inadequate numbers of in-
flammatory infiltrates affect thelevels of inflamma-
tion despite the production of necrosis factor-alpha
of tumor. Without the recovery of neutrophils, angio-
invasion and dissemination to other organs via the
blood occur.

A variety of non-neutropenic patients, most com-
monly those on corticosteroid therapy such asaller-
genic transplant patients are the most probable IPA
patientd!d. The difference in the pathology of this
disease they are suffering makes then the most vul-
nerableto IPA. Corticosteroids have significant con-
sequencesfor phagocyte function. They includeim-
pairment of phagocytosis, phagocyte oxidative burst,
production of cytokines, aswell as, chemokines, and
cellular migration™4,

The recruitment of neutrophils to the lung and
helps prevent hyphal invasion, but also creates an
inflammatory environment that results in tissue in-
jury. The exacerbated inflammatory responseresults
into death.

I mportance of asper gillusspeciesof pathogens

Besides, Aspergillus species containing very
harmful pathogens to both humans and animals, it
has also proved to be so helpful and beneficia to
humans asthe genusAspergillusisused during bio-
medical and industrial activitied®®. A. indulinesis
both an essential fungal model systemthatisusedin
geneticsand cell biology. On the other hand, A. niger
that is a milder type of Aspergillus speciesis em-
ployed and widely exploited by the manufacturers
in the process of fermentation. The end product is
for the production is citric acid™.

Inthefermentation industry, the use of Aspergil-
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lus species is a very common aspect in countries
that practice beverage production in large scae. In
Japan, beverages that are consumed by majority of
the popul ation are subj ected under the fermentation;
A. oryzaeisone of the componentsthat are put into
useto help in the process of fermenting these bever-
ages. Itsapplicationisal so extended into the sauce
production industry bearing in mind that these are
the most valued fast foods and food additives. The
other speciesare considered as harmful to the health
of human beings that are already struggling with
asthma, cancer and heart attacks. Just to mention some
of these species comprise of A. terreus, and A. fu-
migatesel.

Treatment of invasiveaspergillosis

IA can also occur in nonneutropenic critically
ill patients that have the following diseases®:
Chronic obstructive pulmonary disease,
Long-term steroid therapy,
Hepatic cirrhosis,
Dialysis,
Near drowning,
Diabetes,
Sepsis due to bacterial, viral, and
Severe post sepsisimmunoparalysis'’
IPA’s presence can only be confirmed by the His-
topathology, but obtaining alung biopsy still stand
to beachallenge. In hematol ogy patients, meanshave
been obtained of performing strict diagnosis, and
the criteria have worked out. IPA diagnoses in pa-
tients by observing and recording host factors and
clinical signs into probing the possibility of diag-
nosing IPA in those who also exhibit Aspergillus-
positive characteristics, as well as, Aspergillus
galactomannan antigen*”l. Such acriterion may not
be appropriate for immune competent criticaly ill
patients; especialy with thosethat have are nonspe-
cific findings when considering the clinical signs
together with acomputerized tomography (CT). In-
dicators show that the galactomannan antigen lacks
sensitivity. Unpleasant outcomes of |PA and thelow
sensitivity and specificity of diagnostic tests make
patients receive medication based on adiagnosis of
possible ailment. In the bone marrow transplant pa-
tientsthat al so are victims of leukemiatheinfection
of the pulmonary of undetermined etiology hasahigh
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probability of indicating IPA positivity unless other
samples are carried out with patients of prolonged
neutropenia’.

In contrast with the point in the previous para-
graph, an Aspergillus-positive respiratory specimen
isimmune competent that you cannot interpret. The
patient’s condition was worse during the experi-
ment(¥. In both of these scenarios, IPA is an event
that dreads, but IPA occurs in less than 1% of im-
mune competent |CU patients. It isin comparison to
about 25% of patients with acuteleukemiaand 10%
of those suffering from bone marrow transplants. The
reported figures of Aspergillus-positive respiratory
specimens found in 1-2% of non-neutropenic me-
chanically ventilated patients. Of these patients, 80%
of them are colonized which 20% are believed to
have |PA,

Reports and results of a multicenter observa-
tional study that reached nearly to a thousand
interviewees, portrayed that critically ill patients
with Aspergillus-positive have end tracheal aspi-
rate cultures. To discriminate and separate Aspergil-
lus from IPA, and especialy the respiratory tract
colonization a clinical algorithm had to be discov-
ered and applied. The conducted research is one of
thelargest taken from ICUS., It isimportant not to
ignorethe outcomesand recommendations madefrom
it.

ICU patients might not possess the host criteria
that isnecessary for carrying out samples’ therefore,
exhibiting nonspecific CT patterns. Thisisthe cause
of IPA and the other diseases associated conditions
(bacterial infection, fluid overload and atelectasis).
Serum galactomannan antigen essays are rarely of
assistance in this case®. Hence, an explicit algo-
rithm for critically ill patients should be formul ated
to curb delaysin therapeutic overuse of the antifun-
gal. The chief purpose of this algorithm isto keep
track of the patientswith Aspergillus-positivelower
respiratory tract traits. In connection to that, they
should be put under high-resolution CT and Bron-
choscopy with BAL fluid analysis and cytology to
look for hyphae that might be growing.

In amoreinteresting manner, thisalgorithm has
the capability of discovering patients with possible
|PA counts. When thisalgorithm is performed with-
out neutropenia, the primary or secondary malignancy

and chemotherapy-related immune-suppression, or
steroid therapy does apply and can be employed.
The point that has been stated | ast here carries more
weight than any other becauseit highlightsthe prob-
ability of IPA occurring as a complication of post-
sepsisimmunoparalysis or severe acute respiratory
distress syndrome (ARDS)!*8l,

Prominently, in acomprehensive perspective, the
algorithm had a near to 70% specificity and posi-
tive predictive value. Sensitivity and negative pre-
dictivevauerecorded at 88%. Making observations
from these figures, it may be more efficient when
IPA includes in these tests than in diagnosing iti*t,
Immunocompetent patients with Aspergillus-posi-
tive, an observation that kept repeating itself were
the lower respiratory tract cultures and respiratory
symptoms. They seemed to worsen the respiratory
sufficiency, persistent fever, and nonspecific CT
abnormalities, during the diagnosis of I1PA that re-
quired a positive semi-quantitative BAL culture®,
This process was to exclude bacterial growth and a
cytological smear showing branching hyphae from
theresults sincethey never came out.

Considering thelow specificity of theagorithm,
theresearchers preferred to perform experimentsfor
both patients with hematol ogy malignancies, aswell
as, those of immunocompetent ailmentssuch asim-
mune-suppression. Prospective studiesare given the
go ahead to verify and approve these diagnostic cri-
teria in immune-competent patients??. The test is
performed using either abinary endpoint. Thisend-
point comprises the determining of putative IPA by
indicating a Yes/No. It can also be determined by
putting into use the IPA score that has high scores.
The model is conducted for better results, that is,
| PA reported to be absent in the set samples. It isnot
clear for researchers to have room for suspicion as
aresult of the presence of IPA18, When most proce-
duresare met that ishost factors, clinical symptoms,
CT patterns, and the absence of pneumonia, without
Aspergillus-positive samples, 1PA should also be
counted to be present.

In an autopsy studies, up to an estimated 4% of
uninspected patients that met their death in a ter-
tiary-care hospital had IPA™9, Thisproportion might
probably be subject to an increase. The reason be-
hind thisincrease is that therapeutic advances pro-
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vide a platform for survivability for a variety of
malignant diseases. Doctors that have experience
show that 1PA can occur in the absence of Aspergil-
lus-positive respiratory samples. In addition to, ca-
sualties with hematological malignancies show ex-
perience that IPA can occur in the absence of As-
pergillus-positive respiratory samples?,

The steps operating and features of this algo-
rithm should be looked in casualtieswith few entry
criteria but not dependant on Aspergillus-positive
lower respiratory tract specimen cultures.

Importantly, unlike hematol ogy patients, patients
that areimmunocompetent and critically ill subjects
who are under mechanical ventilation most assur-
edly a low IPA preference will be recorded (less
than 0.5). Evidently, prophylactic or pre-emptive
therapy cannot be trusted as an appropriate crite-
rion in the diagnosis of I1PA in these patientd¥. In-
stead, the algorithm devel oped needs prospectively
to seek evaluation in immune-competent mechani-
cally ventilated patients with and without consider-
ing the using Aspergillus-positive respiratory
samples at baseline of performing the testd'?. For
studies conducted inthefield of lung biopsy no clear
indications of critically ill patients having any 1PA
cultures. Therefore, to come out with resultsthat are
more satisfactorily, the tests should include the use
of acute lung injury. Thelung injury should include
etiol ogy accompanied by new autopsy to determine
the proportion of immunocompetent critically ill
patients that are IPA positivel'®. As aways it has
been stated in the previous samples done above, the
aspects of Aspergillus-positive respiratory samples
that have IPA are more complicated and dangerous
totheimmune system.

CONCLUSION

Aswe have learned from this topic, it is at our
best interest to understand the dangers associated
withA. fumigatus. Thisfungusisvery dangerousto
the human beings especially to thosethat are affected
by incurabl e diseases. The pathogen may result into
weakening theimmune system aswel | asdestroying
thewhiteblood cells. Individualswho areimmuno-
suppressive are very susceptible to invasive fumi-
gates. It further leads to invasive pulmonary as-
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pergillosis. The most efficient cure isto administer
antibiotics to the human body right before further
infection. Theability of thefungi to geneticaly change
itsstrain can result in the weakening of antibiotics.
Thusdoctorsmay find it difficult to treat the disease
if it progressively regenerates.

Aspergillum fumigatusisthe most known agent
of the aspergillosis in human beings. Especidly in
thosethat have aweak immune system. A. fumigatus
reacts well at atemperature of 37°Celcius and ger-
minates faster than other species.
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