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Edible Medicinal mushroom Ganoderma lucidum have an established in use
of traditional new antimicrobial drugs and oriental therapies. The current
study helps to describe the development of acquired resistance and efficacy
of certain antifungal agents against different Aspergillus species. A total of
150 clinical isolates of different Aspergillus spp. were obtained from tertiary
care center, Puducherry. Various drug concentrations (Posaconazole,
Voriconazole, Itraconazole and Ganoderma extract) are based on the meas-
urement of the fungal growth in the presence, so as to determine the mini-
mum inhibitory concentration (MIC) of antifungals was performed according
to the CLSI guidelines. Ganoderma lucidum full part fruiting body were col-
lected and prepared extraction with help of ethanol at various concentrations
0.008 to 8 pg/ml. Triazoles and Ganoderma extract of MIC distribution
among different Aspergillus species were as follows: A. fumigatus -
Ganoderma extract, 0.12; itraconazole, 1; posaconazole, 0.25; voriconazole,
0.5; A. flavus - Ganoderma extract, 0.25; itraconazole, 1; posaconazole, 0.25;
voriconazole, 0.5; A. niger - Ganoderma extract, 0.12; itraconazole, 1;
posaconazole, 0.5; voriconazole, 1; and A. terreus - Ganoderma extract, 0.25;
itraconazole, 1; posaconazole, 0.25; and voriconazole, 0.5. Ganoderma ex-
tract, posaconazole, voriconazole, and itraconazole. Majority of Aspergillus
species exhibited in vitro resistance to voriconazole followed by itraconazole.
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INTRODUCTION

Advanced clinical practice in China, Japan, Korea,
and other Asian countries initiated to impart on
medicinal mushroom Ganoderma lucidum and its
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derivatives (Rakhee et al, 2017, Nahata, A et al,
2013). Mainly in Inmunocompromised and Immu-
nosuppressive patients are high level to get sec-

ondary infections to like fungal infections. The se-
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rious infections due to Aspergillus spp. are emerg-
ing and causes infectious high morbidity and mor-
tality worldwide (Pfaller M.A, et al, 2002, Naveen-
kumar C, et al, 2018, Ng How Tseung KSY, et al,
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2016) High mortality rate associated with systemic
mycoses (Aspergillosis) which primarily affect the
lungs (Garbino D.]J., 2004). Effective treatment re-
quires both Immunocompromised and Immuno-
suppressive patients to treat invasive fungal infec-
tions were limited due to the development of re-
sistance, spectrum activity, etc. (Maertens J.A.,
2004). Arecent study shows that Ganoderma show
vital role in antitumour, immunomodulatory anti-
bacterial activity and very few studies in Antifun-
gal Activity. Along with several studies displays tri-
azole group antifungals (Itraconazole, Posacona-
zole and Voriconazole) have a wide spectrum of in
vitro resistance against moulds and also important
in therapeutic agents (Meletiadis ] et al, 2002, Ver-
meulen E, eta., 2015, Paul E, et al, 2016). The activ-
ity of the various antifungal agents has been de-
scribed as fungistatic or fungicidal, mainly by in
vitro testing methods and also depending on the
drug activity, various isolates, and test environ-
ment. Conversely, the azoles group drugs such as
itraconazole and voriconazole as exhibit concen-
tration-dependent fungistatic activity and fungi-
cidal activity against many isolates (Klepser, M.E,
et al, 1997, Manavathu, E.K, et al, 1997, Johnson,
E.M, et al, 1998, Pfaller, M.A, et al, 2004). The min-
imum inhibitory concentrations (MICs) with the
exception for Aspergillus spp. with the triazoles
(Moore, C.B etal, 2000), few correlates between in
vivo outcome and MIC have been described in the
previous studies (Rex, ].H, et al, 2001). The in vitro
relationships between MIC and MFC for a limited
number of fungal species have attempted to exam-
ine in previous studies, by employing non-stand-
ardized methodologies (Espinel-Ingroff, 2001, Es-
pinel-Ingroff, A, et al, 2002, Sutton, D.A, et al,
1997). However, the fungistatic effects on clinical
outcome remain unproven so far. However, the
fungicidal activity has proven significance by the in
vitro methods (Lewis, ].S et al,, 2008, Andes, D et al.
2013). The Current study discusses the various As-
pergillus species and its antifungal activity by Min-
imum inhibitory concentrations (MIC) to measure
the fungal growth among different drug concentra-
tions (Wanger A, 2012). In addition, the Cutoff val-
ues of the MIC value were compared with epidemi-
ologic cut-off values (ECVs) of the MIC as per CLSI
guidelines (Espinel LA et al,, 2011).

MATERIAL AND METHOD
Clinical Isolates for MIC Distribution analysis

Totally 150 clinical isolates of various Aspergillus
spp. were obtained from Sri Lakshmi Narayana In-
stitute of Medical Sciences, Puducherry from Janu-
ary to December 2017. The isolates were obtained
from different sources, including bronchoscopy
sputum, and tissue biopsy specimens, etc. The iso-
lates as follows: 102 of Aspergillus fumigatus, 20 of
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Aspergillus flavus, 16 of Aspergillus niger and 12 of
Aspergillus terreus. The various isolates were col-
lected and screened for identification and suscep-
tibility testing. All isolates were identified by
standard microscopic and macroscopic in
Sabouraud dextrose agar and potato dextrose agar
to ensure purity and viability of the isolates.

Antifungal Agents and Drug Concentration
Ranges

Posaconazole, voriconazole and itraconazole were
obtained from the manufacturers (Himedia). Fully
fruit body developed Ganoderma lucidum were ob-
tained from MKV Organic, Puducherry for the cur-
rent study. 100 ml of ethanol were used to mix 05
g of mushroom powder with the help of Soxhlet ap-
paratus and Whatman No. 4 filter paper used for
filtration process, to obtained ethanol extract of
Ganoderma. Polyethene glycol (Posaconazole and
Itraconazole), Dimethyl sulfoxide (Voriconazole)
and ethanol (Ganoderma lucidum) are used to pre-
pare stock solutions. The various concentrations of
drugs in the wells ranged from 0.008 to 8 pg/ml. At
overnight incubated at 35°C, the inoculated micro-
dilution wells were measured for OD values. The
MIC endpoint for the Ganoderma extract and tria-
zoles was defined by screening complete inhibition
of growth at the lowest concentration.

CLSI Broth Microdilution Determination of
Minimum Inhibitory Concentration

The various Aspergillus species have been tested
antifungal susceptibility testing by triazole activity
against by performing standards for broth micro-
dilution method, based on the guidelines of Clinical
and Laboratory Standards Institute (CLSI) (Pfaller
M et al, 2011, NCCLS Standards 2000). The inocu-
lum density (0.4 to 5 X 104 CFU/ml), the glucose
content of the medium (0.2%), in the round-bot-
tom microdilution 96 wells-XTT assay (Lass F.C, et
al, 2010, Arno Schmalreck, et al, 2012, Anita
karma, et al, 2016) 100 uL of Aspergillus species of
cell suspension was transferred into 96 well of a
microtiter plate, with both positive and negative
control, the well contains Roswell Park Memorial
Institute (RPMI) 1640 media and the plate was
placed in a shaker at 75 rpm to allow for adher-
ence to the surface of the wells for the incubation
period for 2 hours at 37°C (Kumar NC, et al,, 2017).
Control wells are placed subsequently at three mi-
crotiter plate, with the absence of Aspergillus spp
suspensions. The cell suspensions were aspirated
with the help of pipette and with the help of 150 uL
of Phosphate Buffer Saline (PBS) washed two times
to remove loosely adherent cells. 100 uL of RPMI
1640 media was then transferred into each washed
wells subsequently and the plates were incubated
at 37°Cin a shaker at 75 rpm. After the incubation,
media has been aspirated with the help of pipette
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and various concentrations like 0.008 to 8 pg/ml,
of both extracts, has been added separately as
mentioned earlier. The 96 wells were incubated for
overnight at 37°C with 5% CO2 atmosphere (Pa-
setto S et al, 2014). XTT (2,3-bis (2-methoxy-4-ni-
tro-5-sulfophenyl)- 2H-tetrazolium-5-carboxani-
lide) added and incubated in the dark area 2 - 3hrs
at 37°C, after the supernatant aspiration of each
well has been performed (Hawser SP et al, 1998,
HonraetK, et al, 2005). A gradient of orange colour
has been typically demonstrated by visual inspec-
tion of the microtitre plates.

Data Analysis

Various drug concentrations with different ranges
of MIC required to inhibit or kill the various Asper-
gillus species, values were determined by micro-
titer plate reader at OD 450-650 nm to find the sig-
nificant activity of Ganoderma extract and triazole

group.
RESULT

The minimal inhibitory concentrations (MICs) ac-
tivity of Ganoderma ethanolic extract showed the
minimal MIC compared with the other 03 drugs
and hence the greatest activity against most of As-
pergillus species. These results are the highest
compared to all the other medications used in this
study, followed by Ganoderma extract, Posacona-
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zole, voriconazole, itraconazole and in order of de-
creasing activity. Highest activities shown by
Ganoderma extract against all the Aspergillus spe-
cies, in the series of Aspergillus fumigates 33% (34)
at the point of 0.12 ug/ml, Aspergillus niger 32%
(05) at the intensity of 0.12 pg/ml, Aspergillus
terreus 33% (04) at the level of 0.25 pg/ml and A4s-
pergillus flavus 30% (06) at the plane of 0.25
ug/ml. Aspergillus fumigates (102) shows MIC for
Ganoderma extract 33% (34) at the plane of 0.12
ng/ml, Posaconazole 31% (32) at the rank of 0.25
ug/ml, Itraconazole 27% (28) at the point of 1
pg/ml and Voriconazole 27% (26) at the intensity
of 0.5 pg/ml. Aspergillus flavus (20) shows MIC for
Posaconazole 35% (07) at the plane of 0.25 pg/ml,
Itraconazole 35% (07) at the level of 1 pg/ml],
Ganoderma extract 30% (06) at the amount of 0.25
pug/ml and Voriconazole 25% (05) at the level of
0.5 pg/ml the highest MIC value shown in Posacon-
azole and Itraconazole and lowest in the
Ganoderma extract and Voriconazole. Aspergillus
niger (16) shows MIC for Ganoderma extract 31%
(05) at the point of 0.12 pg/ml, Posaconazole 31%
(05) at the point of 0.5 pg/ml, Itraconazole 25%
(04) at the range of 1 pg/ml and Voriconazole 25%
(04) at the series of 1 pg/ml the highest MIC value
shown in both of Ganoderma extract and Posacon-
azole and the lowest in Itraconazole and Voricona-
zole. Aspergillus terreus (12) shows MIC for
Ganoderma extract 33% (04) at the level of 0.25

Table 1: MIC distributions of Triazoles and Ganoderma Ethanolic extract for different Aspergil-

lus spp.

. . No. of isolates MIC (pg/ml)
Species Antifungalagents  —51c™ 03006 012 025 05 1 2 4 8
Ganoderma extract ~ 29 34 18 12 06 03 ~ ~
A. fumigatus Itraconazole ~ ~ 15 18 21 28 16 04 ~
(n=102) Posaconazole ~ 10 28 32 19 14 09 ~ ~
Voriconazole ~ ~ 16 23 27 16 11 09 ~
Ganoderma extract ~ ~ 02 06 05 04 03 ~ ~
A. flavus Itraconazole ~ ~ 03 03 04 07 02 1 ~
(n=20) Posaconazole ~ 03 04 07 05 04 ~ ~ ~
Voriconazole ~ 03 03 04 05 03 02 ~ ~
Ganoderma extract ~ ~ 05 04 03 03 01 ~ ~
Anmiger Itraconazole ~ 01 02 03 03 04 03 ~ ~
(n=16) Posaconazole ~ 02 03 04 05 02 ~ ~ ~
Voriconazole ~ 02 03 03 03 04 1 ~ ~
Ganoderma extract ~ ~ 03 04 02 02 01 ~ ~
A.terreus Itraconazole ~ 01 01 02 03 04 01 ~ ~
(n=12) Posaconazole ~ 02 03 04 02 01 ~ ~ ~
Voriconazole ~ ~ 02 03 04 02 01 ~ ~

Table 2: Epidemiological cut-off values (ng/ml) for Ganoderma extract, Itraconazole, Voricona-
zole and Posaconazole according to the Aspergillus species 6, 10

Species Posaconazole Itraconazole Voriconazole Ganoderma extract
Aspergillus fumigates 0.5 1 1 2
Aspergillus flavus 0.5 1 1 2
Aspergillus niger 0.5 2 2 2
Aspergillus terreus 0.5 1 1 2
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ug/ml, Posaconazole 33% (04) at the sequence of
0.25 pg/ml, Voriconazole 33% (04) at the level of
0.5 pg/ml and Itraconazole 33% (04) at the level of
1 pg/ml shows similar MIC value at various con-
centrations. Among the obtained result fourteen
isolates were harbouring resistance to Voricona-
zole (09) and Itraconazole (05) range in between 2
- 8 pg/ml as per the CLSI guidelines. The
Ganoderma extract has shown the good significant
activities even in the resistant strains of the Asper-
gillus were explained in Tablel.

The epidemiologic cut-off values (ECVs) of the
MICs were obtained from previous studies and
considered in our study as a starting point of de-
creasing susceptibility and the emergence of re-
sistance to antifungal agents Table 2.

Aspergillus fumigatus
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Figure 1: Comparison of ECVs and MIC distribu-
tions for Aspergillus fumigatus
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Figure 2: Comparison of ECVs and MIC distri-
butions for Aspergillus niger
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Figure 3: Comparison of ECVs and MIC distri-
butions for Aspergillus flavus
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Aspergillus terreus
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Figure 4: Comparison of ECVs and MIC distri-
butions for Aspergillus terreus

The Epidemiologic cut-off values (ECVs) were
compared with the obtained MIC value. The com-
parative result for Aspergillus fumigatus for
Ganoderma extract of the ECV shows 2 ug/ml and
obtained MIC value was 0.12 pg/ml, subsequently
for Itraconazole ECV shows 1 pg/ml and obtained
MIC value was 1 ug/ml, Posaconazole ECV shows 1
pg/ml and obtained MIC value was 0.25 pg/ml and
Voriconazole ECV showed 1 pg/ml and obtained
MIC value was 0.5 pg/ml were explained in Fig. 1.
Aspergillus flavus for Ganoderma extract of the ECV
shows 2 pg/ml and obtained MIC value was 0.25
pg/ml, subsequently for Itraconazole ECV shows 1
pg/ml and obtained MIC value was 1 pg/ml,
Posaconazole ECV shows 1 pg/ml and obtained
MIC value was 0.25 pg/ml and Voriconazole ECV
shows 1 pg/ml and obtained MIC value was 0.5
ng/ml were explained in Fig. 2. Aspergillus niger for
Ganoderma extract of the ECV shows 2 ug/ml and
obtained MIC value was 0.12 pg/ml, subsequently
for Itraconazole ECV shows 2 pg/ml and obtained
MIC value was 1 ug/ml, Posaconazole ECV shows 1
pg/ml and obtained MIC value was 0.5 pg/ml and
Voriconazole ECV shows 2 pg/ml and obtained MIC
value was 1 pg/ml were explained in Fig. 3. Asper-
gillus terreus for Ganoderma extract of the ECV
shows 2 pg/ml and obtained MIC value was 0.25
pg/ml, subsequently for Itraconazole ECV shows 1
pg/ml and obtained MIC value was 1 pg/ml,
Posaconazole ECV shows 1 pg/ml and obtained
MIC value was 0.25 pg/ml and Voriconazole ECV
shows 1 pg/ml and obtained MIC value was 0.5
ug/ml were explained in Fig. 4.

DISCUSSION

The medicinal and pharmacological activities of
G.lucidum depend on the abiotic factors like alti-
tude, temperature, humidity as well as abiotic fac-
tors like substrate which may in turn account for
the presence of differential levels of primary and
secondary metabolites (Morath, S. U, et al, 2012).
Therefore, for the first time, we ventured to evalu-
ate a detailed comparative characterization of the
Indian variety of G. lucidum in terms of Antifungal
activity and compared with the commercially
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available drugs. The presence of these various phy-
tochemicals had the medicinal importance of G. lu-
cidum, which is very much in alignment with the
earlier reported literature (Ren, A et al, 2017). So
far the antifungal susceptibility testing results
were not much sensitivity and specificity to deter-
mine the proper treatment for an infection caused
by a particular organism. Preferably, to predict the
therapeutic outcome by comparing the clinical
breakpoints (CBPs) were for the betterment of the
therapeutic. As most of the immunocompromised
patients were lack of adjunctive host response is
likely to have an additional impact on the probable
outcome of therapy from the infections invasive
mould. Even though more research work carried
out in the several decades, unfortunately, for many
filamentous fungal (mould) infections, the devel-
opment of CBPs is currently not standardized/im-
possible, due to lacking sufficient clinical trial data
for some of the rarer, emerging pathogens. The
current data may help clinicians dealing with infec-
tions with rarer moulds to decide which antifungal
drug may be most likely to be effective which has
been compared with the CBPs. The value of suscep-
tibility testing depends on when a specific agent re-
sult can define the susceptibility or resistance of
the organism being tested. In our study Ganoderma
extract had the lowest MICs compared to other
medications and accordingly the greatest activity
against different Aspergillus species in order of As-
pergillus fumigatus, Aspergillus flavus, Aspergillus
terreus and Aspergillus niger in order of increasing
MIC and decreasing activity. The antifungal activity
of the Ganoderma extracts shown significant activ-
ity against the various Aspergillus species at the
minimal concentration level while comparing with
the other commercial available antifungal triazole
group of antifungal drugs such as Posaconazole,
Itraconazole and Voriconazole. According to the
previous studies show that posaconazole had the
greatest activity against the majority of Aspergillus
species followed by voriconazole and itraconazole
in order of decreasing activity (Aldorkee S.Y.
2017). The determination of acquired resistance to
particular antifungal agents by identifying the
"non-wild-type" in the absence of CBPs, ECVs for
the particular isolate. With a large number of clini-
cal isolates by analysis various concentrations of
antifungal agents by performing antifungal suscep-
tibility testing by using analyzing methods of CBPs
and ECVs were projected in the present study for
the future development. MIC range higher than the
ECV of the MICs may help to identify acquired re-
sistance mechanisms organisms. cyp51A gene
plays a major role in the drug resistance of the As-
pergillus species. The present study reveals the im-
portance of the ECVs to assist the evaluation of
clinical isolates by identifying those strains with
reduced triazole susceptibility due to mutations
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and also determine the early warning of emerging
subtle changes in the susceptibility patterns of
these organisms. This study reveals that isolates of
Voriconazole (09) and Itraconazole (05) probabil-
ity of harbouring a triazole resistance mechanism,
Ganoderma extract shows the significant value
against the Voriconazole and Itraconazole re-
sistant strains too. Overall, the obtained data in this
study confirm that fungicidal activities of
Ganoderma lucidum had a more significant activity
while compared with the commercially available
triazole drugs for isolates of Aspergillus species.

CONCLUSION

The Triazoles and Ganoderma extract had shown
significant activity in vitro against most of Asper-
gillus species in the following order of various
drugs: Ganoderma extract, Posaconazole, Voricon-
azole and Itraconazole. The comparative result
ECVs from the previous study and MIC shows the
more significant ratio of Ganoderma extract while
compared with triazole activity from the current
study. Few of Aspergillus species exhibited in vitro
resistance to voriconazole followed by itracona-
zole have been well treated by the Ganoderma ex-
tract for the future health betterment.

REFERENCES

Aldorkee S.Y. “In Vitro Susceptibilities of Aspergil-
lus Species to Triazoles and Amphotericin B”. Sci.
J. Med. Res. 2017, 1, 51-56.

Andes, D. Optimizing antifungal choice and admin-
istration. Curr. Med. Res. Opin. 2013, 29, 13-18.

Anita karma, A. B. Bhatt. Evaluation of Antimicro-
bial and Antioxidant Activity of Ganoderma lu-
cidum Extracts against Human Pathogenic Bacte-
ria, Int ] Pharm Pharm Sci, 2016, 4, 359-362.

Arno Schmalreck, Birgit Willinger, Viktor Czaika,
Wolfgang Fegeler, Karsten Becker, Gerhard
Blum, Cornelia Lass-Florl. Susceptibility Screen-
ing of Hyphae-Forming Fungi with a New, Easy,
and Fast Inoculum Preparation Method, Myco-
pathologia, 2012, 9570-9597.

Espinel L.A., Cuenca E.M. and Fothergill A. "Wild-
type MIC distributions and epidemiological cut-
off values for amphotericin B and Aspergillus
spp. for the CLSI broth microdilution method
(M38-A2 document)”. Antimicrob Agents
Chemother. 2011, 55, 5150-5154.

Espinel-Ingroff, A. In vitro fungicidal activities of
voriconazole, itraconazole and amphotericin B
against opportunistic moniliaceous dematia-
ceous fungi. J. Clin. Microbiol. 2001, 39, 954-958.

Espinel-Ingroff, A.; Fothergill, A.; Peter, ].; Rinaldi,
M.G.; Walsh, T.]. Testing conditions for determi-
nation of minimum fungicidal concentrations of

1193



new and established antifungal agents for Asper-
gillus spp.: NCCLS collaborative study. J. Clin. Mi-
crobiol. 2002, 40, 3204-3208.

Garbino D.J. "Aspergillosis. Orphanet Encyclope-
dia". August 2004.

Hawser SP, Norris H, Jessup C], Ghannoum MA.
Comparison of a 2,3-bis(2- methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino)carbonyl]-2H-t
tetrazolium hydroxide (XTT) colourimetric
method with the standardized National Commit-
tee for Clinical Laboratory Standards method of
testing clinical yeast isolates for susceptibility to
antifungal agents. ] Clin Microbiol. 1998,
36,1450-1452.

Honraet K, Goetghebeur E, Nelis H]. Comparison of
three assays for the quantification of Candida bi-
omass in suspension and CDC reactor grew bio-
films. ] Microbiol Methods. 2005, 63, 287-295.

Johnson, E.M.; Szekely, A.; Warnock, D.W. In vitro
activity of voriconazole, itraconazole and am-
photericin B against filamentous fungi. . Antimi-
crob. Chemother. 1998, 42, 741-745.

Klepser, M.E.; Wolfe, E.J.; Jones, R.N.; Nightingale,
C.H.; Pfaller, M.A. Antifungal pharmacodynamic
characteristics of fluconazole and Amphotericin
B against Cryptococcus neoformans. Antimicrob.
Agents Chemother. 1997, 41, 1392-1401.

Kumar N(, Jayalakshmi G, Chidambaram, Srikumar
R. In-vitro Evaluation of Antifungal Activity of
Ganoderma lucidum Against the Biofilm Produc-
ing Candida species. Indian ] of Pharmaceutical
Education and Research. 2017,51, S46-S53.

Lass F.C., Perkhofer S. and Mayr A. "In Vitro Suscep-
tibility Testing in Fungi: A Global Perspective on
a Variety of Methods". Mycoses. 2010, 53,1-11.

Lewis, ].S.; Graybill, J.R. Fungicidal versus fungi-
static: What's in a word? Expert Opin. Pharma-
cother. 2008, 9,927-935.

Maertens J.A. "History of the development of azole
derivatives". Clin. Microbiol. Infect. 2004, 1,1-10.

Manavathu, E.K.; Cutright, ]J.L.; Chandrasekar, P.H.
In vitro susceptibility of itraconazole-resistant
isolates of Aspergillus funigatus to voriconazole.
Clin. Microbiol. Infect. 1997, 3, 81.

Meletiadis J., Mouton J.W. and Meis ].F. "Compari-
son of the Etest and the Sensititre Colorimetric
Methods with the NCCLS Proposed Standard for
Antifungal Susceptibility Testing of Aspergillus
Species". ]. of Clin. Micro. 2002, 40, 2876-2885.

Moore, C.B.; Sayers, N.; Mosquera, ].; Slaven, ].; Den-
ning, D.W. Antifungal drug resistance in Aspergil-
lus.]. Infect. 2000, 41, 203-220.

1194

Naveen Kumar C et al, Int. ]. Res. Pharm. Sci., 9(4), 1189-1195

Morath, S. U., Hung, R., and Bennett, ]. W. Fungal
volatile organic compounds: A review with em-

phasis on their biotechnological potential. Fun-
gal Biology Reviews., 2012, 26, 73-83.

Nahata, A. Ganoderma lucidum: A Potent Medicinal
Mushroom with Numerous Health Benefits Phar-
maceut Anal Acta. 2013, 4,159.

Naveenkumar C, Swathi S, Jayalakshmi G, Chidam-
baram R, Srikumar R. Screening of Antifungal Ac-
tivity of Ganoderma lucidum Extract Against
Medically Important Fungi, Indian Journal of
Public Health Research & Development, 2018, 9,
269-272.

NCCLS Standards, Performance standards for anti-
microbial disk susceptibility tests: Approval
standard M2- A7 7th edition. Pennsylvania: Clin-
ical and Laboratory Standards Institute, (2000).

Ng How Tseung KSY, Zhao. ] Update on the Fungal
Biofilm Drug Resistance and its Alternative
Treatment. JSM Microbiology 2016, 4, 1027.

Pasetto S, Pardi V, Murata RM. Anti-HIV-1 activity
of flavonoid myricetin on HIV-1 infection in a
dual-chamber in vitro model. PLoS ONE. 2014, 9,
el115323.

Paul E. Verweij, Anuradha Chowdhary, Willem ]J. G.
Melchers and Jacques F. Meis. Azole Resistance in
Aspergillus fumigatus: Can We Retain the Clini-
cal Use of Mold-Active Antifungal Azoles? Clini-
cal Infectious Diseases. 2016, 62, 362-368

Pfaller M., Boyken L. and Hollis R. "Comparison of
the Broth Microdilution Methods of the Euro-
pean Committee on Antimicrobial Susceptibility
Testing and the Clinical and Laboratory Stand-
ards Institute for Testing Itraconazole, Posacon-
azole, and Voriconazole against Aspergillus Iso-
lates". ]. of Clin. Micro. 2011, 49, 1110-1112.

Pfaller M.A., Messer S.A. and Hollis R.J. "Antifungal
Activities of Posaconazole, Ravuconazole, and
Voriconazole Compared to Those of Itraconazole
and Amphotericin B against 239 Clinical Isolates
of Aspergillus spp. also, Other Filamentous Fungi:
Report from Sentry Antimicrobial Surveillance
Program". Antimicrobial Agents and Chemother-
apy. 2002, 46,1032-1037.

Pfaller, M.A.; Sheehan, D.].; Rex, ].H. Determination
of fungicidal activities against yeasts and
moulds: Lessons learned from bacterial testing
and the need for standardisation. Clin. Microbiol.
Rev. 2004, 17, 268-280.

Rakhee, Niroj Kumar Sethy, Anuja Bhardwaj, Vijay
Kumar Singh, Raj Kishore Sharma, Renu Deswal,
Kalpana Bhargava, Kshipra Misra. Characteriza-
tion of Ganoderma lucidum: Phytochemical and

© Pharmascope Publications | International Journal of Research in Pharmaceutical Sciences



Proteomic Approach, Journal of Proteins and
Proteomics, 2017, 8, 25-33.

Ren, A,, Liu, R,, Miao, Z. G., Zhang, X., Cao, P. F., Chen,
T. X. and Zhao, M. W. Hydrogen-rich water regu-
lates effects of ROS balance on morphology,
growth and secondary metabolism via glutathi-
one peroxidase in Ganoderma lucidum. Environ
Microbiol. 2017, 19, 566-583.

Rex, J.H.; Pfaller, M.A.; Walsh, T.J.; Chaturvedi, V.;
Espinel-Ingroff, A.; Ghannoum, M.A.; Gosey, L.L.;
0dds, F.C.; Rinaldi, M.G.; Sheehan, D.].; et al. Anti-
fungal susceptibility testing: Practical aspects
and current challenges. Clin. Microbiol. Rev.
2001, 14, 643-658.

Sutton, D.A.; Sanchez, S.E.; Revankar, S.G.; Fother-
gill, A.W,; Rinaldi, M.G. In vitro amphotericin B
resistance in clinical isolates of Aspergillus
terreus, with a head-to-head comparison to
voriconazole. ]J. Clin. Microbiol. 1999, 37, 2343~
2345,

Vermeulen E, Maertens ], De Bel A, Nulens E, Boe-
lens ], Surmont I, Mertens A, Boel A, Lagrou K. Na-
tionwide surveillance of azole resistance in As-
pergillus diseases. Antimicrob Agents
Chemother 2015, 59, 4569 -4576.

Wanger A. "Antifungal Susceptibility Testing Meth-
ods: Non-CLSI Methods for Yeast and Moulds. In:
Hall GS (ed) Interactions of yeasts, moulds, and
antifungal agents". Humana Press, New York,
USA. 2012, 75-87.

Naveen Kumar C et al, Int. ]. Res. Pharm. Sci., 9(4), 1189-1195

© Pharmascope Publications | International Journal of Research in Pharmaceutical Sciences 1195



