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ABSTRACT 
Human Cytomegalovirus is a ubiquitous opportunist pathogen capable of infecting newborns, immune compromised and 

immunosuppressed patients. Till date only a limited number of clinically approved drugs are available for treatment. All 

these drugs prove to be very effective against active HCMV infection but with their respective share of drawbacks. Anti-viral agents 

derived from natural compounds are the need of the hour. They have potent anti-viral property but lack the cytotoxic effect 

associated with their synthetic counterparts. In this regard the medicinal mushrooms have proven to be quite an interesting 

candidate of choice. We collected and isolated extracts from four different edible mushroom species and used them on in vitro 

cultured MRC5 and 1B4 cell lines. Cytotoxicity and anti-viral response for each mushroom was tested in a dose dependent and 

time dependent fashion. Among the four mushroom types, only Pleurotus sp. and Lentinus sp. were found to have potent anti-

viral response with minimum cytotoxicity against human cytomegalovirus. Their crude extracts showed 100% inhibition of 

HCMV replication at 180 µg/ml and 160 µg/ml respectively. Our study highlights that extracts from both of these mushrooms 

can be used as alternative HCMV therapeutic strategy. 
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INTRODUCTION 

Human cytomegalovirus (HCMV) is a double strand DNA virus, 
member of the beta- herpesvirideae capable of causing life 
threatening infections in immunosuppressed patients and in 
immunocompromised individuals such as individuals suffering from 
AIDS. HCMV can also cause severe congenital birth defects in 
neonates [1,2]. Furthermore, HCMV infection is asymptomatic 
or mildly symptomatic in immunocompetent hosts, even if in 
these subjects it represents a risk factor for the development of 
immunosenescence and vascular diseases [2,3]. To date, no vaccine is 
still available, and to treat HCMV infections there is a limited 
number of commercial drugs like ganciclovir, valganciclovir, 
cidofovir, foscarnet and recently approved letermovir [4]. In 
neonates primary toxicity of intravenously administrated 
ganciclovir shows moderate to 

severe neutropenia after six weeks of treatment [5,6]. AIDS 
patients associated with symptomatic HCMV retinitis, can 
develop severe thrombocytopenia, drug fever, neuropathy after 
prolonged treatment with ganciclovir [7]. Not only long term uses 
of these drugs yield several drug resistant HCMV strains but also create a 
huge problem in disease management. Current study reveals that 
mutations in HCMV DNA polymerase protein UL54 and in the 
kinase UL97 are strongly responsible for the development of drug 
resistant HCMV strains. Several nucleotide polymorphism in UL54 
gene produces ganciclovir and cidofovir resistant HCMV strains 
[8,9]. Due to such limitations natural compounds extracted from 
medicinal herbs are the best solution for this new-aged antiviral 
therapy. For this reason, several mushrooms and their constituents 
have been tested for their antiviral potentials. They could inhibit 
the activity of several viral enzymes, responsible for synthesis of viral 
nucleic acids or 
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adsorption and uptake of viruses into mammalian cells [10]. 
Several bioactive compounds isolated from Ganoderma lucidum, Coriolus 
varsicolor, Schizophyllum commune, Lentinus edodes mushrooms showed 
antiviral activity against HIV, herpesvirideae [11]. Ganoderiol F and 
godermanontriol are the two major bioactive terpenoid extracted 
from Ganoderma lucidum inhibit HIV-1 induced cytopathic effect 
in MT4 cell line [12]. Ganodermadiol isolated from Ganoderma 
lucidum shows antiviral response against Herpes simplex virus type-I [13]. 
Protein bound polysaccharides from Trametes versicolor were also found 
to be showing promising antiviral response against HIV and 
cytomegalovirus in vitro [14]. Recent findings suggest a bioactive plant-
derived alkaloid, berberine (BBR), and plant-derived flavonoid 
deguelin (DGN) can inhibit HCMV viral lytic replication in 
fibroblast cell lines [15-17]. The purpose of this study was to explore 
and identify naturally occurring medicinal mushrooms with 
significant anti-cytomegaloviral properties. 

 
MATERIALS AND METHOD 

 
Isolation and preparation of mushroom extract 

Fruit bodies of two non-edible wild mushrooms (Polyporus 
alveolari, Phellinus sp.) and two edible wild mushrooms (Pleurotus ostreatus 
and Lentinus squarrosulus) were collected during the rainy season from 
different parts of West Bengal, India and transported to the 
laboratory by aseptic biodegradable polythene bags. Morphological 
identification of the collected mushrooms was followed by standard 
taxonomic keys of basidiomycota [18,19]. The surfaces of the collected 
basidiocarps were cleaned by running tap water and air dried for 24-48 
h. The cleaned and dried fruit bodies then crashed and powdered 
in Wiley mill (Wiley India Pvt.Ltd, Kol.01, India) and sieved by 
60 mash screen. The extraction from test fungi was carried out 
employing the modified methods of Mizuno et al. and Wang et al. 
[20,21]. The powdered basidiocarp (10 g) were treated with 200 ml 
of 80% methanol (1:20 ratio) repeatedly refluxed and heated at 
60°C ± 2°C temperature for 6 h. The extracted materials were 
collected and again treated in rotary evaporator at 56°C ± 2° for 3 h to 
remove the remaining traces of organic solvent. The semi dried 
extracted materials were collected in fresh autoclaved centrifuge 
tube and preserved at 4°C. 

 
Human cell culture and virus stock preparation 

Human Lung Fibroblast cell line MRC5 (ATCC/CCL/344- 
USA) was maintained in Dulbecco’s Modified Eagle Medium 
(DMEM) supplemented with L-Glutamine, FBS (10%) 
streptomycin (100 µg/ml) and Penicillin (100 IU/ml). For cell 
based assay, U373-pUL112-113 (clone 1B4) cells, which stably express 
EGFP under the control of the IE2-dependent early UL112-113 
promoter of HCMV, had been cultured in DMEM (10% FBS) 
supplemented with G418(750 µg/ml) was a gift from Dr. Anna 
Luganini (University of Turin) [22]. Laboratory strain of Human 
Cytomegalovirus  AD169 was  also  purchased  from ATCC (VR-
538) and cultured in MRC5 cell line in 5% CO2 incubator until a 
marked  cytopathic  effect was observed. Further purification of the 
virus  had  been  done by ultracentrifugation  of the cell,  and culture 
filtrate and  the  stock were preserved  in  -80°C  for future use. 

Cytotoxicity determination of the mushroom extract 

Prior to testing the cytotoxicity, the semi dried each extract was 
dissolved in 0.1% DMSO for better solubility. For cytotoxicity assay 
MRC5 cells (5 X 104 cells/well) and 1B4 cells were seeded in 96 
wellplate and incubated at 37°C in 5% CO2 for 24 h. After the 
incubation, cells were washed with 1X PBS, different concentrations 
of mushroom extract were applied in triplicate at a final DMEM 
concentration 100 µl/well and again incubated at 37°C in 5% CO2 
for 5 days. Triton (0.1%) reagent was used as a negative control. After 5 
days 10 µl of MTT reagent (Hi-Media EZcount) was added in each 
well. After 5 h incubation in 37°C purple colour formazan crystals 
formed were dissolved with 1% DMSO solution. The absorbance was 
measured in ELISA reader (SpectraMax M2) at 570 nm. The cell 
viability was measured by [(A m- Ab ) / Cm ] × 100% formula, 
where Am is the mean absorbance of each dilution and Ab is cell 
free blank, Cm is mean absorbance of untreated control 
respectively [23]. 

 
Antiviral assay by MTT reagent and EC50 determination by 
dose dependent assay 

Antiviral activity of the selected mushrooms were carried out using 
standard Laboratory Human Cytomegalovirus strain AD169 on 
MRC5 cell line.MRC5 cells were seeded in (4 X 104 cells/well) 96 
well plate and incubated at 37°C for 24 hrs. The day after, the wells 
were washed with 1X PBS and infected with AD169 strain (MOI of 
0.5 PFU/cell) in serum free medium for 6 hrs at 37°C. Then, the 
viral inocula were removed and the cells treated with different 
concentration of mushroom extracts (1 mg/ml-0.1 µg/ml) in 
triplicate. Plates were incubated in 5% CO2 at 37°C for 5 days. 
After incubation the viability of the cells i.e effective concentration 
of the mushroom extracts were measured by MTT reagents 
according to manufacturer ’ s protocol. Effective concentration had 
been calculated as: [(Ai+t- Ai)/(Ac-Ai)] x 100%. Where Ai+t is the 
absorbance of compound treated infected cell and Ai and Ac are 
absorbances of untreated infected cells, absorbance of untreated 
uninfected cells, respectively [24]. 50% effective concentration of the 
extracts had been determined and it also represents the 50% 
reduction of virus induced cell mortality. 

 
Qualitative estimation of EGFP expression in cell based assay 

For qualitative cell based EGFP expression study, 1B4 cell lines were 
seeded in 12 well plates and incubated in 5% CO2 incubator for 
24 hrs. Next day the cells were infected with HCMV AD 169 
strain (MOI of 0.5 PFU/cell) for 6 h and after that freshly prepared 
DMEM (10% FBS) supplemented with G418 (750 µg/ml) had 
been added and treated with the previously determined EC50 of 
Pleurotus sp (PE) and Lentinus sp (LE) extracts. EGFP expression had 
been examined after 72 hours post infection (hpi) under inverted 
fluroscence microscope (Zeiss 4.1) to measure the number of infected 
cells. 

 
Viral load determination by real time PCR 

To analyze the effect of mushroom extracts on viral replication, 
MRC5 and 1B4 cell lines were infected with HCMV AD169 at 
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MOI of 0.5 PFU/cell and, following virus adsorption (6 h at 
37°C), were incubated with effective concentration of the PE and 
LE. HCMVinfected and treated cells were then collected at h.p.i., and 
total DNA was isolated by using Nucleopore DNA Sure Blood Mini 
kit(#NP-61105) and viral load was quantified by quantitative  
real time PCR using following forward primers  
of HCMV glycoprotein gH  (5’CGTGGAAGATGACCGAAGAT3’) 
and reverse (5’ATCGGCCACACTTTAACCAG 3’) using SYBR 
green real time master mix (HiMedia). A 25 µl of total volume of 
reaction mixture was made with 2 µl of DNA, 12.5 µl of 2x 
master mix containing SYBR green gH forward/reverse primers and 
water. The cycling conditions were as follows, denaturation at 94°C 
for 5 mins, followed by 35 cycles of 94°C for 30 seconds, 60°C 
for 30 seconds, 72°C for 30 seconds and final extension at 72°C for 
7 mins. 

 
Time dependent antiviral response of mushroom extracts 

MRC5 cells were seeded in 6 well plates (1.2 X 106 cells/well) and 
incubated in 5% CO` incubator for 24 hrs. After the 
incubation cells were infected with HCMV AD169 strain (MOI of 
0.5 PFU/ml) and kept 6 h for complete viral absorptions in serum 
free DMEM. Then infection media was replaced by freshly 
prepared DMEM supplemented with 10% FBS. After that EC50 
concentration of PE, LE and ganciclovir as positive control were 
added. Plates were incubated at 37°C in 5% CO2. At different time 
interval virus infected cells were harvested 

(12,24,36,48,60,72 hpi) and total viral DNA has been extracted using 
Nucleopore DNA Sure Blood Mini kit and total viral load has been 
estimated using previously described primers of HCMV 
glycoproteins gH. Percentage of viral load inhibition was calculated as 
follows: 100 -[(V t / Vc ) x 100], where Vt and Vc represents viral copy 
number in treated cells and untreated control cells in particular 
hpi. 

 
RESULTS 

 
Cytotoxic activity of the mushroom extract 

The cytotoxic activity of Pleurotous sp. (PE) and Lentinus sp. (LE) extract 
showed less cytotoxicity than Phellinus sp (PhE) and Polyporus sp. 
(PoE). PE extract showed 50% cytotoxicity (CC50) at 
502.12 µg/ml on MRC5 cell line and 822.28 µg/ml on 1B4 cell line. 
Moderate cytotoxicity CC50 has been observed in LE. CC50 value of LE 
in MRC5 cell line was 429.61 µg/ml and 468.07 µg/ml in 1B4 
cell line. Whereas PhE and PoE show high cytotoxicity on both 
MRC5 and 1B4 cell lines. CC50 value of PhE was 39.08 µg/ml on 
MRC5 cells and 40.43 µg/ml on 1B4 cell line respectively. For PoE 
the CC50 values on both MRC5 and 1B4 cell lines were 53.43 
µg/ml and 50.54 µg/ml. For further study due to less cytotoxicity of 
Pleurotous sp. and Lentinus sp mushrooms were chosen to check if 
there is any antiviral activity against HCMV over high toxicity of 
Polyporus sp and Phellinus sp. (Figure 1). 

 

 
 

 

Antiviral response 

Antiviral effect of   PE and LE were evaluated by using MTT assay on 
MRC5  cell   line. EC50  value  of  PE  was 80.39  µg/ml and 

 
 
 

CC50 value* 

 
Antiviral 
activity 
(EC50)* 

Selectivity 
index 
(S.I)=CC50 / EC 
50 

69.48  µg/ml  in  LE  respectively.  The   selectivity    index    
[(S.I)=CC50/EC50] of  these  two  extracts were 6.24 for PE.  and 
6.18  for  LE.  Due  to very  High  CC50 values no significant 

Name of the 
Mushroom MRC5**  1B4** MRC5 MRC5 

antiviral  response had  been observed  in  case of  Phellinus  sp  and    
Polyporus  sp   extracts. The detailed analysis has  been  shown  in  
Table 1. 

 
Table 1: Cytotoxicity and antiviral activity of selected mushrooms. 

 
Pleurotus sp.(PE) 

 
 

Lentinus sp.(LE) 

502.12 
± 3.34 

 
429.61 
± 1.59 

822.28 
± 1.27 80.39 ± 1.266 6.24 

468.07 
± 0.80 69.48 ± 1.68 6.18 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Image of (a) Pleurotus ostreatus and (b) Lentinus squarrosulus on their natural habitat. 



Roy D, et al. 

4 J Antivir Antiretrovir, Vol.12 Iss.3 No:201 

 

 

 
 

 

Phellinus sp. 
(PhE) 

 
Polyporus sp. 
(PoE) 

39.08 ± 
1.29 

 
53.43 ± 
2.36 

40.43 ± 
1.06 - - 

 
50.54 ± 
1.56 - - 

MRC5  cells after  infecting  with  AD169   strain. The  results 
represent in Figure 2(a), Crude extract of Pleurotus sp and 
Lentinus sp both shows 100% inhibition of HCMV replication at 180 
µg/ml and 160 µg/ml respectively. The EC50 Value of PE and LE 
was  80.39  µg/ml  and 69.48  µg/ml  respectively  whereas  
EC50  value  of   the   ganciclovir   was  1.301  µg/ml   represent  in 

*All the experiments were done in triplicate 
 

 

**Mean value of mushroom extract (µg/ml) represented with S.D.M 
 

 

 
Dose dependent antiviral response and EGFP expression of 
mushroom extract 

To determine the dose dependent activity of the Pleurotus sp and 
Lentinus sp various concentration of extracts were used on 

Figure 2(b). Qualitative estimation of HCMV induced 
cytopathic effect on MRC5 cell line and number of 1B4 cells 
expressing EGFP had been significantly reduced after treatment with 
EC50 concentration corresponding to 80.39 µg/ml and 
69.48  µg/ml of PE and LE extracts respectively (Figure 3). 

 

 
 

 
Quantitative real time analysis for viral load 
determination 

To quantify the efficiency  of antiviral activity of  PE and  LE on 
both MRC5 and 1B4 cell lines were infected with HCMV 
AD169 strains  and  the  viral  load  was quantified  after  72 hpi. 

Viral log copy numbers were calculated by using a standard curve 
for HCMV glycoprotein H gene. Viral log copy number  
of  untreated  but  infected MRC5  cells  and  infected  1B4  cells  were 
5.79 and 5.48 respectively. In case of infected cells treated with PE the 
log viral load decreased significantly, 2.97 and 3.27 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Qualitative anti-viral response of PE and LE on AD169 infected MRC5 cell line (A-D) and infected 1B4 cell line (E-H); untreated, uninfected 
control cell (A, E); untreated infected control MRC5(B), 1B4(F) expressing EGFP; Pleurotus sp EC50-80.39 µg/ml treated (C, G); Lentinus sp. EC50-69.48 
µg/ml treated (D, H). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: (a): Dose dependent antiviral response of Pleurotus sp. extract (PE) and Lentinus sp. extract (LE) on MRC5 cell line; (b): EC50 dose estimation of 
ganciclovir on MRC5 cell line. 
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respectively for MRC5 cells and 1B4 cells respectively. LE extracts 
showed slightly poor response than PE extract on 

infected MRC5 cells (3.55) and nearly similar responses on infected 
1B4 cell line (3.38) represented in Figure 4(a). 

 

 
Time dependent antiviral response of PE and LE 

Time dependent response of PE and LE showed significant 
positive response along with the standard drug ganciclovir. The 
percentage of viral load inhibition was calculated in each drug treated 
cells with the comparison to untreated infected control cells by using 
the following formula, [100 - ( V log CT / V log C C x 100)], where 
VlogCT and VlogCC was the viral log copy no of extract treated cell 
and untreated cells respectively. The percentage of  inhibition  of PE 
treated cases were 7.30 and 14.04 and LE treated cases 8.13 and 19.65 
had been observed in 12 and 24 hpi respectively. At 36 hpi 
percentage of viral load inhibition of both PE and LE were 69.65 and 
70.57. So this data clearly indicates that the mushroom extracts start to 
effectively reduce the viral propagation at an early stage of viral 
replication expressed in Figure 4(b). 

 
DISCUSSION 

In the present study we have demonstrated that among the four wild 
mushrooms (Polyporus alveolari, Phellinus sp, Pleurotus ostreatus, 
Lentinus squarrosulus)  analyzed  for  their  antiviral activity,  only  
Pleurotus sp. And  Lentinus sp mushrooms could be a potential 
source of antiviral agents against Human cytomegalovirus. Their 
cytotoxic activity shows distinctive response based on the cell type 
used. In 1B4 cell line Pleurotus sp. And  Lentinus sp. mushroom extracts 
show lower CC50 value (822.28 ± 1.27 and 468.07 ± 0.80 µg/ml 
respectively) in comparison to MRC5  cell line (502.12 ± 3.34 and 
429.61 ±1.59 µg/ml respectively). This data clearly indicates that 
astrocytoma/ glioblastoma cell lines are able to withstand the 
cytotoxicity of Pleurotus sp mushroom more  than the human 
fibroblast  cell  line but no significant cytotoxic difference was 
found  on both  the cell lines when  treated with Lentinus sp  extract. 
Comparatively high cytotoxicity have been observed on both cell 
lines when treated  with  Phelinus sp. ( 39.08 ± 1.29 µg/ml  in  
MRC5  and 40.43 ±1.06 µg/ml in1B4) and Polyporus sp.(53.4 ± 32.36 
µg/ml in MRC5 and 50.54 ±1.56 µg/ml in 1B4 cell line) extract as 
both these mushroom contains high amount of  glycosylated  proteins 

and proteoglycans which exhibit high cytotoxicity and potential 
antitumor substances [25]. Phellinus linteus contains β-(1 → 3) linked 
glycan which exhibit anti metastasis and immunomodulation in 
cancer cells, Hispolon another phenolic compound extracted from 
Phellinus sp. also induced apoptosis in breast cancer cell line [26,27]. As 
well as Lectins isolated from Polyporus adusta exhibit anti-proliferative 
effect on cancer cells [28]. 

As described above, due to high cytotoxicity of Phellinus sp. and 
Polyporus sp. the antiviral response was studied only using the extract 
of Pleurotus sp. and Lentinus sp. It has been reported that mycelial 
extract of Pleurotus eryngii shows antiviral activities against influenza 
virus [29]. JLS-S001, a flavonoid fraction of Lentinus edodes blocks 
HSV-1 replication at the late stage of the replication cycle [30]. The 
EC50 value of Pleurotus sp. and Lentinus sp. were 80.39 ± 1.26 
µg/ml and 69.48 ±1.68 µg/ml respectively clearly indicates that 
both these mushrooms have some distinctive antiviral chemical 
constituent. In order to achieve 100% efficiency of the antiviral 
responses both these extracts were applied in dose dependent manner 
where Pleurotus sp exhibit complete antiviral response at 180 µg/ml 
and 160 µg/ml in case of Lentinus sp extract. The selectivity index of 
both Pleurotus sp and Lentinus sp were 6.24 and 6.18 respectively. 

HCMV UL-112/113 encodes four phosphoproteins (p34, p43, p50, 
p84) which enhance the Immediate Early-2 gene mediated 
transactivation of early gene promoters [31,32]. So, UL-112/113 
transfected stable cell line 1B4 had been used to qualitative 
screening of anitiviral compounds from Pleurotus sp. and Lentinus sp 
extract by  EGFP  expression. Number of  fluorescent  cells 
observed in case of AD169 infected 1B4 cell line treated with 50% 
effective  concentration  of  both  the mushroom extracts were 
much  less  (less  than  equal  to 13  for PE and less   than  equal  to  12  
for LE)  compared  to the  untreated  control  cells  (less  than equal 
to 20).  In  case  of  MRC5  cells  the number  of  foci  is  also 
reduced  in treated cells compared to infected  cells  without 
treatment. We can hypothesize that as the mushroom extracts were 
added on the cells after  6 h  post  infection,  the  bioactive 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: (a): Quantitative antiviral response of Pleurotus sp (PE) and Lentinus sp (LE) extracts on HCMV viral load. (b): Time dependent antiviral response of 
ganciclovir, PE, LE extracts on MRC5 cell line. 
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compounds were probably entering the cells and interfering with the 
effective transcription of the viral genes. 

To find out whether the bioactive compounds are responsible for 
interacting with the viral transcriptomes, quantitative real time 
analysis of glycoprotein H (gH-UL-75) gene has been done. HCMV UL-
75 is a late response gene which is required for complete infectious 
virus production and can only be expressed by the activation of IE2 
genes associated with UL-79/87/95 proteins [33]. Quantification 
of viral load using HCMV glycoprotein H gene as reference gave log 
viral copy number of 5.79, 2.97 and 3.55 for untreated, treated with 
PE and treated with LE respectively in MRC5 cell line. Similarly, 
the log viral copy numbers for untreated, treated with PE and 
treated with LE in 1B4 cell line presented 5.48, 3.27 and 3.38 
values respectively. Time dependent antiviral response showed that 
other than ganciclovir both these mushroom extracts show 
similar response to HCMV replication as a result viral load 
decreases in course of time. 80%-90% inhibition was achieved at 48 to 
72 hpi but at 36 hpi both PE and LE strongly reduced viral load 
(70%-72%) in comparison to ganciclovir (50%-55%). These data 
clearly represent that the crude extracts of both the mushroom were 
able to effectively inhibit the propagation of human 
cytomegalovirus in vitro [34-39]. 

 
CONCLUSION 

Our results shows that both PE and LE inhibit propagation of 
Human Cytomegalovirus, and thus, might be a potential 
candidate for the development of alternative natural anti- 
HCMV compounds. These results could improve the current 
knowledge on alternative antiviral therapies, although the exact anti-
viral mechanism of action of PE and LE needs further 
investigation. 

 
ACKNOWLEDGEMENT 

This work has been funded by West Bengal Department of 
Science and Technology, Memo No: 934 (Sanc.)/ST/P/SandT/ 1G-
10/2016 and we are very much thankful to ICMR-NICED Virus 
Laboratory for giving us the opportunity to do the total in vitro work 
and Ramakrishna Mission Vivekananda Centenary college for 
providing infrastructure to perform some biochemical analysis. 

 
CONFLICTS OF INTEREST 

None declared 
 

REFERENCES 

1. Britt W. Manifestations of human cytomegalovirus infection: 
proposed mechanisms of acute and chronic disease. Curr Top 
Microbiol Immunol. 2008; 325:417-470. 

2. Mocarski ES, Shenk T, Griffiths PD, Pass RF. Cytomegaloviruses. In: 
Knipe, DM, Howley PM (Eds), Fields Virology, sixth ed. 
Wolters Kluwer Lippincott. 2013. 

3. Luganini A, Terlizzi ME, Gribaudo G. Bioactive molecules 
released from cells infected with the human cytomegalovirus. 
Front Microbiol. 2016; 7:715. 

4. Britt WJ, Prichard MN. New therapies for human cytomegalovirus 
infections. Antiv Res. 2018; 159:153-174. 

5. Kimberlin DW, Acosta EP, Sánchez PJ, Sood S, Agrawal V, 
Homans J, et al. Pharmacokinetic and Pharmacodynamic 
Assessment of Oral Valganciclovir in the Treatment of 
Symptomatic Congenital Cytomegalovirus Disease. J Infectious 
Diseases. 2008; 197(6):836-845. 

6. Acosta EP, Brundage RC, King JR, Sánchez PJ, Sood S, Agrawal V. 
Ganciclovir Population Pharmacokinetics in Neonates Following 
Intravenous Administration of Ganciclovir and Oral 
Administration of a Liquid Valganciclovir Formulation. Clin 
Pharmacol Therapeutics. 2007; 81(6):867-872. 

7. Weisenthal RW, Sinclair SH, Frank I, Rubin DH. Long-term 
outpatient treatment of CMV retinitis with ganciclovir in AIDS 
patients. British J Ophthalmol. 1989; 73(12):996-1001. 

8. Weinberg A, Jabs DA, Chou S, Martin BK, Lurain NS, Forman 
MS, et al. Mutations Conferring Foscarnet Resistance in A Cohort of 
Patients with Acquired Immunodeficiency Syndrome and 
Cytomegalovirus Retinitis. J Infectious Diseases. 2003; 187(5): 
777-784. 

9. Chou S, Lurain NS, Thompson KD, Miner RC, Drew WL. Viral 
DNA Polymerase Mutations Associated with Drug Resistance in 
Human Cytomegalovirus. J Infectious Dis. 2003; 188(1):32-39. 

10. Azad RF, Driver VB, Tanaka K, Crooke RM, Anderson KP. 
Antiviral activity of a phosphorothioate oligonucleotide 
complementary to RNA of the human cytomegalovirus major 
immediate-early region. Antimicrobial Agents and Chemotherapy. 
1993; 37(9):1945-1954. 

11. Yoshida O, Nakashima H, Yoshida T, Kaneko Y, Yamamoto I, 
Matsuzaki K, et al. Sulfation of the immunomodulating 
polysaccharide lentinan: A novel strategy for antivirals to human 
immunodeficiency virus (HIV). Biochem Pharmacol. 1988; 37(15): 
2887-2891. 

12. El-Mekkawy S, Meselhy MR, Nakamura N, Tezuka Y, Hattori M, 
Kakiuchi N,et al. Anti-HIV-1 and anti-HIV-1-protease substances 
from Ganoderma lucidum. Phytochemistry. 1998; 49(6): 1651-
1657. 

13. Mothana RAA, Awadh Ali NA, Jansen R, Wegner U, Mentel R, 
Lindequist U. Antiviral lanostanoid triterpenes from the fungus 
Ganoderma pfeifferi. Fitoterapia. 2003;74(1-2):177-180. 

14. Tochikura TS, Nakashima H, Hirose K, Yamamoto N. A biological 
response modifier, PSK, inhibits human immunodeficiency virus 
infection in vitro. Biochemical and Biophysical Research 
Communications. 1987; 148(2):726-733. 

15. Mercorelli B, Luganini A, Nannetti G, Tabarrini O, Palù G, 
Gribaudo G, Loregian A. Drug Repurposing Approach Identifies 
Inhibitors of the Prototypic Viral Transcription Factor IE2 that 
Block Human Cytomegalovirus Replication. Cell Chem Biol. 
2016; 23(3):340-351. 

16. Luganini A, Mercorelli B, Messa L, Palù G, Gribaudo G, Loregian D. 
 The isoquinoline alkaloid berberine inhibits human 

cytomegalovirus replication by interfering with the viral Immediate 
Early-2 (IE2) protein transactivating activity.Antiviral Res. 2019; 
164:52-60. 

17. Mercorelli B, Luganini A, Palù G, Gribaudo G, Loregian A. Drug 
Repurposing Campaigns for Human Cytomegalovirus Identify a 
Natural Compound Targeting the Immediate-Early 2 (IE2) 
Protein: A Comment on “ The Natural Flavonoid Compound 
Deguelin Inhibits HCMV Lytic Replication within Fibroblasts. 
Viruses. 2019; 11(2):117. 

18. Pacioni G, Lincoff GH. Simon and Schuster ’ s guide to 
mushrooms. Simon and Schuster. 1981. 

19. Purkayastra RP, Chandra A. Manual of Indian Edible Mushrooms 
Today and Tomorrow. Printer and Publishers, New Delhi, India. 
1985; 267. 



Roy D, et al. 

7 J Antivir Antiretrovir, Vol.12 Iss.3 No:201 

 

 

 
20. Mizuno T, Kinoshita T, Zhuang C, Ito H, Mayuzumi Y. Antitumor- 

active heteroglycans from niohshimeji mushroom, Tricholoma 
giganteum. Bioscience, Biotechnology, and Biochemistry. 1995; 
59(4):568-571. 

21. Wang H, Ng TB. Isolation and characterization of velutin, a novel 
low-molecular-weight ribosome-inactivating protein from winter 
mushroom (Flammulina velutipes) fruiting bodies. Life Sciences. 
2001; 68(18):2151-2158. 

22. Luganini A, Caposio P, Mondini M, Landolfo S, Gribaudo G. 
New cell-based indicator assays for the detection of human 
cytomegalovirus infection and screening of inhibitors of viral 
immediate-early 2 protein activity. J Applied Microbiol. 2008; 
105(6):1791-1801. 

23. Bag P, Chattopadhyay D, Mukherjee H, Ojha D, Mandal N, 
Sarkar M, et al. Anti-herpes virus activities of bioactive fraction 
and isolated pure constituent of Mallotus peltatus: An 
ethnomedicine from Andaman Islands. Virol J. 2012; 9(1):98. 

24. Mukherjee H, Ojha D, Bag P, Chandel HS, Bhattacharyya S, 
Chatterjee TK, et al. Anti-herpes virus activities of Achyranthes 
aspera: An Indian ethnomedicine, and its triterpene acid. 
Microbiological Research. 2013; 168(4):238-244. 

25. Li YG, Ji DF, Zhong S, Zhu JX, Chen S, Hu GY. Anti-tumor 
effects of proteoglycan from Phellinus linteus by 
immunomodulating and inhibiting Reg IV/EGFR/Akt signaling 
pathway in colorectal carcinoma. International Journal of 
Biological Macromolecules. 2011; 48(3):511-517. 

26. Baker JR, Kim JS, Park SY. Composition and proposed structure of a 
water-soluble glycan from the Keumsa Sangwhang Mushroom 
(Phellinus linteus). Fitoterapia. 2008; 79(5):345-350. 

27. Lu TL, Huang GJ, Lu TJ, Wu J, Wu CH, Yang TC, et al. Hispolon 
from Phellinus linteus has antiproliferative effects via MDM2- 
recruited ERK1/2 activity in breast and bladder cancer cells. Food 
and Chemical Toxicol. 2009; 47(8):2013-2021. 

28. Ng TB. Peptides and proteins from fungi. Peptides. 2004; 
25;1055-1073. 

29. Krupodorova T, Rybalko S, Barshteyn V. Antiviral activity of 
Basidiomycete mycelia against influenza type A (serotype H1N1) and 
herpes simplex virus type 2 in cell culture. Virologica Sinica. 2014; 
29(5);284-290. 

30. Sarkar S, Koga J, Whitley RJ, Chatterjee S. Antiviral effect of the 
extract of culture medium of Lentinus edodes mycelia on the 
replication of herpes simplex virus type 1. Antiviral Research. 
1993; 20(4):293-303. 

31. Staprans SI, Spector DH. 2.2-kilobase class of early transcripts 
encoded by cell-related sequences in human cytomegalovirus strain 
AD169. J Virol. 1986; 57(2):591-602. 

32. Iskenderian AC, Huang L, Reilly A, Stenberg RM, Anders DG. 
Four of eleven loci required for transient complementation of 
human cytomegalovirus DNA replication cooperate to activate 
expression of replication genes. J Virol. 1996; 70(1):383-392. 

33. Isomura H, Stinski MF, Murata T, Yamashita Y, Kanda T, 
Toyokuni S, et al. The Human Cytomegalovirus Gene Products 
Essential for Late Viral Gene Expression Assemble into 
Prereplication Complexes before Viral DNA Replication. J Virol. 
2011; 85(13):6629-6644. 

34. Chattopadhyay D, Sarkar MC, Chatterjee T, Sharma DR, Bag P, 
Chakraborti S, et al. Recent advancements for the evaluation of 
anti-viral activities of natural products. New Biotechnol. 2009; 
25:347-368. 

35. Douglas CM, Barnard R, Holder D, Leavitt R, Levitan D, Maguire 
M, et al. Letermovir Resistance Analysis in a Clinical Trial of 
Cytomegalovirus Prophylaxis for Hematopoietic Stem Cell 
Transplant Recipients. J Infect Dis. 2019; jiz577. 

36. Iwayama S, Yamamoto T, Furuya T, Kobayashi R, Ikuta K, Hirai K. 
(1994). Intracellular localization and DNA-binding activity of a 
class of viral early phosphoproteins in human fibroblasts infected 
with human cytomegalovirus (Towne strain). J General Virol. 
1994; 75(12):3309-3318. 

37. Meesing A, Razonable RR. New developments in the management of 
cytomegalovirus infection after transplantation. Drugs. 2018; 
78:1085-1103. 

38. Williams and Wilkins, Philadelphia, PA, USA. 1960-2014. 
39. Nukui M, O ’ Connor C, Murphy E. The Natural Flavonoid 

Compound Deguelin Inhibits HCMV Lytic Replication within 
Fibroblasts. Viruses. 2018; 10(11):614. 


