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1. Introduction 

MCV is a skin condition caused by the MCV, a huge 

brick-shaped poxvirus with double-stranded DNA that 

replicates in the cytoplasm of cells. It has several 

genetic features in common with other poxviruses (1, 

2). The usual lesion is dome-shaped, spherical, and 

pinkish-purple in colour, and the skin lesion could stay 

for months to years before cure (3). Furthermore, they 

only affect children and adults, especially 

immunocompromised people, and they only affect the 

skin. Skin, sexual, and autoinoculation contact are done 

by scratching, and the MCV is transferred by indirect 

route by contaminated fomites (4, 5). The MCV virus 

has four subtypes, the most common of which is MCV-

1 (98 % of cases) in children, whereas MCV-2 is 

mainly responsible for skin lesions in HIV patients. In 

Asia and Australia, MCV-3 and MCV-4 are available. 

Currently, MCV cultures are not possible (6, 7). 

Physical therapy or chemical agents are currently used 

to treat MCV; although they are not always safe or 

effective, they frequently fail the treatment the lesions, 

then leading to generating the scar (8). 

Original Article  

A Novel Application of Zinc Oxide Nanoparticles for 

Inhibition of Molluscum contagiosum Virus Infection  

 

Almansorri, A. K1, Al-Shirifi, H. M. H2, Al-Musawi, S3 *, Ahmed, B. B1 

 
1. Faculty of Biotechnology, Al-Qasim Green University, Babylon, Iraq 

2. Environmental Health Department, Environmental Sciences College, Al-Qasim Green University, Babylon Province, Iraq 

3. College of Food Sciences, Al-Qasim Green University, Babylon Province, Iraq    

 

 Received 27 April 2022; Accepted 26 May 2022 

Corresponding Author: dr.sharaf@biotech.uoqasim.edu.iq 

 

 

Abstract 

Molluscum contagiosum virus (MCV) is an infection caused by the molluscum contagiosum virus. Antiviral 

medications used to treat MCV infections have several problems, including drug-resistant and toxicity. As a 

result, improving safe, innovative, and effective antiviral drugs is critical. Therefore the current study aimed to 

investigate ZnO-NPs effects on M. contagisum infection and molluscum contagiosum virus replication, among 

the main exciting viruses that menace human health. The antiviral activity of zinc oxide nanoparticles (ZnO-

NPs) against MCV infection was investigated in this work. FESEM and TEM electron microscopy were used to 

examine the nanoparticles. The cytotoxicity of the nanoparticles was assessed using the MTT assay, and anti-

influenza effects were detected using RT-PCR and TCID50. An indirect immunofluorescence experiment was 

used to investigate the inhibitory effect of nanoparticles on viral antigen expression. In all tests, acyclovir was 

employed as a control. Compared to virus control, post-exposure of MCV with ZnO nanoparticles at the highest 

dose but is not toxic (100 g/mL) resulted in 0.2, 0.9, 1.9, and 2.8 log10 TCID50 reductions in infectious diseases 

virus titer (P=0.0001). This ZnO-nanoparticles level was accompanied by an inhibition percentage (17.8%, 

27.3%, 53.3%, 62.5 %, and 75.9%), respectively, measured based on viral load compared with the virus control. 

Compared to the positive control, fluorescence emission intensity in virally infected cells that administrated 

ZnO nanoparticles was statically decreased. Our findings demonstrated that ZnO-NPs have antiviral effects 

against the MCV. This property indicates that ZnO-NP has a high potential for usage in topical formulations to 

treat facial and labial lesions.  
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Furthermore, Cidofovir is a wide-spectrum antiviral 

used as an intravenous or topical medicine for MCV in 

patients with low immune, but it has adverse effects 

such as erosion, inflammation, and discomfort if 

applied topically and possible nephrotoxicity when 

used systemically (3). No single antiviral medicine is 

available for the treatment of MCV at this time (9). The 

virus's incapacity to proliferate in culture has delayed 

the development of safe antiviral drugs (10). NPs offer 

unique physical properties and have been developed to 

treat infectious diseases (11-13). These are primarily 

attributed to the particle size, which influences 

bioavailability and circulation time, and the wide area-

by-volume ratio (increased solubility compared to 

larger particles). Such properties make ideal 

nanoparticulate candidates for investigating and 

enhancing therapeutic impacts (14-19). 

Nanotechnology-based antiviral treatments and metal 

nanoparticles have been appealing and effective against 

various viruses in recent years (20). ZnO-NPs, a bio-

safe material with optical, chemical sensing, electric 

conductivity, catalytic, and photochemical properties, 

have been found to have antimicrobial activity against a 

variety of human pathogens due to increased specific 

surface area as a result of reduced particle size leading 

to increased particle surface reactivity (21-23). 

However, most studies studied inhibition activity on 

microbial infections, with only a few examining the 

interaction of ZnO-NPs with viruses. In this regard, the 

current study aimed to investigate ZnO-NP's effects on 

M. contagisum infection and replication, among the 

main exciting viruses that menace human health.  

2. Materials and Methods 

2.1. The Used Materials 

Merck Company provided powdered ZnO-NPs for 

this study (Germany; Catalogue Number: 108846). To 

make varied quantities of nanoparticles, they were 

added to Dulbecco's Modified Eagle (Shangdong, 

Yantai, China) and submitted to sonicated to remove 

the accumulative. Acyclovir (Sigma, China) was 

diluted in DMEM and used at various concentrations as 

a standard treatment against MCV. 

2.2. Characterization of Nanoparticles 

High-resolution transmission electron microscopy and 

Field emission scanning electron microscopy was used 

to obtain morphological, dimensional and size data 

about NPs. 

2.3. Culture of the Virus and Cells 

The BHK-21 cells were donated from the National 

Cell Bank of Iran's Pasteur Institute, Tehran. DMEM is 

used for culture of the BHK-21 cells with 10% fetal 

bovine serum (Gibco, USA), sodium pyruvate 1 mM 

(Merck, Germany), streptomycin 100 IU/mL, and 

penicillin 100 g/mL (Merck, Germany), L-glutamine 2 

mM (Merck, Germany). The cells were cultivated at 

37°C in the incubator with 5% CO2. The MC viral 

stock was donated by Tarbiat Modares University's 

Virology Department (Tehran, Iran), reproduced in 

BHK-21 cells, titrated using the Reed and Muench 

procedure, and kept in the vials at (70) °C. 

2.4. Cytotoxicity Assay 

The impact of ZnO-nanoparticles on the BHK-21 

cells was examined using the methyl thiazolyl 

tetrazolium method. A day of incubation at 37°C was 

spent cultivating BHK-21 cells at a density of 1 105 

cells/mL on a microtiter plate with a flat bottom 

(Nalge Nunc, Naperville, IL) and incubating for one 

day. In this experiment, multiple concentrations of 

ZnO-NPs (20 to 140 g/mL) were applied to the plate 

in triplicate. Incubation for two days at 37°C was 

followed by adding 10 ml (5 mg/mL) MTT reagent 

(Roche, Germany) into each well and incubating in an 

atmosphere without light for 180 minutes at 37°C 

before the results were analyzed. Remove the MTT 

solution and replace it with 50 mL of ordinary 

dimethyl sulfoxide (Sigma, USA), then shake it at 25 

degrees Celsius for ten minutes. In the end, the plate 

in a microplate reader (Synergy, USA)was read at 

(550) nm, and the cell viability rate was determined 

for each level compared to the control cells on the 

plate. 
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2.5. Determination of Antiviral Activity 

Confluent monolayers of BHK-21 cells were treated 

for 60 minutes at (37°C)with CO2 5% in the microtiter 

plate (96 wells) with 100 L of 100 TCID50/mL MCV. 

Monolayers were washed three times with PBS after 

the viral inoculation removed any viruses. The cells 

were grown for two days at 37°C in CO2 5% 

atmosphere with (100)L of different noncytotoxic 

dosages of ZnO-NPs. There was also cell control and 

viral control in this experiment. This approach was also 

used to test acyclovir. Following incubation, the cells 

were frozen and thawed again to allow the virus 

particles to be released from the cells. The good lysates 

were collected and employed in TCID50 and 

quantitative RT-PCR experiments at the end of the 

process. 

2.6. Quantitative Real-Time PCR Assay 

According to the manufacturer's instructions, the 

Genomic DNA Extraction Mini kit (Qiagen, UK) was 

used to extract MC viral DNA from the collected 

lysate. In a Real-Time quantitative PCR, a 65-bp 

fragment of the L1 region was amplified using the 

primers 5′-GAGAACTGCAATGTTTCAGGACC3-3′ 

and 5′-TGTATAGTTGTTTGCAGCTCTGTGC3-3′ 

(Detection and genotyping of human MCV by real-

time PCR assay). For RT-PCR, the reactions and 

temperature were the same as in the prior work [28]. 

The RT-PCR was carried out using Rotor-Gene Q 

equipment (Qiagen, UK). As a template, a 

recombinant plasmid containing a 65-bp DNA 

fragment from the MCV's L1 gene was constructed 

using a recombinant plasmid. Amplification and 

cloning of the section into the PGH vector were 

carried out before the section was given as a 

lyophilized powder. General Biotech was in charge of 

creating recombinant plasmids and cloning these 

plasmids (Shanghai, China). When four grammes of 

the template were combined with forty litres of 

dilution buffer, the result was a stock solution with a 

concentration of one hundred nanograms per millilitre 

(ng/mL) for the standard solutions. Following the 

acquisition of the DNA concentration by NanoDrop, 

the number of DNA copies in the standard stock was 

calculated using software developed by the URI 

Genomics & Sequencing Center (Fisher, USA). The 

stock solution was tenfold serially diluted to produce 

standard curves and utilized as a template to create the 

standard curves. By comparing the unknown samples 

to the standards, it was possible to determine the 

amount of MC virus copies present. 

2.7. Indirect Immunofluorescence Assay (IFA) 

BHK-21 cells were seeded and grown in the wells 

of a 24-well tissue culture plate with sterile glass 

coverslips (Sigma-Aldrich, USA) using sterile glass 

coverslips (Qiagen, UK). In a humidified 

environment at 37 degrees Celsius with carbon 

dioxide5%, cells were allowed to attain 80 % 

confluence before the media was removed from the 

wells, and 200 L of 100 TCID50/mL MCV was 

suspended for 1 hour in the absence of a medium. 

Incubation at 37°C with the greatest noncytotoxic 

dose of ZnO-NPs was performed after the viral 

inoculum was removed. Additionally, this 

experiment included a cell control (treated 

uninfected cells) and a viral control (untreated 

infected cells). The cells were fixed with cold 

acetone for 15 minutes after 14 hours of incubation, 

then treated with MCV, a particular human antibody, 

for 45 minutes at room temperature. After three 

washes with PBS, the cells were treated for 40 

minutes at room temperature with goat anti-human 

IgG conjugated with fluorescein isothiocyanate 

(FITC) (Sigma-Aldrich, USA). The labelled cells 

were rinsed three times in PBS before being 

examined with an Olympus fluorescence microscope 

(Tokyo, Japan). 

2.8. Statistical Analysis 

The mean of the three samples, as well as the standard 

deviation, are represented by the data. The comparisons 

were made using one-way ANOVA, followed by 

Tukey's multiple tests, performed using GraphPad 

Prism at a p-value of less than 0.05.  
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3. Results 

3.1. Characterization 

DLS-determined Al2O3-NPs were found at 

120.8±21.7 nm with 0.126±0.05 mV polydispersity 

index (PDI) (Figure 1A). As shown in figure 1B, the 

crystal structure of the Al2O3-NPs was studied with 

XRD. All nine diffraction peaks' position and relative 

strength corresponded well to the Normal Al2O3-NPs 

XRD sequence, comparable with the spectra previously 

mentioned (Figure 1B) (20, 23). Morphology of Al2O3-

NPs and their size Characterized by using FESEM and 

DLS techniques. FESEM images showed spherically 

distributed Al2O3-NPs with identical particle shape, 

size distribution, and 120 nm mean diameter (Figures 

2A and 2B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. MTT Results 

The results demonstrate that increasing the ZnO-NPs 

 

level to 120 g/mL lowered cell viability to 60.03% 

compared to control cells (Figure 2). The MTT method 

was used to assess the cytotoxic effect of ZnO-NPs on 

BHK-21 cells infected with the MCV (Figure 2). That 

shows the viability of BHK-21 cells exposed to ZnO-

NPs at 20, 40, 60, 80, 100, and 120 g/mL (P=0.0001). 

As the concentration of ZnO-NPs was increased to 120 

g/mL, the cell viability dropped to 48.32% compared to 

control cells. Vertical lines represent three different 

experiments' mean values. Compared to control cells, 

cell viability dropped to 60.03%. 

The curve demonstrates that when the quantity of 

ZnO-NPs was increased to 120 g/mL, the cell viability 

decreased to 60.03% compared to the control cells 

(Figure 1). The vertical lines reflect the mean results of 

three experiments; horizontal lines show the standard 

deviation. 

3.3. Cytopathic Effects (CPE) 

TCID50 assay was used to compare the viability of 

BHK-21 cells and the antiviral effect of ZnO -NPs on 

the MCVinfection titer. When MCV-infected BHK-21 

cells were exposed to 20, 40, 80, and 100 g/mL ZNO-

NPs, the infectious titer of the MCVwere reduced by 

0.3, 1.1, 2.3, and 3.3 log10 TCID50, respectively, 

compared to virus control (Figure 3). 

3.4. Evaluation of Antiviral Activity 

ZnO-NPs have been shown to have cytotoxic effects 

on BHK-21 cells infected with MCV; this research 

indicated that infected MCV BHK-21 cells treated with 

100 g/ml of ZnO-NPs had cytotoxic effects. The 

creation of syncytia and cell rounding are three separate 

cytopathic effects that occur in the organism's body. 

Vero cells infected with M. contagiosum treated with 

ZnO-NPs showed reduced cytotoxic effects. Notably, 

the TiO2-NP at the highest concentration tested (100 

g/ml) was linked with a cytotoxic impact on the BHK-

21 cells in the range of 10% to 15% cytotoxicity. 

Consequently, the morphology of cells in specific 

locations differs from the cell control, which is not 

connected to MCV-induced cytopathic effects, as was 

previously stated (Figure 4). 

 

Figure 1. A) FESEM picture of ZnO-NPs (X10 kx); TEM 

image of ZnO-NPs (X10 kx). B) Particle size and shape 

distribution of ZnO-NPs were determined, and the results 

showed a spherical shape with a mean size (35) nm and a 

uniform shape and size distribution 

 

Figure 2. The MTT test was used to determine the cytotoxic 

impact of ZnO-NPs on the Vero cell line 
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As seen in figure 4, MCV induced diverse cytopathic 

effects, including cell rounding, refringence, and the 

development of syncytia, which were all observed. It 

was possible to minimize the cytotoxic effects of M. 

Contagiosum infection in Vero cells treated with ZnO-

NPs. Notably, the ZnO-NP at the highest concentration 

tested (100 g/ml) was linked with a cytotoxic impact on 

the Vero cells, about 10% higher than the control. As a 

result, the morphology of the cells has been changed in 

specific locations as compared to the control cells, and 

this is not associated with the cytopathic effects of 

MCV. 

3.5. RT PCR 

5-RT-PCR was used to analyze the influence of 

ZnO-NPs on MCV load. The 127-bp fragment 

amplification from a US3 gene MCV region was done 

using SYBR Green Q-PCR to determine the effect of 

ZnO-NPs on MCV load. Following figure 5, the effect 

of ZnO-NPs on MCV load was assessed by real-time 

PCR. MCV-based estimates of the inhibition rates for 

ZnO-NPs at concentrations of 20, 40, 60, 80, and 100 

g/mL revealed that they produced 24.9 %, 35.1 %, 

47.2 %, 59.5 % and 66.6 % inhibition rates, 

respectively when used in conjunction with MCV-

based estimates (Figure 5). 

3.6. IFA Assay 

To investigate the inhibitory effects of ZnO-NPs on the 

expression of antigens MC virus on the surface of BHK-21 

cells, the researchers employed an IFA test, which revealed 

that the compounds were effective. In this investigation, we 

detected the effect of ZnO-NPs on the expression of MCV 

antigens on BHK-21 cells using an immunofluorescence 

assay (IFA). As a consequence of the findings, virus 

control, cell control, and MCV-infected cells were all 

treated with 100 g/mL ZnO-NPs in the presence of the 

virus. This work found that the fluorescence signal intensity 

of MCV-infected cells treated with ZnO-NPs was 

significantly decreased compared with virus control, 

suggesting that TiO2—NPs had a significant antiviral 

impact on MCV antigen expression when compared with 

virus control (Figure 6). Virus antigens were expressed in 

different cell compartments, as shown by the green dots in 

Figure 6C, stained with goat anti-human IgG combined 

with fluorescein Isothiocyanate to visualize viral antigen 

expression in each compartment (FITC). 

 

 

 

 

 

 

 

 

 

Figure 3. The antiviral effect of ZnO-NPs on the MCV 

infectious titer was determined using the TCID50 test and 

compared to that of acyclovir. As MCV-infected cells were 

exposed to 20, 40, 80, and 100 ng/mL ZnO-NPs, the 

infectious titer of MCV decreased by 0.2, 0.9, 1.9, and 2.8 

log10 TCID50, respectively, when compared to viral control 

 

Figure 4. In the presence of ZnO-NPs, the inhibition of MCV-

produced cytopathic effects on Vero cells was observed. (A) 

Cell control, (B) virus control, and (C) MCV-infected cells 

treated with 100 g/ml of ZnO-NPs were shown 

 

Figure 5. The effect of ZnO-NPs on the viral load of the 

MCV virus, as assessed by real-time PCR. ZnO-NPs at doses 

of 20, 40, 60, 80, and 100 g/mL inhibited MCV replication by 

17.8, 27.3, 53.3, 62.5, and 75.9%, respectively, according to 

estimates based on the viral load 



Almansorri et al / Archives of Razi Institute, Vol. 78, No. 1 (2023) 277-285  

 

 

282 

 

 

 

 

 

 

 

 

 

4. Discussion 

In the United States, no FDA-approved antiviral 

medication is available to treat MCV, a widespread 

viral skin infection that affects adults and children 

alike. Because of the difficulty of proliferating this 

poxvirus in cell culture, several efforts to develop 

chemicals that may limit MCV infection have been 

thwarted. Antiviral medications, such as acyclovir, 

have shown antiviral effectiveness in vitro against 

herpes virus and cytomegalovirus. Guan, Nuth (9) on 

the other hand, discovered that acyclovir had no 

inhibitory impact on the mD4 gene of MCV. 

Discovering novel and efficient anti-influenza 

medicines is thus an urgent need. When compared to 

traditional medical procedures, the use of nanoparticles 

offers several benefits. Effectiveness at lower doses, 

Strong antivirals against drug-resistant viruses, and 

Low-cost production are also essential considerations 

in therapy (24, 25). In the present work, we employed 

the MCV virus as a model and evaluated the antiviral 

activities of ZnO-NPs on the MC virus using this 

model. A series of in vitro cell culture studies were 

carried out to accomplish this goal, and the results were 

published in Science. Our findings indicate that ZnO-

NPs have a higher antiviral impact and lower 

cytotoxicity, which is critical in improving antiviral 

activity against the MC virus and decreasing cell 

cytotoxicity in Vero cells, respectively. As a 

consequence of our latest study, we discovered that 

ZnO-NP was related to increased antiviral efficacy 

against HSV-2 virions and decreased cytotoxicity in 

human vaginal epithelium and HeLa cells (24). In 

accordance with these findings, Duggal, Jaishankar 

(26) Performed ZnO-NPs have the ability to inhibit 

herpes simplex virus infection of cultured corneas. 

Design, Synthesis and evaluation of nano-systems for 

biomedical applications It has opened broad horizons 

for researchers to treat various diseases, including 

cancer, microbial diseases, and especially viral diseases 

(27-31). Gilles and Laure mentioned that MCV might 

be treated by ZnO cream containing colloidal oatmeal 

cream extracts (32). The same study reported inhibition 

of the H1N1 virus by ZnO-NPs (33). Other studies 

recorded the effects of ZnO-NPs on herpes simplex 

type-1 viruses and skin viruses that caused warts in 

humans (34, 35). The mechanisms responsible for the 

antibacterial and antiviral effects of ZnO-nanoparticles 

involved the formation of H2O2 from the ZnO-NPs 

surface, representing one of the most effective methods 

for decreasing bacterial growth. The inhibition 

capability of H2O2 occurs because the living cells 

produce catalase, which transfers hydrogen peroxidase 

to oxygen and H2O.  

(O) atoms attract electrons from the wall of viruses or 

bacteria (negative charge), furthermore destruction of 

the structure of the protein and the structure of the lipid 

of the cell surface. The cells become damaged after the 

oxidization process, wholly or partially (36). Ibanez, 

Farias (37) found that ZnO-NP kills some tumour cells, 

enhancing in removing the problem related to 

chemotherapy drugs (because the anticancer drug 

cannot distinguish between normal and tumour cells). 

Finally, the FDA recognizes ZnO as a safe (GRAS) 

material (38) and could be used as a food additive. 

Some foods, such as cereals, nutrition bars, and drinks, 

contain that mineral at small levels to boost nutrition. 

Several reports used ZnO in nutrition products because 

the ZnO-NPs have antibacterial effects against 

pathogens, and also, ZnO-NPs can increase thermal and 

 

Figure 6. The immunofluorescence approach was used to 

examine the effect of ZnO-NPs on the expression of MCV 

antigens in Vero cells. In A), the viral control was used; in B), 

the cell control was used; and in C), MCV-infected cells were 

treated with 100 g/mL Al2O3-NPs. The degree of fluorescence 

signals in HSV-1 infected cells treated with ZnO-NPs was 

shown to significantly diminish virus control, indicating that 

ZnO-NPs may have a potential antiviral impact on the 

expression of MCV. C), the green spots represent viral 

antigens expressed in the various cell compartments, which 

were detected using a fluorescein isothiocyanate and goat 

anti-human IgG staining 
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mechanical resistance. ZnO-NPs are used in many 

applications, such as glass, polypropylene, low-density 

polyethene, chitosan, paper, and polyurethane and have 

shown benefits (38). The results revealed that ZNO-

NPs could inhibit the viral multiplication by blocking 

the attachment and prevention of the bacteria entrance 

of the virus inside the cells and preventing the 

spreading virus among the cells. 

In summary, according to our findings, we show for 

the first time that ZnO NPs are associated with 

significant antiviral potency against MCV. ZnO NPs 

have broad-spectrum anti-MCV activity, providing new 

pharmacological opportunities. The antiviral behaviour 

of ZNO-NPs is thought to be explained by various 

mechanisms, such as the production of ROS by free Zn 

ions from NPs, which may contribute to MCV 

inactivation through viral protein oxidation or viral 

genome destruction.  
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