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Using Phage T4 as a Model in Assessing Face Masks in 
Preventing SARS-CoV-2 Transmission
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Abstract 
The Center for Disease Control and Prevention and World Health Organization both recommend the use of face masks as one of the methods to 
reduce the transmission of severe acute respiratory syndrome virus 2 (SARS-CoV-2), the causative agent of COVID-19 (corona virus disease 2019). 
Here, we tested various masks for their ability to prevent transmission of droplets/aerosols after challenge from a spray bottle. We used phage T4 
as a model for SARS-CoV-2 transmission. We found that two- and three-layered masks provided a 99.9% reduction in transmission of phage T4. The 
popular single-layered neck gaiter was not as effective as it provided a 93.9% reduction in transmission under these conditions, a 6% decrease in 
protection compared to two- and three-layered masks. This data will provide the public with information on selecting the best available masks for 
protection against transmission of droplets/aerosols in the COVID-19 (corona virus disease 2019) pandemic.
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Introduction
COVID-19 (corona virus disease 2019) is a contagious disease 

caused by severe acute respiratory syndrome virus 2 (SARS-CoV-2) 
first identified in Wuhan, China in December 2019 [1]. SARS-CoV-2 
is transmitted primarily by exposure to infectious respiratory 
droplets. Transmission of the virus can occur through inhalation 
of respiratory droplets/aerosols or by contamination of mucous 
membranes with virus containing fluids [2]. Since the original out-
break, the disease has spread and is now a global pandemic with 
over 596 million cases resulting in over 6.4 million deaths [3]. 
There have been over 93.6 million cases of COVID-19 in the US with 
over 1 million deaths [3]. To control the spread of COVID-19 by in-
fectious droplets, the Centers for Disease Control and Prevention 
(CDC) recommends the use of face masks, among other preventa-
tive measures [4]. There are many different masks with different 
fabric components available on the market that reduce the expo 

 
sure to aerosols at different levels. The aerosol filtration efficiency 
is influenced by the type of fabric used in cloth masks [5]. There is 
also information on specialty masks (N95) and their effectiveness 
against the spread of COVID-19 [6].

In this experiment we tested the efficacy of commonly available 
masks in preventing transmission of droplets/aerosols. We specifi-
cally wanted to look at some common cloth masks available online 
to determine how effective they are in preventing the transmission 
of viruses. We used phage T4 as a model for SARS-CoV- 2 transmis-
sion due to size similarity. Phage T4 is approximately 200nm [7], 
which is close to the average size of 150nm for the SARS-CoV-2 vi-
rus [8]. Moreover, phage T4 is not a human pathogen and thus did 
not require additional laboratory safety requirements that are nec-
essary when working with human pathogens.
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Materials and Method

Bacterial strain and phage
For the phage assay we used a laboratory strain of Escherichia 

coli K12. Overnight cultures of E. coli were grown at 37 ᵒC in Todd-

Hewitt broth (THB, BBL Cockeysville, MD). Coliphage T4 (T4r+, Lot 
No. A4-327), was purchased from Carolina Biological Supply (Burl-
ington, NC). The sterile peptone broth suspension that was used to 
simulate the droplets/aerosols had an initial titer of 5.3X109 PFU/
ml (Plaque Forming Units/milliliter) as indicated by the supplier.

Phage Assay

Figure 1: Illustration of phage challenge and plaque assay.

Figure 2: Average transmission of phage T4 through facemasks (PFU/ml). Error bars represent the standard deviations calculated for the three 
trials performed on each facemask and the control.
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A plaque assay (Figure 1) for phage virus titer was performed 
to quantify the number of phage in the 3ml THB sample (in the 60 x 
16 mm petri dish) following the challenge from the spray bottle. For 
each trial, serial ten-fold dilutions were performed on the 3ml sam-
ples. After performing the dilutions, 100ml was taken from each di-
lution and added to 5ml soft top agar (Tryptic Soy Broth with 0.7% 
agar Beckton Dickson Co., Sparks, MD) that was inoculated with 2 
drops from an overnight culture of E. coli. The contents were gently 
mixed and poured onto Tryptic Soy Agar (TSA) plates. The plates 
were allowed to solidify and were incubated at 37 ᵒC for 24 hours 
before counting plaque forming units (PFU) formed in the bacterial 
lawn.

Mask challenge
Table 1 lists the masks that were evaluated for their ability 

to block phage containing droplets/aerosols generated by a 33ml 
spray bottle (Insta Clears, Clarity Brand Products, Cleveland OH). 
Figure 1 represents the mask challenge setup. Each mask was 
placed over a 60 x 16mm plastic petri dish containing 3ml sterile 
THB. Phage were sprayed onto the mask side that is normally in 
contact with the mouth. The spray bottle was placed 5cm away from 
the mask. Two full squirts were used for each challenge. The control 
sample was challenged in the same way but without the mask over 
the petri dish. After the mask challenge, the THB content in the 60 
x 16mm petri dish was used for the phage assay as described. Each 
mask challenge and control were performed three different times.

Mask efficiency
We used phage T4 as a model for SARS-CoV-2 transmission 

through different face masks. To quantify the efficiency of masks on 
the transmission of phage we used the following formula:

Results

Mask efficiency
Several masks with different designs and compositions were 

analyzed for their ability to prevent the spread of phage T4. In this 
experiment, phage T4 was used as model for SARS-CoV-2 transmis-
sion. The data are presented in Table 2. Based on three different 
trials the spray bottle was delivering on average 2.8 x 108 PFU/ml 
as determined from the control trials. That was approximately a 
10- fold decrease from the concentration as reported by the man-
ufacturer. Moreover, the concentration of aerosolized phage was 
very consistent between trials indicating a consistent dispensing 
method. All the masks, except the neck gaiter were able to reduce 
the transmission of phage T4 by 99.99% under these conditions. 
Interestingly, both Whitestone mask and Whitestone modified with 
paper insert had the same reduction (99.9%) in transmission un-
der these conditions. The neck gaiter was the least effective as it re-
duced phage transmission by 93.93%. This represents an increase 
in transmission by 6% as compared to the other masks tested.

Table 1: Masks used in the experiment.

Mask Number of layers Material and Description

INTCO 3 Disposable 3-ply non-woven, pliable nose wire, 175mmX95mm (INTCO, Ontario, CA)

Whitestone 2 Reusable with 100% cotton, 125mm X 55mm, 95% polyester, 5% spandex (Whitestone Branding, 
LLC)

Whitestone (modified) 3 Single-fold paper towel (Tork Co. Philadelphia, PA) inserted between layers.

Enerplex 3 Reusable with 100% polyester shell layer; 65% polyester 35% cotton middle layer; 65% polyester 
355 cotton inner layer containing Agion antimicrobial agent (Enerplex, from Amazon)

Neck gaiter 1 Reusable mask 90%polyester 10% spandex (ProSpheres from Amazon)

Table 2: Phage assay results after mask challenges.

Sample Trial 1 Trial 2 Trial 3 Average % Reduction

Control (without mask) 5.0 x 108 1.3 x 108 2.1 x 108 2.8 x 108 N.A.1

INTCO 3.0 x 101 1.0 x 101 8.0 x 101 4.0 x 101 99.9

Whitestone 4.6 x 102 1.0 x 101 8.0 x 101 1.8 x 102 99.9

Whitestone (modified) 5.3 x 102 1.0 x 101 4.0 x 101 1.9 x 102 99.9

Enerplex 1.0 x 102 4.0 x 101 0 4.7 x 101 99.9

Neck gaiter 2.6 x 106 1.0 x 107 3.8 x 107 1.7 x 107 93.9
1N. A. = Not Applicable.

Discussion
In this experiment we used phage T4 as a model for SARS-CoV-2 

transmission. We demonstrated that wearing masks provides some 
degree of protection against the transmission of phage. The best 
protection results from the use of multi-layered masks that were 

able to reduce transmission of phage T4 by 99.9%. Interestingly, 
placing a paper towel between two layers did not affect the final 
transmission of the phage under these conditions. It may be that this 
single-fold paper towel does little to prevent transmission, or the 
size of the paper towel did not cover the whole spray area. Repeat-
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ing the experiment using only the single- fold paper towel would 
provide data on the efficacy of the single-fold paper towel alone. 
The use of single- layer protection, such as the neck gaiter, result-
ed in reduction of phage transmission by 93.9%. This represents a 
6% increase over the transmission observed for multi-layer masks. 
The data demonstrate that face masks are an effective method in re-
ducing the transmission of phage T4. Moreover, to achieve maximal 
protection, masks with multiple layers are more effective than ones 
with a single layer.

Conclusion
The experimental results demonstrate that facemasks and neck 

gaitors are effective at limiting the aerosol transmission of viruses. 
All facemasks tested provided a 99% reduction in phage transmis-
sion under the test conditions while the neck gaitor only achieved 
a 96% reduction in phage transmission. While mask mandates are 
not in place in most locations in the US, situational use of facemasks 
in crowded situations can help to limit the spread of viruses, such 
as SARS-CoV-2, and contribute to enhanced public health.
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