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Prevention of coronavirus contamination from the environment 
using an air-cleaning closed system drug-transfer device
Maya AMICHAY, Ortal SHIMON, Eitan RAVEH

Abstract
Background: Closed system drug-transfer devices (CSTD) allow the reconstitution of hazardous drugs into infusion bags, while preserving the sterility of 
the product and preventing the escape of liquids and aerosols into the environment. Air-cleaning technology CSTD is based on an activated carbon filter 
and a membrane which enable maintaining the drug sterile by filtration of air entering the vial during pressure equalization. Objective: The study aimed 
to investigate if an air-cleaning CSTD can prevent liquid viral contamination by human coronavirus OC43 (HCoV-OC43). Methods: ChemfortTM CSTD with 
(intact) or without (control) a Toxi-Guard system was used to transfer liquids between an IV bag and an empty vial (a total of 5 liquid transfers) inside 
a sealed glove box contaminated by HCoV-OC43 aerosols. In addition, the vial adaptor was challenged by direct spray of HCoV-OC43 solution on the 
septum and filter areas. HCoV-OC43 RNA was extracted from samples of the transferred liquid and compared between the devices with or without a 
Toxi-Guard system. Results: Use of a CSTD with the Toxi-Guard system resulted in non-detectable cycle threshold (CT) values, indicative of no detectable 
HCoV-OC43RNA in the transferred liquid, even when the septa and filter areas were directly sprayed with HCoV-OC43 stock solution. In contrast, use of 
the CSTD with no Toxi-Guard system resulted in a detectable CT value of the transferred liquid. Conclusions: Using Chemfort CSTD with integral Toxi-Guard 
technology can prevent the introduction of microbial and airborne contaminants into the fluid path, thus potentially protecting patients from infection.
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and the other group of devices uses an air-cleaning 
system, where the exhausted air leaves the device, but 
the drug vapor is caught by a filter.10

ChemfortTM CSTD (Simplivia Healthcare Ltd., Kiryat 
Shmona, Israel;marketed as OnGuard^2 in the USA) is an 
air-cleaning technology CSTD, using a novel system (Toxi-
Guard®) consisting of a hydrophobic filtration membrane 
with 0.2μm pores and an activated carbon filter. Sterility 
of the drug in the vial is maintained by filtration of air 
entering the vial during pressure equalization through a 
hydrophobic acrylic copolymer membrane with a pore 
size of 0.2 micron.10,11 The Chemfort CSTD with the Toxi-
Guard technology is presented in Figure 1.
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INTRODUCTION
Microbiologically contaminated drug products carry a 
clinical risk to patients.1-5 Most pharmaceutical facilities 
have specific procedures in place for controlling 
contamination by bacteria and fungi. Viral infection can 
be highly pathogenic, and often there are no effective 
treatments available. The findings of a recent survey 
demonstrated that 45% of 20 companies that completed 
the virus contamination assay reported experiencing at 
least one virus contamination event between 1985 and 
2018.6 Prevention of contaminations is the only way to 
keep cell cultures for research, development, and the 
biotech industry free of viruses.7

Closed system transfer devices (CSTD) allow the 
reconstitution of liquid or pre-dissolved powder drugs 
into infusion bags, flexible bottles, or syringes, while 
preserving the sterility of the product, preventing both 
the entry of contaminants into the system and the escape 
of the hazardous drug, in whatever form it may exist, into 
the surrounding environment.8,9 Currently, there are two 
main technologies for CSTDs: One is based on a physical 
barrier, where a balloon or a closed chamber holds the air 
that is exhausted from a vial during drug reconstitution, 

Figure 1. Chemfort CSTD with Toxi-Guard System. Vial adaptor, which firmly 
connects to any standard vial (left), equipped with the Toxi-Guard system 
with a 100% activated carbon drug adsorbing matrix (middle) and a 0.2 
micron hydrophobic and oleophobic membrane (right), serving together as an 
effective sterile, particulate, and toxic drug vapor barrier.
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Carbon-based materials are known as the most used 
adsorbents for water and air treatment and are also 
largely used in virus removal. A recent review analyzed 
the interaction between viruses and carbon-based 
systems, among other solutions, regarding efficiency 
of virus adsorption.12 The authors found that activated 
carbon adsorbed virus more efficiently than other 
types of carbon materials. For the specific Toxi-Guard 
activated carbon system used in our study, laboratory 
testing performed by the UK’s Health Protection Agency 
(HPA) using MS-2 coliphage revealed moderate capture 
level (~10%) of the virus tested. Furthermore, the 
carbon layer was also shown to have a unique ability to 
deactivate viruses at a rate of up to 93% without chemical 
intervention.13 These protective effects of the activated 
carbon layer enhance the viral filtration efficiency of the 
0.2μm membrane. Therefore, both protective layers of 
the Toxi-Guard system are active against airborne viruses 
and prevent the risk of virus penetration into the vial. 
In this study, we examined the ability of Chemfort 
CSTD with the Toxi-Guard technology to prevent liquid 
contamination by human coronavirus OC43 (HCoV-
OC43) from the outer environment.

METHODS
We compared the efficacy of preventing liquid 
contamination by an outer environment containing 
aerosols of human coronavirus of Chemfort CSTD 
with a vial adaptor in 2 devices: An intact Toxi-Guard 
vial adaptor versus a non-Toxi-Guard vial adaptor, i.e., a 
vial adaptor lacking the protective plastic covering and 
without the activated carbon filter and the sterilizing 
membrane. Both tested devices are depicted in Figure 2.
The test was performed inside a sealed glove box 
which was placed in a biological safety laminar flow 
cabinet. The glove box environment was aerosolized with 
either sterile growth medium (negative control; NC) or 
with a known titer of HCoV-OC43 stock solution (5x106 

PFU/ml), which was verified twice by a cell plaque assay. 
The aerosol, comprising 1-5-µm aerosol droplets, was 
generated by a nebulizer (Air Pro, Medic Spa, China).
The CSTDs were handled as described in the device’s 
instructions for use (IFU) unless otherwise specified, 
i.e., before connecting the CSTD adaptors to their 
corresponding items, they were disinfected at the septum 
areas of all system adaptors with a 70% isopropanol pad 
(Aplicare Inc., Meriden, CT, USA).Prior to each test, all 
CSTD adaptors were applied to their corresponding items 
inside the laminar hood, i.e., the bag adaptor was applied 
to an intravenous (IV) bag, the vial adaptor was applied to 
a vial and the syringe adaptor to a syringe.
All test articles were inserted into the glove box and the 
following procedure was performed: a sample of 10 ml of 
sterile saline was aspirated from the IV bag using a 10-ml 
syringe equipped with a syringe adaptor and transferred 
into the glass vial equipped with a vial adaptor. The syringe 
adaptor was disconnected from the vial adaptor, and the 
vial was mixed well to mimic proper drug reconstitution. 

 

Figure 2. Tested CSTDs with challenged areas. CSTD were either intact vial 
adaptor (A) or vial adaptor lacking both the sterilizing membrane and activated 
carbon system (B). The challenged areas sprayed directly with HCoV-OC43 
stock solution are indicated by red arrows

 
Figure 3. Using Chemfort CSTD inside glove box. This procedure mimics actual drug reconstitution and preparation done by 
pharmacists for IV administration in clinics and hospitals
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Subsequently, the syringe adaptor was reconnected to the 
vial adaptor and the sample was transferred from the vial 
back into the IV bag, via bag adaptor. The syringe adaptor 
was then disconnected from the bag adaptor, and the IV 
bag was mixed well. Finally, 10 ml from the IV bag were 
aspirated into the syringe, which was then disinfected 
with ethanol before being removed from the glove box. A 
scheme of the trial procedure is depicted in Figure 3.
A total of 13 CSTDs were used in the study as follows. One 
CSTD was used according to the IFU in a glove box that was 
aerosolized by a sterile medium (NC). Twelve other CSTDs 
were used in a contaminated environment containing 
aerosolized HCoV-OC43 under the following conditions: 
(1) Three CSTDs were used with the Toxi-Guard filter 
according to the IFU, i.e., the septum was disinfected 
before every connection. (2) Three CSTDs were used 
with the Toxi-Guard filter but prior to liquid transfers 
were challenged by spraying HCoV-OC43 stock solution 
directly onto the outer surfaces of the septum and in 
the filter area, and then used according to the IFU (i.e., 
the septum was disinfected before every connection). 
(3) Three CSTDs without the Toxi-Guard were challenged 
prior to liquid transfers by spraying HCoV-OC43 stock 
solution, and then used according to the IFU. (4) Three 
CSTDs without the Toxi-Guard were challenged prior to 
liquid transfers by spraying HCoV-OC43 stock solution 
and were then not disinfected at the septum area before 
every connection. 
In addition to sampling the liquid transferred through 
the CSTD, the air inside the glove box was sampled using 
an ACD-200 Bobcat Dry Filter Air Sampler (InnovaPrep, 
Drexel, MO, USA). Air samples were taken  (1) at the 
beginning of the test, after aerosolizing the box with 
sterile medium (NC), (2) before initiating the liquid 
sampling using the CSTDs and after aerosolizing the glove 
box with HCoV-OC43 stock solution, (3) after sampling all 
CSTDs while the box was aerosolized continuously with 
virus stock. Two additional air samplings were carried 
out before (PC II) and after (end-point II) the testing of 
sampling group 4.
Viral RNA extraction
After sampling, viral RNA was extracted from each 
sample using the MagCore viral nucleic acid extraction 
kit (RBC Bioscience, New Taipei City, Taiwan) according 
to the manufacturer’s instructions. RNA extraction was 
performed in triplicate samples from each CSTD sampled. 
Following RNA purification, 30µl from each triplicate of 
each Chemfort sample set were combined into one tube 
to generate a total of 12 RNA samples.
Complementary DNA preparation and quantitative PCR
Complementary DNA (cDNA) was synthesized from 
each pool of extracted RNA sample using the Hy RT 
PCR Kit (Hylabs, Rehovot, Israel). Briefly, 12.4µl from 
each RNA sample were used for both the test samples 

Fluorophore: SYBR green
Temperature Time
95°C 3min
95°C 25sec

X45 cycles57°C 30sec
72°C 20sec
- Plate read following each cycle
- Melt curve (65-95°C) + plate read

and the no reverse transcriptase (-RT) controls. The 
cDNA and -RT samples were each diluted 1:2 and then 
used as templates for quantitative polymerase chain 
reaction (qPCR), in a mix containing specific primers for 
HCoV-OC43 (forward:5’-ATTGTCGATCGGGACCCAAG-
3’;reverse:5’-TGTGCGCGAAGTAGATCTGG-3’)and 
platinum SYBR Green qPCR SuperMix-UDG (Invitrogen, 
Waltham, MA, USA). The specificity of the HCoV-OC43 
qPCR specific primers was demonstrated by using the 
cDNA of influenza A virus H1N1 as a template with the 
HCoV-OC43 specific primers, which resulted in high cycle 
threshold (CT; see explanation below)values or no signal 
at all (38.26, 36.93 and ‘ND’). As positive control, H1N1 
cDNA was targeted by its corresponding specific primers 
(Forward: 5’-CTTCTAACCG AGGTCGAAACGTA-3’; reverse: 
5’-GGTGACAGGATTGGTCTTGTCTTTA-3’), which resulted in 
CTvalues of 24.13, 24.21 and 24.51, respectively.
qPCR was performed using the CFX96 instrument (Bio-
Rad, CA, USA) as follows:

Determination of cycle threshold values using HCoV-
OC43 standard curve
The cycle threshold (CT) is the qPCR cycle during which 
the fluorescence of the amplified target has crossed 
the threshold value, i.e., where the PCR product starts 
to accumulate and becomes detectable in the assay. 
Therefore, the lower the CT value is, the higher the 
target nucleic acid concentration is, and accordingly, 
the higher the CT value is, the lower the target nucleic 
acid concentration is. A HCoV-OC43 stock solution at a 
concentration of 5x106 plaque forming units (PFU)/ml 
was used for generating a standard curve. Six 10-fold 
dilutions were prepared to obtain the different standard 
curve samples, ranging from 5 to 5x105 PFU/ml. RNA was 
extracted from each dilution sample and analyzed by 
qPCR, as described above, for the samples obtained from 
the Chemfort devices. The cycle threshold value for each 
dilution sample was determined and plotted against the 
PFU/ml value. 
The HCoV-OC43 standard curve is presented in Figure 
4. The range for detected extracted viral RNA was 5x105 
to5PFU/ml. NC values of viral RNA were 39 (determined 
as 5 PFU/ml according to the HCoV-OC43 standard 
curve) and were defined as the lower limit of detection/
lower limit of quantification.
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Statistical analysis
CFX Manager 2.1 software package (Bio-Rad, CA, USA) 
was used for data analysis.

RESULTS
Air sampling
When the glove box was aerosolized with sterile medium 
(negative control), no viral RNA was detected in the air. 
However, when the box was aerosolized with the HCoV-
OC43 stock solution (positive control), the air samples 
showed low CT values, indicative of the presence of viral 
RNA corresponding roughly to 35000-130000 PFU/ml. 
The air sampling results for negative and positive control 
for the glove box, before and after the CSTDs were tested, 
are presented in Table 1.

Liquid sample transition
The results of HCoV-OC43 RNA detection in samples 
obtained using Chemfort vial adaptors(with or without 
Toxi-Guard) under various conditions in different sample 
groups are presented in Table 2. When liquid samples 
were transferred using the adaptors containing the 
Toxi-Guard system and septa were disinfected with 
isopropanol according to the IFU, there was no evidence 
of viral RNA traces, even when the vial adaptors were 
directly sprayed with an HCoV-OC43 stock solution (Table 
2, sample groups 1 and 2). In contrast, liquid samples 
that were transferred by the same procedure using vial 
adaptors not containing the Toxi-Guard filter that were 
also challenged by spraying HCoV-OC43 stock solution, 
were found to be positive for viral RNAranging between 
0.9 and 8.6 PFU/ml (Table 2, sample groups 3 and 4). 
Notably, absence of the Toxi-Guard system, resulted in 
detection ofviral RNA in the liquid samples regardless 
of whether the vial adaptor at the septum area was 
disinfected.

DISCUSSION
The benefits of CSTD systems in preventing exposure 
to hazardous drugs, such as antineoplastic agents and 
antibiotics are well established.14-17 With regards to 
preventing contamination of the drug preparation, CSTDs 
have been recently shown to prevent contamination by 
Gram-positive bacteria, Gram-negative bacteria, yeast, 
and mold.18 In addition, it was found that vials punctured 
in ISO5 conditions with a CSTD demonstrated a low 
frequency of microbial contamination.19  However, viruses 
are often more difficult to detect than other microbial 
contaminants.7 As far as we know, our study is the first to 
demonstrate that CSTD with an air-cleaning technology 
can prevent ingress of external coronavirus and airborne 
contaminants into liquids. In this study, CSTDs were used 
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Figure 4. HCoV-OC43 standard curve. A HCoV-OC43 stock titer used for gen-
erating the standard curve samples was: 5x106 plaque forming units (PFU)/
ml. Six 10-fold dilutions were prepared to obtain the different standard curve 
samples. The cycle threshold (CT) value was determined by qPCR as described 
in the Methods section. A negative control containing no virus sample was also 
used. The obtained standard curve equation is y = -3.429x + 38.889. The range 
for detected extracted viral RNA was 5x105 to 5PFU/ml

Table 1. qPCR CT results of air samples filters

Filter sample CT value (PFU/ml)

Replicate

1 2 3

Negative control1 39.96 (0.5) ND ND

Positive control2 21.47 (120000) 21.35 (130000) 21.41 (120000)

Endpoint3 23.29 (35000) 23.25 (36000) 23.28 (36000)

Positive control II 22.89 (46000) 22.72 (52000) 22.70 (53000)

Endpoint II 22.64 (55000) 22.62 (55000) 22.60 (56000)
1Negative control: filter of air sampled from box aerosolized with sterile medium
2Positive control: filter of air sampled from box aerosolized with HCoV-OC43 stock solution
3Endpoint: filter of air sampled from box aerosolized with HCoV-OC43 stock after the test of 
CSTDs was complete
CT=cycle threshold, ND=not detected, PFU=plaque forming units
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to transfer liquid between an IV bag and an empty vial 
and back to the bag, which mimics drug reconstitution 
and preparation for IV administration in clinics and 
hospitals, as routinely performed by pharmacists (Figure 
3). Therefore, the results of this study, demonstrating that 
CSTDs with air-cleaning technology can prevent internal 
viral contamination, are highly important for clinical 
facilities, where patients can be exposed to different 
hazardous threats.
The results of our study demonstrate the efficacy of 
Chemfort CSTD in preventing viral penetration, as shown 
by air sample results (Table 1). The generation of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
bioaerosols plays an important role in the COVID-19 
pandemic. Genetic materials of coronaviruses have been 
detected in air in several studies.20-26  SARS-CoV-2 was 
shown to retain infectivity and virion integrity for up to 16 
hours in respirable-sized aerosols.27 According to Lee, the 
minimum size of a respiratory particle that can contain 
SARS-CoV-2 is approximately 4.7μm.28 The minimum size 
of the particles can decrease due to the evaporation of 
water on the particle surfaces. Moreover, high viral loads 
can decrease the minimum size of respiratory particles 
containing SARS-CoV-2, thereby increasing the probability 
of aerosol generation of the viruses. The particle size of 
the coronavirus used in this study, HCoV-OC43, is 0.8-
0.12 µm smaller than the particle size of SARS-CoV-2.29,30 

In our study, we investigated the Chemfort CSTD, 
which is based on air-cleaning technology (Chemfort/
OnGuard^2). As mentioned, there are also devices are 
based on a physical barrier technology, where a balloon 
or a closed chamber are used to hold the air during 
drug reconstitution. It may be that our results may not 
be relevant for physical-barrier CSTDs, which may act 
differently when exposed to viral contamination during 
drug reconstitution and preparation. 

CONCLUSIONS
In conclusion, Chemfort CSTD with the integral Toxi-
Guard system was found effective in preventing viral 
contamination of liquids transferred by the device. During 
the COVID-19 epidemic, use of a CSTD with an activated 
carbon system can be of importance to protect already 
vulnerable patients from further complications due to 
viral infection.
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Table 2. Detection of HCoV-OC43RNA in samples obtained using  Chemfort vial adaptors (with or without Toxi- Guard) under various conditions

Group1 Sample description Biological repeat CT value (PFU/ml)

Replicate number

1 2 3

Negative 

control1

Disinfected2 Toxi-Guard vial adaptor 
(negative control)

1 ND ND ND

1
Disinfected2 Toxi-Guard

 vial adaptor

1 ND ND ND

2 ND ND ND

3 ND ND ND

2
Challenged3 and disinfected Toxi-Guard 

vial adaptor

1 ND ND ND

2 ND ND ND

3 ND ND ND

3
Challenged and disinfected2 vial 

adaptor
 Toxi-Guard-less4

1 ND 38.86 (1.0) ND

2 35.90 (7.5) 35.68 (8.6) 35.80 (8.0)

3 ND ND 38.19 (1.6)

4
Challenged vial adaptor 

Toxi-Guard-less4

I ND ND 38.10 (1.7)

2 ND ND ND

3 39.03 (0.9) 36.12 (6.4) 37.16 (3.2)
1Groups 1-4 were used in an HCoV-OC43 aerosolized box, while the Negative Control group was used in a sterile medium aerosolized box.
2“Disinfected”: the septa areas only were disinfected with isopropanol pads before every connection of Chemfort device according to the product’s instructions 
for use. 
3“Challenged”: the septa and filter areas were directly sprayed with 1.5 ml of HCoV-OC43 stock solution. 
4“Toxi-Guard-less”: vial adaptor lacking the protective plastic cover as well as the sterilizing membrane and the activated carbonfilter (i.e., the Toxi-Guard)
CT=cycle threshold, ND=not detected, PFU=plaque forming units
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