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Virucidal efficacy of laundry 
sanitizers against SARS‑CoV‑2 
and other coronaviruses 
and influenza viruses
M. Khalid Ijaz1*, Raymond W. Nims2, Julie McKinney1 & Charles P. Gerba3

The clothes laundering process affords numerous opportunities for dissemination of infectious virus 
from contaminated clothing to appliance surfaces and other household surfaces and eventually to 
launderer’s hands. We have explored the efficacy of laundry sanitizers for inactivating coronaviruses 
and influenza viruses. Virucidal efficacy was tested using standardized suspension inactivation 
methods (EN 14476) or hard‑surface inactivation methods (ASTM E1053‑20) against SARS‑CoV‑2, 
human coronavirus 229E (HCoV 229E), influenza A virus (2009‑H1N1 A/Mexico), or influenza B virus 
(B/Hong Kong). Efficacy was measured in terms of  log10 reduction in infectious virus titer, after 
15 min contact time (suspension studies) or 5 min contact time (hard surface studies) at 20 ± 1 °C. In 
liquid suspension studies, laundry sanitizers containing p‑chloro‑m‑xylenol (PCMX) or quaternary 
ammonium compounds (QAC) caused complete inactivation (≥ 4  log10) of HCoV 229E and SARS‑CoV‑2 
within 15 min contact time at 20 ± 1 °C. In hard surface studies, complete inactivation (≥ 4  log10) of each 
coronavirus or influenza virus, including SARS‑CoV‑2, was observed following a 5‑min contact time at 
20 ± 1 °C. Respiratory viruses may remain infectious on clothing/fabrics and environmental surfaces 
for hours to days. The use of a laundry sanitizer containing microbicidal actives may afford mitigation 
of the risk of contamination of surfaces during handling of the laundry and washing appliances (i.e., 
washer/dryer or basin), adjacent surfaces, the waste water stream, and the hands of individuals 
handling clothes contaminated with SARS‑CoV‑2, influenza viruses, or other emerging enveloped 
viruses.

Laundry sanitizers have been introduced to commerce to enhance the bactericidal and virucidal efficacy of the 
clothes-washing process. It could be argued that laundry detergent, in association with elevated water tempera-
tures, has sufficient microbicidal efficacy that an additional agent (i.e., the sanitizer) is not required. There are 
several factors to consider, however, when addressing this issue. The clothes-washing process is complex, and 
consists of multiple steps capable of reducing pathogen  load1,2. These steps include: (1) removal, through the 
action of the detergent and the water rinse; (2) inactivation by the detergent; and (3) possible thermal inactiva-
tion by the water used for soaking and rinsing. From a virucidal point of view, it may be assumed that detergent 
inactivation should apply primarily to lipid-enveloped  viruses3,4, while removal should apply to all viruses (i.e., 
both lipid-enveloped and well as non-enveloped). Extent of thermal inactivation will be dependent upon the 
temperature of the water used for the wash and rinse portions of the washing cycle, and upon the target virus. 
Usually, 40 °C or higher is recommended for eliminating bacterial and viral  pathogens2. In the case of cold (20 to 
23 °C)5 and warm water (≤ 40 °C)2 cycles, minimal inactivation attributable solely to heating (i.e., thermal inac-
tivation alone, in the absence of detergent) of SARS-CoV-2 would be expected over the time course of a washing 
 cycle3,6,7. Removal of non-inactivated virus simply transfers infectious virus from one location to another, possibly 
contaminating other surfaces and the waste-water  stream5. The wastewater (gray water) stream may be reused 
in some households for landscape irrigation, flushing toilets or other  purposes8. Another consideration is that 
some types of clothing can only be hand-washed and, in some regions of the world, hand-washing of clothing 
is the only option  available9. Even in North America ~ 6% of laundry is still hand  washed9. To reduce the risks 
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from pathogens and for a higher level of assurance of interrupting the spread of highly pathogenic viruses via 
contaminating clothing and environmental surfaces associated with the clothes laundering process, the use of 
EPA-registered laundry sanitizers, surface hygiene agents, and hand hygiene agents may be  warranted10,11. This 
is especially true during a viral outbreak such as the severe acute respiratory syndrome virus-2 (SARS-CoV-2) 
pandemic now being experienced and the emergence of mutational variants with increased morbidity or trans-
missibility (e.g., the Delta and Omicron variants).

A few marketed laundry sanitizing agents have been characterized as antibacterial. We were unable to iden-
tify reports of the ability of such products to inactivate viruses in general, or SARS-CoV-2, in particular. In the 
present study, we have examined the virucidal efficacy of a selection of formulated microbicidal active-contain-
ing laundry sanitizers against four enveloped viruses: coronaviruses, including the alphacoronavirus human 
coronavirus 229E (HCoV 229E) and the betacoronavirus SARS-CoV-2), and the orthomyxoviruses influenza 
A and B. The suspension testing methodology described in international standard EN 14,476:2013 + A2:201912 
and the hard surface testing methodology described in ASTM International E-1053-20 13 were employed. As 
mentioned above, there are multiple opportunities for dissemination of virus during the laundering process, 
and not all of these are addressed by the actual efficacy for viral removal and inactivation by the detergent and 
water-based washing and rinsing process. Other risks may best be mitigated through use of additional hygiene 
agents, including possibly laundry sanitizers, surface hygiene agents, and hand hygiene  agents10,11. The rationale 
for conducting both suspension and hard surface testing was that laundry sanitizers are intended not only to 
sanitize the washed clothes but also the surfaces of the washing machines exposed to potentially contaminated 
clothes/wash/rinse solutions (Fig. 1).

Methods
Challenge viruses, host cell lines, and reagents. Virucidal efficacy testing against alpha- and beta-
coronaviruses and influenza viruses A and B was performed for commercially available laundry sanitizer prod-
ucts per standardized hard surface and suspension methods. Details on the challenge viruses and the host cell 
lines used for propagation of viral stocks and for in vitro cell-based infectivity assays are shown in Table 1. This 

Figure 1.  Schematic view of the machine clothes laundering process, indicating possible risk points for 
enveloped virus accumulation and cross-contamination. These cross-contaminations can potentially be 
mitigated by application of additional targeted hand/surface hygiene  agents26,33.
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table also indicates the culture media used for propagating the cells and the contract testing organizations that 
performed the virucidal efficacy testing.

Standardized suspension efficacy testing methodology. Virucidal efficacy evaluations of laundry 
sanitizers against coronaviruses suspended in liquid matrices were conducted per EN 14476:2013 + A2:201912. 
The challenge matrix in each case was cell culture medium containing an organic load. The microbicidal active 
ingredient concentrations in the products as tested, contact times, exposure temperatures, and the organic loads 
evaluated, are each indicated in Table  2. A brief description of the methodology follows: One-mL soil load 
at 10 × concentration was mixed with an equal volume of virus. Eight mL of formulated microbicidal active-
containing laundry sanitizer, at concentration sufficient to achieve the final concentration listed in Table 2, were 
added. The resulting solutions were subjected to vortex mixing. The test solutions were held for the indicated 
contact times at 20 ± 1 °C. Following the exposure periods, the test solutions were immediately neutralized by 
adding ice-cold neutralizing agent, defined in Table 2, to stop the virucidal reactions. In certain cases, as indi-
cated in Table 2, the neutralized samples were passed through a Sephadex LH-20 gel filtration column to reduce 
cytotoxicity to the detector cells used in assessing any residual infectious virus. Neutralized test solutions were 
serially ten-fold diluted in a dilution medium (culture medium; defined in Table 1) and inoculated onto host 
cells to assay for infectious virus titer using a 50% tissue culture infectious dose  (TCID50) assay.

Standardized hard surface efficacy testing methodology. Virucidal efficacy evaluations of laundry 
sanitizers against viruses experimentally deposited on a prototypic non-porous surface (glass) were conducted 
per ASTM E1053-2013. The microbicidal active ingredient concentrations, contact times, exposure temperatures, 
and the organic loads evaluated are indicated in Table 3. A brief description of the methodology follows: An 
aliquot of 0.4 mL of virus plus soil load was added onto a pre-sterilized 10-cm2 glass Petri dish and spread over 
the surface of the carrier. The virus was allowed to dry at ambient temperature. The laundry sanitizer under 
evaluation (2.0 mL) was added onto the dried viral film to completely cover the virus film. The carriers were 
then held for the indicated contact times at 20 ± 1 °C. Neutralizing agent (2.0 mL) was then added, and the viral 
inoculum/sanitizer/neutralizer mixture was scraped off the dish using a cell scraper. The neutralized test solu-

Table 1.  Viruses and detector cell lines used. ATCC  American Type Culture Collection, CDC U.S. Centers 
for Disease Control and Prevention, FBS fetal bovine serum, HCoV 229E human coronavirus 229E, MEM 
minimal essential medium, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, TPCK N-tosyl-L-
phenylalanine chloromethyl ketone. a Testing performed at Accuratus Lab Services, Eagan, MN, USA. b Testing 
performed at Microbac Laboratories, Inc., Sterling, VA, USA.

Species Genus Strain Source Cell line Source Description Culture medium

2009-H1N1 Influenza 
A  virusa A A/Mexico/4108/2009 CDC #2,009,712,192 MDCK ATCC CCL-34 Canine kidney DMEM + 2 μg/mL 

TPCK-trypsin

Influenza B  virusa B B/Hong Kong/5/72 ATCC VR-823 MDCK ATCC CCL-34 Canine kidney DMEM + 2 μg/mL 
TPCK-trypsin

Human  coronavirusa Alphacoronavirus HCoV 229E ATCC VR-740 WI-38 ATCC CCL-75 Human lung MEM + 2% FBS

Human  coronavirusb\ Alphacoronavirus HCoV 229E ATCC VR-740 MRC-5 ATCC CCL-171 Human lung MEM + 2% FBS

SARS-CoV-2a,b Betacoronavirus Isolate USA-WA1/2020 CDC, through BRI 
Resources Vero E6 ATCC CRL-1586 African green monkey 

kidney MEM + 2% FBS

Table 2.  Virucidal efficacy of laundry sanitizers tested per EN 14,476:2013 + A2:2019 on SARS-CoV-2 and 
HCoV 229E in suspension studies in the presence of an organic load. HCoV 229E human coronavirus 229E, 
PCMX p-chloro-m-xylenol, QAC quaternary ammonium compound, SARS-CoV-2 severe acute respiratory 
syndrome coronavirus 2, w/v weight to volume, w/w weight to weight. a In all cases, a single replicate 
measurement was used to generate the data point. b Neutralizer used: minimal essential medium + 10% fetal 
bovine serum; organic load: 0.3% bovine serum albumin + 0.3% erythrocyte solution. c Cytotoxicity was 
reduced by passage of the virus/test substance through a Sephadex LH-20 gel filtration column; organic load: 
0.3% bovine serum albumin. d QAC included benzalkonium chloride and dialkyldimethylammonium chloride.

Active ingredient and tested concentration Temperature Contact time (minutes)

Log10 reduction in infectious titer 
 achieveda

Alpha-coronavirus Beta-coronavirus

HCoV 229E SARS-CoV-2

PCMX (0.033% in 100 ppm AOAC hard water), 
1:50 dilution of the product in hard water 20 ± 1 °C 15  ≥ 5.2b  ≥ 5.2b

QACd (0.055% in hard water), 1:42 dilution of the 
product 20 ± 1 °C 15 Not tested  ≥ 5.0c

QACd (0.057% in hard water), 1:42 dilution of the 
product 20 ± 1 °C 15 Not tested  ≥ 4.2b
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tions were passed through a gel filtration column to reduce cytotoxicity to the host cells. The neutralized samples 
were serially ten-fold diluted in a dilution medium defined in Table 3 and inoculated onto detector cells to assay 
for infectious virus using the  TCID50 assay.

Calculation of  log10 reduction in titer, survival half‑lives, and time required to reach fabric virus 
burdens below the estimated human infectious  dose50  (ID50). Virucidal efficacy data obtained 
from suspension inactivation and non-porous surface (glass) inactivation studies have been presented in terms 
of  log10 reduction in titer of the virus, with titers being calculated using a 96-well plate cell infectivity assay. 
Scoring for viral titer was based on viral cytopathic effect (CPE) in the host cell monolayers. The results have 
been expressed in units of  log10 tissue culture infectious  dose50 per mL  (TCID50/mL), calculated per Reed and 
 Meunch14.  Log10 reduction in titer values have been obtained by subtracting the post-treatment titers from the 
corresponding positive control titers. Limits of detection for the detection assays applied in some cases, due to 
residual cytotoxic effects of the formulated microbicidal active-containing laundry sanitizers following neutrali-
zation. Such limits of detection have been accounted for in determination of  log10 reduction values.

Survival half-life (t½) values of viruses on experimentally contaminated fabric articles were reported or 
have been calculated from the reported data for SARS-CoV-26,15–19 or influenza virus  H1N120,21. Biphasic linear 
regression plots  (log10 titer vs. time) of the survival data were used to calculate the terminal survival half-lives 
(t½), as t½ = 0.301/-m, where m = the slope of the terminal phase of the plots. The times required to reduce virus 
burden to levels below an estimated human infectious  dose50  (ID50, that is, the dose causing infections in 50% 
of those exposed) were calculated, assuming an initial viral burden of 1 ×  106 plaque-forming units (PFU). The 
times required to reduce the initial viral loads in the fabric by 1  log10 (D) were calculated by multiplying the ter-
minal t½ values × 3.33 (one t½ = 0.301  log10 reduction in titer). The use of terminal half-life in such calculations 
in acknowledged to overestimate, to some extent, the times required for decay of the virus to levels lower than 
the  ID50. These calculations, therefore, represent a more conservative approach than, for instance, calculations 
based on use of the initial t½ value or a calculated monophasic t½ value.

A human dose–response curve for SARS-CoV-2 has not yet been empirically determined, so an exact value 
for the human  ID50 has not been reported. An  ID50 of ~ 250 PFU was estimated, on the basis of mouse infectious 
 dose50 values obtained for the betacoronaviruses mouse hepatitis virus (MHV-1)22 and SARS-CoV23. The time 
required to bring the fabric virus burden to 100 PFU (i.e., below the estimated  ID50) was calculated as 4  log10 
reduction × the time (D) required to achieve 1  log10 reduction in titer. This calculation was performed, as an 
illustrative example, to put the survival t½ data into perspective. It is acknowledged that the assumptions made 
were not based on empirical data in humans.

The human  ID50 for influenza virus has been estimated, based on human volunteer studies, to be in the range 
of 0.6 to 3.0  TCID50, when administered in aerosols, and orders of magnitude higher when applied to the nasal 
 mucosa24.

Results
Suspension virucidal efficacy testing. The results of testing of the virucidal efficacy of laundry sanitizers 
for viruses in suspension per EN 14476:2013 + A2:201912 are displayed in Table 2. After a contact time of 15 min 
at a temperature of 20 ± 1 °C, the p-chloro-m-xylenol (PCMX)-based laundry sanitizer, at a final active concen-
tration of 0.033% in hard water, resulted in > 5  log10 inactivation of both HCoV 229E and SARS-CoV-2. Under 
the same conditions, two quaternary ammonium compound (QAC)-based laundry sanitizers, tested at a final 
concentration of ~ 0.06% in hard water, resulted in ≥ 5 and > 4  log10 inactivation of SARS-CoV-2.

Hard surface virucidal efficacy testing. The results of testing, per ASTM E1053-2013, of the virucidal 
efficacy of a QAC-based laundry sanitizer for coronaviruses and influenza viruses experimentally dried on a 
glass surface in the presence of a 5% fetal bovine sera (FBS) organic load are shown in Table 3. The results indi-
cate complete inactivation (i.e., to the limit of detection of the assay) of each coronavirus and influenza virus 
following a 5-min contact time at 20 ± 1  °C. No lot-to-lot variability in virucidal efficacy was noted in these 
studies, which evaluated 2 to 3 independent product lots side-by-side under the same experimental conditions.

Table 3.  Virucidal efficacy of a laundry sanitizer tested per ASTM E1053-20 against coronaviruses and 
influenza viruses dried on a glass surface in the presence of a 5% fetal bovine serum organic load. AOAC 
Association of Official Analytical Chemists, HCoV 229E human coronavirus 229E, QAC quaternary 
ammonium compound, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, RH relative humidity. 
a Where multiple values are displayed, this reflects the testing of multiple independent lots of the test sanitizer. 
In all cases, a single replicate measurement was used to generate the data point. b Cytotoxicity was reduced by 
passage of the virus/test substance through a Sephadex LH-20 gel filtration column. c Neutralizer used: minimal 
essential medium + 10% fetal bovine serum + 0.5% polysorbate 80 + 0.5% lecithin. d  BTC 8358 + Bardac 2080.

Active ingredient and tested 
concentration Temperature (% RH) Contact time (minutes)

Log10 reduction in infectious titer  achieveda

2009-H1N1 Influenza A 
virus Influenza B virus

Alpha-coronavirus Beta-coronavirus

HCoV 229E SARS-CoV-2

QACd (0.08%) 1:28 of product 
in 400 ppm AOAC hard water 20 ± 1 °C (25–40%) 5  ≥ 5.0, ≥ 5.0b  ≥ 3.0, ≥ 3.0b  ≥ 4.5, ≥ 4.5b  ≥ 3.0, ≥ 3.0, ≥ 3.0c
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Literature data on survival (persistence) of viruses on fabrics. Several studies of the survival 
(persistence of infectivity) of SARS-CoV-2 experimentally dried onto fabrics have been reported in the recent 
 literature6,15–19,25. The data sets have been generated by determining infectious SARS-CoV-2 extracted from the 
fabric after various time periods following experimental contamination. The survival t½ values (times required 
to reduce the virus titer by one-half) were reported in the cited literature or were, in some  cases16,17,19 calculated 
from reported raw data to reflect biphasic or monophasic decay values, as appropriate to the reported data sets. 
In some cases (e.g., the data of Virtanen et al.25), survival t½ values were not reported or able to be calculated 
from the reported data. Studies of the survival (persistence of infectivity) of influenza virus experimentally dried 
onto fabrics also have been  reported20,21.

The viral persistence data are displayed in Table 4. We attempted to put the survival data into perspective by 
estimating the duration of time needed for the infectivity of the viruses to decay to levels lower than an estimated 
human  ID50. Once fabrics are contaminated with SARS-CoV-2 or influenza viruses, these data suggest infectious 
virus may persist on the fabrics for minutes to days. While not displayed in Table 4, data on the persistence of 
SARS-CoV-2 and influenza H1N1 on non-porous or porous surfaces have been reviewed  recently26,27.

Discussion
The virucidal action of the clothes laundering process including drying in the electric dryer involves a combi-
nation of mechanical removal, microbicidal inactivation (detergent), and possible thermal inactivation. These 
occur even in the absence of added laundry-sanitizing agents. We are not suggesting or recommending, in the 
present article, that laundry sanitizers are required for sanitization of clothing contaminated by an enveloped 
virus. Laundry sanitizers may, however, be used during the pre-soak cycle to sanitize both the clothing articles 
being laundered, as well as the clothing-contact surfaces of the washing machine using targeted surface/hand 
hygiene agents (Fig. 1). There are other high-touch environmental surfaces (HITES) in the clothes-laundering 
area that are vulnerable to viral cross-contamination via the intermediacy of the launderer’s hands. These include 
appliance-operating knobs, clothes-folding surfaces, and even the operating controls and surfaces of drying 
appliances. The potential of virus dissemination to these primary and secondary surfaces (Fig. 1) may be miti-
gated, to some extent, by use of a laundry sanitizer capable of inactivating virus in wash solutions and dried on 
clothing-contact surfaces of the washing machine. However, a more holistic  approach10,11 to interruption of viral 
dissemination during clothes laundering takes into account additional targeted interventions, such as surface 
and hand hygiene agents. Laundry sanitizers in combination with higher temperature may also be useful for 
enhancing the efficacy of the laundry process for inactivating non-enveloped  viruses10,11, although that possibility 
has not been addressed in the current studies.

In the studies described here, we have employed both suspension and hard surface inactivation methodolo-
gies. The suspension method (BS EN 14476)12 was used to model the inactivation of virus in the wash and rinse 
solutions generated during clothes washing. Organic loads were employed in the testing to challenge the viral 
inactivation, although, in practice, any organic load associated with the virus would be expected to be greatly 
removed or diluted during the soaking, washing, and rinsing process. The hard surface method (ASTM 1053-
20)13 involved drying of virus onto glass carriers to model inactivation of viruses dried on a hard, non-porous, 
surface, such as the metal tumbler of a washing machine, and transferred to and dried upon appliance door 
handles and operating knobs (Fig. 1). An organic load (5% FBS) was used to simulate the challenge associated 
with inactivating a virus dried in a soil matrix.

Table 4.  Literature values for terminal survival half-life (t½) of SARS-CoV-2 and influenza virus H1N1 on 
clothing/fabrics. ID50 infectious  dose50, RH relative humidity, t½ half-life; tripartite soil 0.25% bovine serum 
albumin, 0.35% tryptone, and 0.08% bovine  mucin29. a Calculated assuming an initial deposited virus burden 
of 1.0 ×  106 plaque-forming units (PFU) and an estimated human  ID50 of 250 PFU (SARS-CoV-2); or an initial 
deposited virus burden of 1.0 ×  106 tissue culture infectious  dose50  (TCID50) and an estimated human  ID50 of 
0.6  TCID50 (influenza virus).

Prototypic fabric Organic load Temperature (RH) Survival t½
Time needed for 1  log10 reduction in 
titer

Time needed to decrease viral burden 
below  ID50

a Reference

SARS-CoV-2

Cloth None added 22 °C (65%) 27 min 1.5 h 5.9 h 6

Scrub (cotton/polyester) None added 22 °C (40–50%) 1.0 h 3.3 h 13 h 15

Cotton cloths None added 25–27 °C (35%) 23 h 77 h 306 h 16

Cotton Tripartite soil 20 °C (35–40%) 1.7 h 5.7 h 23 h 17

Cotton Tripartite soil 20 ± 1 °C (50%) 40 h 134 h 537 h 18

Cotton T-shirt None added 21.5 ± 1 °C (45%) 10 h 34 h 136 h 19

Polyester sports shirt None added 21.5 ± 1 °C (45%)  < 45 min  < 2.5 h  < 10 h 19

Influenza virus H1N1

J-cloth None added 17–21 °C (23–24%)  < 0.30 min  < 1 min  < 6.5 min 20

Jersey None added 27 °C (37%) 1.3 min 4.3 min 28 min 21

Cardigan None added 27 °C (37%) 2.9 min 9.5 min 62 min 21

T-shirt None added 27 °C (37%) 3.5 min 12 min 78 min 21
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The standardized method ASTM E2274-1628, though appropriate for evaluating the efficacy of a laundry 
sanitizer, necessitates the use of a laundry tumbler. Such equipment is not normally available within a biosafety 
level 3 (BSL-3) laboratory such as that needed for working with highly pathogenic viruses, such as SARS-CoV-2.

The question of survival of infectious SARS-CoV-2 on fabric has been evaluated previously. The results, to 
date, are shown in Table 4, and have been put into perspective by relating the survival t½ data to possible ini-
tial viral burden and an estimated human  ID50. SARS-CoV-2 RNA has been detected on fabric articles (pillow 
covers, duvet covers, sheets, and towels) taken from the quarantine hotel rooms of two patients three h after 
being tested positive for the  virus30. Note that expected clothing/fabric SARS-CoV-2 burdens recoverable from 
naturally contaminated laundry items, in terms of infectious units, have yet to be empirically  determined31, and 
this remains a knowledge gap. Similarly, the actual value of the  ID50 for SARS-CoV-2 has yet to be  determined32. 
Having said this, the data in Table 4 suggest that SARS-CoV-2 contamination on clothing may remain infectious 
for hours, and in the presence of a soil matrix, may remain infectious for days. Data for influenza viruses suggest 
that these also may remain infectious for hours on contaminated clothing.

Epidemiological, clinical, and laboratory evidence is  accumulating33 that suggests that asymptomatic and 
pre-symptomatic SARS-CoV-2-positive patients shed infectious SARS-CoV-2 which can contaminate patient 
clothing, potentially cross-contaminating clothing of patient contacts and environmental HITES. Depending 
on the duration of time between contamination of a clothing article and laundering of the contaminated article, 
further contamination of the laundry appliance and the wash solutions with infectious virus is therefore possible. 
Manual (as opposed to machine) clothes washing, which still occurs to some extent even in developed countries, 
presents additional opportunities for contamination of secondary surfaces with infectious  virus34. Infectious 
SARS-CoV-2 dried upon a hard surface (such as steel laundry tumbler) may remain infectious for days, based 
on a review of the survival data from the  literature26. Similarly, data for survival of SARS-CoV-2 on  skin15,35 
indicate that the virus may remain infectious on contaminated skin for hours. The half-life of SARS-CoV-2 at 
25 °C on human skin was found to be 3.5–4.2 h, while a half-life of 0.8 h was determined for influenza virus  A35. 
Harbourt et al.15 reported that the half-life of SARS-CoV-2 on swine skin was 3.5 h at 22 °C. These survival data 
indicate that SARS-CoV-2 remains infectious on hard surfaces and human skin for hours to days, while influenza 
virus remains infectious for minutes to hours. This informs the need for hand and appliance hygiene practices 
to limit potential spread of virus (Fig. 1).

A recent study has indicated that SARS-CoV-2 can survive in wastewater, with a decay half-life of 0.49 d at 
ambient  temperature36. These results are in agreement with empirical data indicating the persistence in wastewa-
ter of infectious mouse hepatitis virus-1 (a betacoronavirus), SARS-CoV (a betacoronavirus), and transmissible 
gastroenteritis virus (an alphacoronavirus)37,38, and for the alphacoronavirus HCoV-229E39. There is a possibility, 
therefore, of cross-contamination of otherwise virus-free clothing when washed together with a SARS-CoV-
2-contaminated clothing article. Such possibilities could be mitigated through the use of an appropriately for-
mulated laundry sanitizer with demonstrated efficacy for inactivating coronaviruses.

To suggest utility under field-use conditions, the concentrations of a formulated microbicidal active-contain-
ing laundry sanitizer tested in laboratory virucidal efficacy studies should be relevant to those obtained during 
clothes-washing when the laundry sanitizer is used as instructed. The QAC-containing products evaluated in 
Table 2 (suspension inactivation studies) are intended to be used in a pre-wash soak cycle (using a 1:42 dilution) 
for viral inactivation, relative to the concentration in the products themselves. The PCMX-containing product is 
intended to be used either in the wash cycle or in the pre-soak cycle. In either case, the product is recommended 
to be used a 1:50 dilution for 15 min contact time. The use concentrations and times have therefore been mod-
eled appropriately in the suspension tests in Table 2. Under these conditions, inactivation of HCoV 229E or 
SARS-CoV-2 in the presence of soil load was complete, to the limit of detection of the assay used to determine 
titer. In all cases, > 4  log10 inactivation was observed. The products examined in hard surface inactivation studies 
(Table 3) were also very effective, causing ≥ 3 to ≥ 5.0  log10 inactivation of influenza viruses and coronaviruses, 
including SARS-CoV-2 in 5 min contact time.

Conclusions
The risk of continued infectivity of virus on clothing/fabrics, once contaminated, is informed by survival data for 
those viruses on clothing, which suggest that virus may remain infectious for hours to days. There are multiple 
opportunities for dissemination of virus during the laundering process, and not all of these are addressed by 
the actual efficacy for removal and inactivation of the detergent and water-based washing and rinsing process. 
Other risks (Fig. 1) may best be mitigated through use of additional targeted hygiene agents, including possibly 
laundry sanitizers, surface hygiene agents, and hand hygiene agents.

Laundry sanitizers are used to enhance the efficacy of pathogen inactivation that may potentially occur 
during the manual or machine clothes washing and rinsing processes. A laundry sanitizer, added either during 
the pre-soak or wash stages of the washing process, may afford inactivation of viruses over that expected of the 
laundry detergent or hot water rinse alone, especially for non-enveloped viruses not expected to be inactivated 
by  detergent11. In the case of the formulated microbicidal active-containing laundry sanitizing products evaluated 
in this study, the additional efficacy for inactivation afforded against the enveloped viruses SARS-CoV-2 and 
influenza virus amounted to ≥ 3 to ≥ 5  log10. These data suggest that use of a laundry sanitizer may afford addi-
tional mitigation of the risk of cross-contamination of the washing appliance (be it machine or basin), adjacent 
surfaces, the wastewater stream, and the hands of individuals engaging in washing of clothes contaminated with 
SARS-CoV-2, influenza viruses, or other emerging enveloped viruses.

Data availability
All data generated or analyzed during this study are included in this published article.



7

Vol.:(0123456789)

Scientific Reports |         (2022) 12:5247  | https://doi.org/10.1038/s41598-022-08259-0

www.nature.com/scientificreports/

Received: 19 November 2021; Accepted: 3 March 2022

References
 1. United States Centers for Disease Control and Prevention. Guidelines for Environmental Infection Control in Health Care Facili-

ties. Background G. Laundering and Bedding. 2003; https:// www. cdc. gov/ infec tionc ontrol/ guide lines/ envir onmen tal/ backg round/ 
laund ry. html

 2. Bloomfield SF, Exner M, Signorelli C, Scott EA. Effectiveness of laundering processes used in household (home) settings. Int Sci 
Forum Home Hyg 2013; https:// www. ifh- homeh ygiene. org/ sites/ defau lt/ files/ publi catio ns/ Effec tiven ess_ of_ laund ering_ IFHre 
port_ 21102 013. pdf

 3. Ijaz, M. K., Nims, R. W., de Szalay, S. & Rubino, J. R. Soap, water, and SARS-CoV-2: an ancient handwashing strategy for preventing 
dissemination of a new virus. PeerJ 9, e12041. https:// doi. org/ 10. 7717/ peerj. 12041 (2021).

 4. Bockmühl, D. P. Laundry hygiene—how to get more than clean. J Appl Microbiol 122, 1124–1133 (2017).
 5. Gerba, C. P. & Kennedy, D. Enteric virus survival during household laundering and impact of disinfection with sodium hypochlo-

rite. Appl Environ Microbiol 73(14), 4425–4428 (2007).
 6. Chin, A. W. H. et al. Stability of SARS-CoV-2 in different environmental conditions. Lancet Microbe 1(1), E10. https:// doi. org/ 10. 

1016/ S2666- 5247(20) 30003-3 (2020).
 7. Guillier, L. et al. Modeling the inactivation of viruses from the Coronaviridae family in response to temperature and relative humid-

ity in suspensions or on surfaces. Appl Environ Microbiol 86(18), e01244-e1320. https:// doi. org/ 10. 1128/ AEM. 01244- 20 (2020).
 8. Gross, A., Maimom, A., Alfiya, Y. & Friedler, E. Graywater Reuse (CRC Press, 2016).
 9. Laitala, K., Klepp, I. G. & Hennty, B. Global laundering practices—Alternatives to machine washing. Househ Pers Care Today 12(5), 

10–16 (2017).
 10. Bockmühl, D. P., Schages, J. & Rehberg, L. Laundry and textile hygiene in healthcare and beyond. Microbial Cell 6(7), 299–306 

(2019).
 11. Reynolds, K. A. et al. Quantifying pathogen infection risks from household laundry practices. Appl Microbiol https:// doi. org/ 10. 

1111/ jam. 15273 (2021).
 12. British Standards Institute. BS EN 14476:2013+A2:2019. Chemical disinfectants and antiseptics. Quantitative suspension test for 

the evaluation of virucidal activity in the medical area. Test method and requirements (Phase 2/Step 1). 2019. https:// infos tore. saigl 
obal. com/ en- us/ Stand ards/ BS- EN- 14476- 2013- A2- 2019- 238423_ SAIG_ BSI_ BSI_ 27537 44/

 13. ASTM International. ASTM E1053–20. Standard practice to assess virucidal activity of chemicals intended for disinfection of inani-
mate, nonporous environmental surfaces. 2020. DOI: https:// doi. org/ 10. 1520/ E1053- 20. https:// www. astm. org/ Stand ards/ E1053. 
htm

 14. Reed, L. J. & Muench, H. A simple method of estimating fifty percent endpoints. Am J Hygiene 27, 493–497 (1938).
 15. Harbourt, D. E. et al. Modeling the stability of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on skin, currency, 

and clothing. PLoS Negl Trop Dis 14(11), e0008831. https:// doi. org/ 10. 1371/ journ al. pntd. 00088 31 (2020).
 16. Liu, Y. et al. Stability of SARS-CoV-2 on environmental surfaces and in human excreta. J Hosp Infect 107, P105-107. https:// doi. 

org/ 10. 1016/j. jhin. 2020. 10. 021 (2020).
 17. Kasloff, S. B., Strong, J. E., Funk, D. & Cutts, T. A. Stability of SARS-CoV-2 on critical personal protective equipment. Sci Rep 11, 

984. https:// doi. org/ 10. 1038/ s41598- 020- 80098-3 (2021).
 18. Riddell, S., Goldie, S., Hill, A., Eagles, D. & Drew, T. W. The effect of temperature on persistence of SARS-CoV-2 on common 

surfaces. Virol J 17, 145. https:// doi. org/ 10. 1186/ s12985- 020- 01418-7 (2020).
 19. Paton, S. et al. Persistence of severe acute respiratory syndrom coronavirus 2 (SARS-CoV-2) virus and viral RNA in relation to 

surface type and contamination concentration. Appl Environ Microbiol 87(14), e00526-e621. https:// doi. org/ 10. 1128/ AEM. 00526- 
21 (2021).

 20. Greatorex, J. S. et al. Survival of influenza A (H1N1) on materials found in households: Implications for infection control. PLoS 
ONE 6(11), e27932. https:// doi. org/ 10. 1371/ journ al. pone. 00279 32 (2011).

 21. Ikeda, K., Tsujimoto, K., Suzuki, Y. & Koyama, A. H. Survival of influenza A virus on contaminated student clothing. Exp Ther 
Med 9, 1205–1208 (2015).

 22. De Albuquerque, N. et al. Hepatitis virus strain 1 produces a clinically relevant model of severe acute respiratory syndrome in A/J 
mice. J Virol 80(21), 120382–210394 (2006).

 23. DeDiego, M. L. et al. Pathogenicity of severe acute respiratory coronavirus deletion mutants in hACE-2 transgenic mice. Virology 
376(2), 379–389 (2008).

 24. Yezli, S. & Otter, J. A. Minimum infective dose of the major human respiratory and enteric viruses transmitted through food and 
the environment. Food Environ Virol 3(1), 1–30 (2011).

 25. Virtanen, J., Aaltonen, K., Kivistö, I. & Sironen, T. Survival of SARS-CoV-2 on clothing materials. Adv Virol https:// doi. org/ 10. 
1155/ 2021/ 66234 09 (2021).

 26. Ijaz, M. K. et al. Microbicidal actives with virucidal efficacy against SARS-CoV-2 and other beta- and alpha-coronaviruses and 
implications for future emerging coronaviruses and other enveloped viruses. Sci Rep 11, 5626. https:// doi. org/ 10. 1038/ s41598- 
021- 84842-1 (2021).

 27. Ijaz, M. K., Sattar, S. A., Rubino, J. R., Nims, R. W. & Gerba, C. P. Combating SARS-CoV-2: leveraging microbicidal experiences 
with other emerging/re-emerging viruses. PeerJ 8, e9914. https:// doi. org/ 10. 7717/ peerj. 9914 (2020).

 28. ASTM International. ASTM E2774–16. Standard test method for evaluation of laundry sanitizers and disinfectants. 2016; https:// 
www. astm. org/ Stand ards/ E2274. htm

 29. ASTM International. ASTM E1052–11 Standard test method to assess the activity of microbicides against viruses in suspension. 
https:// www. astm. org/ Stand ards/ E1052. htm

 30. Jiang, F.-C. et al. Detection of severe acute respiratory syndrome coronavirus 2 RNA on surfaces in quarantine rooms. Emerg Infect 
Dis 26(9), 2162–2164. https:// doi. org/ 10. 3201/ eid26 09. 201435 (2020).

 31. Owen, L. & Laird, K. The role of textiles as fomites in the healthcare environment: a review of the infection control risk. PeerJ 8, 
e9790. https:// doi. org/ 10. 7717/ peerj. 9790 (2020).

 32. Ijaz, M. K., Nims, R. W. & McKinney, J. Indirect transmission of severe acute respiratory syndrome coronavirus virus 2 (SARS-
CoV-2): what do we know and what do we not know?. Infect Control Hosp Epidemiol https:// doi. org/ 10. 1017/ ice. 2021. 57 (2021).

 33. Jefferson, T. et al. Transmission of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) from pre and asymptomatic 
infected individuals: a systematic review. Clin Microbiol Infect 28, 178–189 (2022).

 34. Abney, S. E., Ijaz, M. K., McKinney, J. & Gerba, C. P. Laundry hygiene and odor control—state of the science. Appl Environ Microbiol 
87(14), e0300220. https:// doi. org/ 10. 1128/ AEM. 03002- 20 (2021).

 35. Hirose, R. et al. Survival of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and influenza virus on human skin: 
importance of hand hygiene in coronavirus disease 19 (COVID-19). Clin Infect Dis 3, 1517. https:// doi. org/ 10. 1093/ cid/ ciaa1 517 
(2020).

 36. Bivins, A. et al. Persistence of SARS-CoV-2 in water and wastewater. Environ Sci Technol Lett 7, 937–942 (2020).

https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/laundry.html
https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/laundry.html
https://www.ifh-homehygiene.org/sites/default/files/publications/Effectiveness_of_laundering_IFHreport_21102013.pdf
https://www.ifh-homehygiene.org/sites/default/files/publications/Effectiveness_of_laundering_IFHreport_21102013.pdf
https://doi.org/10.7717/peerj.12041
https://doi.org/10.1016/S2666-5247(20)30003-3
https://doi.org/10.1016/S2666-5247(20)30003-3
https://doi.org/10.1128/AEM.01244-20
https://doi.org/10.1111/jam.15273
https://doi.org/10.1111/jam.15273
https://infostore.saiglobal.com/en-us/Standards/BS-EN-14476-2013-A2-2019-238423_SAIG_BSI_BSI_2753744/
https://infostore.saiglobal.com/en-us/Standards/BS-EN-14476-2013-A2-2019-238423_SAIG_BSI_BSI_2753744/
https://doi.org/10.1520/E1053-20
https://www.astm.org/Standards/E1053.htm
https://www.astm.org/Standards/E1053.htm
https://doi.org/10.1371/journal.pntd.0008831
https://doi.org/10.1016/j.jhin.2020.10.021
https://doi.org/10.1016/j.jhin.2020.10.021
https://doi.org/10.1038/s41598-020-80098-3
https://doi.org/10.1186/s12985-020-01418-7
https://doi.org/10.1128/AEM.00526-21
https://doi.org/10.1128/AEM.00526-21
https://doi.org/10.1371/journal.pone.0027932
https://doi.org/10.1155/2021/6623409
https://doi.org/10.1155/2021/6623409
https://doi.org/10.1038/s41598-021-84842-1
https://doi.org/10.1038/s41598-021-84842-1
https://doi.org/10.7717/peerj.9914
https://www.astm.org/Standards/E2274.htm
https://www.astm.org/Standards/E2274.htm
https://www.astm.org/Standards/E1052.htm
https://doi.org/10.3201/eid2609.201435
https://doi.org/10.7717/peerj.9790
https://doi.org/10.1017/ice.2021.57
https://doi.org/10.1128/AEM.03002-20
https://doi.org/10.1093/cid/ciaa1517


8

Vol:.(1234567890)

Scientific Reports |         (2022) 12:5247  | https://doi.org/10.1038/s41598-022-08259-0

www.nature.com/scientificreports/

 37. Aboubakr, H. A., Sharafeldin, T. A. & Goyal, S. M. Stability of SARS-CoV-2 and other coronaviruses in the environment and on 
common touch surfaces and the influence of climatic conditions: a review. Transbound Emerg Dis https:// doi. org/ 10. 1111/ tbed. 
13707. 10. 1111/ tbed. 13707 (2020).

 38. Peccia, J. et al. SARS-CoV-2 RNA concentrations in primary municipal sewage sludge as a leading indicator of COVID-19 outbreak 
dynamics. Nat Biotechnol 38, 1164–1167 (2020).

 39. Gundy, P. M., Gerba, C. P. & Pepper, I. L. Survival of coronaviruses in water and wastewater. Food Environ Virol 1, 10–14 (2009).

Acknowledgements
This work was funded by Reckitt Benckiser LLC. We thank Dr. Chris Jones and Dr. Mark Ripley, both from Reck-
itt Benckiser R&D, for their critical review of the manuscript and feedback. The authors gratefully acknowledge 
Jennifer Fairman, CMI, FAMI (Fairman Studios, LLC), for illustrating Fig 1.

Author contributions
M.K.I. & J.M., designed and approved the project and experimental design, and coordinated the efficacy testing 
performed at the various contract testing organizations and aided in assembling the efficacy results and experi-
mental conditions; R.W.N. & M.K.I performed the data analysis, interpretation, and presentation. All authors 
(M.K.I., R.W.N., J.M. & C.P.G) participated in authoring, reviewing, and approving the manuscript.

Competing interests 
R. W. N. received a fee from Reckitt Benckiser LLC for assistance in authoring the manuscript. No other authors 
have declared a competing interest.

Additional information
Correspondence and requests for materials should be addressed to M.K.I.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1111/tbed.13707.10.1111/tbed.13707
https://doi.org/10.1111/tbed.13707.10.1111/tbed.13707
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Virucidal efficacy of laundry sanitizers against SARS-CoV-2 and other coronaviruses and influenza viruses
	Methods
	Challenge viruses, host cell lines, and reagents. 
	Standardized suspension efficacy testing methodology. 
	Standardized hard surface efficacy testing methodology. 
	Calculation of log10 reduction in titer, survival half-lives, and time required to reach fabric virus burdens below the estimated human infectious dose50 (ID50). 

	Results
	Suspension virucidal efficacy testing. 
	Hard surface virucidal efficacy testing. 
	Literature data on survival (persistence) of viruses on fabrics. 

	Discussion
	Conclusions
	References
	Acknowledgements


