
The global spread of human monkeypox virus 
(MPXV) has activated the highest alert level of 

the World Health Organization (WHO), which de-
clared the virus a public health emergency of inter-
national concern (1). MPXV is spreading among per-
sons who have not traveled to disease-endemic areas 
(2). The associated novel clinical and epidemiologic 
patterns necessitate comprehensive investigations, 
including (re)evaluation of hygiene measures for 
preventing MPXV transmission. Given the remark-
able stability of other pox viruses compared with 
other enveloped viruses, it is particularly useful to 
confirm which disinfectants and biocidal agents can 
inactivate MPXV (3). Moreover, in addition to direct 
contact with infected body fluids or lesions or respi-
ratory secretions, MPXV can be transmitted indi-
rectly through contaminated surfaces (fomites) (4). 
Hygienic hand antisepsis is one of the most useful 

measures in preventing healthcare- and outbreak-
associated viral infections.

In 2009, the WHO proposed Guidelines on Hand 
Hygiene in Health Care, a document to implement 
use of 2 alcohol-based hand rubs (formulation I and II) 
for surgical and hygiene hand disinfection in health-
care settings and to reduce transmission of pathogens 
(5). However, inactivation efficacies of these products 
against MPVX have not been determined. We evalu-
ated the WHO-recommended alcohol-based formu-
lations against MPXV and performed a comparative 
inactivation analysis with other (re)emerging envel-
oped and reference viruses, including Zika virus, 
influenza A(H1N1) virus, Ebola virus, severe acute 
respiratory syndrome coronaviruses 1 and 2, and 
Middle East respiratory syndrome coronavirus.

The Study
We cultured Vero 76 cells in Dulbecco modified Ea-
gle medium supplemented with 10% (vol/vol) fetal 
calf serum, 1% (vol/vol) nonessential amino acids, 
100 IU/mL penicillin, 100 µg/mL streptomycin, and 
2 mmol/L l-glutamine. For preparation of MPXV, we 
seeded cells at a concentration of 0.33 × 106 cells/mL 
in a 75-cm2 flask in a total volume of 12 mL. The next 
day, the medium was changed and cells were inocu-
lated with MPXV at a multiplicity of infection of 0.01 
and incubated at 37°C until a visible cytopathic effect 
occurred. Infected cells were harvested by scraping, 
subjected to 3 freeze/thaw cycles, extensively vor-
texed and, together with the infectious supernatant 
purified from cell debris by subsequent centrifuga-
tion for 5 min at 1,500 rpm. The virus suspensions 
were aliquoted, titrated according to standard meth-
ods, and stored at −80°C until further use. Virus 
isolate MPXV-DUS_001 was originally obtained 
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Increasing nonzoonotic human monkeypox virus (MPXV) 
infections urge reevaluation of inactivation strategies. We 
demonstrate efficient inactivation of MPXV by 2 World 
Health Organization‒recommended alcohol-based hand 
rub solutions. When compared with other (re)emerging 
enveloped viruses, MPXV displayed the greatest sta-
bility. Our results support rigorous adherence to use of 
alcohol-based disinfectants.
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from a patient in Düsseldorf, Germany, who has 
been infected early during the outbreak 2022, and 
the isolate was passaged twice on Vero 76 cells be-
fore experimental use.

We confirmed the presence of MPXV by a 2-step, 
quantitative, real-time reverse transcription PCR 
(qRT-PCR). The first step determines the presence of 
orthopoxvirus-specific DNA by using panorthopox-
virus‒specific qRT-PCR, and the second step detects 
and differentiates MPXV clade I (former Congo Ba-
sin) and II (former West African) by using an MPXV-
specific qRT-PCR. Isolate MPXV-DUS_001 was classi-
fied as MPXV clade II.

We assessed virucidal activity of WHO formu-
lation I and II, as well as ethanol and 2-propanol, 
based on European guideline EN14476 as described 
(6). In brief, we mixed 8 parts of disinfectant with 1 
part of interfering substance (bovine serum albu-
min, final concentration 0.3 g/L) and 1 part MPXV, 
then vortexed the suspension and incubated for 30 
s at room temperature. We then performed an end-
point dilution assay on Vero 76 cells. After 7 days, 

we evaluated cytopathic effects microscopically and 
calculated the 50% tissue culture infectious dose per 
milliliter (Appendix, https://wwwnc.cdc.gov/EID/
article/29/1/22-1429-App1.pdf). We tested all 4 dis-
infectants for final concentrations of 20%, 30%, 40%, 
60%. and 80%. 

We examined the virucidal activity of the WHO 
formulations I and II against MPXV by using a quan-
titative suspension test. MPXV was highly suscepti-
ble to both formulations (Figure 1). The WHO formu-
lation I, based on 80% ethanol (vol/vol), efficiently 
inactivated the virus with reduction factors (RFs) >6.7 
at concentrations of 60% and 80% (vol/vol) (Figure 1, 
panel A). Likewise, the WHO formulation II, based 
on 75% isopropanol (vol/vol), inactivated the virus 
with RFs >6.7 at concentrations of 60% and 80% (vol/
vol) (Figure 1, panel B). A dilution of 40% (vol/vol) 
was still effective for the WHO formulation II with a 
RF of 6.6, whereas we observed no reduction in viral 
titer for WHO formulation I at a similar concentra-
tion. Subsequent regression analysis of both WHO 
formulations enabled a quantitative comparison of 
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Figure 1. Virucidal activity of 
World Health Organization 
(WHO)–recommended hand rub 
formulations I and II for inactivating 
MPXV. A, B) Viral infectivity for WHO 
formulation I (A) and formulation 
II (B). Means of 3 independent 
experiments with SDs (error bars) 
and reduction factors (numbers 
above the bar) are shown. C, D) 
Regression analyses of inactivation 
of MPXV and (re)emerging 
enveloped or reference viruses, 
including ZIKV, EBOV, SARS-CoV, 
SARS-CoV-2, MERS-CoV, influenza 
A(H1N1) virus, BCoV, HCV, and 
MVA for WHO formulation I (C) and 
WHO formulation II (D). Dilutions of 
the WHO formulations ranging from 
0% to 80% with an exposure time 
of 30 s. Viral titers are displayed 
as TCID50/mL. BCoV, bovine 
coronavirus; EBOV, Ebola virus; 
HCV, hepatitis C virus; MERS-CoV, 
Middle East respiratory syndrome 
coronavirus; LLOQ, lower limit of 
quantification (1.58 × 102 TCID50/
mL); MPXV, monkeypox virus; 
MVA, modified vaccinia Ankara; 
NA, not applicable; SARS-CoV2, 
severe acute respiratory syndrome 
coronavirus 2; TCID50, 50% tissue 
culture infectious dose; ULOQ, 
upper limit of quantification (1.58 × 
109 TCID50/mL); ZIKV, Zika virus.
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MPXV inactivation with different other (re)emerging 
enveloped or reference viruses (Figure 2, panels C, 
D). Among all viruses, including its reference virus 
modified vaccinia Ankara, MPXV showed the highest 
stability against both tested WHO formulations.

Next, we examined the susceptibility of MPXV 
against the individual components (ethanol and 
2-propanol) of both WHO formulations, which are 
also the main ingredients of numerous commercially 
available hand disinfections. Both ethanol (Figure 2, 
panel A) and 2-propanol (Figure 2, panel B) reduced 
viral titers to background levels with RFs >6.7 at con-
centrations >60% and >40% (vol/vol), respectively. A 
minimal concentration of 40% ethanol (vol/vol) near-
ly inactivated the virus completely (RF 6.6). For 2-pro-
panol, a virucidal activity was observed at a minimal 
concentration of 30% (vol/vol) with a RF of 5.3.

Overall, both WHO formulations efficiently in-
activated MPXV, but the 2-propanol–based WHO 
formulation II showed a slightly greater virucidal 
activity than the ethanol-based WHO formulation I. 
Nonetheless, MPXV showed the greatest stability to 
both formulations compared with other (re)emerging 
enveloped or reference viruses.

Conclusions
Poxvirus virions are known for their long-term envi-
ronmental persistence (3,7). For example, infectious 
MPXV was recently reported to persist in a house-
hold environment for >15 days (8). Moreover, be-
cause of tight binding with fibrin matrixes of scab/
crust material, virions shed from infectious lesion 
material are even more resistant to desiccation than 
other enveloped viruses (e.g., influenza virus, rubella 
virus) (8‒10). Considering the high stability of other 
poxvirus virions, it is probable that MPXV will share 
this characteristic, requiring a comprehensive reeval-
uation of current hygiene measures. 

Poxvirus virions are known for their long-term en-
vironmental persistence (3,7). For example, infectious 
MPXV was recently reported to persist in a household 
environment for >15 days (8). Moreover, because of tight 
binding with fibrin matrixes of scab/crust material, viri-
ons shed from infectious lesion material are even more 
resistant to desiccation than other enveloped viruses 
(e.g., influenza virus, rubella virus) (8‒10). Considering 
the high stability of other poxvirus virions, it is prob-
able that MPXV will share this characteristic, requiring 
a comprehensive reevaluation of current hygiene mea-
sures. The WHO recommends 2 inexpensive alcohol-
based hand rub formulations to reduce the transmission 
of pathogens (5). We found that MPXV was efficiently 
inactivated by both formulations, supporting their use 
in healthcare systems and during MPXV outbreaks.

In addition, ethanol and 2-propanol inactivated 
the virus in during a 30-s exposure at a concentration 
of >30% (vol/vol). A comparative inactivation analy-
ses with different (re)emerging enveloped or reference 
viruses showed that MPXV had the highest stability 
against both WHO formulations compared with other 
enveloped viruses. The susceptibility of the different vi-
ruses to the WHO formulations probably depends on 
virus-specific surface properties of their lipophilic en-
velope. Nonetheless, our results confirm modified vac-
cinia Ankara as a suitable model surrogate for MPXV 
to evaluate chemical disinfectants and antiseptics (11). 
WHO formulation II and 2-propanol were slightly more 
efficient in inactivating MPXV compared with WHO 
formulation I and ethanol. This difference can probably 
be explained by the additional carbon of 2-propanol, 
resulting in an enhanced lipophilicity against the viral 
membranes compared with ethanol (12). Our findings 
underscore the need and timely application of alcohol-
based disinfectants as an effective measure for minimiz-
ing viral transmission and maximizing viral inactiva-
tion during the ongoing MPVX outbreak. 
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Figure 2. Effect of 
commercially available alcohols 
in inactivating monkeypox 
virus. A) Results for ethanol. 
B) Results for 2-propanol. 
Means of 3 independent 
experiments with SDs (error 
bars) are shown. Reduction 
factors are included above the 
bars. Biocide concentrations 
ranged from 0% to 80% with 
an exposure time of 30 s. Viral 
titers are displayed as TCID50/
mL values. LLOQ, lower limit 
of quantification (1.58 × 102 
TCID50/mL); NA, not applicable; 
TCID50, 50% tissue culture infectious dose; ULOQ, upper limit of quantification (1.58 × 109 TCID50/mL).
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Appendix 

Statistical Analyses 

Dose-response curves were determined as percent normalized virus inactivation 

versus percent log disinfectant concentration by nonlinear regression by using a robust 

fitting method on normalized 50% tissue culture infectious dose data implemented in 

Prism version 9.4.1 (GraphPad, https://www.graphpad.com) and reduction factors were 

determined as described (1). Reference curves for comparative (re)emerging enveloped 

and reference viruses were generated in previously published studies (1,2). Because of 

broad concentration steps of World Health Organization formulations, these curves do 

not necessarily represent the exact inactivation course, but rather give an impression of 

monkeypox virus sensitivity in the context of reference viruses. 
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