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Despite increasing clinical relevance of Chikungunya virus
(CHIKYV) infection, caused by a rapidly emerging pathogen,
recommended guidelines for its inactivation do not exist. In
this study, we investigated the susceptibility of CHIKV to inac-
tivation by heat and commercially available hand, surface, and
World Health Organization-recommended disinfectants to
define CHIKYV prevention protocols for healthcare systems.
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Over the past decades, Chikungunya virus (CHIKV), an envel-
opedribonucleicacid (RNA) virus, has spread globally. Although
the virus has already been isolated in 1953, in-depth research
has been limited since then and was primarily motivated by
sporadic outbreaks like the French island La Reunion outbreak
in 2005/2006 [1]. Although CHIKYV is mainly transmitted via
bites of hematophagous arthropods such as mosquitoes (eg,
Aedes aegypti), nonvector transmission through contaminated
saliva has been reported in an experimental mouse model [2].
Therefore, additional routes of viral transmission formally can-
not be excluded. Infection with CHIKV often results in acute
illness characterized by the classic triad of fever, arthralgia, and
rash, and it can become chronic in a subset of patients. Recent
outbreaks in Southeast Asia and South America [3] as well as
genetic adaptation to new vectors including Aedes albopictus
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[4] justify the growing perception of CHIKYV as a global health
concern. However, guidelines on handling contamination and
occupational exposure as well as confirmed procedures of virus
inactivation and disinfection have not been established to date.
In this study, we tested different inactivation methods using
low-priced materials accessible to healthcare systems.

METHODS

Cells

BHK-21 cells and HEK293T cells were propagated in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal calf
serum, 100 units/mL penicillin, 100 pg/mL streptomycin, and
2 mM L-glutamine.

Virus

We used the West African molecular clone strain 37997 coexpress-
ing the green fluorescent protein as a reporter of infectivity [5].
Infectious virus was generated by electroporation of full-length
viral RNA into BHK-21 cells. Forty-eight hours posttransfection,
at the peak of producer cell cytopathicity, virus particles were sep-
arated from cellular debris by filtration of the virus-containing
supernatant through membranes with a pore size of 0.45 um and
stored in aliquots at —80°C before evaluation of the viral titer on
HEK293T cells by flow cytometry. For this study; titers of the viral
stocks ranged from 2.7 x 10° to 8.2 x 107 infectious units/mL.

Statistics

Differences of means of 3 independent repetitions were tested
for significance applying repeated measures 1-way analysis of
variance followed by Dunnetts multiple comparison testing
using GraphPad Prism for Windows, version 7.04 (GraphPad
Software, La Jolla, CA; www.graphpad.com).

RESULTS

To investigate the thermal stability of CHIKYV, 9 parts cell cul-
ture medium was prewarmed to defined temperatures between
35 and 70°C while shaking at 500 rpm. Then, 1 part CHIKV
was added to the medium and incubated for 1 and 5 minutes,
respectively. Virus suspensions were cooled down to 4°C, seri-
ally diluted 8 times in 1:10 steps, and used for inoculation of
HEK293T cells to determine the 50% tissue culture infective
dose (TCID, /mL) by scoring the amounts of wells displaying
green fluorescent protein 24 hours postinfection. Although
incubation at temperatures up to 45°C for 5 minutes failed to
modulate viral infectivity, CHIKV displayed a partial (<1 log)
loss of infectivity upon heating at 50 and 55°C for 5 minutes
and was fully inactivated upon heating at 70°C for 5 minutes
(Figure 1A). The z-value for CHIKYV, representing the thermal
death time with the conditions used in our assay, was 5.17.
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Thermostability of Chikungunya virus (CHIKV) and its susceptibility to inactivation by commercially available disinfectants. Sensitivity of CHIKV to indicated

temperatures and virucidal efficacies of disinfectants in solution and on surfaces were evaluated by determining 50% tissue culture infective dose (TCIDSO/mL). The limit of
detection is indicated as a dashed line. Cytotoxic effects are displayed as white bars and were calculated analogous to virus infectivity by monitoring alterations of density
and morphology in the cell culture monolayer. Values for cytotoxicity beneath the limit of detection are not displayed. (A) Infectivity of CHIKV after incubation at indicated
temperatures for 1 or 5 minutes. Virucidal effect of alcohols (B) and hand disinfectants (C) after a 30-second treatment in solution. (D) Treatment of dried CHIKV on metal
discs for 1 minute with commercial surface disinfectants. The graphs show the mean of 3 independent experiments with standard error. *, P<.05; **, P<.01. Abbreviations:

LOD, limit of detection; n.d., not detected.

For chemical inactivation of CHIKV, no data or specific rec-
ommendations in case of occupational exposure exist so far.
Alcohol-based disinfectants are routinely used for the decon-
tamination of solutions, surfaces, skin, or wounds that were
exposed to enveloped viruses. To evaluate the susceptibility of
CHIKV to inactivation by biocides, we exposed the virus to
different alcohols and commercially available alcohol-contain-
ing hand disinfectants (Supplementary Table 1). Specifically, 1
part virus suspension was mixed with 1 part organic load (0.3%
bovine serum albumin [BSA] as interfering substance) and 8
parts disinfection solution of different concentrations. After an
incubation time of 30 seconds, samples were serially diluted
and the TCID, /mL values were determined as described above.
Cytotoxic effects were monitored by microscopic analysis for
altered density and morphology of the cellular monolayer
and were quantified analogous to the TCID, /mL of the virus
infectivity and was also verified by MTT assays. Strikingly, full
inactivation by 1-propanol and 2-propanol was achieved at
concentrations of 20% and 30%, respectively, whereas the fully
effective concentration of ethanol was 40% (Figure 1B). In line
with this observation, Sterillium classic pure and Manorapid
Synergy, containing high concentrations of propanol, were
more effective in disinfecting CHIKV than Desderman pure, a

mainly ethanol-based hand disinfectant (Figure 1C). To simu-
late surface disinfection, we established an experimental system
to test the stability on inanimate surfaces. Metal carriers pro-
viding a smooth surface were used on which virus suspension
was applied. The ability of disinfectants to inactivate potentially
residual infectivity of the dried virus was then monitored. The
coated virus was covered with commercial surface disinfec-
tants, and their virucidal activities were determined by a TCID_
assay. Specifically, 9 parts of virus suspension were mixed with 1
part organic load of 0.3% BSA. Fifty microliters of this solution
were pipetted onto the middle of a metal disc. After 60-minute
incubation at room temperature, the dried suspension was chal-
lenged for 1 minute with 100 pL of individual surface disinfec-
tants. We chose surface disinfectants differing in their chemical
composition. Bacillol AF represents an alcohol-based disinfec-
tant, whereas Descosept spezial contains a quarternary ammo-
nium compound and Perform belongs to the oxygen releasing
agents. Subsequently, the carrier was transferred into a tube
containing 900 uL 4°C cold cell culture medium and 0.5 grams
of glass beads (diameter of 0.25-0.5 mm). The glass beads were
added because they help in the complete recovery of all non-in-
activated virus. The virus was reconstituted into the medium by
vortexing the carrier-containing tube for 1 minute. Infectivity of
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the treated virus suspension was determined as TCID, /mL in
HEK293T. Although CHIKYV infectivity was surprisingly resis-
tant to air-drying, the 3 tested surface disinfectants (Bacillol AE,
Descosept spezial, and 0.5% Perform) shared the ability to fully
inactivate dried virus at concentrations recommended by the
manufactures (Figure 1D). To verify that the susceptibility of
the HEK293T target cells for the virus infection were not neg-
atively influenced with the treatment by the product test solu-
tion, an interference control was performed.

As a cost-effective alternative to commercial disinfectants,
the World Health Organization (WHO) recommended 2 alco-
hol-based hand rubs in 2009 [6]. In this study, we tested the anti-
CHIKYV effect of different concentrations of hand rub WHO
formulations I and II (Supplementary Table 1), which meet
the requirements of the European Guideline (EN14476) [7] for
antiviral activity against poliovirus and the European Norm
(EN12971) [8] for surgical hand treatment. The WHO formula-
tion II, a propanol-based disinfectant, exerted a stronger antivi-
ral effect than the ethanol-based WHO formulation I (Figure 2A
and B). Of note, CHIKV displayed a higher degree of resistance
to inactivation by the WHO formulations I and II than other

currently emerging viruses (Figure 2C and D) including Ebola
virus, Middle East respiratory syndrome coronavirus, and
Zika virus [9]. However, CHIKV was less stable than Modified
Vaccinia virus Ankara virus, which serves as a gold standard for
enveloped viruses in chemical inactivation assays [10].

DISCUSSION

In this study, we provide a profile of the sensitivity of CHIKV
against heat-mediated inactivation and chemical disinfection.
Heat inactivation of CHIKV has been partially addressed in the
context of serum inactivation at 56°C for 30 minutes as a first-
step preparation for plaque reduction neutralization tests [11].
However, no systematic analysis of CHIKV’s thermosensitivity
is available. We show that CHIKYV is sensitive to increasing tem-
peratures and can be safely and quickly inactivated when treated
at temperatures above 70°C for at least 1 minute. Furthermore,
we demonstrate a superior virucidal effect of propanol-based
disinfectants over ethanol-based solutions. The resistance
of CHIKV to short-term drying is consistent with results for
freeze-dried virus [12]. This finding underlines the necessity to
probe existing antiviral disinfection protocols against emerging
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Figure 2. Virucidal effects of World Health Organization formulations | and Il (WHO | and II) on Chikungunya virus (CHIKV) infectivity and comparison of stability to other
enveloped viruses. The disinfecting potential of WHO formulations | and Il in solution assayed to determine the 50% tissue culture infective dose (TCID,/mL). The dashed line
indicates the limit of detection. Cytotoxicity was determined equivalently to virus infectivity by observing potential disruptions in the cell culture monolayer and is presented
as white bars. Infectivity of CHIKV after treatment with WHO formulations | and Il in solution for 30 seconds (A and B) and comparison of its stability with other emerging
enveloped viruses (C and D). The graphs show the mean of 3 independent experiments with standard error. Abbreviations: EboV, Ebola virus; LOD, limit of detection; MERS,
Middle East respiratory syndrome corona virus; MVA, Modified Vaccinia Virus Ankara; n.d., not detected; ZikaV, Zika virus.
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viral pathogens because this property could pose a potential
risk for nonvector transmission of the virus.

CONCLUSIONS

According to our results, all tested surface disinfectants were
capable of inactivating CHIKV on a metal surface. More
importantly, CHIKV was efficiently inactivated by both WHO-
recommended formulations, validating their utility in the con-
text of healthcare systems and CHIKV outbreak situations.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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