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Summary
Objective: To evaluate the virucidal efﬁcacy
of 11 commercially available disinfectants
against porcine circovirus type 2 (PCV2)
using an in vitro model.
Methods: Disinfectants were prepared according to the manufacturers’ label directions and mixed with virus stock. The disinfectant-virus solution was then passed
through a detoxiﬁcation column to remove
compounds toxic to cell culture. The
ﬁltrate was collected, serially diluted, and
inoculated onto porcine kidney cells (PK15). After a 48-hour incubation period, the
cell cultures were ﬁxed and an indirect

P

orcine circovirus (PCV), a member
of the Circoviridae family, is a nonenveloped, single-stranded, circulargenome DNA virus with a diameter of 17
nm.1,2 Porcine circoviruses are resistant to
inactivation when exposed to chloroform,
solutions with pH 3, and a temperature of
70°C.2 Two genotypes of PCV exist.3 Porcine circovirus type 1 is non-pathogenic,
while PCV type 2 (PCV2) has been associated with post-weaning multisystemic
wasting syndrome (PMWS).3–6,13,14 The
diagnosis of PCV2-associated PMWS has
steadily increased; however, research is
lacking with regard to prevention or control of this disease.7 The efﬁcacy of disinfection protocols has not been documented
for premises where PMWS has occurred.
An effective disinfectant used in conjunction with proper sanitation techniques may
prove to be a critical step in controlling
exposure to PCV2 and development of
PMWS. The objective of this study was to
evaluate the anti-PCV2 activity of disinfectants commonly used by producers, veteri-

immunoﬂuorescence assay performed to
determine remaining infectious virus titers.
Virus titers after disinfection were compared to the negative control (no disinfectant), using Dunnett’s test for statistical
analysis.
Results: Results demonstrated statistically
signiﬁcant reduction in PCV2 virus titer by
several disinfectants, including Virkon® S,
sodium hydroxide, Roccal® D Plus,
Clorox® Bleach, 1-Stroke Environ®,
Fulsan®, and Tek-Trol®. No signiﬁcant
reduction in PCV2 titer was demonstrated
using Nolvasan®, DC&R®, Weladol®, or
ethanol.

narians, and researchers for control of
PCV2 associated with PMWS, using an in
vitro model.

Materials and methods
Virus preparation
Porcine circovirus type 2 (strain ISU 31)
was propagated in porcine kidney cells
(PK-15) free of PCV types 1 and 2 (provided by Dr Kelly Lager, National Animal
Disease Center, Ames, Iowa). Cell cultures
were maintained in minimal essential media (MEM; Gibco BRL, Grand Island,
New York) with 5% fetal bovine sera (FBS;
Gibco BRL), at 37°C in an atmosphere of
5% CO2. Virus stock was prepared as described elsewhere.8 The infectivity of the
virus was determined by an indirect
immunoﬂuorescence assay (IFA) using
anti-PCV2 rabbit hyperimmune serum.8 A
stock virus titer of 1×106 median tissue
culture infective doses (TCID50) was attained. Virus stock was aliquoted into 5mL vials and stored at –70° C.

RLR, PN, PGH: College of Veterinary Medicine, Iowa State University, Ames, Iowa; PSP:
University of Nebraska, Lincoln, Nebraska.
This article is available online at http://www.aasv.org/shap.html.
Royer RL, Nawagitgul P, Halbur PG, et al. Susceptibility of porcine circovirus type 2 to commercial
and laboratory disinfectants. J Swine Health Prod. 2001;9(6):281–284.
Journal of Swine Health and Production — Volume 9, Number 6

Implications: This study was performed in
vitro under controlled laboratory conditions. Variation from these results may occur under ﬁeld conditions. Nevertheless,
these results may aid in the selection of
more effective disinfectants to reduce exposure to PCV2 and the incidence of postweaning multisystemic wasting syndrome
or other PCV2-associated diseases.
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Disinfectants
Disinfectants were purchased from commercial suppliers or received from the
manufacturers directly and were diluted
according to manufacturers’ label directions using deionized distilled water. Disinfectants tested included ethanol;
polyalkyleneglycol-iodine complex
(Weladol; Pitman-Moore, Inc, Mundelein,
Illinois); two phenolic compounds (1Stroke Environ; Steris Corporation, Road
Mentor, Ohio, and Tek-Trol; Bio-Tek Industries, Inc, Atlanta, Georgia); two quaternary ammonium compounds (Roccal D
Plus; Pharmacia and Upjohn, Peapack,
New Jersey, and Fulsan; Fuller Brush Company, Great Bend, Kansas); a formaldehyde
and quaternary ammonium compound
(DC&R; Hess and Clark, Inc, Ashland,
Ohio); chlorhexidine (Nolvasan; Fort
Dodge Labs, Fort Dodge, Iowa); sodium
hydroxide (Fisher Scientiﬁc, Fair Lawn,
New Jersey); sodium hypochlorite (Clorox
Bleach; Clorox Company, Oakland, California); and a mixture of potassium
peroxymonosulfate and sodium chloride
(Virkon S; Antec International, Sudbury,
Suffolk, UK). Disinfectants, their manufacturers, and the recommended dilutions are
listed in Table 1.
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Table 1: Active ingredients and dilution rates of products used to evaluate the efficacy of commercial and laboratory
disinfectants against porcine circovirus type 2 in an in vitro model.
Product and
manufacturer
Ethanol
Weladol
Pitman Moore
Mundelein, Ill
1-Stroke Environ
Steris Corp
Mentor, Ohio
Tek-Trol
Bio-Tek Industries, Inc
Atlanta, Ga
Roccal D Plus
Pharmacia and Upjohn,
Peapack, NJ
Fulsan
Fuller Brush Co
Grand Bend, Kan
Clorox Bleach
Clorox Co
Oakland, Calif
Virkon S
Antec International
Sudbury, Suffolk, UK
DC&R
Hess & Clark, Inc
Ashland, Ohio
Sodium hydroxide
Fisher Scientific
Fair Lawn, NJ
Nolvasan
Fort Dodge Labs
Fort Dodge, Iowa
1
2
3

Class of disinfectant

Active ingredients

Recommended
dilution

alcohol

ethyl alcohol
polyethoxy polypropoxy ethanol-iodine
complex, nonyl phenoxy polyethoxy
ethanol-iodine complex
sodium-o-phenylphenate,
sodium-o-benzyl-p chlorphenate, sodiump-3’ -amylphenate

70%1

iodine
phenol
phenol

quaternary ammonium

quaternary ammonium

didecyl dimethyl ammonium chloride,
alkyl dimethyl benzyl ammonium
chloride, bis-n-tributyleinoxide, alkyl
dimethyl benzyl ammonium chloride
n-alkyl dimethyl benzyl ammonium
chloride, n-alkyl dimethyl ethylbenzyl
ammonium chloride

oxidizing agent

sodium hypochlorite

oxidizing agent

potassium peroxymonosulfate,
sodium chloride

formaldehyde
alkali
chlorhexidine

0.5 oz/gal (3.9 mL/L)
0.5 oz/gal (3.9 mL/L)

1:200

3 oz/gal (23.4 mL/L)
6 oz/gal (46.8 mL/L)

2-(hydroxymethyl)-2-nitro-1,3
propanediol, formaldehyde, alkyl
dimethyl benzyl ammonium chloride

1%2 or 2%
1 oz/gal (7.8 mL/L)
5 to 10%3

sodium hydroxide
1,1’ hexamethylene bis[5-(pchlorophenyl) biguanide] diacetate

1 oz/gal (7.8 mL/L)

Because of the dilution procedure used in this study, the highest attainable concentration of ethanol was 50%.
A 1% concentration was used in this study.
A 10% concentration was used in this study.

Detoxiﬁcation column
The detoxiﬁcation columns were assembled
according to the method of Blackwell and
Chen.9 The column consisted of a sterile,
30-mL, round-bottom tube wedged within
a larger, 50-mL, graduated conical centrifuge tube. The bottom of the inner tube
was pierced to make a small hole and a
swatch of cotton was placed over the hole.
A slurry of 22% Sephadex LH-20 beads
(Amersham Pharmacia Biotech AB,
Piscataway, New Jersey) and deionized distilled water was added to the inner tube.
The Sephadex slurry was clariﬁed by centrifugation at 1000g for 8 minutes, then
stored at 4°C until used. The Sephadex
slurry forms a gel that traps small molecu282

ortho-phenylphenol, ortho-benzylpara-chlorophenol, para-3’ -amylphenol

3 oz/5gal (4.7 mL/L)

lar weight molecules, while allowing larger
molecular weight compounds, such as virus
particles, to pass through the gel bed.9,10 In
this case, toxic ions in the disinfectants,
which are lethal to cells in culture, were
trapped in the Sephadex column, while
larger viral particles passed through the gel
bed into the ﬁltrate.

Procedure for evaluating disinfectant efﬁcacy against PVCV2
The following procedure was performed in
triplicate for each disinfectant.
Disinfectants were diluted to 2 × the
manufacturer’s recommended concentration. One mL of double-strength disinfectant was added to 1 mL of PCV2 virus

stock (106 TCID50), resulting in 2 mL of
the virus-disinfectant mixture with the disinfectant at the manufacturer’s recommended concentration. The disinfectant
remained in contact with the virus at room
temperature for 10 minutes, after which
the solution was ﬁltered through the
detoxiﬁcation column by centrifugation at
1000g for 8 minutes. After centrifugation,
the ﬁltrate was collected and ﬁve serial tenfold dilutions were made. Each dilution
was then mixed with PCV-free PK-15 cells
at a concentration of 1×105 cells per mL.
The virus-cell suspension was dispensed
into a 96-well microtitration plate, 100 µL
per well, and incubated at 37°C in an atmosphere of 5% CO2. Untreated PCV2
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stock virus, passed through a detoxiﬁcation
column and serially diluted as described
above, was included in each trial and
served as the negative control. One hour
after inoculation, 100µL of MEM with 5%
FBS was added to each well for maintenance. Twelve hours post inoculation,
30 µL of 300-mM D-glucosamine (Sigma
Chemical Co, St Louis, Missouri) was
added to each well to enhance PCV replication in PK-15 cells.3 Cells were then
rinsed with Hank’s Balanced Salt Solution
(Gibco BRL) and maintained in MEM
with 5% FBS. Forty-eight hours post inoculation, the cells were ﬁxed with absolute
methanol, and an indirect IFA, using antiPCV2 rabbit hyperimmune serum, was
performed to determine PCV2 titers.8

Table 2: Reduction in infectivity of porcine circovirus type 2 (PCV2) after a
10-minute exposure of the virus to commercial and laboratory disinfectants

Disinfectant

Mean titer after
disinfection (log10)

SD

6.00
5.17
4.42
4.33
4.25
4.17*
3.92*
3.58*
3.25*
3.00*
2.33*
1.58*

0.00
0.72
0.14
0.52
0.25
0.29
1.13
0.63
1.15
0.43
1.04
0.80

Control (no disinfectant)2
Nolvasan
DC&R
Weladol
Ethanol
Tek-Trol
Fulsan
1-Stroke Environ
Clorox Bleach
Roccal D Plus
Sodium hydroxide
Virkon S

Reduction of
mean titer1
(%)
NA3
13.9
26.4
27.8
29.2
30.6
34.7
40.3
45.8
50.0
61.1
73.6

Statistical analysis
The titers of PCV2 virus remaining after
disinfection were determined by indirect
IFA and transformed to log10 before use in
calculations. To test the hypothesis that
there was a difference among three replicates of each disinfectant, virus titers
(log10) of each of the three disinfectant trials were compared using a generalized linear model procedure. Dunnett’s test was
used to compare differences in titers between each disinfectant treatment and the
negative control (untreated PCV2). If a
mean titer was less than the minimum
signiﬁcant difference as determined by
Dunnett’s test, the interpretation was that
the mean titer of disinfectant-treated virus
was not signiﬁcantly different from the
negative control. All statistical analyses in
this study were performed by Statistical
Analysis System (SAS) software.

Results
The in vitro effect of the 11 disinfectants as
measured by reduction of PCV2 titers in
cell culture is summarized in Table 2. The
three replicates for each disinfectant treatment did not differ signiﬁcantly (P=.69),
conﬁrming that three replicates were
sufﬁcient. Several of the disinfectants were
capable of decreasing PCV2 titers (P<.05)
compared to the negative control. Those
disinfectants included Virkon S, sodium
hydroxide, Roccal D Plus, Clorox Bleach,
1-Stroke Environ, Fulsan, and Tek-Trol.
Nolvasan, DC&R, Weladol, and ethanol
did not signiﬁcantly decrease PCV2 titers
when compared to the negative control.

1 For each disinfectant, titers were means of an indirect immunofluorescence assay
performed on porcine kidney cells (PK-15) 48 hours after inoculation with PCV2 virus
stock that had been treated with disinfectant (three replicates). Titers were
compared to the negative control.
2 Untreated PCV2 stock used as negative control.
3 NA=not applicable.
* Statistically different (P<.05) from negative control (Dunnett’s test).

Discussion
Conditions of this experiment were closely
controlled under a laboratory setting and
optimized for maximal disinfectant activity.
Disinfectants were not compared to each
other, but were evaluated only against the
negative control and within the triple replicate for the same disinfectant.
Disinfectants evaluated in this study represent products commonly used in swine
facilities and research laboratories. Because
PCV2 has only recently been identiﬁed as a
swine pathogen, none of the disinfectants
tested in this study have label claims of
efﬁcacy against PCV2. Achieving maximum efﬁcacy from disinfectants begins by
reading and following the manufacturer’s
label instructions and applying the disinfectant to a well-cleaned surface.12
A virus-disinfectant contact time of 10
minutes was used to approximate the
amount of contact time a disinfectant
might have with surfaces in a swine facility
and is also in accordance with many disinfectant manufacturers’ label directions. It
may not be correct to assume that increasing the contact period will necessarily increase viral inactivation. Disinfectants that
did not perform optimally in the labora-
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tory may be even less effective in a ﬁeld
setting where organic material, contact
time, and physical surfaces are less than
ideal for optimal disinfectant activity. The
use of disinfectants should be regarded as
only one component of sanitation and
biosecurity strategies for prevention of
PCV2-associated diseases.
Information available to producers or veterinarians for control of PMWS is lacking.
Reduction of PCV2 in the pig’s environment may reduce or eliminate group-togroup transmission of PCV2. Ability to
inactivate PCV2 in this in vitro model differed among the disinfectants evaluated.
This information should help guide veterinarians and producers when recommending or purchasing disinfectants to aid in
control and management of PCV2-associated diseases.
Another consideration, when choosing disinfectants to combat PCV2-associated
PMWS, is that additional disease-contributing pathogens may be found within the
same environment. For example, evidence
suggests that coinfection with porcine
parvovirus (PPV) and PCV2 results in increased incidence and severity of
PMWS.6,13,14 Both PCV2 and PPV are
283

small, non-enveloped, single-stranded
DNA viruses with similar environmental
stabilities.1,2 Porcine parvovirus and PCV
are resistant to temperatures up to at least
70°C, pH as low as 3, and multiple antiviral chemicals, making inactivation of
these viruses difﬁcult.2,10 Results obtained
by Brown,10 using a similar in vitro model,
showed differences among disinfectants in
virucidal activity toward PPV when compared to the negative control (no disinfectant).10 Brown reported inactivation of
PPV at both 5- and 20-minute virus-disinfectant contact periods for 5% and 10%
sodium hydroxide and 1:32 and 1:16 dilutions of sodium hypochlorite, compared to
controls. Additionally, PPV was inactivated
after 20 minutes but not 5 minutes of contact time with solutions of 2% glutaraldehyde, twice the manufacturers’ recommended dilution of DC&R, or 8%
formaldehyde.10 Further research should be
conducted both in vitro and especially under ﬁeld conditions to expand the list of
commercial disinfectants effective against
speciﬁc pathogens. This information would
allow for more informed decisions by producers and veterinarians on establishing
disinfection protocols for swine facilities.
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