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The objective of this study was to determine the efficacy of 16 active compounds and 11 commercial dis-
infectants against Campylobacter jejuni. Two reference strains (one of avian origin and the other isolated
from bovine) and two avian field strains were tested in suspension test in the presence and absence of
serum. Chloramine-T, povidone–iodine (1% available iodine), cetylpiridinium chloride, ethanol, isopropa-
nol, chlorhexidine digluconate, formaldehyde, phenol, and 10 of the 11 commercial formulations (eight of
them based on quaternary ammonium compounds) showed an excellent disinfectant capability, resulting
in the highest level of reduction (>6-log10) in colony-forming units of the four C. jejuni strains compared
regardless of the presence or absence of organic material. These compounds might be helpful in the adop-
tion of environmental control measures against C. jejuni.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Antiseptics and disinfectants are used extensively in modern
veterinary production. They are an essential part of infection con-
trol practices and aid in the prevention of clinical and subclinical
diseases (McDonnell and Russell, 1999).

In this respect, Campylobacter species are widespread in the
intestinal tract of warm-blood animals and are some of the most
often encountered organisms responsible of human gastro-
intestinal infections in the world (Allos and Blaser, 1995). Campylo-
bacter jejuni is the predominant causes of human campylobacter
infections and is transmitted especially through poultry meat. C.
jejuni is considered to exist commensally in the gastro-intestinal
tract of poultry and mammals, and carcass contamination with
spilled gut contents occurs during evisceration in slaughterhouses
(Borck and Pedersen, 2005). Recently, some authors have evi-
denced that this organism can survive on the surfaces of slaughter-
house equipment after cleaning procedures (Peyrat et al., 2008), as
well as on kitchen wood and plastic cutting surfaces during the
preparation of broiler chickens (Wanyenya et al., 2004). In
addition, the mechanisms of survival of Campylobacter in the envi-
ronment remain elusive and, consequently, these organisms con-
tinue to pose a serious threat to public health (Peyrat et al., 2008).

Recommended measures to reduce food contamination include
biosecurity and hygiene at the farm, slaughterhouse, food industry
and kitchen surfaces (McDonnell and Russell, 1999; Wanyenya
et al., 2004). Therefore, the selection of appropriate disinfectants,
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easy to be applied and effective after short times of exposure, be-
comes fundamental. In this study, the efficacies of 16 commonly
used agents and 11 commonly used formulations from commercial
sources were investigated by means of the in vitro suspension test.
2. Materials and methods

2.1. Strains

C. jejuni ATCC BAA-1062 (isolated from a chicken carcass), ATCC
33560 (recovered from bovine feces), as well as two field strains
(08-Sp-1 and 08-Sp7) isolated from different broiler flocks in León
(north western Spain) in 2008, were used in this study. These
organisms, stored at�80 �C and recovered before testing, were pas-
saged not more than three times on artificial media before testing.
They were recovered in Bolton broth (Oxoid, England) supple-
mented with 5% (v/v) defibrinated horse blood (Oxoid) in a micro-
aerobic atmosphere (N2: 85%, CO2: 10%, O2: 5%) at 42 �C for 48 h.
The organisms were then inoculated onto Preston campylobacter
agar (Pronadisa, Spain), and incubated under the same conditions.
The cells were suspended either in normal saline solution or sterile
bovine serum (Oxoid) to obtain 109 colony-forming units (CFU)/ml.
These suspensions were used as the initial inocula for all tests.
2.2. Disinfectants

Sixteen active chemical agents (Table 1) and 11 commercial for-
mulations (their brand names, sources and active ingredients are
listed in Table 2) were selected. These 27 products were diluted
cacy of several disinfectants against Campylobacter jejuni strains by a sus-
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Table 1
Activities of 16 active chemical agents against Campylobacter jejuni in the suspension test.

Chemical agent (concentration used) Strain Reduction in CFU/ml

With saline With serum

Chloramine-T (0.4%, w/v) ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106a >106

Sodium hypochlorite (0.5%, v/v) ATCC 33560 3.80 ± 2.00 3.09 ± 3.10
ATCC BAA-1062 5.10 ± 1.78 3.77 ± 1.45
08-Sp-1 6.11 ± 3.47 2.70 ± 2.04
08-Sp-7 4.72 ± 3.59 3.19 ± 1.88

Iodophor (1%, w/v) (0.1% available iodine) ATCC 33560 2.67 ± 0.91 1.22 ± 0.12
ATCC BAA-1062 2.87 ± 1.59 3.17 ± 1.97
08-Sp-1 4.08 ± 5.12 4.42 ± 4.85
08-Sp-7 2.50 ± 2.16 1.76 ± 0.70

Povidone–iodine (1% available iodine) ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106 >106

Hydrogen peroxide (3%, v/v) ATCC 33560 >106 (2.49 ± 1.48) � 104

ATCC BAA-1062 >106 (4.23 ± 1.65) � 104

08-Sp-1 and 08-Sp-7 >106 >106

Potassium permanganate (1%, w/v) ATCC 33560 (8.80 ± 5.43) � 102 1.95 ± 0.61
ATCC BAA-1062 (5.23 ± 1.98) � 102 1.87 ± 1.20
08-Sp-1 (2.81 ± 1.92) � 101 2.89 ± 1.83
08-Sp-7 (5.28 ± 4.11) � 102 (5.56 ± 4.19) � 101

Benzalkonium chloride (0.02%, w/v) ATCC 33560 >106 (8.48 ± 7.15) � 104

ATCC BAA-1062 >106 (8.70 ± 2.50) � 104

08-Sp-1 and 08-Sp-7 >106 >106

Cetylpiridinium chloride (0.1%, w/v)
Ethanol (70%, v/v)
Isopropanol (70%, v/v)
Chlorhexidine digluconate (2%, v/v)
Formaldehyde (3.7%, v/v)
Phenol (5%, w/v)

ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106 >106

Phosphoric acid (0.45%, v/v) ATCC 33560, ATCC BAA-1062, and 08-Sp-7 >106 >106

08-Sp-1 (8.48 ± 7.15) � 105 (8.48 ± 7.15) � 104

Zinc sulfate (0.25%, w/v) ATCC 33560 (1.17 ± 1.35) � 103 (2.35 ± 1.04) � 102

ATCC BAA-1062 (3.43 ± 1.22) � 103 (8.07 ± 1.93) � 101

08-Sp-1 (7.57 ± 1.17) � 103 (3.19 ± 0.55) � 101

08-Sp-7 (2.02 ± 0.75) � 104 (1.60 ± 0.45) � 101

Thimerosal (0.1%, w/v) ATCC 33560 7.28 ± 7.70 2.02 ± 0.51
ATCC BAA-1062 5.73 ± 1.27 5.20 ± 1.05
08-Sp-1 3.93 ± 2.01 4.22 ± 4.07
08-Sp-7 (1.73 ± 0.95) � 101 2.80 ± 1.12

CFU = colony-forming units.
a >106, the maximal level of detection was surpassed (absence of growth in the lowest dilution tested in all replicates done).
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according to instructions of the manufacturers, with sterile tap
water at pH 7.0 as the diluent. The in-use concentration of each
one is listed in Tables 1 and 2.
2.3. Suspension test

The test was carried out as described previously for other
organisms (Best et al., 1988, 1990; Gutiérrez et al., 1995; Rodríguez
Ferri et al., 2010). Controls for each test suspension were mixed
with 0.9 ml of sterile tap water instead of disinfectant. Disinfectant
reactions were carried out in 24-well plastic cell culture plates
(Nunc, Denmark) at room temperature, and a 0.1 ml volume of
each campylobacter suspension (109 CFU/ml of sterile saline) was
added to 0.9 ml of each disinfectant. After 1 min of contact (Best
et al., 1988; Gutiérrez et al., 1995), 0.1 ml of the reaction mixture
was removed and immediately diluted 100-fold in sterile saline
solution to stop disinfectant action (Best et al., 1988, 1990; Gut-
iérrez et al., 1995). Then, the samples were subjected to further
tenfold dilution (until 10�7). Samples (0.1 ml) from each dilution
were spread on Preston agar in triplicate and incubated as de-
scribed above. The conditions for suspension tests in the presence
of serum were the same, but using 0.1 ml of C. jejuni suspended in
serum instead of saline.

Each suspension test was carried out in triplicate, using a newly
prepared dilution of each disinfectant and a fresh campylobacter
suspension adjusted to 109 CFU/ml each time. Disinfectant activity
was determined by comparing growth on the control and disinfec-
Please cite this article in press as: Gutiérrez-Martín, C.B., et al. Evaluation of effi
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tant plates, and was reported as the mean ± standard deviation
reduction in CFU per ml. Each disinfectant was tested for its
capacity to cause up to a 106 (6-log10, 99.9999%) reduction in
CFU of C. jejuni strains (maximal level of detection). At least a
103 decrease (3-log10, 99.9% reduction in CFU) was considered a
minimal acceptable effective value, according to similar reports
on other Gram-negative organisms (Best et al., 1988, 1990;
Gutiérrez et al., 1995; Rodríguez Ferri et al., 2010).
3. Results

Control reactions not containing disinfectant resulted in
complete recovery of the initial inoculum. Similarly, serum was
previously tested with the four Campylobacter strains and no effect
was proven on them. As the results obtained for any of the 27 prod-
ucts compared were basically the same for the four strains tested,
they will be shown hereafter at a species level.

Eight of the active ingredients tested (chloramine-T, povidone–
iodine, cetylpiridinium chloride, ethanol, isopropanol, chlorhexi-
dine digluconate, formaldehyde, and phenol) were found
extremely effective because they caused at least a 6-log10 reduc-
tion under all the conditions tested (Table 1). Phosphoric acid re-
sulted in at least a 6-log10 reduction for three of the strains
compared, except for field isolate 08-Sp-1, to which a 5-log10

reduction or a 4-log10 reduction in CFU were detected, respectively,
with saline or serum. Hydrogen peroxide and benzalkonium
chloride were also highly efficacious in the absence of serum; nev-
cacy of several disinfectants against Campylobacter jejuni strains by a sus-
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Table 2
Activities of 11 commercial formulations against Campylobacter jejuni in the suspension test.

Commercial formulations Dilutiona Strain Reduction in CFU/ml

(active compounds) With
saline

With serum

(1) 1% Benzalkonium chloride plus 0.1875% 2-bromide, 2-
nitropropane, 1,3-diol, and 0.0675% 2,4,40-trichloro, 20-
hydroxydiphenyl ether

Undiluted ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106b

>106
>106

>106

(2) 10% Benzalkonium chloride plus 2.5% glutaraldehyde, 6.8%
glyoxal, and 6% formaldehyde

1:5 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(3) 10% Benzalkonium chloride plus 2.5% glutaraldehyde, 6.8%
glyoxal, and 6% formaldehyde

1:400 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(4) 4.5% Didecyldimethylammonium chloride 1:400 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(5) 4.5% Didecyldimethylammonium chloride plus 5%
glutaraldehyde

1:400 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

> 106

(6) 5% Benzalkonium chloride plus 1.25% glutaraldehyde, and 3.4%
glyoxal

1:200 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(7) 10% Isopropanol plus 10% p-chlorometacresol 1:200 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(8) 11% N-duopropenide (a mixture of
benzyldimethyldecadecylammonium iodide,
benzyldimethyltetradecylammonium iodide, and
benzyldimethylhexadecylammonium iodide)

1:400 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(9) 50% Potassium monopersulfate, monopotassium sulfate, and
potassium sulfate; plus 5% sulfamic acid, and 15% sodium
dodecylbenzenesulfonate

1:200 ATCC 33560
ATCC BAA-1062
08-Sp-1
08-Sp-7

>106

>106

>106

>106

(2.02 ± 1.89) � 103

(1.07 ± 3.93) � 104

(1.79 ± 0.65) � 104

(2.29 ± 1.20) � 103

(10) 17% Alkyldimethylbenzylammonium chloride plus 7.8%
didecylmethylbenzylammonium chloride, 10.7%
glutaraldehyde, and 14.6% isopropanol

1:400 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(11) 15% Peracetic acid plus 21% hydrogen peroxide, and <30%
acetic acid

1:100 ATCC 33560, ATCC BAA-1062, 08-Sp-1 and 08-Sp-7 >106

>106
>106

>106

(1) CR-36 Mural, José Collado, SA, Barcelona, Spain. (2) Darodor 9000, José Collado, SA, Barcelona, Spain. (3) Limoseptic, José Collado, SA, Barcelona, Spain. (4) Limoseptic plus,
José Collado, SA, Barcelona, Spain. (5) Limoseptic SF, José Collado, SA, Barcelona, Spain. (6) Limoseptol, José Collado, SA, Barcelona, Spain. (7) Poliformo, José Collado, SA,
Barcelona, Spain. (8) Totalcide, Bio-Genetic Laboratory, Madrid, Spain. (9) Virkon S, Bayer Healthcare, Barcelona, Spain. (10) Virocid, Bayer Healthcare, Barcelona, Spain. (11)
Proxitane 15, Solvay Chemie, The Netherlands.

a Dilutions according to the instructions of the manufacturers.
b >106, the maximal level of detection was surpassed (absence of growth in the lowest dilution tested in all replicates done).
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ertheless, their activity was considerably decreased by it (a 2-log10

reduction) when testing the two reference strains but not when
testing the two field isolates. C. jejuni strains were susceptible to
zinc sulfate with saline, resulting in at least a 3-log10 reduction
in CFU after 1 min of exposure; however, this compound was
unable to effectively inactivate them in the presence of serum.
Similarly, potassium permanganate was unable to cause more than
a 2-log10 decrease with saline, and its activity was completely inac-
tivated by serum, with only less than 1-log10 reduction in CFU for
three of the four strains tested in comparison to control reactions.
Finally, sodium hypochlorite, iodophor and thimerosal were highly
ineffective against C. jejuni, because they resulted in less than
1-log10 reduction under all the conditions tested, except for thi-
merosal and field isolate 08-Sp-7 in the absence of serum, which
gave a 1-log10 reduction in CFU.

In addition, the efficacy of 11 currently used commercial formu-
lations was also evaluated (Table 2). All of them except formulation
No. 9 resulted in the maximal level of activity (>6-log10 reduction)
regardless of the presence or absence of serum. This high effective-
ness against C. jejuni was also obtained for formulation No. 9 with
saline; however, serum reduced 3- or 2-log10 its disinfectant capa-
bility, depending on the strain tested.
4. Discussion

The use of the suspension method to determine susceptibility of
C. jejuni to such a variety of disinfectants has not been previously
reported. The four strains tested were suspended in each disinfec-
tant with and without serum to simulate natural conditions under
Please cite this article in press as: Gutiérrez-Martín, C.B., et al. Evaluation of effi
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which general equipment and surface disinfection occur, because
several factors, and especially the presence of organic matter, can
modify the disinfectant effectiveness (McDonnell and Russell,
1999; Ruano et al., 2001). Although a serum suspension is possibly
not the most relevant environment to represent a farm situation,
this organic matter has been reported as a good alternative, be-
cause of the difficulty in obtaining large amounts of other sort of
sterile organic matter (Best et al., 1990). On the other hand, contact
time between a disinfectant and an infective agent can vary from
several seconds for surface disinfection to several hours for instru-
ment and clothes cleaning. It is therefore desirable that a chemical
agent causes its effect after minimal contact time, and for this rea-
son a 1-min time was selected in our study, according to previous
reports (Best et al., 1988; Gutiérrez et al., 1995).

Chlorine- and iodine-releasing agents are the most significant
microbicidal halogens used for disinfectant purposes. In this study,
chloramine-T was extremely active even in the presence of serum
as representative of organic matter, in agreement with that ob-
served for other Gram-negative organisms (Gutiérrez et al.,
1995). In a previous report, chlorine proved to be effective in inac-
tivating C. jejuni even in mixed-culture biofilms (taking into ac-
count that biofilms currently decreased the effectiveness of
chemical sanitizers, Trachoo and Frank, 2002) or using standard
procedures to disinfect water (Blaser et al., 1986), but ineffective
in eliminating this pathogen on poultry meat (Yogasundram
et al., 1987) or skin (Chantarapanont et al., 2004).

The other chlorine-releasing agent used (sodium hypochlorite)
was completely ineffective against the four C. jejuni strains tested.
Nevertheless, good activities for 0.63% sodium hypochlorite acting
for 5 min (Avrain et al., 2003) or for a 5.25% concentration acting
cacy of several disinfectants against Campylobacter jejuni strains by a sus-
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for 15 min (Wang et al., 1983) were previously obtained against
Campylobacter strains. According to these investigations, a longer
exposure time and/or a higher concentration might have rendered
effective sodium hypochlorite in our study. On the other hand, the
iodophor containing 0.1% available iodine was ineffective, just the
opposite to that the povidone–iodine solution, containing a concen-
tration of available iodine 10-fold higher than that of iodophore. The
different results showed by these two compounds could be justified
by the different concentration of the active product in each case. The
results concerning these two iodophors were in general agreement
with those published for C. jejuni and other Gram-negative organ-
isms (Girardo et al., 1989; Gutiérrez et al., 1995; Wang et al., 1983).

Among the oxidant agents compared, only hydrogen peroxide
and formulation No. 11 were found highly effective, which is in
accordance with previous studies (Bauermeister et al., 2008;
McDonnell and Russell, 1999). However, tolerance to hydrogen per-
oxide has been described for some C. jejuni strains (Grant and Park,
1995). Potassium permanganate was clearly ineffective under all
the conditions tested, but formulation No. 9, composed of several
potassium derivatives, improved substantially its disinfectant
capability compared to potassium permanganate alone, although
it was also considerably reduced by serum. This greater efficacy
might be due to the higher potassium concentration in the com-
mercial product and/or the combination with other active chemical
agents, such as sulfamic acid and sodium dodecylbenzenesulfonate.

Quaternary ammonium compounds (QACs) are widely used as
bactericidal agents and for disinfection (McDonnell and Russell,
1999). Benzalkonium chloride and cetylpiridinium chloride were
effective in this study. Similar results for C. jejuni using the former
compound at a considerably higher concentration after 5 min of
exposure have been shown (Avrain et al., 2003). In addition, eight
QAC-based formulations were evaluated, and all resulted in the
maximal effectiveness, even those tested at high dilutions
(1:400); this finding has been already reported against C. jejuni
for other different QAC-based commercial disinfectant (Wang
et al., 1983). Comparing culturable and VNC populations of C. jeju-
ni, Rowe et al. (1998) showed that the former were significantly
more resistant than the VNC campylobacters. Anyway, a fact to
be born in mind is that campylobacters present in a biofilm are less
susceptible to quaternary ammonia than planktonic (suspended)
cultures (Trachoo and Frank, 2002).

As regards to alcohols, our study confirms the excellent activity
of ethanol, isopropanol, and formulation No. 7 against the four C.
jejuni strains tested; a previous report using the same concentration
of ethanol yielded similar results, but this antiseptic was not studied
in the presence of organic matter (Wang et al., 1983). Concerning
chlorhexidine digluconate, although its disinfectant capability is
considered to be greatly reduced in the presence of organic matter
(Russell and Day, 1993), it proved to be highly effective against C.
jejuni strains in our study, in agreement to that previously described
for other Gram-negative organisms (Gutiérrez et al., 1995).

Formaldehyde, phenol and phosphoric acid also showed excel-
lent activities against avian and bovine C. jejuni strains, while a
reduction in their effectiveness (from 1-log10 to 3-log10) was
previously observed against other Gram-negative organisms in
the presence of serum as representative of organic matter (Gut-
iérrez et al., 1995). Among metallic compounds, only zinc sulfate
yielded satisfactory results, but it was inactivated by serum; no
previous information has been published about susceptibility of
Campylobacter strains to any of these disinfectants.

To conclude, eight of the 16 active chemical agents and 10 of the
11 commercial formulations showed the highest level of effective-
Please cite this article in press as: Gutiérrez-Martín, C.B., et al. Evaluation of effi
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ness against the four avian or bovine C. jejuni strains under all the
in vitro conditions tested and, consequently, these compounds
might be of great helpful in the adoption of control measures
against this pathogen in natural environments.
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