
IMMUNOGENIC COMPOSITION Technical Field The present
invention relates to the field of Staphylococcal
immunogenic compositions and vaccines, their
manufacture and the use of such compositions in
medicine. More particularly, it relates to vaccine
compositions comprising type 5 and/or 8
polysaccharides from S. aureus in which the degree of
O-acetylation is between 30-100%. Methods for the
treatment or prevention of staphylococcal infections
using such vaccines are also provided. Background The
number of both community acquired and hospital
acquired infections have increased over recent years
with the increased use of intravascular devices.
Hospital acquired (nosocomial) infections are a major
cause of morbidity and mortality, more particularly in
the US, where they affect more than 2 million patients
annually. Following various studies, about 6 percent
of the US patients will acquire an infection during
their stay in hospital. The economic burden in the USA
was estimated to be more than $4.5 billion in 1992
(Emori and Gaynes, 1993, Clin. Microbiol. Rev. 6;
428). The most frequent infections are urinary tract
infections (UTI-33% of the infections), followed by
pneumonia (15.5%), surgical site infections (14.8%)
and primary bloodstream infections (13%) Emori and
Gaynes, 1993, Clin. Microbiol. Rev. 6; 428).
Staphylococcus aureus, Coagulase-negative
Staphylococci (mostly Staphylococcus epidermidis),
enterococcus spp, Esherichia coli and Pseudomonas
aeruginosa are the major nosocomial pathogens.
Although those pathogens almost cause the same number
of infections, the severity of the disorders they can
produce combined with the frequency of antibiotic
resistant isolates balance this ranking towards S.
aureus and S. epidermidis as being the most
significant nosocomial pathogens. Staphylococcus
aureus is the most common cause of nosocomial
infections with a significant morbidity and mortality
(Romero-Vivas et al 1995, Infect. Dis. 2 1; 1417). It
isthe cause of some cases of osteomyelitis,
endocarditis, septic arthritis, pneumonia, abscesses
and toxic shock syndrome. S. epidermidis is a normal
skin commensal which is also an important
opportunistic pathogen responsible for infections of
implanted medical devices and infections at sites of
surgery. Medical devices infected by S. epidermidis
include cardiac pacemakers, cerebrospinal fluid
shunts, continuous ambulatory peritoneal dialysis
catheters, orthopaedic devices and prosthetic heart
valves. S. aureus and S. epidermidis infections are
treated with antibiotics, with penicillin being the
drug of choice whereas vancomycin is used for
methicillin resistant isolates. The percentage of
staphylococcal strains exhibiting wide-spectrum
resistance to antibiotics has become increasingly
prevalent since the 1980's (Panlilo et al 1992,
Infect.Control. Hosp. Epidemiol. 13; 582), posing a
threat for effective antimicrobial therapy. In
addition, the recent emergence of vancomycin resistant
S. aureus strain has aroused fear that methicillin
resistant S. aureus strains will emerge and spread for
which no effective therapy is available. An
alternative approach of using antibodies against
staphylococcal antigens in passive immunotherapy has
been investigated. Therapy involving administration of
polyclonal antisera are under development (WO
00/15238, WO 00/12132) as well as treatment with 



a monoclonal antibody against lipoteichoic acid (WO
98/57994). An alternative approach would be use of
active vaccination to generate an immune response
against staphylococci. Several candidates for
inclusion as vaccine components have been identified.
These include Fibronectin binding protein (US5840846),
MHC Il analogue (US5648240), fibrinogen binding
protein (US6008341), GehD (US 2002/0169288), collagen
binding protein (US6288214), SdrF, SdrG and SdrH (WO
00/12689), mutant SEA and SEB exotoxins (WO 00/02523)
and 52kDa vitronectin binding protein (WO 01/60852).
The S. aureus genome has been sequenced and many of
the coding sequences have been identified (EP786519,
WO02/094868). The same is true for S. epidermidis (WO
01/34809). As a refinement of this approach, others
have identified proteins that arerecognised by
hyperimmune sera from patients who have suffered
staphylococcal infection (WO01/98499, WO 02/059148).
The first generation of vaccines targeted against S.
aureus or against the exoproteins it produces have met
with limited success (Lee 1996 Trends Microbiol. 4;
162). There remains a need to develop effective
vaccines against staphylococcal infections.
Description of Figures Figure 1 - Polypeptide
sequences of proteins for inclusion in an immunogenic
composition. Table 1 provides information on which
protein is represented by each SEQ ID. Figure 2 -
Nucleotide sequences encoding proteins for inclusion
in an immunogenic composition. Table 1 provides
information on which protein is encoded by each SEQ
ID. Figure 3 - Purification of alpha toxin under
native conditions. Panel A shows a coommassie stained
SDS-PAGE of samples prepared during the purification
of alpha toxin. Lane 1 - molecular weight markers,
lane 2 - soluble fraction containing overexpressed
alpha toxin, lane 3 - flow through from the Ni-NTA
column, lane 4 - fractions eluted with 10% buffer B,
lane 5 - fractions eluted with 20% buffer B, lane 6 -
fractions eluted with 30% buffer B, lane 7 - fractions
eluted with 50% buffer B, lane 8 - fractions eluted
with 75% buffer B, lane 9 and 10 fractions eluted with
100% buffer B, lane 11 bacteria at T=O before
induction, lane 12 - bacteria at T=4 hours after
induction, lane 13 - cell lysate, lane 14 - soluble
fraction, lane 15 - insoluble fraction. Panel B shows
a coommassie stained SDS-PAGE of 10, 5, 2 and 1ml of
the purified alpha toxin. Figure 4 - Purification of
SdrC underdenaturing conditions. Panel A shows a
coommassie stained SDS-PAGE of samples prepared during
the purification of alpha toxin. Lane M - molecular
weight markers, lane Start - supernatant framed from
the insoluble fraction containing over-expressed SdrC,
lane FT1 - flow through from the Ni-NTA column, lane C
- fractions eluted with wash buffer C, lane D -
fractions eluted with buffer D, lane E - fractions
eluted with buffer E. Panel B shows a coommassie
stained SDS-PAGE of 1, 2, 5 and 10ml of the purified
SdrC. Figure 5 - ELISA results for antisera against
staphylococcal proteins in plates coated with purified
proteins.Pool mice pre - result using pooled sera
extracted from mice pre-innoculation. Pool mice Post
III - result using pooled mouse sera extracted
post-immunisation. Pool rabbit pre - result using
pooled sera extracted from rabbits pre-innoculation.
Pool rabbit Post III - result using pooled rabbit sera
extracted post-immunisation. BIc- negative contol. 



Figure 6 - ELISA results for mouse antisera raised
against staphylococcal proteins in plates coated with
killed staphylococci. Panel A uses plates coated with
S. aureus serotype 5 killed whole cells. Panel B uses
plates coated with S. aureus serotype 8 killed whole
cells. Panel C uses plates coated with S. epidermidis
killed whole cells. The line marked with square signs
shows the ELISA result using antisera from mice
immunised three times with the indicated
staphylococcal protein. The line marked with diamond
signs shows the ELISA result for pre-immune mouse
sera. Figure 7 - ELISA results for rabbit antisera
raised against staphylococcal proteins in plates
coated with killed staphylococci. Panel A uses plates
coated with S. aureus serotype 5 killed whole cells.
Panel B uses plates coated with S. aureus serotype 8
killed whole cells. Panel C uses plates coated with S.
epidermidis killed whole cells. The line marked with
square signs shows the ELISA result using antisera
from rabbits immunised three times with the indicated
staphylococcal protein (except for HarA where only one
immunisation was given). The line marked with diamond
signs shows the ELISA result for pre-immune rabbit
sera. Detailed description The present invention
discloses immunogenic compositions which comprise S.
aureus polysaccharides Type 5 and/or 8 in which the
Type 5 and/or Type 8 capsular polysaccharide or
oligosaccharide is between 30% and 100% O-acetylated.
In particular embodiments, the immunogenic composition
of the invention additionally comprises PNAG or
staphylococcal protein(s). PNAG is highly conserved
among Gram positive bacteria and provides protection
against a broad range of bacteria whereas Type 5 and 8
polysaccharides are potent immunogens that elicit an
immune response against most strains of S. aureus
which is the most common cause of nosocomial
infection.Polysaccharides The immunogenic compositions
of the invention comprise PNAG and type 5 and 8
polysaccharides from S. aureus either or both of which
are between 30% and 100% Oacetylated. Poly
N-acetylated glucosamine (PNAG) PNAG is a
polysaccharide intercellular adhesin and is composed
of a polymer of b- ( 1 ->6)-linked glucosamine,
optionally substituted with N-acetyl and/or O-succinyl
constituents. This polysaccharide is present in both
S. aureus and S. epidermidis and can be isolated from
either source (Joyce et al 2003, Carbohydrate Research
338; 903; Maira- Litran et al 2002, Infect. Imun. 70;
4433). For example, PNAG may be isolated from S.
aureus strain MN8m (WO 04/43407). The preparation of
dPNAG is described in WO 04/43405. The polysaccharide
previously known as poly-N-succinyl- b-(1
-"6)-glucosamine (PNSG) was recently shown not to have
the expected structure since the identification of
Nsuccinylation was incorrect (Maira-Litran et al 2002,
Infect. Imun. 70; 4433). Therefore the polysaccharide
formally known as PNSG and now found to be PNAG is
also encompassed by the term PNAG. PNAG may be of
different sizes varying from over 40OkDa to between 75
and 40OkDa to between 10 and 75kDa to oligosaccharides
composed of up to 30 repeat units (of b- ( 1
->6)-linked glucosamine, optionally substituted with
N-acetyl and O-succinyl 



constituents). Any size of PNAG polysaccharide or
oligosaccharide may be use in an immunogenic
composition of the invention, for example a size of
over 4OkDa can be used. Sizing may be achieved by any
method known in the art, for instance by
microfluidisation, ultrasonic irradiation or by
chemical cleavage (WO 03/53462, EP497524, EP497525).
Size ranges of PNAG are for example 40-40OkDa,
50-35OkDa, 40-30OkDa, 60-30OkDa, 50-25OkDa and
60-20OkDa. PNAG can have different degree of
acetylation due to substitution on the amino groups by
acetate. PNAG produced in vitro is almost fully
substituted on amino groups (95-100%).Alternatively, a
deacetylated PNAG can be used having less than 50%,
40%, 30%, 20%, 10% or 5% N-acetylation. Use of a
deacetylated PNAG allows opsonic killing of Gram
positive bacteria, optionally S. aureus and/or S.
epidermidis (WO 04/43405). In an embodiment, the PNAG
has a size between 4OkDa and 30OkDa and is
deacetylated so that less than 50%, 40%, 30%, 20%, 10%
or 5% of amino groups are N acetylated. In an
embodiment, the PNAG is not O-succinylated or is
O-succinylated on less than 25, 20, 15, 10, 5, 2 , 1
or 0.1% of residues. The term deacetylated PNAG
(dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 50%, 40%, 30%, 20%,
10% or 5% of the amino groups are acetylated. As used
herein, the term PNAG encompasses both acetylated and
deacetylated forms of the saccharide. In an
embodiment, PNAG is deacetylated to form dPNAG, by
chemically treating the native polysaccharide. For
example, the native PNAG is treated with a basic
solution such that the pH rises to above 10. For
instance the PNAG is treated with 0.1 -5M, 0.2-4M,
0.3- 3M, 0.5-2M, 0.75-1 .5M or 1M NaOH , KOH or NH4OH.
Treatment is for at least 10 or 30 minutes, or 1, 2,
3, 4, 5, 10, 15 or 20 hours at a temperature of 20-1
00, 25-80, 30-60 or 30-50 or 35-45 0C. dPNAG may be
prepared as described in WO 04/43405. In an
embodiment, the polysaccharide(s) included in the
immunogenic composition of the invention are
conjugated to a carrier protein as described below or
alternatively unconjugated. Type 5 and Type 8
polysaccharides from S. aureus Most strains of S.
aureus that cause infection in man contain either Type
5 or Type 8 polysaccharides. Approximately 60% of
human strains are Type 8 and approximately 30% are
Type 5. The structures of Type 5 and Type 8 capsular
polysaccharide antigens are described in Moreau et al
Carbohydrate Res. 201 ; 285 (1990) and Fournier et al
Infect. Immun. 45; 87 (1984). Both have FucNAcp in
their repeat unit as well as ManNAcA which can be used
to introduce a sulfhydryl group.Recently (Jones
Carbohydrate Research 340, 1097-1 106 (2005)) NMR
spectroscopy revised the structures of the capsular
polysaccharides to : Type 5 (r)4)-b-D-Man NAcA-(I
(r)4)-a-L-FucNAc(3OAc)-(1 (r)3)-b-D-FucNAc-(1 (r) Type
8 (r)3)-b-D-ManNAcA(4OAc)-(1 (r)3)-a-L-FucNAc(1
(r)3)-a-D-FucNAc(1 (r) Polysaccharides may be
extracted from the appropriate strain of S. aureus
using methods well known to the skilled man, for
instance as described in US6294177 or Infection and
Immunity (1990) 58(7); 2367. For example, ATCC 12902
is a Type 5 S. aureus strain and ATCC 12605 is a Type
8 S. aureus strain. 



Polysaccharides are of native size or alternatively
may be sized, for instance by microfluidisation,
ultrasonic irradiation or by chemical treatment. The
invention also covers oligosaccharides derived from
the type 5 and 8 polysaccharides from S. aureus. The
type 5 and/or 8 capsular polysaccharide or
oligosaccharides included in the immunogenic
composition of the invention are O-acetylated. In an
embodiment, the degree of O-acetylation of type 5
capsular polysaccharide or oligosaccharide is 10-100%,
20-100%, 30-100%, 40-100%, 50-100%. 60-100%, 70-100%,
80-100%, 90-100%, 50- 90%, 60-90%, 70-90% or 80-90%.
In an embodiment, the degree of O-acetylation of type
8 capsular polysaccharide or oligosaccharide is
10-100%, 20-100%, 30-100%, 40-100%, 50-100%. 60-100%,
70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or
80-90%. In an embodiment, the degree of O-acetylation
of type 5 and type 8 capsular polysaccharides or
oligosaccharides is 10-100%, 20-100%, 30-100%,
40-100%, 50-100%. 60-1 00%, 70-1 00%, 80-1 00%, 90-1
00%, 50-90%, 60-90%, 70-90% or 80-90%. The degree of
O-acetylation of the polysaccharide or oligosaccharide
can be determined by any method known in the art, for
example, by proton MMR ( Lemercinier and Jones 1996,
Carbohydrate Resarch 296; 83-96, Jones and Lemercinier
2002, J Pharmaceutical and Biomedical analysis 30;
1233-1247, WO 05/033148 or WO 00/56357). A further
commently used method is that described by Hestrin
(1949) J . Biol. Chem. 180; 249-261.0-acetyl groups
can be removed by hydrolysis, for example by treatment
with a base such as anhydrous hydrazine (Konadu et al
1994; Infect. Immun. 62; 5048-5054) or treatment with
0.1 N NaOH for 1-8 hours. In order to maintain high
levels of O-acetylation on type 5 and/or 8
polysaccharide or oligosaccharide, treatments which
would lead to hydrolysis of the O-acetyl groups are
minimised. For example treatment at extremes of pH are
minimised. The type 5 and 8 polysaccharides included
in the immunogenic composition of the invention are
optionally conjugated to a carrier protein as
described below or are alternatively unconjugated. The
immunogenic compositions of the invention
alternatively contains either type 5 or type 8
polysaccharide. S. aureus 336 antigen In an
embodiment, the immunogenic composition of the
invention comprises the S. aureus 336 antigen
described in US6294177. The 336 antigen comprises
b-linked hexosamine, contains no O-acetyl groups and
specifically binds to antibodies to S. aureus Type 336
deposited under ATCC 55804. In an embodiment, the 336
antigen is a polysaccharide which is of native size or
alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers
oligosaccharides derived from the 336 antigen. The 336
antigen, where included in the immunogenic composition
of the invention is optionally conjugated to a carrier
protein as described below or are alternatively
unconjugated. Type I, Il and III polysaccharides from
S. epidermidis Strains ATCC-31432, SE-360 and SE-10 of
S. epidermidis are characteristic of three different
capsular types, I , Il and III respectively (lchiman
and Yoshida 1981 , J. Appl. Bacteriol. 51; 229).
Capsular polysaccharides extracted From each serotype
of S. 



epidermidis constitute Type I, Il and III
polysaccharides. Polysaccharides may beextracted by
serval methods including the method described in US41
97290 or as described in lchiman et al 1991, J. Appl.
Bacteriol. 7 1; 176. In one embodiment of the
invention, the immunogenic composition comprises type
I and/or Il and/or III polysaccharides or
oligosaccharides from S. epidermidis. Polysaccharides
are of native size or alternatively may be sized, for
instance by microfluidisation, ultrasonic irradiation
or chemical cleavage. The invention also covers
oligosaccharides extracted from S. epidermidis
strains. These polysaccharides are unconjugated or are
optionally conjugated as described below. Conjugation
of polysaccharides Amongst the problems associated
with the use of polysaccharides in vaccination, is the
fact that polysaccharides per se are poor immunogens.
Strategies, which have been designed to overcome this
lack of immunoge picity, include the linking of the
polysaccharide to large protein carriers, which
provide bystander T-cell help. In an embodiment, the
polysaccharides utilised in the invention are linked
to a protein carrier which provide bystander T -cell
help. Examples of these carriers which may be used for
coupling to polysaccharide or oligosaccharide
immunogens include the Diphtheria and Tetanus toxoids
(DT, DT Crm197 and TT), Keyhole Limpet Haemocyanin
(KLH), Pseudomonas aeruginosa exoprotein A (rEPA) and
the purified protein derivative of Tuberculin (PPD),
protein D from Haemophilus influenzae, pneumolysin or
fragments of any of the above. Fragments suitable for
use include fragments encompassing T-helper epitopes.
In particular protein D fragment will optionally
contain the N-terminal 1/3 of the protein. Protein D
is an IgD- binding protein from Haemophilus influenzae
(EP 0 594 610 B1). An alternative carrier protein to
use in the immunogenic composition of the invention is
a single staphylococcal protein or fragment thereof or
a fusion protein comprising at least or exactly 1, 2,
3 or 4 or more of the staphylococcal proteins or
fragments thereof listed in the section below.A new
carrier protein that would be particularly
advantageous to use in the context of a staphylococcal
vaccine is staphylococcal alpha toxoid. The native
form may be conjugated to a polysaccharide since the
process of conjugation reduces toxicity. Optionally a
genetically detoxified alpha toxin such as the
His35Leu or His 35 Arg variants are used as carriers
since residual toxicity is lower. Alternatively the
alpha toxin is chemically detoxified by treatment with
a cross-linking reagent, formaldehyde or
glutaraldehyde. A genetically detoxified alpha toxin
is optionally chemically detoxified, optionally by
treatment with a cross-linking reagent, formaldehyde
or glutaraldehyde to further reduce toxicity. The
polysaccharides may be linked to the carrier
protein(s) by any known method (for example, by
Likhite, U.S. Patent 4,372,945 by Armor et al., U.S.
Patent 4,474,757, WO and Jennings et al., U.S. Patent
4,356,170). Optionally, CDAP conjugation chemistry is
carried out (see WO95/08348). In CDAP, the cyanylating
reagent 1-cyano-dimethylaminopyridinium
tetrafluoroborate (CDAP) is optionally used for the
synthesis of polysaccharide-protein conjugates. The
cyanilation reaction can be performed under relatively
mild conditions, which avoids hydrolysis of the
alkaline sensitive polysaccharides. This synthesis
allows direct coupling 



to a carrier protein. The polysaccharide may be
solubilized in water or a saline solution. CDAP may be
dissolved in acetonitrile and added immediately to the
polysaccharide solution. The CDAP reacts with the
hydroxyl groups of the polysaccharide to form a
cyanate ester. After the activation step, the carrier
protein is added. Amino groups of lysine react with
the activated polysaccharide to form an isourea
covalent link. After the coupling reaction, a large
excess of glycine is then added to quench residual
activated functional groups. The product is then
passed through a gel permeation column to remove
unreacted carrier protein and residual reagents.
Proteins The immunogenic composition of the invention
optionally further comprises a staphylococcal protein,
for example a protein from S. aureus or S.
epidermidis. Some embodiments of the invention contain
proteins from both S. aureus and S.
epidermidis.Immunogenic compositions of the invention
comprise an isolated protein which comprises an amino
acid sequence which has at least 85% identity,
optionally at least 90% identity, at least 95%
identity, at least 97-99% or exact identity, to that
of any sequence of figure 1. Where a protein is
specifically mentioned herein, it is optionally a
reference to a native or recombinant , full-length
protein or optionally a mature protein in which any
signal sequence has been removed. The protein may be
isolated directly from the staphylococcal strain or
produced by recombinant DNA techniques. Immunogenic
fragments of the protein may be incorporated into the
immunogenic composition of the invention. These are
fragments comprising at least 10 amino acids, at least
20 amino acids, at least 30 amino acids, at least 40
amino acids, at least 50 amino acids or at least 100
amino acids, taken contiguously from the amino acid
sequence of the protein. In addition, such immunogenic
fragments are typically immunologically reactive with
antibodies generated against the Staphylococcal
proteins or with antibodies generated by infection of
a mammalian host with Staphylococci or contain T cell
epitopes. In an embodiment, immunogenic fragments also
includes fragments that when administered at an
effective dose, (either alone or as a hapten bound to
a carrier), elicit a protective immune response
against Staphylococcal infection, optionally it is
protective against S. aureus and/or S. epidermidis
infection. Such an immunogenic fragment may include,
for example, the protein lacking an N-terminal leader
sequence, and/or a transmembrane domain and/or a
C-terminal anchor domain. In an embodiment, the
immunogenic fragment according to the invention
comprises substantially all of the extracellular
domain of a protein which has at least 85%, 90%, 95%,
97% or 99% identity, to that a sequence selected from
Figure 1 over the entire length of the fragment
sequence. In an embodiment, immunogenic compositions
of the invention may contain fusion proteins of
Staphylococcal proteins, or fragments of
staphylococcal proteins. Such fusion proteins may be
made recombinantly and may comprise one portion of at
least 2, 3, 4, 5 or 6 staphylococcal proteins, for
example the combinations of staphylococcal proteins
listed below. Alternatively, a fusion protein may
comprise multiple portions of at least 2, 3, 4 or 5
staphylococcal proteins. These may combine different
Staphylococcal proteins or fragments thereof in the
same protein. Alternatively, the invention also
includes individual fusion proteins of Staphylococcal
proteins or fragments thereof, as a fusion protein
with heterologous sequences such as a provider of
T-cell epitopes or purification tags, for 



example: b-galactosidase, glutathione-S-transferase,
green fluorescent proteins (GFP),epitope tags such as
FLAG, myc tag, poly histidine, or viral surface
proteins such as influenza virus haemagglutinin, or
bacterial proteins such as tetanus toxoid, diphtheria
toxoid, CRM197. The fusion protein may be present in
the immunogenic composition of the invention as a free
protein or it may be a carrier protein linked to a
saccharide. Proteins In an embodiment, the immunogenic
composition of the invention further comprises one or
more of the proteins mentioned below or immunogenic
fragments thereof. Many of the proteins fall into the
categories of extracellular component binding
proteins, transporter proteins or toxins and
regulators of virulence. The immunogenic composition
of the invention optionally further comprises a
staphylococcal extracellular component binding protein
or a staphylococcal transporter protein or a
staphylococcal toxin or regulator of virulence. The
immunogenic composition of the invention optionally
comprises at least or exactly 1, 2, 3, 4, 5 or 6
staphylococcal proteins. Table 1 The following table
sets out the SEQ ID numbers of preferred protein
sequences and DNA sequences that are found in Figure 1
and Figure 2 respectively. SA indicates a sequence
from S. aureus and SE indicates a sequence from S.
epidermidis.COMBINATIONS OF
4-BROMO-2-(4-CHLOROPHENYL)-5-(TRIFLUOROMETHYL)-
1H-PYRROLE-3-CARBONITRILE AND BIOCIDAL COMPOUNDS
[0001] The present invention relates to combinations
of 4-bromo-2-(4-chloro-phenyl)- 5-(trifluoromethyl)-1
/-/-pyrrole-3-carbonitrile, or a salt thereof, and a
biocidal compound which provide an improved protecting
effect against fouling organisms. More particularly,
the present invention relates to compositions
comprising a combination of
4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1
/-/-pyrrole-3-carbonitrile, or a salt thereof,
together with one or more biocidal compounds selected
from (4-isopropylpyridinio) methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
capsaicine, clonidine, fenazaquin, glutaric
dialdehyde, menadione sodium bisulfite, menadione
piperazine bisulfite, menadione triaminetriazine
bisulfite, menthol or a derivative thereof,
N,N-bis(3-aminopropyl)dodecylamine,
coco(fractionated)benzyldimethylammonium chloride,
peracetic acid, pyridaben, tebufenpyrad, and zosteric
acid; in respective proportions to provide a
synergistic effect against fouling organisms and the
use of these compositions for protecting materials
against fouling organisms. [0002] It has now been
found that the combination of
4-bromo-2-(4-chloro-phenyl)-5- (trifluoromethyl)-i
/-/-pyrrole-3-carbonitrile (hereinafter referred to as
component I) and a biocidal compound selected from
4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1
Hpyrrole- 3-carbonitrile, or a salt thereof, together
with one or more biocidal compounds selected from
(4-isopropylpyridinio)methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
capsaicine, clonidine, fenazaquin, glutaric
dialdehyde, menadione sodium bisulfite, menadione
piperazine bisulfite, menadione triaminetriazine
bisulfite, menthol or a derivative thereof,
N,N-bis(3-aminopropyl)- dodecylamine,
coco(fractionated)benzyldimethylammonium chloride (CAS
68424-85-1 , commercially known as ARQUAD MCB-50 from
Akzo Nobel), peracetic acid, pyridaben, tebufenpyrad,
and zosteric acid (hereinafter referred to as a
component II), has a synergistic effect on the control
of fouling organisms. As used herein, "control" is
defined to include the inhibition of attachment or
settlement of fouling organisms to 



the surface of an object, the removal of fouling
organisms that are attached to the surface of an
object, and the growth of fouling organisms. [0003]
4-Bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1
/-/-pyrrole-3-carbonitrile is disclosed in EP-0,3
12,723 for controlling molluscs. Said compound can be
represented by the formula :- - [0004] EP-0,746,979
describes the use of
4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)- 1
/-/-pyrrole-3-carbonitrile in antifoulant compositions
which are applied to underwater surfaces in order to
prevent the attachment of fouling organisms to said
underwater surfaces. WO-03/039256 discloses
combinations of 4-bromo-2-(4-chlorophenyl)-
5-(trifluoromethyl)-1 /-/-pyrrole-3-carbonitrile with
bethoxazin, DCOIT, tolylfluanid and dichlofluanid for
protecting materials against fouling organisms. [0005]
The biocidal compounds referred to as components (II),
are the following : - component (ll-a)
(4-isopropylpyridinio)methyldiphenylboron; - component
(ll-b) triphenylboron pyridine; - component (ll-c)
benzalkonium chloride; - component (ll-d) capsaicine;
- component (ll-e) clonidine; - component (ll-f)
fenazaquin; - component (ll-g) glutaric dialdehyde; -
component (ll-h) menadione sodium bisulfite; -
component (ll-i) menadione piperazine bisulfite; -
component (ll-j) menadione triaminetriazine bisulfite;
- component (II- ) menthol or a derivative thereof; -
component (N-I) N,N-bis(3-aminopropyl)dodecylamine; -
component (ll-m)
coco(fractionated)benzyldimethylammonium chloride (CAS
68424-85-1 , commercially known as ARQUAD MCB-50 from
Akzo Nobel); component (ll-n) peracetic acid;
component (ll-o) pyridaben; component (ll-p)
tebufenpyrad; and component (ll-r) zosteric acid.
[0006] Derivatives of menthol are e.g. (-)- menthol,
(-)-trans- p-menthan-3,8-diol, (-)-menthyl chloride,
3-[[5-methyl-2-(l methylethyl)cyclohexylloxyl-1
,2-propanediol (also known as menthol propylene glycol
carbonate), (-)-isopulegol), and (-)- menthone, which
have been described as antifouling agents in
WO-01/9571 8. Another derivative is menthol
propyleneglycol carbonate which has been described for
its insect repellent activity in WO-2005/02531
3.[0007] Wherever the term
"4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1
Hpyrrole- 3-carbonitrile" or component (I) is used
throughout this text, it is meant to include said
compound both in base or in salt form, the latter
being obtained by reaction of the base form with an
appropriate acid. Appropriate acids comprise, for
example, inorganic acids, such as the hydrohalic
acids, i.e. hydrofluoric, hydrochloric, hydrobromic
and hydroiodic, sulfuric acid, nitric acid, phosphoric
acid, phosphinic acid and the like; or organic acids,
such as, for example, acetic, propanoic,
hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic,
ethanedioic, propanedioic, butanedioic, 



(Z)-2-butenedioic, (E)-2-butenedioic,
2-hydroxybutanedioic, 2,3-dihydroxybutanedioic,
2-hydroxy-1 ,2,3-propanetricarboxylic,
methanesulfonic, ethanesulfonic, benzenesulfonic,
4-methyl-benzenesulfonic, cyclohexanesulfamic,
2-hydroxybenzoic, 4-amino- 2-hydroxybenzoic and the
like acids. Said component (I) may also exist in the
form of solvates, such as hydrates. [0008] Surfaces or
objects exposed to humid or aqueous environments are
readily colonized by aquatic organisms such as algae,
fungi, bacteria, microbes, and aquatic animals such
as, e.g. tunicates, hydroids, bivalves, bryozoans,
polychaete worms, sponges, barnacles, and molluscs. As
these organisms settle on or attach to said surfaces,
the value of the exposed objects diminishes. The
attachment or settlement of said organisms is also
known as 'fouling' of a structure. The exterior, but
possibly also the interior of the object may
deteriorate, the surface changes, e.g. from smooth,
clean and streamlined to rough, foul and turbulent,
the weight of the object increases by the deposit of
the organisms and their remnants, and the vicinity of
the object may become obstructed or encumbered. The
function of the object and system involved lowers and
the quality of the aqueous environment deteriorates.
The common method of controlling the attachment of
fouling organisms is by coating the structure to be
protected with a composition which comprises an
antifouling agent. [0009] The combinations as claimed
in the present invention are especially suitable to
protect surfaces or objects in constant or frequent
contact with water from fouling or attachment or
settlement of algae, by applying to said surfaces or
objects a composition comprising component (I) and one
of the components (II) in respective proportions to
provide a synergistic effect against fouling
organisms. [001 0] Examples of said surfaces or
objects are for instance, shiphulls, harbor
installations, piers and pilings, drying docks,
sluice-gates, locks, mooring masts, buoys, offshore
oil rigging equipment, drilling platforms, bridges,
pipelines, fishingnets, cables, ballast water tanks,
ship reservoirs that draw water from infested bodies
of water, recreational equipment, such as surfboards,
jet skis, and water skis, and any other object in
constant or frequent contact with water. [001 1] The
invention also provides a method to protect materials,
in particular surfaces or objects in frequent or
constant contact with water, against fouling organisms
by applying to said objects a composition comprising
an effective antifouling amount of a combination of
component (I) together with one of the components (II)
wherein the amount of component (I) and component (II)
are in respective proportions to provide a synergistic
effect against fouling organisms. An "antifouling
effective amount" is that amount that will kill or
inhibit the growth, reproduction or spread of a
significant number of fouling organisms. [001 2] The
present invention further provides a method of
protecting a surface which comprises applying to the
surface a composition comprising an effective
antifouling amount of a combination of component (I)
together with one of the components (II) wherein the
amount of component (I) and component (II) are in
respective proportions to provide a synergistic effect
against fouling organisms. An especially important use
of the method of the invention comprises a method for
inhibiting fouling of a ship's hull, which comprises
applying to the hull an antifouling composition in
accordance with the invention. Fouling on the hulls of
ships for example increases frictional drag with a 



corresponding decrease in speed and maneuverability
and an increase in fuel consumption and increased
maintenance costs associated with removal of the
fouling. [001 3] The compositions comprising a
combination of component (I) together with one of the
components (II) wherein the amount of component (I)
and component (II) are in respective proportions to
provide a synergistic effect against fouling organisms
can be used to protect constructions such as, e.g.
swimming pools, baths, cooling water circulation
circuits and industrial baths in various
installations, e.g. in manufacturing plants or in
air-conditioning installations, the function of which
can be impaired by the presence and/or the
multiplication of fouling organisms. Further examples
are buildings and parts of buildings such as floors,
outer and inner walls or ceilings, or places suffering
from dampness such as cellars, bathrooms, kitchens,
washing houses and the like, and which are hot-beds
for fouling. Fouling not only is problematic from the
viewpoint of hygiene and aesthetics, but also causes
economic losses because said buildings and/or
decorating materials deteriorate more rapidly than
desired.[0014] Another application of the combinations
of the present invention is the treatment or
disinfection of ballast water to reduce or eliminate
the presence of aquatic organisms such as
phytoplankton (dinoflagellates and diatoms),
crustaceans (crabs, shrimp, copepods, amphipods),
rotifers, polychaetes, mollusks, fish, echinoderms,
ctenophores, and coelenterates. [001 5] The
synergistic antifouling compositions of the present
invention can also be used in a variety of
applications : - industrial aqueous process fluids,
e.g. cooling waters, pulp and paper mill process
waters and suspensions, secondary oil recovery
systems, spinning fluids, metal working fluids, and
the like - in-tank/in-can protection of aqueous
functional fluids, e.g. polymer emulsions, water based
paints and adhesives, glues, starch slurries,
thickener solutions, gelatin, wax emulsions, inks,
polishes, pigment and mineral slurries, rubber
latexes, concrete additives, drilling mud's,
toiletries, aqueous cosmetic formulations,
pharmaceutical formulations, and the like. [001 6] The
term "fouling organisms" is meant to comprise
organisms that attach, settle, grow on or adhere to
various kinds of surfaces, in particular in humid or
aqueous environments such as, marine waters, fresh
waters, brackish waters, rain water, and also cooling
water, drainage water, waste water and sewage. Fouling
organisms are Algae such as, for example, Microalgae,
e.g. Amphora, Achnanthes, Navicula, Amphiprora,
Melosira, Cocconeis, Chlamydomonas, Chlorella,
Ulothrix, Anabaena, Phaeodactylum, Porphyridium;
Macroalgae, e.g. Enteromorpha, Cladophora, Ectocarpus,
Acrochaetium, Ceramium, Polysiphonia and Hormidium
sp.; fungi; microbes; tunicates, including members of
the class Ascidiacea such as Ciona intestinalis,
Diplosoma listerianium, and Botryllus schlosseri;
members of the class Hydrozoa, including Clava
squamata, Hydractinia echinata, Obelia geniculata and
Tubularia larynx; bivalves, including Mytilus edulis,
Crassostrea virginica, Ostrea edulis, Ostrea
chilensia, Dreissena polymorpha (zebra mussels) and
Lasaea rubra; bryozoans, including Electra pilosa,
Bugula neritina, and Bowerbankia gracilis; polychaete
worms, including Hydroides norvegica; sponges; and
members of the class Crustacea, including Artemia, and
Cirripedia (barnacles), such as Balanus amphitrite, 



Lepas anatifera, Balanus balanus, Balanus balanoides,
Balanus hameri, Balanus crenatus, Balanus improvisus,
Balanus galeatus, and Balanus eburneus; and Elminius
modestus, and Verruca.- - [001 7] The relative
proportions of component (I) and one of the components
(II) in compositions comprising a combination of
component (I) and one of the components (II) are those
proportions which result in a synergistic effect
against fouling organisms when compared to a
composition including, as an active ingredient, either
component (I) alone or a component (II) alone. As will
be understood by those skilled in the art, the said
synergistic effect may be obtained within various
proportions of components (I) and (II) in the
composition, depending on the kind of fouling organism
towards which effect is measured and the substrate to
be treated. Based on the teachings of the present
application, determination of the synergistic effect
of such combinations can be performed according to the
procedures of the Poison Plate Assay as described in
Experiment 1. As a general rule, however, it may be
said that for most fouling organisms the suitable
proportions by weight of the amount of component (I)
to component (II) in the combinations should lie in
the range from 10:1 to 1:10. Particularly, this range
is from 8:2 to 2:8, more particularly from 3:1 to 1:3
or 2:1 to 1:2. Another particular ratio of component
(I) to component (II) in the compositions of the
present invention is a 1:1 ratio between component (I)
and one of the components (II). [001 8] The quantity
of each of the active ingredients in compositions
comprising a combination of component (I) and one of
the components (II) will be so that a synergistic
effect is obtained. In particular it is contemplated
that the ready to use compositions of the present
invention comprise component (I) in an amount of at
least 1 wt % based on the total weight of the
composition. In particular such ready to use
compositions comprise component (I) in an amount from
1 wt% to 40 wt%, or more particular from 3 wt% to 30
wt%, based on the total weight of the composition. The
amount of component (II) in said ready to use
compositions will be so that a synergistic antifouling
effect is obtained. In particular the amount of
component (II) may range from 1 wt% to 30 wt%, more
particular from 2 wt% to 20 wt% based on the total
weight of the dry mass of the composition. In many
instances the antifouling compositions to be used
directly can be obtained from concentrates, such as
e.g. emulsifiable concentrates, suspension
concentrates, or soluble concentrates, upon dilution
with aqueous or organic media, such concentrates being
intended to be covered by the term composition as used
in the definitions of the present invention.
Concentrates used in the form of a paint composition
can be diluted to a ready to use mixture in a spray
tank shortly before use. [001 9] A composition
comprising a combination of component (I) and one of
the components (II) in respective proportions to
provide a synergistic effect against foulingorganisms
is thus suitably used together with carriers and
additives, including wetting agents, dispersing
agents, stickers, adhesives, emulsifying agents and
the like such as those conventionally employed by the
artisan in preparing antifouling compositions. The
antifouling compositions of the present invention may
further comprise suitable substances known in the art
of formulation, such as, for example natural or
regenerated mineral substances, solvents, dispersants,
surfactants, wetting agents, adhesives, thickeners,
binders, anti-freeze agents, repellents, colour
additives, 



corrosion inhibitors, water-repelling agents,
siccatives, UV-stabilizers and other active
ingredients. Suitable surfactants are non-ionic,
cationic and/or anionic surfactants having good
emulsifying, dispersing and wetting properties. The
term "surfactants" will also be understood as
comprising mixtures of surfactants. [0020] Antifouling
compositions comprising a combination of component (I)
and one of the components (II) in respective
proportions to provide a synergistic effect against
fouling organisms may be prepared in any known manner,
for instance by homogeneously mixing, coating and/or
grinding the combination of active ingredients (i.e.
component (I) and one of the components (II)), in a
one-step or multi-steps procedure, with the selected
carrier material and, where appropriate, the other
additives such as surface-active agents, dispersants,
thickeners, binders, colour additives, corrosion
inhibitors and the like. [0021] Suitable carriers for
solid formulations, such as dusts, dispersable or
flowable powders, are any dispersant that does not
adversely affect the active ingredients, for example,
clays (for example, kaolin, bentonite, acid clay, and
the like), talcs (for example, talc powder,
agalmatolite powder, and the like), silicas (for
example, diatomaceous earth, silicic acid anhydride,
mica powder, and the like), alumina, sulfur powder,
activated charcoal, and the like. These solid carriers
may be used either singly or in combination of two or
more species [0022] Appropriate carriers for liquid
formulations are any liquid that does not adversely
affect the active ingredients, for example, water,
alcohols (for example, methyl alcohol, ethyl alcohol,
ethylene glycol, propylene glycol, diethylene glycol,
glycerin, etc.), ketones (for example, acetone, methyl
ethyl ketone, etc.), ethers (for example, dioxane,
tetrahydrofuran, cellosolve, diethylene glycol
dimethyl ether, etc.), aliphatic hydrocarbons (for
example, hexane, kerosene, etc.), aromatic
hydrocarbons (for example, benzene, toluene, xylene,
solvent naphtha, methyl naphthalene, etc.),
halogenated hydrocarbons (for example, chloroform,
carbon tetrachloride, etc.), acidamides (for example,
dimethyl formadide, etc.), esters (for example, methyl
acetate ester, ethyl acetate ester, butyl acetate
ester, fatty acid glycerin ester, etc.), and nitriles
(for example, acetonitrile, etc.). These solvents may
be used either singly or in combination of two or more
species. [0023] Emulsifiable concentrates of the
antifouling compositions according to the present
invention can also be obtained upon dilution of the
combination of components (I) and (II) with at least a
suitable organic solvent (i.e. a liquid carrier)
followed by the addition of at least a solvent-soluble
emulsifying agent. Solvents suitable for this type of
formulation are usually water-immiscible and belong to
the hydrocarbon, chlorinated hydrocarbon, ketone,
ester, alcohol and amide classes of solvents, and they
can be properly selected by those skilled in the art
based on the solubility's of components (I) and (II)
respectively. Emulsifiable concentrates usually
contain, in addition to the organic solvent(s), from
about 10 to 50% by weight of the combination of active
ingredients, from about 2 to 20% of emulsifying
agent(s) and up to 20% other additives such as
stabilisers, corrosion inhibitors and the like. The
combination of components (I) and (II) may also be
formulated as a suspension concentrate, which is a
stable suspension of the active ingredients in a
(preferably organic) liquid intended to be diluted
with water before use. In order to obtain such a
non-sedimenting flowable 



product, it is usually necessary to incorporate
therein up to about 10% by weight of at least a
suspending agent selected from known protective
colloids and thixotropic agents. Other liquid
formulations like aqueous dispersions and emulsions,
for example obtained by diluting a wettable powder or
a concentrate (such as previously described) with
water, and which may be of the water-in-oil or the
oil-in-water type, also lie within the scope of the
present invention. [0024] The present invention also
provides protective antifouling compositions, for
instance in the form of paints, coatings or varnishes,
comprising the said combination of components (I) and
(II) together with one or more additives suitable for
their formulation. The total amount of the combination
of components (I) and (II) in such protective
compositions may range from 2 to 10% (w/v). Suitable
additives for use in said protective compositions are
quite conventional in the art and include, for
instance, at least an organic binder (preferably in
aqueous form) such as an acrylic or vinylbased
emulsion or rosin compounds; mineral carriers such as
calcium carbonate; surface-active agents such as
previously described; viscosity regulators; corrosion
inhibitors; pigments such as titanium dioxide;
stabilisers such as sodium benzoate, sodium
hexametaphosphate and sodium nitrite; mineral or
organic colorants and thelike. The ways of formulating
such additives together with the component (I) and one
or more components (II) of the present invention is
also well within the knowledge of those skilled in the
art. Such protective compositions may be used not only
to cure and/or limit the damaging effects of fouling
organisms but also in order to prevent deterioration
to occur on materials which may be subjected to the
harmful environment and effects of fouling organisms.
[0025] The antifouling compositions according to the
present invention can be applied by a number of
conventional methods, such as hydraulic spray,
air-blast spray, aerial spray, atomising, dusting,
scattering or pouring. The most appropriate method
will be chosen by those skilled in the art in
accordance with the intended objectives and the
prevailing circumstances, namely the kind of fouling
organism to be controlled, the type of equipment
available and the type of material to be protected.
[0026] As previously indicated, the combination of
components (I) and (II) is preferably applied in the
form of compositions wherein both said ingredients are
intimately admixed in order to ensure simultaneous
administration to the materials to be protected.
Administration or application of both components (I)
and (II) can also be a "sequential-combined"
administration or application, i.e. component (I) and
component (II) are administered or applied
alternatively or sequentially in the same place in
such a way that they will necessarily become admixed
together at the site to be treated. This will be
achieved namely if sequential administration or
application takes place within a short period of time
e.g. within less than 24 hours, preferably less than
12 hours. This alternative method can be carried out
for instance by using a suitable single package
comprising at least one container filled with a
formulation comprising the active component (I) and at
least one container filled with a formulation
comprising an active component (II). Therefore the
present invention also encompasses a product
containing : - (a) a composition comprising
4-bromo-2-(4-chloro-phenyl)-5-(trifluoromethyl)-1
Hpyrrole- 3-carbonitrile, or a salt thereof, as
component (I), and 



- (b) a composition comprising a component (II),
selected from 4-bromo-2-(4-chlorophenyl)-
5-(trifluoromethyl)-1 /-/-pyrrole-3-carbonitrile, or a
salt thereof, together with one or more biocidal
compounds selected from
(4-isopropyl-pyridinio)methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
capsaicine, clonidine, fenazaquin, glutaric
dialdehyde, menadione sodium bisulfite, menadione
piperazine bisulfite, menadione triaminetriazine
bisulfite, menthol and its derivatives,
N,N-bis(3-aminopropyl)dodecylamine,
coco(fractionated)benzyl- - dimethylammonium chloride,
peracetic acid, pyridaben, tebufenpyrad, and zosteric
acid, as a combination for simultaneous or sequential
use, wherein said (a) and (b) are in respective
proportions to provide a synergistic effect against
fouling organisms. Experiment : Poison plate assay
Experiment 1 : poison plate assay Name of the primary
compound:
4-bromo-2-(4-chloro-phenyl)-5-(trifluoromethyl)-
1/-/-pyrrole-3-carbonitrile as component (I) Name of
the combination partners: -
(4-isopropylpyridinio)methyldiphenylboron as component
(ll-a); - triphenylboron pyridine as component (ll-b);
- benzalkonium chloride as component (ll-c); -
capsaicine as component (ll-d); - clonidine as
component (ll-e); - fenazaquin as component (ll-f); -
glutaric dialdehyde as component (ll-g); - menadione
sodium bisulfite as component (ll-h); - menadione
piperazine bisulfite as component (ll-i); - menadione
triaminetriazine bisulfite as component (ll-j); -
menthol as component (ll-k); -
N,N-bis(3-aminopropyl)-dodecylamine as component
(N-I); - coco(fractionated)benzyldimethylammonium
chloride as component (ll-m); - peracetic acid as
component (ll-n) - pyridaben as component (ll-o); -
tebufenpyrad as component (ll-p); - zosteric acid as
component (ll-r). Stock solution: 8000 and 80.000 ppm
in DMSO Test combinations: % product A + % product B
100 + 0 80 + 20 66 + 3350 + 50 33 + 66 20 + 80 0 + 100



Concentrations used for fenazaquin, and glutaric
dialdehyde - concentrations of total single active
ingredient in the toxicity tests - a series of
concentrations increasing with steps of 1/3 : 0.03 -
0.04 - 0.05 - 0.06 - 0.08 - 0.1 1 - 0.15 - 0.20 - 0.27
- 0.35 - 0.47 - 0.63 - 0.84 - 1. 1 3 - 1.50 - 2.00 -
2.67 - 3.56 - 4.75 - 6.33 - 8.44 - 11.25 - 15.00 -
20.00 - 26.70 - 35.60 - 47.46 - 63.28 - 84.38 - 112.50
- 150.00 - 200.00 ppm. Concentrations used for
fenazaquin, and glutaric dialdehyde - concentrations
of total active ingredient in the combination tests :
a series of concentrations increasing with steps of
1/3: 0.08 - 0.1 1 - 0.15 - 0.20 - 0.27 - 0.35 - 0.47 -
0.63 - 0.84 - 1. 13 - 1.50 - 2.00 - 2.67 - 3.56 - 4.75
- 6.33 - 8.44 - 11.25 - 15.00 - 20.00 ppm.
Concentrations used for
(4-isopropylpyridinio)methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
menadione sodium bisulfite, N,N-bis(3-aminopropyl)-
dodecylamine, peracetic acid, pyridaben, and
tebufenpyrad - concentrations of total single active
ingredient in the toxicity tests : a series of
concentrations increasing with steps of 1/3 : 0.27 -
0.35 - 0.47 - 0.63 - 0.84 - 1.13 - 1.50 - 2.00 - 2.67
- 3.56 - 4.75 - 6.33 - 8.44 - 11.25 - 15.00 - 20.00 -
26.70 - 35.60 - 47.46 - 63.28 - 84.38 - 112.50 -
150.00 - 200.00 ppm. Concentrations used for
(4-isopropylpyridinio)methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
menadione sodium bisulfite, N,N-bis(3-aminopropyl)-
dodecylamine, peracetic acid, pyridaben, and
tebufenpyrad - concentrations of total active
ingredient in the combination tests : a series of
concentrations increasing with steps of 1/3 : 0.03 -
0.05 - 0.06 - 0.08 - 0.1 1 - 0.14 - 0.19 - 0.25 - 0.34
- 0.45 - 0.60 - 0.80 - 1.07 - 1.42 - 1.90 - 2.53 -
3.38 - 4.50 - 6.00 - 8.00 ppm. Culture medium : algae:
BG 11 liquid mineral medium Artemia salina: artificial
seawater Experimental set up : 24-well plates Species
of algae : ( 1) : Chlorella vulgaris CCAP 2 1 1/1 2
(2) : Anabaena cylindrica CCAP 1403/2A (3) :
Chlamydomonas sphagnophila CCAP 11/36EInoculum :
algae: 1990 ml of a 1/ 10 dilution in BG 11 of a two
week old culture Artemia: 1990 ml artificial seawater
with 20 - 40 Artemia larvae (24 hours old) Culture
conditions : 2 1 C, 65 % relative humidity, 1000 lux,
16 hour photoperiod Evaluation: algae: after 3 weeks
of exposure Artemia: after 24 hours of exposure
Synergism between component (I) and one of the
components (II) was determined by a commonly used and
accepted method described by KuII F.C. et al. in
Applied Microbiology, 9, 538-541 (1961 ) using the
Synergy Index, which is calculated as follows for two
compounds A and B: Synergy Index (Sl) = + wherein:  QA
is the concentration of compound A in ppm, acting
alone, which produced an end point {e.g. MIC),  Qa is
the concentration of compound A in ppm, in the
mixture, which produced an end point (e.g. MIC), 



QB is the concentration of compound B in ppm, acting
alone, which produced an end point (e.g. MIC),  Q is
the concentration of compound B in ppm, in the
mixture, which produced an end point (e.g. MIC). MIC
is the minimum inhibitory concentration, i.e. the
lowest concentration of each test compound or mixture
of test compounds sufficient to inhibit visible
growth. When the Synergy Index is greater than 1.0,
antagonism is indicated. When the SI is equal to 1.0,
additivity is indicated. When the SI is less than 1.0,
synergism is demonstrated. When the Synergy Index is
greater than 1.0, antagonism is indicated. When the SI
is equal to 1.0, additivity is indicated. When the SI
is less than 1.0, synergism is demonstrated.- - Table
1 : MIC-values (minimum inhibitory concentration in
ppm) and synergy index of various active ingredients
and their combination against Artemia salina Table 2 :
MIC-values (minimum inhibitory concentration in ppm)
and synergy index of various active ingredients and
their combination against algae- -- - Species of algae
( 1 ) : Chlorella vulgaris (2) : Anabaena cylindrica
(3) : Chlamydomonas sphagnophila Experiment 2 :
Exposure in the Oosterschelde of PVC boards
J_es_t_mQde| : exposure in the Oosterschelde of
painted PVC boards N.ar 16_Qf_the_grJ
m_a_ry_c_o_mpound :
4-bromo-2-(4-chloro-phenyl)-5-(trifluoromethyl)-
1/-/-pyrrole-3-carbonitrile as component (I)
Mame_of_t_h_e_com_bjnationp_a_rin_ers. : - capsaicine
as component (ll-d); - clonidine as component (ll-e);
- zosteric acid as component (ll-r).
T_e_s_t_fQrmuiatLo_n_s_ : Paint formulation comprising
xylene (47.7%), light aromatic solvent naphtha (CAS
64742-95-6) ( 1 6.2 %), propylene oxide (0.06%), and
zinc oxid (2.24 %). Paint was diluted with 10% xylene
to obtain the wet paint which was applied to the
panels. .Dosage : Individual test compounds were added
at a concentration of 1.8 % by weight in the wet
paint, resulting in 2.78 % by weight in the dry paint
film.J_6St_sp_ecirne ns. : PVC boards with dimensions
of 10 x 2 x 0.5 cm. Individual test panels were
weighed before exposure at the test site in order to
allow assessment of fresh and dry weight of fouling
organisms at final evaluation. Surface treated : 6 x 5
cm, four sides of the test panel. Abbjication_r_atq :
220 g/m 2 in 2 layers. Cond it ioning after JreatDient
: 2 weeks in the laboratory. Locations. :
Oosterschelde, Bruinisse (N 5 1  39' 6.1 " ; E 4  5' 5
1 .9"), The Netherlands. iQt_e_rpretatipn_of_resuJts.
: fouling was evaluated primarily with observations at
both front and back side of test panels (panels
exposed in relative darkness). _DejDth_of_exposure :
below a floating raft. E_xp_o_s_u_rejD.eriod : 18
weeks. VaJidaJLon : placebo panels showed fair (53%)
coverage with animal fouling. Eyajuatjon : Three
parameters were measured after 18 weeks in order to
estimate 



fouling and for calculating synergy : 1. Percentage
coverage of the panels by fouling organisms as
estimated visually. 2 . Fresh weight of fouling
organisms on panels in gram. 3 . Dry weight of fouling
organisms on panels in gram. S n_ejgy_evalyatjgn :
Synergy was tested according to the method of Limpel
(Limpel, L.E., Schuldt, P.H., and Lamont, D. Weed
Control Conf. 16: 48-53, 1962) as described in Colby
(Colby, S.R., Weeds 15: 20-22, 1967) and Richer
(Richer, D.L., Pesticide Science 19 : 309-315, 1987).
The single active ingredients were applied at a
concentration of 2.78 % in the dried coating. In the
combinations, both actives were applied at 2.78 %,
resulting in 5.54 % of total active ingredient. When X
= % of observed effect (fouling inhibition as compared
to untreated control) of compound A single and Y = %
of observed effect of compound B single, the expected
efficacy of the combination would be E6 = X + Y - XY/1
00. Synergy is assumed when the observed efficacy E0 >
Ee or E0 > X + Y - XY/1 00. Results : After 18 weeks
of exposure, the control panels showed 66% coverage at
the front side and 40% coverage at the back side by
animal foulers.- - Table 3 : Efficacy against animal
fouling of test compound combinations exposed for 18
weeks. Values are means (% coverage) or totals
(weights) of front and backsides of panels. Synergies
in bold. Legend: C0 = percentage coverage, E0 =
observed efficay, Ee = expected efficay, Fw = fresh
weight in gram, Dw = dry weight in gram.Claims 1. A
composition comprising a combination of
4-bromo-2-(4-chlorophenyl)-5- (trifluoromethyl)-i
/-/-pyrrole-3-carbonitrile, or a salt thereof, as a
component (I) together with one or more biocidal
compounds as a component (II) selected from
(4-isopropylpyridinio)methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
capsaicine, clonidine, fenazaquin, glutaric
dialdehyde, menadione sodium bisulfite, menadione
piperazine bisulfite, menadione triaminetriazine
bisulfite, menthol or a derivative thereof,
N,N-bis(3-aminopropyl)dodecylamine,
coco(fractionated)benzyl-dimethylammonium chloride,
peracetic acid, pyridaben, tebufenpyrad, and zosteric
acid; whereby component (I) and one of the components
(II) are in respective proportions to provide a
synergistic effect against fouling organisms. 2. A
composition as claimed in claim 1 wherein the
component (II) is (4-isopropylpyridinio)
methyldiphenylboron or triphenylboron pyridine. 3. A
composition as claimed in claim 1 wherein the
component (II) is benzalkonium chloride. 4. A
composition as claimed in claim 1 wherein the
component (II) is capsaicine. 5. A composition as
claimed in claim 1 wherein the component (II) is
clonidine. 6. A composition as claimed in claim 1
wherein the component (II) is fenazaquin, pyridaben or
tebufenpyrad. 7. A composition as claimed in claim 1
wherein the component (II) is glutaric dialdehyde or
peracetic acid. 8. A composition as claimed in claim 1
wherein the component (II) is menadione sodium
bisulfite, menadione piperazine bisulfite or menadione
triaminetriazine 



bisulfite. 9. A composition as claimed in claim 1
wherein the component (II) is menthol or a derivative
thereof. 10. A composition as claimed in claim 1
wherein the component (II) is N,N-bis(3-
aminopropyl)dodecylamine or
coco(fractionated)benzyldimethylammonium chloride.11.
A composition as claimed in claim 1 wherein the
component (II) is zosteric acid. 12. A composition
according to any of claims 1 to 11 wherein the ratio
by weight of component (I) to one of the components
(II) is 10:1 to 1:10. 13. A composition according to
any of claims 1 to 11 wherein the ratio by weight of
component (I) to one of the components (II) is 3:1 to
1:3. 14. A composition as claimed in any of claims 1
to 13 wherein the amount of component (I) ranges from
1 wt% to 40 wt% based on the total weight of the
composition. 15. Use of a composition according to any
of claims 1 to 14 for the control of fouling
organisms. 16. A method of protecting materials
against fouling organisms, wherein the said method
comprises administration or application of an
antifouling effective amount of a composition
according to any of claims 1 to 14. 17. A method of
disinfecting ballast water by adding an antifouling
effective amount of a composition according to any of
claims 1 to 14. 18. A product containing (a) a
composition comprising
4-bromo-2-(4-chloro-phenyl)-5-(trifluoromethyl)-1
Hpyrrole- 3-carbonitrile, or a salt thereof, as
component (I), and (b) a composition comprising a
component (II), selected from 4-bromo-2-(4-
chlorophenyl)-5-(trifluoromethyl)-1
/-/-pyrrole-3-carbonitrile, or a salt thereof,
together with one or more biocidal compounds selected
from (4-isopropylpyridinio) methyldiphenylboron,
triphenylboron pyridine, benzalkonium chloride,
capsaicine, clonidine, fenazaquin, glutaric
dialdehyde, menadione sodium bisulfite, menadione
piperazine bisulfite, menadione triaminetriazine
bisulfite, menthol and its derivatives,
N,N-bis(3-aminopropyl)-dodecylamine,
coco(fractionated)benzyldimethylammonium chloride,
peracetic acid, pyridaben, tebufenpyrad, and zosteric
acid, as a combination for simultaneous or sequential
use, wherein said (a) and (b) are in respective
proportions to provide a synergistic effect against
fouling organisms. 


