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ABSTRACT

Nosocomial infections are an important cause of morbidity and mortality all over the world. It has been
shown that appropriate environmental hygienic and disinfection practices can be very helpful to hospital
infection control. The purpose of this study was to evaluate the bactericidal activity of some disinfectants
against antibiotic-susceptible and antibiotic-resistant hospital bacterial isolates. The susceptibility of 27
clinical isolates to disinfectants and antibiotics was determined by the Association of Official Analytical
Chemist’s (AOAC) Use-Dilution method and by the Kirby-Bauer method, respectively. All strains tested
were susceptible to sodium hypochlorite, glutaraldehyde and to the association quaternary ammonium -
formaldehyde - ethyl alcohol disinfectants. However, the susceptibility of strains to phenol and to one
guaternary ammonium compound was variable. Among twenty-one antibiotic-multiresistant strains
(methicillin-resistant staphylococdinterococcuspp,Pseudomonas aerugingsdlebsiella pneumonige
Proteus mirabilis Enterobacter cloacaeSerratia marcescenand Escherichia coli eleven (52%) and

eight (38%) strains were resistant to the quaternary ammonium and phenol compounds, respectively. Among
six isolates that demonstrated susceptibility to antibiotics (staphylo&teirococcuspp, P. mirabilis,

E. cloacaeandE. coli) two strains (33%) showed resistance to these disinfectants. The results demonstrated
the lack of correlation between antibiotic-susceptibility and susceptibility to disinfectants in hospital strains.
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INTRODUCTION Gram-negative bacilli have been tested for susceptibility to
disinfectants, with disagreeing results (1, 3, 16, 21, 22). The
There has been an interest in improving the sterilizatiomidespread use of antiseptic and disinfectant products has
and disinfection procedures to reduce the infection risk fprompted some speculation on the development of microbial
hospitalized patients and healthcare workers (5). Disinfectangsistance, in particular cross-resistance to antibiotics (13).
resistant bacterial strains have arisen as a result of the lack inThe selection, use and control of the effectiveness of the
standardization of some factors, such as criteria for use diinfectants have been emphasized, since environmental
chemicals agents, specifications in the labels of availalderfaces and medical and surgical instruments can serve as
products and scarcity of well-trained personnel (17). vehicles to infectious agents in susceptible hosts associated with
The prevalence of antibiotic-resistant hospital bacteria hattee hospital setting (20). Considering the importance of the
increased significantly in the world (2), including Brazil (17)disinfection for the prevention of nosocomial infections, the
and has become a serious public health problem. Methicilliaim of this study was to evaluate the bactericidal action of five
resistantStaphylococcus aureudiRSA), vancomycin- disinfectants commonly used in hospitals against antibiotic-
resistant Enterococcus (VRE) and multiresistant susceptible and antibiotic-resistant clinical isolates.
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MATERIALS AND METHODS The antibiotic disks used f@taeruginosastrains also included
tobramycin - TB (1Qug), norfloxacin - NOR (1(ug), ofloxacin
Standard strains - OFX (510), aztreonan - (3Qg), carbenicillin - CR (10¢wg),

The strains used as standards were antibiotic-susceptibégphotaxime - CFO (30g); and ceftazidime - CAZ (30g).
bacteria obtained from American Type Culture Collection
(ATCC; Rockville, MD, USA): Staphylococcus aureus Disinfectants susceptibility testing
(ATCC 6538) Salmonella cholerae su{®TCC 10708) and Disinfectants The following disinfectants commonly used

Pseudomonas aerugino$ATCC 15442). in hospitals were selected and the use-dilution was performed
in agreement with Ceras Johnson Ltda manufacturers
Hospital isolates recommendations: sodium hypochlorite (commercial name:

Twenty-seven Gram-positive and Gram-negative bactendrex), 2%, (the use-dilution was 1:2 in sterile distilled water;);
isolates were obtained during routine clinical investigation iquaternary ammonium compound (commercial name: Duo-cide)
Rio de Janeiro hospitals, Brazil, as follows:aalibiotic- (alkyl dimethyl ammonium chlorides, 9.5%, 1:100 use-dilution
resistant isolates: methicillin-resiste®taphylococcus aureus in sterile distilled water); association quaternary ammonium
- MRSA (5 strains from blood, surgical wound, naregcompounds (alkyl dimethyl-benzyl ammonium chlorides, 0.6%,
tracheostomy site and peritoneal fluid; epidermidig2  alkyl ethyl-benzyl ammonium chlorides, 0.6%), formaldehyde,
strains),S. haemolyticysEnterococcusSerratia marcescens, 1.08% and ethyl alcohol, 43.93% (non use-dilution), commercial
Enterobacter cloacaeEscherichia coli(4 strains)Klebsiella name: Germkil; glutaraldehyde (commercial name: Glutacide),
pneumoniag2 strains) andProteus mirabilis(1 strain), all 2.5% (non use-dilution); phenolics compounds (commercial
isolated from surgical site infection§hree Pseudomonas name: Germpol) (o-benzyl-p-chlorophenol, 14.75%, o-
aeruginosastrains used in this study were isolated from surgicghenylphenol, 2.4%, and p-tertiary-buthylphenol, 1.9%; the use-
wounds and urinary infections; &tibiotic-susceptiblesolates: dilution was 1:100 in sterile distilled water).

S. aureusS. epidermidis, Enterococcus, E. cloacae, E. coli Methodology The susceptibility of the hospital isolates to

andP. mirabilis strains isolated from surgical site infections. the disinfectants was determined by the technique of use-
dilution, according to the Association of Official Analytical

Antibiotics susceptibility testing Chemists International (4). Briefly, stainless steel ring carriers

The susceptibility of the isolates to antibiotics wagpenicylinders) were inoculated by soaking for 15 minutes in a
determined by the Kirby-Bauer method. A sterile swab wag-hour AOAC Disinfectant Test Broth (Difco) of test bacteria
dipped in an bacteria suspension (McFarland standard Oipthe presence of an organic load (5% horse serum, v/v). The
and placed onto Mieller Hinton Agar (Oxoide, Basingstokearriers were removed with a hooked inoculating needle and
England). Antibiotic disks (CECON, S&o Paulo, Brazil) werallowed to dry for 40 minutes at 37°C. After drying, the
applied using a sterile forceps. Agar plates were incubatedirculated carriers were placed individually into the disinfectant
35°C for 18h. The zone of inhibition was documented iBolution and exposed for 10 minutes and then, were removed
millimeters. The susceptibility breakpoints were available usingarefully and placed into tubes containing 10 ml of Letheen
the criteria published by the National Committee for Clinicateutralizing broth (Difco). The tubes were incubated for 48
Laboratory Standards (NCCLS, 16). The following antibiotichours and then examined for turbidity. Each carrier was
recommended by the NCCLS for testing against Gram-positigoculated with 10to 10 bacteria determined by colonies
strains were used: ampicillin - AP (8), penicillin G - PN counting on Trypticase Soy Agar (Difco) by pour plate method
(10 Ul), oxacillin - OX (1ug), cephalotin - CF (3Qlg), after salt bed dilutions obtained from one contaminated carrier.
cefoxitin - CFO (3Qug), ceftazidime - CAZ (3Qg), ceftriaxone  Sixty carriers were used for standard strain experiments,
- CRO (30ug), imipenem - IPM (1Qug), vancomycin - VC whereas twenty carriers were tested for hospital isolates. Each
(30 ug), chloramphenicol - CO (3@g), erythromycin - EI' experimental run contained a “growth” control consisting of
(15ug), gentamicin - GN (1Qg), amikacin - AM (3Qug), an inoculated carrier placed in sterile neutralizing broth. The
tobramycin - TB (1Qug), rifampicin - RF (5ug), trimethoprim-  standard strains were considered disinfectant-resistant when
sulphamethoxazole - SFT (2§), tetracycline - TT (3Qlg)  bacterial growth was observed in at least two tubes per 60 tubes
and ciprofloxacin - CIP (fig). The Gram-negative strains weretested (4). In relation to clinical strains the growth in at least

tested for: imipenem - IPM (140g), ampicillin - AP (10ug), one tube per 20 tubes tested was deemed as a disinfectant-
carbenicillin - CR (10Qug), ciprofloxacin - CIP (549), resistant strain.

clindamycin - CL (2ug), amikacin - AM (3Qug), tetracycline

- TT (30pug), cephalotin - CF (3fg), trimethoprim- Statistical tests

sulphamethoxazole - SFT (2f), chloramphenicol - CO All comparisons were performed using Yatelsi-square
(30 ug), gentamicin GN (1fg) and kanamycin - KN (3g). tests.
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RESULTS Among twenty-one pathogens resistant to antibiotics (Table
3), 11 strains (52%) were resistant to the QAC (three MRSA
A wide divergence in the response to disinfectants amtrains S. haemolyticus, E. cloacae, E. ctlip K. pneumoniae
antibiotic agents was observed among the strains. The effgttaing P. mirabilis and twoP. aeruginosastrains). Eight
of disinfectants against the organisms is summarized in Tablsslates (38%) (one MRSA strain, tv®.epidermidistrains,
1, 2 and 3. Sodium hypochlorite, glutaraldehyde and tl& cloacae, P. mirabilis, S. marcescensl twoP. aeruginosa
association quaternary ammonium compounds (QACsgtrains) demonstrated resistance to the phenolic compounds.
formaldehyde-ethyl alcohol disinfectants were effective agairiBhree Gram negative straing.(cloacae, P. mirabiliand P.
the standard strains and all hospital isolates. The QAC aaéruginosa were resistant to both disinfectants.
phenols did not demonstrate bactericidal activity against the Among twenty-one antibiotic-resistant strains available, 11
standard strains (Table 1), except when the action of phenolgfsowed resistance to more than ten antibiotics, while the
againstSalmonella cholerae suigas analyzed (growth in one majority was resistant to at least three antibiotics. All antibiotic-
tube). resistant staphylococci were methicillin-resistant and
The results of the experiments using disinfectants agaisstsceptible only to vancomycin, tetracycline, ciprofloxacin,
the susceptible hospital strains (Table 2) demonstratedPthatmikacin and rifampicin. Th&nterococcusstrain presented
mirabilis andS. epidermidistrains were resistant to the QAChigh-level- resistance (HLR) to gentamycin. The
and phenolic compounds, respectively. Enterobacteriaceastrains were resistant mainly to ampicillin,

Table 1 - Evaluation of bactericidal activity of hospital disinfectants against standards strains

Disinfectants (use-dilution)

Sodium Formal dehyde-
Standard strains . Glutaraldehyde  QAC*-EAT QAC Synthetic phenol s
hypochlorite o
association
(:2) (non dil uted) (non dil uted) (1:100) (2:100)
S aureus ATCC 6538 0/60* 0/60 0/60 7160 2/60
S. choleraesuis ATCC 10708 0/60 0/60 0/60 4/60 1/60
Ps. aeruginosa ATCC 15442 0/60 0/60 0/60 5/60 7/60

*QAC: quaternary ammonium compound
TEA: ethyl alcohol
*Number of positive tubes per 60 tubes containing the test microorganism.

Table 2 Evaluation of bactericidal activity of disinfectants against antibiotic-susceptible hospital strains

Disinfectants (use-dilution)

. . Sodium Formel defyde- .
Clinical strains . Glutaraldehyde  QAC*-EAT QAC Synthetic phenol s
hypochlorite ass0ci i on
(1.2 (non diluted) (non diluted) (2:100) (1:100)
Saphylococcus aureus 0/20* 0/20 0/20 0/20 0/20
Saphylococcus epidermidis 0/20 0/20 0/20 0/20 1/20
Enterococcus 0/20 0/20 0/20 0/20 0/20
Enterobacter cloacae 0/20 0/20 0/20 0/20 0/20
Proteus mirabilis 0/20 0/20 0/20 1/20 0/20
Escherichia coli 0/20 0/20 0/20 0/20 0/20

*QAC: quaternary ammonium compound
TEA: ethyl alcohol
*Number of positive tubes per 20 tubes containing the test microorganism.
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cephalothin, tetracycline and chloramphenicol, while Rhe glutaraldehyde, formaldehyde and chloride-releasing agents
aeruginosastrains showed variable susceptibility to imipenemsompounds. These agents are considered sporicidal chemicals
guinolones, aztreonan and ceftazidime. when used in appropriated concentrations and are
No significant statistical differences (p > 0.05) were verifiedecommended for patient-care items and instruments (20). In
between QAC and phenol germicides when tested agaitisis study, we verified that these disinfectants were effective
standard strains or hospital isolates. Comparing the antibiotighen tested against standard and clinical bacterial strains.
susceptible and the antibiotic-resistant isolates, QAC and Although bacterial resistance to antibiotics has been

phenols had similar efficacy to both types (p > 0.05). extensively studied, only a few reports are available on
disinfectant action against microorganisms. Very few studies
DISCUSSION demonstrate the correlation between these two types of

antimicrobials. Andersoet al (3) and Rutalat al.(21), testing
The goal of disinfection is to reduce the risk of endemigospital isolates, did not find evident correlation between
and epidemic nosocomial infections in patients. A great numhgiisceptibility to antibiotics and to disinfectants for any clinical
of disinfectants are used in the healthcare setting, includisgain. However, MRSA have been considered more resistant

Table 3 Evaluation of bactericidal activity of disinfectants against antibiotic-resistant hospital strains

Disinfectants (use-dilution)

- . Sodium Formel defyde- .
Clinical strains . Glutaraldehyde ~ QAC*-EAT QAC Synthetic phenol s
hypochlorite ass0ci i o
(1.2 (non diluted) (non diluted) (2:100) (2:100)
Saphylococcus aureus 0/20* 0/20 0/20 1/20 0/20
S aureus 0/20 0/20 0/20 0/20 1/20
S aureus 0/20 0/20 0/20 1/20 0/20
S. aureus 0/20 0/20 0/20 120 0/20
S aureus 0/20 0/20 0/20 0/20 0/20
Saphylococcus epidermidis 0/20 0/20 0/20 0/20 1/20
S. epidermidis 0/20 0/20 0/20 0/20 2/20
S. haemolyticus 0/20 0/20 0/20 2/20 0/20
Enterococcus 0/20 0/20 0/20 0/20 0/20
Escherichia coli 0/20 0/20 0/20 0/20 0/20
Escherichia coli 0/20 0/20 0/20 0/20 0/20
Escherichia coli 0/20 0/20 0/20 0/20 0/20
Escherichia coli 0/20 0/20 0/20 1/20 0/20
Enterobacter cloacae 0/20 0/20 0/20 1/20 1/20
Klebsiella pneumoniae 0/20 0/20 0/20 1/20 0/20
K. pneumoniae 0/20 0/20 0/20 1/20 0/20
Proteus mirabilis 0/20 0/20 0/20 2/20 1/20
Serratia marcescens 0/20 0/20 0/20 0/20 1/20
Pseudomonas aeruginosa 0/20 0/20 0/20 0/20 1/20
Ps. aeruginosa 0/20 0/20 0/20 3/20 3/20
Ps. aeruginosa 0/20 0/20 0/20 1/20 0/20

*QAC: quaternary ammonium compound
TEA: ethyl alcohol
*Number of positive tubes per 20 tubes containing the test microorganism.
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to quaternary ammonium compounds than methicillinef Gram-negative bacteria belonging to Ergerobacteriaceae
susceptibl&. aureugMSSA) strains (1, 6) and linkage betweerfamily, such aKlebsiella, Enterobacter, SerratendProteus,
antibiotic and chlorine resistance has been also demonstratede shown resistance to disinfectants, mainly quaternary
among sewage-related bacteria (14). In this study, we did mmhmonium compounds and phenols (10, 18). Hammond and
observe any relationship between susceptibility to antibioticeworkers (10) showed that the majority of antibiotic-sensitive
and disinfectant§>0.05), despite of the high number of strainEscherichia colstrains were inhibited by QACs and that strains
which were resistant to antibiotics (21 strains) in relation tof Klebsiella, Serratiaand Proteuswere uniformly more

the number of antibiotic-sensitive strains (6 strains) when testexbistant to the quaternaries thancoli. However, most of
against disinfectants. these organisms were also susceptible to the majority of

Some studies have evidenced the involvement of plasmilstibiotics. Stickler and Thomas (23) demonstrated that 15%
in the resistance to some disinfectants, such as heavy metdilstrains of Gram-negative bacteria isolated from urinary tract
(11) and formaldehyde (27). An existing cross-resistanagfection were more resistant to QACs, as well as, to antibiotics.
between QACs and aminoglycosides, codified by plasmids, davajaset al (16) showed that the phenol compounds were
been reported in MRSA strains, leading to the suggestion thess active than QACs when 70 hospital strains of Gram-
the extensive use of cationic agents in the hospital environmaetgative bacteria were tested. In the present study, the
can be a factor responsible for the emergence of resistant straingbiotic-resistant hospital strains Bf mirabilis andE.
to antibiotic agents (6, 25). Recently, resistance to catiordtbacaewere resistant to the QAC and synthetic phenols (Table
agents and to antibiotics mediated by the same plasmids Baswhereas th&. pneumoniaestrains were only resistant to
been also observed in coagulase-negative staphylococci (CoNigg,QAC. In spite of the lack of significant statistical differences
microorganisms associated with infections in implanted foreigp > 0.05) between antibiotic-resistant and -sensitive isolates
bodies(12). Tennent and coleagues (24) suggested thakhen tested against disinfectartts,cloacaeandP. mirabilis
staphylococci evade destruction because the protein specifi#thins susceptible to antibiotics were more sensitive to
by theqgacA determinant, located in a plasmid locus, is disinfectants (Table 2) than Gram-negative resistant ones (Table
cytoplasmic membrane-associated protein involved in an effl@). We also found thd&. coli strains were more susceptible to
system that actively reduces intracellular accumulation of tlikksinfectants than otheEnterobacteriaceadested, as
QAC. In this report, the analysis of staphylococci, as a grougmonstrated by Hammored al (10).
demonstrated that four methicillin-resistant staphylococci Due to the capacity of surviving in unfavorable
strains (thre&. aureustrains and on8. haemolyticustrain), environmental conditions and to the high resistance to antibiotic
resistant to aminoglycoside, presented resistance mainly to #gents, antiseptics and disinfectafsaeruginosacontinues
QAC (4/8 strains; Table 3), while all antibiotic-sensitive straink be an important pathogen in hospital acquired infections,
were sensitive to the QAC (Table 2). MRSA and MSSA straimaainly respiratory and urinary infections. The transmission of
assessed in this report showed similar responses to phentdlis bacterium is almost always related to contamination of
compounds, as observed previously (1). medical-surgical instruments and respiratory apparatus (8).

The high colonization rate of the inpatients withvesset al (26) demonstrated th&seudomonaspp survive
Enterococcusstrains resistant to several antibiotic agentsiuring long periods on the surfaces of polyvinyl chloride (PVC)
especially ampicillin and aminoglycosides, represents mpes, showing tolerance to the treatment with different
challenge to the therapy of these nosocomial infectiondisinfectants (synthetic phenols, QACs, formaldehyde and
Recently, vancomycin-resistant enterococci (VRE) have alsblorine), and could become a potent reservoir of microbial
emerged as serious nosocomial pathogens (7). However, samoetamination. Fernandéz-Astorghal (9) have reported that
reports have shown that the vancomycin-resistant andhe high resistance dfseudomonaspp to cationics agents
susceptible enterococci isolated from various clinical sourcesems to be associated with the chemical composition of the
and inanimate surfaces, when challenged in disinfectant teststernal membrane. Our study demonstratedtregruginosa
demonstrated similar survival (3, 21, 22). In our study, onlstrains were resistant to the antibiotic agents, as well as to the
two Enterococcusantibiotic-resistant and —sensitive strainsQAC and phenols. Nevertheless, the only strain susceptible to
isolated from surgical site infections were analyzed and showtd QAC showed also more susceptibility to antibiotics used in
susceptibility to all disinfectants used (Tables 2 and 3). A greatére therapeutic of infectious diseases caused by this
number of isolates should be investigated to allow a bettericroorganism, such as cefotaxime, aztreonan, ceftazidime and
comparison. quinolones.

Gram-negative bacteria are generally less susceptible to The more appropriate disinfectants for hospital disinfection
biocides than Gram-positive species. Such resistance is likelgre aldehydes and hypochlorite. In relation to phenols and
to be intrinsic rather than plasmid-mediated, due to out&ACs, sometimes used in routine surface disinfection
membrane that acts as a protective barrier (19). Hospital isolafesntaminated hospital rooms) in Brazilian hospitals, they
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should be used in higher concentrations in order to achiewesusceptibilidade a desinfetantes quando foram analisadas
the requisites mentioned by Rutada al. (21). However, amostras clinicas hospitalares.

disinfectant products should be selected more appropriately,

as part of infection control practices, based on particul®alavras-chave atividade desinfetante, atividade de
circunstances. For example, certain active agents, like QAGsitibioticos, amostras hospitalares

are more effective against gram-positive than gram-negative
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