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Summary: During a lo-week period, 16 patients in a neurosurgery intensive 
care unit were involved in an outbreak of Serratia marcescens. The epidemic 
strain was found in several flasks of 1:4 diluted hexetidine solution, an 
antiseptic used for patient mouth washing. Testing of the bactericidal activity 
of the diluted antiseptic revealed that all the epidemic strains were able to 
grow in the diluted antiseptic solution. Strains isolated from clinical samples 
and from the antiseptic solution were compared by random amplification 
of polymorphic DNA. Epidemiologic typing data implicated the diluted 
antiseptic solution as the single source of this S. maYcescens outbreak. 
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Introduction 

Serratia mavcescens has been frequently reported as a cause of nosocomial 
infections. During outbreaks, the bacteria have been isolated from various 
environmental sources including disinfectant solutions’-3 and antiseptics.“-6 
In one case, antiseptic resistance was considered to be responsible for the 
survival of S. maYcescens in the antiseptic solution.’ Several methods have 
been used for typing Serratia. Biotyping7 has the advantage of using 
bacteriological techniques that can be done on a routine basis. This typing 
method, however, is time-consuming and laborious. rRNA gene restriction 
analysis has proven discriminatory, but it is expensive and technically 
demanding.* Recently, Liu et al. successfully applied amplification of 
enterobacterial repetitive intergenic consensus sequences (ERIC-PCR) to 
the investigation of nosocomial S. mawescens isolates.’ 

During a lo-week period, we observed a 16-patient S. maycescens outbreak 
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in a neurosurgery intensive care unit. To investigate these S. mawescens 
isolates, we used random amplification of polymorphic DNA (RAPD), as 
described by Williams et a1.l’ To our knowledge, this paper is the first 
account of the use of RAPD for the typing of this species. 

Materials and methods 

Strains 
During a lo-week period, we observed a 16-patient outbreak of S. maYcescens 
in a neurosurgery intensive care unit. Thirty-two strains of S. maYcescens 
were subjected to epidemiological investigations. They included: (1) 17 
strains (Pl-P17) isolated from 16 patients hospitalized in the neurosurgery 
intensive care unit at the South Hospital in Marseille, (2) 10 strains (Hl 
to HlO) isolated from diluted hexetidine solution (‘Hextril’, Division 
Substantia-Parke-Davis, Courbevoie, France), and (3) five epi- 
demiologically unrelated strains, (Ul-U5) isolated from patients in the 
same hospital (Table I). Hexetidine (substituted hexahydropyrimidine) was 
used as patient mouth wash. Clinical isolates were isolated from 16 sputum 
samples and one blood culture sample. ‘Hexetidine strains’ were isolated 
from 10 of the 13 diluted hexetidine flasks used in the ward on a single 
day in the ninth week of the outbreak. 

Identification of strains 
Strains were identified as S. maycescens with the API 20E identification 
system (API bioMerieux, La Balme-les-Grottes, France). 

Susceptibility testing 
The susceptibilities to the antibiotics piperacillin, piperacillin-tazobactam, 
ticarcillin, ticarcillin-clavulanic acid, cefotaxime, imipenem, aztreonam, 
gentamicin, tobramycin, amikacin and cotrimoxazole were tested on Muel- 
ler-Hinton (bioM&ieux) agar by the disk diffusion method according to 
NCCLS guidelines.” 

We determined the bactericidal activity by using a dilution-neutralization 
technique. We tested six dilutions of hexetidine ranging from 1:l to 1:32 
in distilled sterile water. The bacterial suspensions were first incubated for 
5 min with the hexetidine solutions, and then for 10 min with a hexetidine 
neutralizer (Tween 80, 3% (Sigma Chemical, St Louis, MO, USA) (v/v); 
soy bean lecithin, 0.3% wt/vol (Difco, Detroit, MI, USA), and finally 
24 h at 37°C in trypticase-soy broth in order to determine the minimum 
bacteriocidal concentration (MBC). The MBC corresponded to the highest 
dilution of antiseptic for which no bacterial culture was observed. 

Auxanograms 
Auxanograms were done with Biotype-loo-carbon source strips (bio- 
MCrieux).12 According to the manufacturer’s instructions, the strips were 
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inoculated with Biotype 1 assimilation medium and incubated at 30°C. 
Readings were performed after 48 and 96 h incubation, and the number of 
positive reactions and overall patterns compared for each isolate. 

Extraction of total DNA 
Bacteria were grown in trypticase-soy broth at 37°C for 18 h. Total cellular 
DNA was extracted by the Chelex method.13 Because proteins were present 
in the DNA extracts, the DNA concentrations were difficult to determine 
by spectrophotometric assay. On the other hand, the amount of DNA was 
too low to be reliably estimated by agarose gel electrophoresis and ethidium 
staining. DNA concentrations were, therefore, determined through fluor- 
escence in presence of bisBenzimide (Hoechst 33258) (Sigma) by using the 
TKO 100 fluorometer (Hoefer Scientific Instruments, San Francisco, CA, 
USA).14 

RAPD 
We used the primer AP12h (5’-CGGCCCCTGT-3’).” The reaction mix- 
ture (total volume: 47 pL) contained 2.5 U of Taq polymerase (Perkin- 
Elmer/Cetus, Norwalk, CT, USA) in 1 x PCR buffer (0.001% gelatin (w/ 
v), 0.1% Triton- x 100 (v/v), 20 mM Tris-HCl (pH 8*3), 50 mM KCl, 2.5 mM 

MgC12, 100 pM each deoxynucleoside triphosphate, 0.2 mM primer, and 
Song of target DNA. The reaction mixture was overlaid with mineral 
oil. Amplification was performed in a TR2 thermal cycler (Cera-Labo, 
Aubervilliers, France) with temperature profiles as follows: 94°C for 5 min 
to denature template, 45 cycles of 94°C for 30 s, 45°C for 30 s, 72°C for 
30 s with no ramping, and finally 72°C for 10 min. 

Amplification products (10 pL) were submitted to electrophoresis in 1.2% 
agarose gels in Tris-acetate buffer (0.04 M Tris-acetate, 0.001 M EDTA, 
pH 8.2) containing ethidium bromide (1 pg/mL) at 130 V for 1 h and then 
photographed on a UV light transilluminator for comparisons. A molecular 
weight standard (Marker V, Boehringer-Mannheim, Mannheim, Germany) 
was included in each gel. 

The RAPD patterns for each primer were identified on the basis of 
identical numbers and sizes of the bands. As proposed by Woods et aZ.15 
in their study of Citrobactev &versus isolates, a difference of more than two 
bands indicated different strains. On repeated testing, all strains were 
unambiguously assigned to the same type. 

Results 

Susceptibility testing 
Antibiotic susceptibility results are shown in Table I. All the strains isolated 
from hexetidine and from patients showed the same susceptibility pattern, 
with the exception of strains Pl and PlO. Except for strain Ul, which had 
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Table I. Phenotypic and genotypic characteristics of epidemiologically-Yelated and control 
isolates of Serratia marcescens 

Isolate Source of the strain Date of isolation Antibiogram* RAPDt 

P3$ 

Et 
P6 
P7 
P8 
P9 
PlO 
Pll 
P12 
P13 
P14 
P15 
P16 
P17 

Ul 
u2 

:: 
u5 

Sputum 05/05/94 
Blood 05 105194 
Sputum 05/05/94 
Sputum 05/13/94 
Sputum 05/14/94 
Sputum 05/21/94 
Sputum 05126194 
Sputum 05127194 
Sputum 05127194 
Sputum 05/28/94 
Sputum 06/01/94 
Sputum 06/03/94 
Sputum 06/02/94 
Sputum 06/14/94 
Sputum 06/l 6194 
Sputum 06/l 6194 
Sputum 07/l 3194 

Diluted hexetidine 06/14/94 
Diluted hexetidine 06/14/94 
Diluted hexetidine 06/l 4194 
Diluted hexetidine 06/14/94 
Diluted hexetidine 06/l 4194 
Diluted hexetidine 06114194 
Diluted hexetidine 06114194 
Diluted hexetidine 06/14/94 
Diluted hexetidine 06/14/94 
Diluted hexetidine 06/14/94 

Wound 08/03/94 
Sputum 08/08/94 
Sputum 08122194 
Sputum 07121194 
Wound 07/28/94 

(AP12fi profiles) 

ATicTccGmTmAn 
A ; 

i 
2 

A ; 
A 

i 
; 

A ; 
ATm 3 
A 2 

i 
2 
2 

A 2 
A 2 
A 
A ; 

It ; 
A 
A ; 

i 
2 

::: 
; 
2 

A 2 
A 2 

A 4 
ATzpTicTccCtxTmSxt 5 
ATicTccTmSxt 
ATicTcc ; 
ATm 8 

* Antibiogram expressed as resistance profile based on testing with ampicillin (A), piperacillin (Pip), 
piperacillin-tazobactam (Tzp), ticarcillin (Tic), ticarcillin-clavulanic acid (Tee), cefotaxime (Ctx), 
imipenem (Ipm), aztreonam (Atm), gentamicin (Gm), tobramycin (Tm), amikacin (An), and co- 
trimoxazole (Sxt). 
t RAPD, randomly amplified polymorphic DNA. 
$ Strains P2 and P3 were isolated on the same day from the same patient. 

the same susceptibility patterns as the patient strains, the unrelated strains 
exhibited different patterns. Hexetidine MBC ranged from 1:8 to 1:4 and 
no relationship was found between MBCs and the origin of the strains. 

Auxanograms 
The total number of positive reactions varied from 50-S 3 among the patient 
isolates, whereas the number was slightly lower for the hexetidine isolates, 
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Figure 1. RAPD amplification profiles of Serratia mavcescens obtained with AP12h primer. 
Lanes: M, molecular weight marker VI (Boehringer-Mannheim); Lanes 1-17(P) are clinical 
outbreak isolates. Organisms in lanes l(P) and IO(P) were later found to be community- 
acquired and presumably unrelated. Lanes 1-10(H) are ‘Hexetidine’ isolates. Lanes 1-5(U) 
are clinically-unrelated isolates. 

ranging from 46-50. Three tests (phenyl acetate, 4-hydroxy-benzoate, and 
caprate) were positive for all clinical isolates and negative for all organisms 
isolated from hexetidine. 

RAPD 
RAPD typing results are shown in Figure 1. All the strains isolated from 
the patients and from hexetidine were of the same RAPD type, with the 
exception of strains Pl and PlO. A review of patient charts revealed 
that these strains were isolated from microbiological samples collected on 
admission and were therefore probably community-acquired. The profiles 
of epidemiologically unrelated strains were markedly different from epi- 
demiologically related ones. 

Discussion 

Most epidemiologic studies of S. marcescens isolates have been based 
on the study of phenotypic traits. Biochemical profiles obtained with 
commercially available identification systems do not show enough strain- 
to-strain variation to be sufficiently discriminative, and biotyping through 
the system of Grimont and Grimont7 is lengthy and labour intensive. 
Esterase electrophoretic typing of S. mawescens isolates was found reliable, 
but its use in clinical laboratories has been limited because of technical 
difficulties.16 Serotyping, phage-typing, and bacteriocin typing require the 
availability of specific reagents. ERIC-PCR and polymerase chain reaction- 
amplified ribosomal DNA spacer polymorphism did not allow sufficient 
discrimination of our S. mavcescens isolates (data not shown). Finally, Liu 
et al. recently tried RAPD but the primers selected were not successful to 
the study of S. mawescens.’ 
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In this study, RAPD provided results in agreement with antibiotic 
susceptibility profiles. Patients and hexetidine strains could not be dif- 
ferentiated by RAPD typing and were considered to be part of a single 
outbreak. These strains were closely related and very different from epi- 
demiologically unrelated strains. RAPD also enabled the exclusion of two 
strains subsequently considered community acquired, because they were 
isolated from specimens taken on admission. The three tests that were 
positive by auxanogram for clinical isolates and negative for hexetidine 
strains may represent metabolic processes not required by isolates growing 
in hexetidine. 

Several studies have described the isolation of S. mawescens from an- 
tiseptic or disinfectant solutions. Parment et al. isolated S. mavcescens from 
contac lens washing solutions containing chlorhexidine.3 Nakashima et al. 
isolated S. maYcescens from benzalkonium chloride-soaked cotton balls and 
showed that the bacteria was responsible for septic arthritis in 10 patients 
during a 6-week period.17 Sautter et al. reported a case of meningitis owing 
to the contamination of a skin antiseptic solution containing benzalkonium 
chloride.6 Ehrenkranz et al. demonstrated S. marcescens contamination of 
a dimethyl benzyl ammonium chloride solution that was sprayed pre- 
operatively in a heart surgery room.’ Spray bottles were refilled when 
partially empty and were not regularly emptied and cleaned before refilling. 
This resulted in S. marcescens contamination of the extracorporeal circulator 
in nine surgical interventions and S. maxescens infection (bacteraemia or 
sternal wound infection) in five patients during a three-month period.’ 
Barry et al. demonstrated S. marcescens contamination of antiseptic soaps 
containing triclosan.4 Recently, Stephen et al. reported a two-month out- 
break of S. marcescens infections in 17 obstetric patients and 11 newborns.” 
These authors isolated S. maxescens from a cream containing cetrimide 
that was used for pelvic examination. In 1984, Okuda et al. showed that 
118 of their 13 1 S. marcescens isolates had MIC,, ranging from 100 to 
400 g/mL, thus demonstrating that the bacteria are highly resistant to 
chlorhexidine.” To our knowledge, ours is the first report of contamination 
of hexetidine solution by S. marcescens resistant to hexetidine. 

According to the manufacturer’s instructions, ‘Hextril’ (0.1% hexetidine) 
should be used undiluted. In our neurosurgery intensive care unit, it was 
usually used as patient mouthwash in a diluted solution because some 
patients had complained about mouth irritation. Questioning of the nurses, 
who were in charge of preparing the diluted hexetidine stock solution, 
revealed that: (1) they always prepared a fourfold diluted solution in distilled 
water in a 1 L stock bottle; (2) the stock bottle was used every morning to 
fill the 250 mL personal flask which was stored on a shelf in each patient 
cubicle; (3) this personal flask was used during the whole patient hospital 
stay, was discarded on discharge, and was replaced by a new flask for the 
next patient; and (4) the stock bottle was used for two to three days until 
it was empty or discarded. 
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Step 1 

Step 2 

Step 3 

Step 4 

Figure 2. Mechanism of contamination of the diluted hexetidine patients’ flasks. Step 1, 
contamination of the first personal flask by malpractice during patient mouth wash, i.e. 
contamination of the flask by re-use of the syringe that is used to sample diluted hexetidine 
from the flask, or by hand-mediated contamination of the flask neck; step 2, once the first 
flask was contaminated, the stock solution bottle was probably contaminated by neck contact 
during the filling step. Due to the small size of the flasks neck, contacts obviously occurred 
between the stock bottle and the flasks during the filling step; step 3, this mechanism was 
probably also responsible for subsequent contamination of other patients’ flasks from the 
contaminated stock bottle; step 4, contamination of a new stock bottle. 

The probable mechanism of dissemination of S. mawescens in diluted 
hexetidine is detailed in the legend of Figure 2. As assessed by MBC 
determination, a fourfold diluted hexetidine solution has a borderline 
efficacy. Using the same diluted-hexetidine bottle for two to three days 
allowed S. maYcescens to grow and probably increased the possibility of S. 
marcescens transmission to the patients’ personal flasks. 

In conclusion, both bacterial growth of a resistant strain in the diluted- 
hexetidine solution and bottle-to-flask transmission may explain S. may- 
cescens colonization and/or infection of the 16 patients involved in this 
outbreak. It is noteworthy that as soon as we stopped using hexetidine no 
further S. mavcescens isolates were found in this unit. Hexetidine has been 
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replaced by povidone-iodine (‘Betadine’, Sarget Laboratories, Paris, France) 
as mouth wash and no S. maYceScenS has been isolated during the six months 
following the last case. 

We thank And&e CrCmieux and Martin Favero for advice on antibiotic susceptibility 
testing. 
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