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Over the last 30 years, Serratia marcescens has become an important cause of 
nosocomial infection. There have been many reports concerning the identification, 
antibiotic susceptibility, pathogenicity, epidemiological investigations and typing of this 
organism. Accurate identification is important in defining outbreaks. The API 20E 
system has been used widely, but is not individually satisfactory. The growth of S. 
marcescens in the environment has been investigated in relation to water, disinfectants 
and plastics such as blood bags. Certain extracellular products are unique to S. 
marcescens. Pigment (prodigiosin) biosynthesis by S. marcescens has been investigated 
fully since the emergence of the organism as a cause of infection. Many other aspects of 
the pathogenicity and virulence of S. marcescens have been studied, including adherence 
and hydrophobicity, lipopolysaccharide (LPS) and extracellular products. Two modes of 
adhesion to host epithelial surfaces have been suggested. These are mannose-resistant 
(MR) pili and mannose-sensitive (MS) pili. LPS, which is responsible for the biological 
activity of endotoxin, has been investigated fully and 24 somatic antigens have been 
described. The production of different enzymes by S. marcescens as virulence factors 
has also been reported, including chitinase, lipase, chloroperoxidase and an extracellular 
protein, HasA. Antibiotics used to treat serratia infection include p-lactam agents, 
aminoglycosides and fluoroquinolones and a variety of different resistance mechanisms 
have been demonstrated. Typing methods used to study the epidemiology of S. 
marcescens include biotyping, bacteriocin typing, phage typing, plasmid analysis, 
polymerase chain reaction amplification of enterobacterial repetitive intergenic 
consensus sequences (ERIC-PCR) and ribotyping. Serological typing has also been used 
and this method seems to be a suitable first-line typing method for S. marcescens, 
although some strains remain untypable. RAPD-PCR has also been applied to a small 
number of isolates and seems to be a promising method, especially for rapid monitoring 
of an outbreak and tracing the source of initial infection. 

Introduction 

Serratia marcescens, a gram-negative bacillus classified 
as a member of the Enterobacteriaceae, has been 
recognised as a cause of hospital-acquired infection for 
the last two decades. It is a widely distributed 
saprophytic bacterium, and has been found in food, 
particularly in starchy variants which provide , an 
excellent growth environm’ent. While this organism 
was known formerly by a variety of names, including 
Chromobacterium prodigiosum [ 11, Gaughran et al. [2] 
used the name S. marcescens that had been assigned by 
Bizio in 1823. 
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S. marcescens was considered originally to be an 
innocuous, non-pathogenic saprophytic water organism 
and was often. used as a biological marker because of 
its easily recognised red colonies. After a review in 
1896 of a small number of incidents, Professor 
Scheurlen of the University of Strasbourg concluded 
that this organism contributed to more deaths than 
many pathogenic bacteria. The first description of 
nosocomial infection caused by S. marcescens was 
Wheat’s report of 11 cases over a 6-month period in 
195 1 at Stanford University Hospital [3]. Infections 
caused by this organism have been reported with 
increasing frequency since 1960 [4]. In 1966, 
McCormack and Kunin [5 ]  reported a nursery epi- 
demic involving 27 babies, although only 15 cases of 
Serratia bacteraemia had been recorded by 1968 [6 ] .  
Its ability to cause infection was once thought to be 
limited to patients with chronic debilitating disorders, 
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but S. marcescens has now been implicated as an 
aetiological agent in every conceivable kind of 
infection, including respiratory tract infection, urinary 
tract infection (UTI), 'septicaemia, meningitis and 
wound infections [7-91. S. marcescens has been 
reported to cause infective endocarditis acquired in 
the community [lo] and in hospitals. In contrast to 
other gram-negative bacteria, it usually affects the left 
side of the heart [ l l] .  S. marcescens endocarditis 
acquired in the hospital is usually an exogenous 
infection associated with cardiac surgery [ 1 13. Today, 
S. marcescens has attained the status of'a hlly fledged 
pathogen that causes infections particularly in two 
disparate groups: heroin addicts and hospitalised 
patients. 

Environmental isolates of S. marcescens characteristi- 
cally produce a red pigment, prodigiosin, and in early 
times such growth was often mistaken for fresh blood 
[2]. The pigmented bacterium is found in various 
ecological niches, including soil, water, air, plants and 
animals [12]. The ability to form prodigiosin is 
characteristic of S. marcescens [12], but the hnction 
of this red pigment remains unclear because clinical 
isolates are rarely pigmented. 

Culture and identification 

S. marcescens was defined by Grimont and Grimont 
[ 121 as an oxidase-negative gram-negative bacillus 
producing DNAase. Over the last two decades, the 
API 20E system has been used widely for the 
identification of gram-negative bacilli, but this system 
was found to correctly identi@ only 85% of S. 
marcescens isolates to the species level (personal 
unpublished results). S. marcescens is unable to 
ferment arabinose in peptone water, whereas all S. 
liquefaciens strains are arabinose-positive. However, S. 
marcescens strains can oxidise arabinose in the API 
system, giving a false-positive reaction leading to 
misidentification as S. Ziquefuciens [ 1 31. Therefore, to 
confirm the identity of S. marcescens, a short series of 
sugars, including arabinose and raffinose, should be 
tested in tubes, regardless of the API 20E result. 

Growth in the environment 

The potential of S. marcescens to utilise a wide range 
of nutrients is expressed clearly by its ability to survive 
and grow under extreme conditions, including in 
disinfectant [ 14, 151, antiseptics [ 161 and double- 
distilled water [17]. Szewzyk et al. [17] studied the 
survival and growth of S. marcescens strain K202, 
isolated from blood bags, at different oxygen concen- 
trations in de-ionised water containing materials 
derived from the blood bags. The rate of survival and 
growth was highest under anaerobic conditions, in 
which growth occurred with all materials and even in 
de-ionised water alone. In contrast, S. marcescens did 

not survive in control cultures under semi-anaerobic 
and aerobic conditions, an observation which is in 
agreement with our own unpublished findings. Growth 
was observed under both aerobic and semi-anaerobic 
conditions in the presence of each of the tested blood 
bag materials. An initial high number of bacteria may 
lead to better survival following cryptic growth [18] 
and utilisation of oxygen by respiration, thereby 
eliminating the toxic effect of oxygen radicals. Other 
studies have demonstrated that extremely low concen- 
trations of organic material can be sufficient for 
survival and active growth of other bacteria [19]. 

The capacity to multiply in blood components varies 
for different bacterial species. The bactericidal effect 
of humoral factors in plasma [20] and the growth 
kinetics of the bacteria at different storage tempera- 
tures play a significant role. Gong et al. [21] 
demonstrated that white cells in freshly collected 
blood act to clear the blood of contaminating bacteria, 
although the effect varies among bacterial species 
[22-241. These results, and those mentioned above, 
clearly show a toxic effect' of oxygen on S. 
marcescens in low-nutrient conditions and reflect the 
importance of the oxygen concentration and the type 
of nutrients leaching out of the materials. When 
whole-blood units become contaminated, there is a 
high risk of rapid growth in red blood cells stored at 
4"C, as well as in platelet concentrates stored at 22"C, 
which indicates that protective mechanisms involving 
phagocytosis and complement killing are not effective 
for S. rnarcescens. 

Extracellular products 

Aside from, the production of marcescins, S. marces- 
cens is unique among enteric bacteria in many respects. 
It secretes extracellular chitinase; ' several proteases, a 
nuclease and a lipase [25], and produces a wetting 
agent or surfactant called 'serrawettin' which helps in 
the colonisation of surfaces [26-281. In keeping with 
its varied habitat, S. marcescens produces alternate 
forms of differentially flagellate cells; these display 
different types of motility depending on whether the 
growth medium is liquid or solid [29]. Non-flagellate 
cells of S. marcescens can also translocate efficiently 
over the surface of low-agar media [30]. Matsuyama et 
al. [31] showed that flagellate but. non-swarming dps 
mutants of '  S. marcescens with defects in serrawettin 
production do not swarm on media solidified with 
Difco agar. The spreading deficiency can be overcome 
by serrawettin supplied extracellularly. Introduction of 
flu defects into chemotaxis mutants does not affect this 
mode of surface translocation. 

Pigmentation 

Prodigiosin biosynthesis in S. marcescens depends on 
growth conditions [32]. Rjazantseva et al. [32] found 
that pigment synthesis started later in the presence of 
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low concentrations of NaCl, but that prodigiosin 
accumulatiodbiomass unit was increased at NaCl 
concentrations of up to 5% wlv. However, there was 
no growth in a culture medium containing NaCl 8% 
w/v. Visible light (2000 lux) influenced pigmentation 
without changing the growth characteristics of the 
culture. The maximum prodigiosin content in dark and 
light cultures was observed on days 3-4 and 2-3, 
respectively. The influence of illumination on pigmen- 
tation of S. marcescens was also demonstrated. Light 
affects the pigment synthesised by the culture directly. 
Growing cells contain mono and dimer forms of 
prodigiosin in glycerol, with light influencing these 
pigments. The highest increase in biomass and 
maximal pigmentation was found in cultures grown 
on glycerol medium. A culture medium containing 
glucose as the carbon and energy source did not allow 
prodigiosin synthesis. The investigation supported the 
conclusion that strains of S. marcescens differ in their 
sensitivity to the effect of NaCl on prodigiosin 
biosynthesis. Although proline was present ' in the 
medium, S. marcescens grown on mineral media did 
not produce pigment when the carbon source was 
glucose or the nitrogen source was ammonium 
chloride. 

The pigment has a role in respiration [33] and has 
some antibiotic properties [34]. It is presumed that 
pigment biosynthesis acts as a protective mechanism 
in unfavourable conditions when the growth of cells is 
delayed [35]. While the utilisation of light energy by 
pigmented S. marcexens has been suggested [32], 
attempts to exploit the pigment as a commercial dye 
have failed because of its sensitivity to light [36]. 
Pigment biosynthesis, as with other physiological 
processes, is affected significantly by factors such as 
temperature [37], ions [38], anionic detergents [39] 
and amino acids [40]. However, most strains that 
cause infection fail to produce pigment and form 
colourless colonies which are difficult to distinguish 
from other coliform organisms [41]; thus pigment 
would not appear to be a virulence factor of advantage 
to clinical isolates. 

Antibiotic susceptibility 

Infections caused by S. marcescens may be difficult to 
treat because of resistance to a variety of antibiotics, 
including ampicillin and first and second generation 
cephalosporins [42]. Aminoglycosides have good activ- 
ity against S. rnarcescens, but resistant strains have-also 
been reported recently [43]. As the killing effect of /?- 
lactam antibiotics is time dependent, the length of time 
the bacteria are exposed to antibiotic concentrations 
above the MIC is an important parameter when 
assessing likely clinical outcome. Data obtained from 
a rabbit model suggest that if a P-lactam and 
aminoglycoside are combined, the aminoglycoside 
induces rapid killing and reduction of the inoculum, 

while the p-lactam antibiotic prevents regrowth be- 
tween the doses of aminoglycosides [44]. 

P-Lactam resistance 

While P-lactamase-mediated carbapenem resistance is 
rare among the Enterobacteriaceae, it has been 
described recently for clinical isolates of S. marcescens 
and Enterobacter cloacae [45, 461. This resistance may 
arise from two mechanisms: first, high-level production 
of chromosomal AmpC cephalosporinases combined 
with substantially decreased outer-membrane per- 
meability [47, 481; and second, the synthesis of /?- 
lactamases able to hydrolyse carbapenems [49]. 

Palomar et al. [50] studied the effect of the 0-side 
chain on the permeability of the S. marcescens outer 
membrane to p-lactam antibiotics, and found that 0- 
side chain-defective spontaneous mutants of S. mar- 
cescens had lower MICs for various P-lactam agents 
than their parent strains. Recovery of the ability to 
produce 0-antigen restored the original MIC values, 
as well as phage susceptibility. The permeability 
coefficients of wild-type, 0- mutants and revertants 
indicated that the permeability to antibiotics of the S. 
marcescens outer membrane depends on the 0-somatic 
antigen. 

Ito et aZ. [51] studied the distribution of strains 
producing metallo-P-lactamase among 105 strains of 
S. marcescens and concluded that 19% of S. 
marcescens clinical isolates were resistant to imipe- 
nem (MICs > 2 mg/L), while strains that showed 
high-level imipenem resistance following acquisition 
of a plasmid-mediated bZalMp-like metallo-P-lactamase 
gene proliferated as a cause of nosocomial infection in 
a general hospital. This observation suggests that 
imipenem-resistant strains producing the metallo-P- 
lactamase IMP-1 [52] may become prevalent in the 
near future if the present style of chemotherapy is 
continued without careful consideration. 

Naas et al. [44] showed by cloning and subcloning 
of the carbapenem-hydrolysing P-lactamase gene 
(bZasme-,) fiom a strain of S. marcescens that the P- 
lactamase conferred resistance to carbapenems, az- 
treonam, cefamandole and cephalothin, but conferred 
no significant resistance (more than one dilution 
increase' in MIC) to cefotaxime, cefiazidime, mox- 
alactam or cefoxitin. Hybridisation results further 
indicated that only one copy of bZasme-I was present 
in S. marcescens strains S6 and S8, and that the 
carbapenem-hydrolysing properties of these Serratia 
strains do not result from gene amplification. In the 
course of determining the.  DNA sequence of the 
cloned gene for bZasme-l, Naas et aZ. [53] found an 
open reading frame (OW) divergent in transcription. 
This OW was identified as encoding a novel 3 1.1 -kDa 
LysR family protein analogous to other LysR proteins, 
especially B-lactamase regulators. 
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Cefepime , an extended-spectrum cephalosporin, is 
active against organisms such as E. cloacae and S. 
marcescens which are frequently resistant to broad- 
spectrum cephalosporins; it has therefore been de- 
scribed as a fourth-generation cephalosporin [54]. The 
extended activity of cefepime results from its low 
affinity for type I /3-lactamase and the ease with which 
the molecule passes through porin channels [55]. 
Chong et al. [56] found that the MIC90s of cefepime 
and amikacin (both 8 mg/L) were lower for S. 
marcescens than for the other gram-negative bacilli 
studied. 

Aminoglycoside resistance 

Bacteria acquire resistance to aminoglycosides by 
preventing the drug from reaching the target site in 
the ribosome in one of two ways: firstly, alterations in 
the cell envelope can prevent uptake of the drug; and 
secondly, the drug itself can be modified by 'inactivat- 
ing enzymes' that adenylate, acetylate, or phosphor- 
ylate the aminoglycoside hydroxyl or amino groups [l]. 
The bacterial activity of aminoglycosides is concentra- 
tion-dependent; hence high doses given infrequently 
may be the best method of administration [9]. The 
netilmicin-sensitive, gentamicin-resistant pattern of 
resistance in S. marcescens is probably caused by 
acetyltransferase AAC(3)-1, an enzyme that inactivates 
gentamicin, but not netilmicin or amikacin. Aminogly- 
coside resistance in S. marcescens caused by inactivat- 
ing enzymes is commonly mediated by plasmids and-is 
often transferable [57]. 

Garcia et al. [58] found that 90% of their S. 
marcescens isolates were gentamicin-resistant. The 
aac(6')-la gene was not found in 10 of these isolates, 
whereas the aac(6')-Ic gene was detected by dot-blot 
hybridisation in all S. marcescens isolates examined 
and was the only amikacin resistance marker in 72% 
of these isolates. The aac(6')-Ib gene was found in 
five isolates. Most (75%) Serratia isolates had the 
triple combination of AAC(3)-V +AAC(6')-1 + 
APH(3')-1. The combination of these enzymes causes 
resistance to gentamicin, tobramycin, netilmicin and 
amikacin. Amikacin resistance was associated with the 
presence of plasmids between 10 and 20 kb in size. 
When plasmid DNA from 27 transformants carrying 
the aac(6')-Ib gene was digested with BamHI, BglI 
and EcoRV + SstI and hybridised with a 3-kb BamHI 
DNA fragment specific for Tn1331, 26 of the 
plasmids exhibited a hybridisation pattern character- 
istic of Tn1331. 

Fluoroquinolone resistance 

Korner et al. [9] reported a case of endocarditis caused 
by a ciprofloxacin-resistant strain of S. marcescens 
(MICs: azlocillin, 16 mg/L; ciprofloxacin, 4 mg/L) 
which was isolated from blood cultures taken from a 
peripheral vein and from the Hickman line. The MIC 

of ciprofloxacin for Enterobacteriaceae is usually 
0.01 mg/L, while for S. marcescens it is 0.5 mg/L. 
Consequently, a ciprofloxacin-resistant mutant of S. 
marcescens is more likely to be selected than other 
Enterobacteriaceae. 

Juvin et al. [59] studied the MICs (and MBCs) of 
pefloxacin and ciprofloxacin for a S. marcescens strain 
and concluded that killing curves for the S. marces- 
cens strain studied (but possibly not for others) were 
essentially time-dependent. Thus, the excellent intrin- 
sic activity in vivo was probably caused mainly by the 
pharmacokinetics of the two drugs (long half-lives 
combined with rapid and homogeneous diffusion). 
However, killing did not increase at antibiotic 
concentrations between 8- and 32-fold greater than 
the MIC. When the same dose of ciprofloxacin 
(4 mg/kg) was administered by continuous infusion 
.over 24 h, a steady state was reached after about 3 h, 
,which means that the in-vivo data obtained by 
continuous infusion correlated well, with the in-vitro 
data. 

Pathogenicity and virulence 

Adherence and hydrophobicity 

Piliation has been shown to be a determinant of 
microbial adherence to host epithelial surfaces [60]. S, 
marcescens is a cause of nosocomial UTI [8], possesses 
pili and adheres to uroepithelial cells [61]. Two classes 
of adhesins have been suggested. One class, designated 
mannose-resistant (MR) pili, agglutinates chicken 
erythrocytes in the presence of D-mannOSe; the other 
class, mannose-sensitive (MS) pili, exhibits mannose- 
sensitive haemagglutination of guinea-pig and chicken 
erythrocytes. It has been reported that renal damage 
following acute pyelonephritis is not related directly to 
bacterial growth in the kidney, but is related closely to 
the inflammatory process, including infiltration by 
polymorphonuclear leucocytes (PMNLs) [62-641. Mi- 
zunoe et al. [65] assessed the effect of bacterial 
piliation on interaction with human PMNLs and found 
that S. marcescens strain US46, a human urinary tract 
isolate, seemed to possess both Ml2 and MS pili. This 
finding suggested that MS-piliate bacteria stimulate 
PMNLs to produce active oxygen radicals, leading to 
tissue damage of the infected organ. 

S. marcescens was reported to possess hydrophobic 
surface properties by Mudd and Mudd [66] more than 
70 years ago. Since then, cell surface hydrophobicity 
has been linked to partitioning of S. marcescens at 
air:water and oi1:water interfaces, as well as adhesion 
to solid surfaces including catheters and other plastics 
[67]. Ness-Greenstein et al. [68] tested the feasibility 
of increasing the cell surface hydrophobicity of a 
commonly used strain of Escherichia coli by trans- 
formation with DNA from S. marcescens, a micro- 
organism with pronounced adhesion to hydrophobic 
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substrates [69]. Their results supported the concept of 
rendering E. coli cells more hydrophobic by transfor- 
mation with DNA from other, more hydrophobic 
species. The results extended previous data showing 
that E. coli cells can be rendered hydrophobic by 
chemical modification [70] as well as by addition of 
organic cations [ 7 13. 

Palomar et al. [72] compared the efficiency of 
adhesion of wild-type and 0-deficient spontaneous 
mutants of S. marcescens to plastic, glass and Foley 
catheters, and also to human uroepithelial cells. The 
BATH test was used, in which migration of bacteria 
from the aqueous phase depends upon their ability to 
adhere to the organic phase. The results demonstrated 
that the 0-antigen has a strong influence on the 
adhesion of S. marcescens to both inert and biological 
surfaces. 

Lipopolysaccharide 

Lipopolysaccharide (LPS) is responsible for the bio- 
logical activity of endotoxin and is located in the outer 
membrane of gram-negative bacteria. LPS O-polysac- 
charides may contribute to the virulence of a bacterium 
by enabling it to resist serum killing [73]. S. 
marcescens serotype 016  produces two neutral 0- 
polysaccharides: D-galactan I and a polymer containing 
2-substituted p-D-ribo-furanosyl (Ribj) residues [ 741. 
The question of the evolutionary origin of rfb clusters 
in different bacterial species that produce identical 0- 
antigen structures was addressed by Szabo et al. [75] 
who cloned the rfb cluster from S. marcescens. serotype 
0 16 ( rfbsm016) and compared its genetic organisation 
with that of the rfb cluster from Klebsiella pneumoniae 
serotype 0 1  (rfbKpo,). Cloning and sequencing of 
rfbKpol revealed that six genes (rfbA-F) are respon- 
sible for the synthesis and export of D-galaCtan I ,  
which results in resistance to phage Ffm. Southern 
hybridisation experiments did not detect any signals at 
high stringency, but three probes detected an 8-kb PstI 
fragment from S. marcescens serotype 016 and a 7-kb 
PstI fragment from S. marcescens serotype 020  at low 
stringency, suggesting that the rfb genes in S. 
marcescens are clustered on the chromosome. It was 
anticipated that recombinant cosmids obtained follow- 
ing cloning of the rfbsmo16 genes would express 0- 
polysaccharide D-galactan I and therefore would be 
resistant to phage F h .  

The bacterial surface components of pathogenic 
bacteria are the primary factors determining the 
outcome of contact with the host. Gram-negative 
bacteria are surrounded by an outer-membrane layer, 
which protects the cell from toxic agents by slowing 
their penetration and hindering their access to target 
site. The penetration of nutrients and antibiotics takes 
place through the outer-membrane proteins (e.g., 
unspecific porins, specific porins). The external face 
of the outer membrane is formed by LPS, which has a 

central role in both pathogenicity and virulence of 
many gram-negative bacteria [76]. LPS comprises 
three regions, i.e., lipid A, the 0-antigen and the core. 
The 0-antigen is a repetitive saccharide chain which 
is the most prominent immunogenic agent determining 
the 0-serotype of bacteria. The presence of the 0-side 
chain confers resistance to non-immune serum of this 
bacterial species [77], but 0-antigen may affect the 
antibiotic susceptibility and the efficiency of transfor- 
mation [78]. The structure of LPS in S. marcescens is 
variable as >24 somatic antigens have been described 
for this species [79].' 

Palomar et al. [77] presented evidence showing that 
bactericidal action on S. marcescens depends upon the 
0-side chain length. Both classical pathway (CPC) and 
alternate pathway (APC) are activated by S. marces- 
cens strains, and both pathways have active roles in 
the serum killing of strains of Serratia with defective 
0-side chains. When APC or CPC were inhibited 
selectively and separately, there was a decrease in 
serum killing activity. These results suggested that the 
major role corresponding to APC was active. When 
CPC was active and APC was inhibited, the decrease 
was more apparent. 

Extracellular products 

S. marcescens produces several extracellular enzymes 
[80] and is one of the most efficient organisms for the 
biological degradation of chitin [8 11. Chitinolytic 
enzymes are of biotechnological interest, as. their 
substrate, chitin, is a major structural component of 
fbngal cell walls. Thus, chitinolytic enzymes could, in 
principle, be employed as natural anti-fungal agents by, 
for example, expressing their genes in crop plants or in 
bacteria used in fermentation processes prone to fungal 
attack [82]. Sundheim et al. [83] cloned two chromo- 
somal fiagments encoding chitinplytic (and antifungal) 
activity from S. marcescens strain BJL200. Brurberg et 
al. [84] analysed one of these fragments and deter- 
mined the nueleotide sequence of the chitinase gene. 
Protein engineering could be used to improve the 
stability and activity of the naturally occurring Serratia 
chitinases in order to improve their applicability. SDS- 
PAGE showed that the chitinase peak contained a pure 
protein of c. 62 kDa. 

The extracellular lipase of S. marcescens strain Sr41, 
lacking a typical N-terminal signal sequence, is 
secreted via a signal peptide-independent pathway 
[85]. A subcloned 6.5-kb EcoRV fragment contained 
three ORFs of 588, 443 and 437 amino-acid residues 
that together constituted an operon (ZipBCD). The 
three proteins functioned to allow secretion of the 
extracellular' proteins of S. marcescens in a style 
analogous to that of the prtDEFEc system [85]. 
Deletion mutation analysis indicated that all three 
ZipBCD genes were essential for extracellular secretion 
of the S. marcescens lipase in E. coli, and that these 
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genes constituted an operon like the prtDEFEc system 
[851- 

Hiroyuki et al. [85] isolated a lipase-nonsecreting 
mutant, 414, from a wild-type strain of S. marcescens. 
The mutant did not secrete either lipase or metallo- 
protease when grown on either lipase or LB medium, 
but secretion was recovered by the introduction of the 
ZipBCD genes. 

A non-haem chloroperoxidase was purified by Burd et 
al. [86] fiom S. marcescens even though this 
bacterium is not known to produce halogenated 
metabolites. The native chloroperoxidase has a mole- 
cular mass of 58 kDa and consists of two identical 
subunits of 29kDa. The absorption spectrum of 
purified chloroperoxidase showed no absorption bands 
in the visible region of the spectrum and halogenating 
activity was not inhibited by acid, showing that the 
enzyme does not contain haem as a prosthetic group. 
The enzyme was very resistant to alcohols such as 
methanol, ethanol and 2-methoxyethanol. The enzyme 
did not lose activity when incubated at 65°C for 2 h, 
but was inactivated slowly at 70°C. Chloroperoxidase 
was only active in acetate or propionate buffer and 
showed no activity when phosphate buffer was used. 
The isolation of halogenating enzymes from S. 
marcescens is surprising, as no halogenated metabo- 
lites have ever been isolated from this organism. 
Although it is possible that S. marcescens produces an 
as yet' unknown halogenated metabolite, it is very 
unlikely that this strain should also synthesise a nitro 
compound, especially as nitro compounds are very 
rare natural products [87]. 

Letoffe et al. [88] identified a novel type of 
extracellular protein, HasA ' [89], in S. marcescens. 
HasA does not have a signal peptide and does not 
show sequence similarities to other proteins. When 
HasA secretion was reconstituted in E. coli, it was 
shown that, like many proteins lacking a signal 
peptide, HasA has a C-terminal targeting sequence 
and is secreted by a specific ATP-binding. cassette 
(ABC) transporter consisting of three proteins: an 
inner-membrane protein with a conserved ATP binding 
domain, the ABC; a second inner-membrane protein; 
and a third, outer-membrane component. 

Epidemiological typing 

Several methods have been described for typing S. 
marcescens, including serotyping, phage typing, bio- 
typing, bacteriocin typing and plasmid analysis [90]. 
hbotyping has also been used [91, 921, and has been 
reported to be more discriminatory than biotyping, 
serotyping and bacteriocin typing, with equivalent 
discriminative power to total DNA analysis [93]. 
However, because of techiiical difficulties and.. the 
prolonged time needed for Southern blot analysis, its 

clinical use has been limited. Esterase electrophoretic 
typing of S. marcescens is reliable, but its use in 
clinical laboratories has been limited because of 
technical difficulties [94]. Serotyping, phage typing, 
and bacteriocin typing require the availability of 
specific reagents. Recently, Liu et al. [95] used PCR 
amplification of enterobacterial repetitive intergenic 
consensus (ERIC) sequences to investigate nosocomial 
S. marcescens isolates; however, neither ERIC-PCR nor 
analysis of PCR-amplified rDNA spacer polymorph- 
isms allowed sufficient discrimination of the S. 
marcescens isolates examined. 

Biotyping [96] has the advantage of using bacteriolo- 
gical techniques that can be employed on a routine 
basis, although the method is time-consuming and 
laborious. Biotyping cannot always distinguish be- 
tween different epidemiological types. Many strains 
within the genus may give very similar reactions, 
while others can give irregular results for certain tests 
such as arabinose fermentation. We have found that 
only 85% of profile numbers generated by the API 
20E system give good identification at the species 
level (personal unpublished results). rRNA gene 
restriction analysis has proved discriminatory, but is 
expensive and technically demanding [97]. 

Serotyping is the basic method for typing S. 
marcescens, but has limitations associated with the 
tedious determination of both 0 and K antigens, and 
the presence of a few untypable mutants [90]. 
Bacteriocin typing is a powerful method, but may 
not distinguish between different epidemiological types 
[90], while phage typing may only be of value in 
subdividing strains of the same 0 group from the 
same incident of infection [98]. 

Sero log ica 1 typing 

The importance of S. marcescens as an opportunist 
pathogen and an agent of nosocomial infections has 
stimulated the development and evaluation of 0- 
serology for typing clinical isolates, leading to a 
composite scheme of 20 0-serotypes by 1978 [13]. 
The number of serotypes had risen to 24 by 1985 [99], 
additional serotypes represented by strains S 1254 and 
S3255 were described in 1989 [loo], and other 
serotypes (025 and 026) were proposed in 1991 
[ lol l .  The surface polysaccharides of the two .most 
recently proposed 0-serotype strains of S. marcescens, 
025 and 026, were characterised in terms of their 
chemical structure and immunological reactions by 
Aucken et al. [102]. No polymer was isolated fiom 
025, which was shown to lack both capsular K-antigen 
and smooth, 0-antigenic LPS. A neutral polysaccharide 
was isolated fiom 026 and shown to be a polymer of 
rhamnose and N-acetylgalactosamine of the same type 
found previously in the 0 9  and 015  reference strains. 
Serological cross-reactions among all three strains were 
demonstrated by whole-cell enzyme-linked immuno- 
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sorbent assay and immunoblotting of LPS resolved by 
SDS-PAGE. No acidic polysaccharide was found in 
026, and this was consistent with the absence of an 
immunogenic capsule. It was concluded that neither 
strain qualified for inclusion as a new serotype in either 
an O-typing or a K-typing scheme. 

RAPD-PCR t;vping 

Bosi et al. [ 1031 reported an outbreak of S. marcescens 
infection in a neurosurgery intensive care unit. To 
investigate these S. marcescens isolates, random 
amplification of polymorphic DNA (RAPD) [lo41 
was used in conjunction with primer AP12h (5 ' -  
CGGCCCCTGT-3'). The RAPD patterns for each 
isolate were identified on the basis of identical numbers 
and sizes of the bands. As proposed by Woods et al. 
[lo51 in their study of Citrobacter diversus isolates, a 
difference of more than two bands was taken to 
indicate different strains. A review of patient charts 
revealed that the strains were isolated from microbio- 
logical samples collected on admission and were, 
therefore, probably community-acquired. RAPD typing 
provided results in agreement with antibiotic suscept- 
ibility profiles. In contrast, Liu et al. [95] recently tried 
RAPD typing, but the primers selected were not 
suitable for the study of S. marcescens isolates. 

The future 

S. marcescens has been recognised as a cause of wound 
infection, pneumonia, lung abscess, empyema, menin- 
gitis, UTI, endocarditis, septic arthritis, osteomyelitis, 
peritonitis, sinusitis and septicaemia [ 106, 1071. Pa- 
tients most at risk are those with debilitating disorders, 
those treated with broad-spectrum antibiotics, and those 
in intensive care who are subjected to instrumentation 
such as tracheostomy tubes or indwelling catheters 
[ 1081. Infections have been associated with contami- 
nated disinfectants and antiseptics. Parment et al. [ 151 
isolated S . ,  marcescens from contact lens washing 
solutions containing chlorhexidine. Nakashima et al. 
[ 1091 isolated S. marcescens from benzalkonium 
chloride-soaked cotton balls and showed that the 
bacteria were responsible for septic arthritis in 10 
patients during a 6-week period. Sautter et aZ. [ 1101 
reported a case of meningitis associated with contam- 
ination of a skin antiseptic solution containing 
benzalkonium chloride. Ehrenkranz et al. [ 1 1 11 demon- 
strated s. marcescens contamination in a dimethyl- 
benzyl ammonium chloride solution that was sprayed 
pre-operatively in a heart surgery room. Barry et al. 
[ 1 121 demonstrated S. marcescens contamination of 
antiseptic soaps containing triclosan. 

The 1981 survey of the Hospital Infection Society 
showed that 0.8% of UTIs are caused by S. 
marcescens. The risk of UTI in a catheterised patient 
varies with the proximity of that patient to other 
catheterised patients who are already colonised [ 1 131.' 

While some investigators used formalin as a disin- 
fectant to control an outbreak of klebsiella infection 
[ 1141, Thompson et al. [ 1151 did not find this method 
to be of benefit. The respiratory tract is an important 
portal of entry for patients who undergo manipulative 
airway procedures. The gastrointestinal tract does not 
appear to be an important reservoir of infection in 
adults, but may be a primary reservoir in children 
[116]. The use of antimicrobial drugs has been 
documented as a risk factor for the emergence of 
drug-resistant strains [117]. It is not known whether 
these risk factors are truly independent or merely 
associated with prolonged hospitalisation, broad-spec- 
trum antimicrobial use, and respiratory and urinary 
tract manipulation. 

Contamination of donor blood or blood components 
with S. marcescens is fortunately a rare complication 
of blood transfusion, but has been reported regularly 
for decades [ 1 1 8, 1 191. Transfusion-associated com- 
plications with Serratia spp. often show the picture of 
septic, endotoxic shock, as reported by Jeppson et al. 
[120] and Woodfield et al. [121]. Both of these 
reported cases were clinically severe, and the second 
was fatal. In a recent Danish-Swedish epidemic of 
transfusion-associated S. marcescens septicaemia [ 1 1 8, 
1193, four patients had severe hyperpyrexia but 
recovered, one patient died, and a sixth patient had 
relatively mild symptoms. Rapid growth occurred 
early in the storage of red blood cells at 4"C, and 
the bacteria seemed to multiply even faster in whole 
blood than in broth culture media. Recently, septicae- 
mia caused by Serratia has been associated with 
contamination of the exterior surfaces of blood packs 
[118, 1221. 

Despite the identification of some sources of the 
organism - such as plastic nebulisers, disinfectant 
solutions, contaminated blood bags and , mouth-wash 
solutions - the main reservoir has yet to be demon- 
strated. To' monitor the isolation frequency of this 
organism, a good discriminatory typing method is 
required. The method should be easy, even for small 
laboratories, and should allow rapid tracing of the 
source of an outbreak strain. Despite the application 
of several methods, there is still a requirement for a 
convenient and speedy technique. While bacteriocin 
typing has been described as a powerful method for 
other Enterobacteriaceae, this approach was found to 
be inadequate for S. marcescens because of a lack of 
disciimination [90]. Serotyping is the best available 
first-line method for S. marcescens, although some 
strains remain untypable. Other methods like ERIC or 
Soutliern-blot analysis are unsuitable for use in small 
laboratories and are technically more difficult. The use 
of RAPD-PCR has been reported by Bosi et al. [ 1031, 
but only a small number of isolates was investigated. 
More recent studies with a wider range of strains .and 
different primers have confirmed that RAPD-PCR is a 
pro.mising method [ 1231. By applying this technique to 
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all new isolates it should be possible to detect rapidly 
an outbreak of infection and allow the problem to be 
monitored”and the source of the initial .infection to be 
traced. Study of resistance mechanisms to new anti- 
biotics is ’another field for study in S. marcescens. 
Although some authors have described induction of B- 
l ac tease  by combining a strong and a weak inducer, 

. .  resulting in treatment failure, this resistance mechan- 
ism in S. rnarcescens requires further clinical and 
scientific evidence rather than anecdote. 

We are very grateful to the Laboratory Medicine Development Fund 
in St James’s Hospital and the Monkstown Hospital Foundation for 
their generous support. 
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